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 1 

STRUCTURAL CALCULATIONS NARRATIVE 

The following calculat ions are for Fortress Puyallup project located in Puyal lup, WA. 
The bui lding is  comprised of  a  one -story  concrete t i lt  up panel structure with wood 
structural panels and steel open web jo ists.  The lateral  system consists  of specia l  
reinforced concrete shear wal ls  and a f lexible hybrid panel ized wood roof diaphragm. 
There is  a provision for a future l ight frame mezzanine in the southeast  and southwest  
corners of the building.  

The geotechnical  engineer noted that  the site would be prone  to  l iquefact ion from a 
seismic event,  necessitating the need for  foundat ion t ies connecting the spread 
footings  together.  However,  the dif ferent ia l  sett lement values stated in the report do 
not exceed the threshold per ASCE 7-16 requir ing the explici t  des ign and detai l ing of 
the foundat ions and connections to accommodate the effects of l iquefaction.   

The building includes a skewed wall  in the northeast corner of the building. These 
panels are not considered as part  of the seismic force resist ing system (S FRS) to  avoid  
provisions due to  horizontal i rregularit ies per ASCE 7-16. The building also inc ludes 
large canopies on the east and west s ide of the building and a blade wall  architectural  
feature on the northeast corner of the bui lding.  

The bui lding was designed according to the 20 18 International  Building Code ( IBC)  with 
Washington State Amendment s and analyzed with the equivalent lateral  force 
procedure per ASCE 7-16. However,  with the anticipated adoption of the 2021 IBC, the 
t i lt  panels and foundations  were designed according to ACI 318 -19 ahead of the 
bui lding code change.  
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5/15/23, 5:02 PM ATC Hazards by Location

https://hazards.atcouncil.org/#/seismic?lat=47.1898424&lng=-122.2760513&address=240 15th St SE%2C Puyallup%2C WA 98372%2C USA 1/2

 This is a beta release of the new ATC Hazards by Location website. Please contact us with feedback.

 The ATC Hazards by Location website will not be updated to support ASCE 7-22. Find out why.

Hazards by Location

Search Information

Address: 240 15th St SE, Puyallup, WA 98372, USA

Coordinates: 47.1898424, -122.2760513

Elevation: 54 ft

Timestamp: 2023-05-16T00:01:30.713Z

Hazard Type: Seismic

Reference Document: ASCE7-16

Risk Category: II

Site Class: D

Basic Parameters

Name Value Description

SS 1.264 MCER ground motion (period=0.2s)

S1 0.435 MCER ground motion (period=1.0s)

SMS 1.264 Site-modified spectral acceleration value

SM1 * null Site-modified spectral acceleration value

SDS 0.843 Numeric seismic design value at 0.2s SA

SD1 * null Numeric seismic design value at 1.0s SA

* See Section 11.4.8

Additional Information

Name Value Description

SDC * null Seismic design category

Fa 1 Site amplification factor at 0.2s

Fv * null Site amplification factor at 1.0s

CRS 0.914 Coefficient of risk (0.2s)

CR1 0.898 Coefficient of risk (1.0s)

PGA 0.5 MCEG peak ground acceleration

FPGA 1.1 Site amplification factor at PGA

PGAM 0.55 Site modified peak ground acceleration

TL 6 Long-period transition period (s)

SsRT 1.264 Probabilistic risk-targeted ground motion (0.2s)

SsUH 1.383 Factored uniform-hazard spectral acceleration (2% probability of
exceedance in 50 years)

SsD 1.5 Factored deterministic acceleration value (0.2s)

S1RT 0.435 Probabilistic risk-targeted ground motion (1.0s)

S1UH 0.484 Factored uniform-hazard spectral acceleration (2% probability of
exceedance in 50 years)

S1D 0.6 Factored deterministic acceleration value (1.0s)

PGAd 0.5 Factored deterministic acceleration value (PGA)

* See Section 11.4.8

The results indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building code adoption process. Users should confirm any
output obtained from this tool with the local Authority Having Jurisdiction before proceeding with design.

54 ft

Map data ©2023 Google
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5/15/23, 5:02 PM ATC Hazards by Location

https://hazards.atcouncil.org/#/seismic?lat=47.1898424&lng=-122.2760513&address=240 15th St SE%2C Puyallup%2C WA 98372%2C USA 2/2

Please note that the ATC Hazards by Location website will not be updated to support ASCE 7-22. Find out why.

Disclaimer
Hazard loads are provided by the U.S. Geological Survey Seismic Design Web Services.

While the information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility or liability for its accuracy. The material presented
in the report should not be used or relied upon for any specific application without competent examination and verification of its accuracy, suitability and applicability by engineers or other
licensed professionals. ATC does not intend that the use of this information replace the sound judgment of such competent professionals, having experience and knowledge in the field of
practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results of the report provided by this website. Users of the information from
this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible for building code approval
and interpretation for the building site described by latitude/longitude location in the report.

01.3



4/28/23, 9:39 AM ATC Hazards by Location

https://hazards.atcouncil.org/#/wind?lat=47.1898424&lng=-122.2760513&address=240 15th St SE%2C Puyallup%2C WA 98372%2C USA 1/1

 This is a beta release of the new ATC Hazards by Location website. Please contact us with feedback.

 The ATC Hazards by Location website will not be updated to support ASCE 7-22. Find out why.

Hazards by Location

Search Information

Address: 240 15th St SE, Puyallup, WA 98372, USA

Coordinates: 47.1898424, -122.2760513

Elevation: 54 ft

Timestamp: 2023-04-28T16:38:55.571Z

Hazard Type: Wind

ASCE 7-16

MRI 10-Year 67 mph

MRI 25-Year 73 mph

MRI 50-Year 78 mph

MRI 100-Year 82 mph

Risk Category I 92 mph

Risk Category II 97 mph

Risk Category III 104 mph

Risk Category IV 108 mph

ASCE 7-10

MRI 10-Year 72 mph

MRI 25-Year 79 mph

MRI 50-Year 85 mph

MRI 100-Year 91 mph

Risk Category I 100 mph

Risk Category II 110 mph

Risk Category III-IV 115 mph

ASCE 7-05

ASCE 7-05 Wind Speed 85 mph

The results indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building code adoption process. Users should confirm any
output obtained from this tool with the local Authority Having Jurisdiction before proceeding with design.

Please note that the ATC Hazards by Location website will not be updated to support ASCE 7-22. Find out why.

Disclaimer
Hazard loads are interpolated from data provided in ASCE 7 and rounded up to the nearest whole integer. Per ASCE 7, islands and coastal areas outside the last contour should use the
last wind speed contour of the coastal area – in some cases, this website will extrapolate past the last wind speed contour and therefore, provide a wind speed that is slightly higher. NOTE:
For queries near wind-borne debris region boundaries, the resulting determination is sensitive to rounding which may affect whether or not it is considered to be within a wind-borne debris
region.

Mountainous terrain, gorges, ocean promontories, and special wind regions shall be examined for unusual wind conditions.

While the information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility or liability for its accuracy. The material presented
in the report should not be used or relied upon for any specific application without competent examination and verification of its accuracy, suitability and applicability by engineers or other
licensed professionals. ATC does not intend that the use of this information replace the sound judgment of such competent professionals, having experience and knowledge in the field of
practice, nor to substitute for the standard of care required of such professionals in interpreting and applying the results of the report provided by this website. Users of the information from
this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible for building code approval
and interpretation for the building site described by latitude/longitude location in the report.

54 ft

Map data ©2023 Google
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01.5

Table 12.13-3 Differential Settlement Threshold

Structure Type

Risk Category

I or II III IV

Single-story structures with concrete or
masonry wall systems

0.0075L 0.005L 0.002L

Other single-story structures 0.015L 0.010L 0.002L
Multistory structures with concrete or
masonry wall systems

0.005L 0.003L 0.002L

Other multistory structures 0.010L 0.006L 0.002L

Geotechnical Report, Page 1

Geotechnical Report, Page 4

Geotechnical Report, Page 9

per Geotechnical Report:

3.5" differential settlement + 1" from gravity over 50':

(3.5" + 1")/(12 IN/FT)(50') = 0.0075

Limit in ASCE 7-16 is not exceeded, therefore design
to accomodate differential settlements is not required.

EXCEPTION: Where the geotechnical investigation report
indicates that the differential settlement over a defined length, L,
does not exceed the differential settlement threshold specified in
Table 12.13-3, explicit design beyond the requirements of Sec-
tion 12.13.9.2.1 to accommodate differential settlements is not
required.



Fortress Puyallup Structural Calculation:

Gravity and Lateral Loads for Tilt Construction
Protected Area

Purpose Statement: The purpose of this calculation is to cover the gravity and lateral loads for a full 
concrete tilt building. Calculations include: mass take-off, wind load, seismic 
load, diaphragm check, chord reinforcement, wall connections, and diaphragm 
nailing.

Referenced Standards: IBC 2021
ASCE 7-16

LOADING

Roof Live Load

≔Lr ⋅20 psf

Snow Load

≔SL ⋅19 psf

Roof Dead Loads - Wood Roof

ROOFING ≔R ⋅0.7 psf

INSUL ≔I ⋅1.5 psf

1/2" PLY ≔PL ⋅1.6 psf

2X6 SUBPURLIN ≔SP ⋅1.1 psf

JOISTS ≔J ⋅2.5 psf

GIRDER ≔G ⋅1.5 psf

MECH/ELEC ≔M ⋅2.5 psf

SPRINK ≔S 1.5 psf

SOLAR ≔PV ⋅4.0 psf

MISC ≔MISC ⋅2.1 psf

≔DL =++++++++R I PL SP J G M S MISC 15 psf Total Roof Dead Load

≔DLPV =+++++++++R I PL SP J G M S PV MISC 19 psf Total Roof Dead Load w/ Solar

Roof Seismic Dead Load
≔DLsei =++++++++R I PL SP J G ―

M
2

―
S
2

PV 14.9 psf

≔DLup_joist =++++R I PL SP J 7.4 psf DL considered for Uplift @ Joists

≔DLup_girder =+++++R I PL SP J G 8.9 psf DL considered for Uplift @ Girders

Mezzanine Loads: Engineer: __________ATT/SHA

Job #: __________2220290.02

Date: __________05/16/2023
H:\Projects\222029000\Production\Calcs\Structural\01_Loading\Mast Blg IBC.mcdx Sheet #: 01.6



Fortress Puyallup Structural Calculation:

Gravity and Lateral Loads for Tilt Construction

Mezzanine Loads:

FLOORING ≔F 1.5 psf Wood Structural Panels

TOPPING ≔I 13 psf Gypcrete Topping 1 1/2" max

PARTITION WALLS ≔PW 1.5 psf 5/8" GWP

FRAMING ≔FR 1.8 psf Light Gauge Metal Framing

CARPET ≔C ⋅1.5 psf Carpet

CEILING ≔CE ⋅2 psf Suspended Acoustical Ceiling

MECH/ELEC ≔M ⋅1.5 psf

SPRINK ≔S ⋅2 psf

MISC ≔MISC ⋅1 psf

≔DL =++++++++F I PW FR C CE M MISC S 25.8 psf Total Mezzanine Dead Load

Total Mezzanine Seismic 
Dead Load

≔DLsei_mezz =++++++++F I PW FR C CE ―
M
2

MISC ―
S
2

24.1 psf

≔LL =+50 psf 15 psf 65 psf (Office and Partition)

≔Amezz =⋅53 ft 59 ft 3127 ft 2 Area of Mezzanine

≔Wmezz =⋅Amezz ⎛⎝ +DLsei_mezz 10 psf⎞⎠ 106.5 k Seismic Weight of Mezzanine

Engineer: __________ATT/SHA

Job #: __________2220290.02

Date: __________05/16/2023
H:\Projects\222029000\Production\Calcs\Structural\01_Loading\Mast Blg IBC.mcdx Sheet #: 01.7



Fortress Puyallup Structural Calculation:

Snow Drift Geometry and Loading
Protected Area

Purpose Statement: Snow drift calculations for Lower Roofs, Adjacent Structures, Rooftop 
Projections and Parapets. Calculates snow drift only. Ground snow load and 
minimum roof snow load to be determined outside of this program.

Referenced Standards: 2018 IBC
ASCE 7-16 

Basic Input

Basic ground snow load for use with snow drift calculations
Note that this is not the same as the minimum roof snow load. The minimum 
roof snow load is calculated outside of this program

≔pg 20 psf

Snow exposure factor as defined in ASCE 7-16, Table 7.3-1

≔Surface_Roughness_Category B Terrain (exposure) category as defined in ASCE 7-16, Ch. 26.7

≔Exposure_of_Roof Partially Exposed
Protected Area

=Ce 1
Thermal factor as defined in ASCE 7-16, Table 7.3-2

≔Ct All structures except as indicated below =Ct 1

Importance factor ASCE 7-16, Table 1.5-2

≔Is Occupancy category II =Is 1

Sloped roof factor (If applicable) ASCE 7-16, Figure 7.4-1

≔Cs 1.0

Calculated flat roof snow load (ASCE 7-16, Eq. 7.3-1)

≔pf ⋅⋅⋅⋅0.7 Ce Ct Is pg =pf 14 psf

Balanced roof snow load (ASCE 7-16, Eq. 7.4-1)

≔ps ⋅Cs pf =ps 14 psf

Density of snow (ASCE 7-16, Eq. 7.7-1)

≔γ min
⎛
⎜
⎝

,⋅30 pcf +⋅――
0.13
ft

pg ⋅14.0 pcf
⎞
⎟
⎠

=γ 16.6 pcf

Height of calculated minimum snow load ASCE 7-16, 7.7.1

≔hb ―
ps
γ

=hb 0.84 ft

Engineer: __________ATT

Job #: __________2220290.02

Date: __________05/08/2023
H:\Projects\222029000\Production\Calcs\Structural\01_Loading\Snow Drift Geometry and Loading.mcdx Sheet #: 01.8



Fortress Puyallup Structural Calculation:

Snow Drift Geometry and Loading

DRIFT LOAD FOR PARAPET WALLS - WEST SIDE (ASCE 7-16 Section 7.8)

≔lu ⋅550 ft Horizontal length of roof upwind of projection or parapet wall

≔hp ⋅2.5 ft Height of projection or parapet wall 40.5' - (39.25'+36.75')/2

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Unadjusted drift height

≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 5.06 ft

Adjusted height of projection or parapet

≔hc -hp hb =hc 1.66 ft

Drift height

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ =hd 1.66 ft

Calculate drift width

≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Drift width =w 13.25 ft

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 41.50 psf

≔pd -pm pf Maximum drift surcharge load =pd 27.50 psf

GEOMETRY/DRIFT LOAD THE SAME FOR EAST SIDE

DRIFT LOAD FOR PARAPET WALLS - WEST SIDE, SW CORNER (ASCE 7-16 Section 7.8)

≔lu ⋅550 ft Horizontal length of roof upwind of projection or parapet wall

≔hp ⋅6.2 ft Height of projection or parapet wall 43.5' - (38' + 36.75')/2 

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft
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Fortress Puyallup Structural Calculation:

Snow Drift Geometry and Loading≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Unadjusted drift height

≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 5.06 ft

Adjusted height of projection or parapet

≔hc -hp hb =hc 5.36 ft

Drift height

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ =hd 5.06 ft

Calculate drift width

≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Drift width =w 20.24 ft

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 97.98 psf

≔pd -pm pf Maximum drift surcharge load =pd 83.98 psf

GEOMETRY/DRIFT LOAD THE SAME FOR SOUTHEAST SIDE

DRIFT LOAD FOR PARAPET WALLS - NORTH SIDE, NW CORNER (ASCE 7-16 Section 7.8)

≔lu ⋅238 ft Horizontal length of roof upwind of projection or parapet wall

≔hp ⋅4.6 ft Height of projection or parapet wall 40.5' - (36.75' + 35.17')/2 

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 238 ft

Unadjusted drift height

≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 3.55 ft
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Fortress Puyallup Structural Calculation:

Snow Drift Geometry and Loading≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 3.55 ft

Adjusted height of projection or parapet

≔hc -hp hb =hc 3.76 ft

Drift height

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ =hd 3.55 ft

Calculate drift width

≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Drift width =w 14.21 ft

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 72.97 psf

≔pd -pm pf Maximum drift surcharge load =pd 58.97 psf

DRIFT LOAD FOR PARAPET WALLS - ALONG SOUTH SIDE (ASCE 7-16 Section 7.8)

≔lu ⋅238 ft Horizontal length of roof upwind of projection or parapet wall

≔hp ⋅4.3 ft Height of projection or parapet wall 40.5' - (35.67' + 36.75')/2 

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 238 ft

Unadjusted drift height

≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 3.55 ft

Adjusted height of projection or parapet

≔hc -hp hb =hc 3.46 ft

Drift height
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Fortress Puyallup Structural Calculation:

Snow Drift Geometry and Loading
Drift height

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ =hd 3.46 ft

Calculate drift width

≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Drift width =w 14.60 ft

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 71.38 psf

≔pd -pm pf Maximum drift surcharge load =pd 57.38 psf

DRIFT LOAD FOR PARAPET WALLS - ALONG SOUTH SIDE (ASCE 7-16 Section 7.8)

≔lu ⋅238 ft Horizontal length of roof upwind of projection or parapet wall

≔hp ⋅7.3 ft Height of projection or parapet wall 43.5' - (35.67' + 36.75')/2 

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 238 ft

Unadjusted drift height

≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 3.55 ft

Adjusted height of projection or parapet

≔hc -hp hb =hc 6.46 ft

Drift height

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ =hd 3.55 ft

Calculate drift width

≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Drift width =w 14.21 ft

Maximum intensity of snow load Engineer: __________ATT
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Fortress Puyallup Structural Calculation:

Snow Drift Geometry and Loading≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 72.97 psf

≔pd -pm pf Maximum drift surcharge load =pd 58.97 psf

DRIFT LOAD FOR PARAPET WALLS - NE CORNER (ASCE 7-16 Section 7.8)

≔lu ⋅360 ft Horizontal length of roof upwind of projection or parapet wall

≔hp ⋅6.7 ft Height of projection or parapet wall 43.5' - (35.75' + 38')/2 

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 360 ft

Unadjusted drift height

≔h'd ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft =h'd 4.24 ft

Adjusted height of projection or parapet

≔hc -hp hb =hc 5.86 ft

Drift height

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ =hd 4.24 ft

Calculate drift width

≔w if
⎛
⎜
⎜⎝

,,≤h'd hc ⋅4 h'd min
⎛
⎜
⎜⎝

,⋅4 ――
h'd

2

hc
⋅8 hc

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

Drift width =w 16.98 ft

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 84.45 psf

≔pd -pm pf Maximum drift surcharge load =pd 70.45 psf
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02.1

02 FRAMING



Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

Purpose Statement: The purpose of this calculation is to find the joist and girder axial force

Referenced Standards: ASCE 7-16

Joist

General

≔H 35.5 ft SOG to B/Deck

≔Hp 8 ft Parapet Height

≔W 26 ft Width of Panel

≔tp 9.5 in Panel Thickness

≔sj 10 ft Joist Spacing

≔hmean 38 ft Mean Roof Height

Loading

Seismic

≔SDS 0.843 Design Spectral Acceleration

≔Ie 1.0 Seismic Importance Factor

≔ka 2.0

Wall Anchorage Coefficient
≔CFp =max ⎛⎝ ,⋅⋅0.4 SDS Ie ka ⋅0.2 Ie ka⎞⎠ 0.7

≔Wp =⋅150 pcf tp 118.8 psf Weight of Panel OOP

≔Fp =⋅CFp Wp 80.1 psf Wall Anchorage Force

≔Pseis =⋅⋅Fp
⎛
⎜
⎝

+―
H
2

Hp
⎞
⎟
⎠
sj 20.6 kip

Wind
Basic Wind Speed per ASCE 7-16 26.5.1. From ATC 
Hazard Maps

≔V 97

≔Exposure B Exposure Category per ASCE 7-16 26.7.3

Velocity Pressure Exposure Coefficient per ASCE 
7-16 Table 26.10-1.

Parapet Condition - Northeast Corner
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage
Velocity Pressure Exposure Coefficient per ASCE 
7-16 Table 26.10-1.

≔Kz 0.74

≔Kzparapet 0.79 Kz for Top of Parapet Elevation

≔Kzt 1.0 Topographic Factor per ASCE 7-16  26.8.2

Wind Directionality Factor per ASCE 7-16 Table 
26.6-1≔Kd 0.85

≔Ke 1.0 Ground Elevation factor per ASCE 7-16 Table 
26.9-1

≔qh =⋅0.00256 Kzt Kz Kd Ke ((V))2 1 psf 15.15 psf Velocity Pressure per ASCE 7-16 26.10.2

≔qp =⋅qh
⎛
⎜
⎝
―――
Kzparapet

Kz

⎞
⎟
⎠

16.17 psf Velocity Pressure for Top of Parapet Elevation

Internal Pressure Coefficient per ASCE 7-16 Table 
26.13-1

≔GCpi 0.18

≔Aeff_p =⋅Hp sj 80 ft 2 Effective Parapet Wind Area

≔Aeff =max
⎛
⎜
⎝

,――
⋅H sj
2

―
1
3

⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

2 ⎞
⎟
⎠

177.5 ft 2 Effective Wall Wind Area

If roof slope is <10 degrees, then "Y" (GCp can 
be reduced by 10%)

≔Slope Y

Windward

Parapet

≔GCppos =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

-1.1766 0.1766 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

0.76 Positive pressure coefficient 
(zones 5)

≔p1 =⋅qp GCppos 12.2 psf
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

≔GCpneg =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ -1.4 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ -3.2 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

+-4.2595 1.0595 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

-2.24 Negative pressure coefficient 
(zone 3)

≔p2 =⋅qp GCpneg -36.3 psf

≔pp =-p1 p2 48.5 psf

Wall

≔GCppos =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

-1.1766 0.1766 log
⎛
⎜
⎝
――
Aeff

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

0.7 Positive pressure coefficient 
(zones 5)

≔p5 =⋅qh ⎛⎝ +GCppos GCpi⎞⎠ 13.4 psf Pressure at Parapet

≔Pw_wind =
⎛
⎜
⎝

+⋅pp ⎛⎝Hp⎞⎠ ⋅p5
⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

⎞
⎟
⎠
sj 6.3 kip Force from windward wind pressure

Leeward

Parapet

≔GCppos =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

-1.1766 0.1766 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

0.76 Positive pressure coefficient 
(zones 5)

≔p3 =⋅qp GCppos 12.2 psf
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

≔GCpneg =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

+-1.7532 0.3532 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

-0.97 Negative pressure coefficient 
(zone 5)

≔p4 =⋅qp GCpneg -15.7 psf

≔pp =-p4 p3 -28 psf Pressure at Parapet

Wall

≔GCpneg =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

+-1.7532 0.3532 log
⎛
⎜
⎝
――
Aeff

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

-0.86 Negative pressure coefficient 
(zone 5)

≔p6 =⋅qh ⎛⎝ -GCpneg GCpi⎞⎠ -15.8 psf

≔Pw_lee =
⎛
⎜
⎝

+⋅pp ⎛⎝Hp⎞⎠ ⋅p6
⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

⎞
⎟
⎠
sj -5 kip Force from leeward wind pressure

Demand

≔Pw =max ⎛⎝ ,Pw_wind ||Pw_lee||⎞⎠ 6.3 kip

≔Pa =max ⎛⎝ ,0.7 Pseis 0.6 Pw⎞⎠ 14.4 kip Controlling Allowable Wall Anchorage Force
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

General

≔H 35.5 ft SOG to B/Deck

≔Hp 0 ft Parapet Height

≔W 26 ft Width of Panel

≔tp 9.5 in Panel Thickness

≔sj 10 ft Joist Spacing

≔hmean 38 ft Mean Roof Height

Loading

Seismic

≔SDS 0.843 Design Spectral Acceleration

≔Ie 1.0 Seismic Importance Factor

≔ka 2.0

Wall Anchorage Coefficient
≔CFp =max ⎛⎝ ,⋅⋅0.4 SDS Ie ka ⋅0.2 Ie ka⎞⎠ 0.7

≔Wp =⋅150 pcf tp 118.8 psf Weight of Panel OOP

≔Fp =⋅CFp Wp 80.1 psf Wall Anchorage Force

≔Pseis =⋅⋅Fp
⎛
⎜
⎝

+―
H
2

Hp
⎞
⎟
⎠
sj 14.2 kip

Wind
Basic Wind Speed per ASCE 7-16 26.5.1. From ATC 
Hazard Maps

≔V 94

≔Exposure B Exposure Category per ASCE 7-16 26.7.3

Velocity Pressure Exposure Coefficient per ASCE 
7-16 Table 26.10-1.

≔Kz 0.74

≔Kzt 1.0 Topographic Factor per ASCE 7-16  26.8.2 Referenced standards should be general building codes and material codes, not state or local codes.
Wind Directionality Factor per ASCE 7-16 Table 
26.6-1

≔Kd 0.85

Worst Case Top Plate Condition
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

≔Ke 1.0 Ground Elevation factor per ASCE 7-16 Table 
26.9-1

≔qh =⋅0.00256 Kzt Kz Kd Ke ((V))2 1 psf 14.23 psf Velocity Pressure per ASCE 7-16 26.10.2

Internal Pressure Coefficient per ASCE 7-16 Table 
26.13-1

≔GCpi 0.18

≔Aeff_p =⋅Hp sj 0 ft 2 Effective Parapet Wind Area

≔Aeff =max
⎛
⎜
⎝

,――
⋅H sj
2

―
1
3

⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

2 ⎞
⎟
⎠

177.5 ft 2 Effective Wall Wind Area

If roof slope is <10 degrees, then "Y" (GCp can 
be reduced by 10%)

≔Slope Y

Windward

Parapet

≔GCppos =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

-1.1766 0.1766 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

0.9 Positive pressure coefficient 
(zones 5)

≔p1 =⋅qh GCppos 12.8 psf

≔GCpneg =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ -1.4 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ -3.2 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

+-4.2595 1.0595 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

-2.88 Negative pressure coefficient 
(zone 3)

≔p2 =⋅qh GCpneg -41 psf

≔pp =-p1 p2 53.8 psf
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

Wall

≔GCppos =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

-1.1766 0.1766 log
⎛
⎜
⎝
――
Aeff

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

0.7 Positive pressure coefficient 
(zones 5)

≔p5 =⋅qh ⎛⎝ +GCppos GCpi⎞⎠ 12.5 psf Pressure at Parapet

≔Pw_wind =
⎛
⎜
⎝

+⋅pp ⎛⎝Hp⎞⎠ ⋅p5
⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

⎞
⎟
⎠
sj 2.2 kip Force from windward wind pressure

Leeward

Parapet

≔GCppos =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

-1.1766 0.1766 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

0.9 Positive pressure coefficient 
(zones 5)

≔p3 =⋅qh GCppos 12.8 psf

≔GCpneg =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff_p 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff_p 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

+-1.7532 0.3532 log
⎛
⎜
⎝
――
Aeff_p

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

-1.26 Negative pressure coefficient 
(zone 5)

≔p4 =⋅qh GCpneg -17.9 psf

≔pp =-p4 p3 -30.7 psf Pressure at Parapet

Engineer: __________ATT

Job #: __________2220290.02

Date: __________05/24/2023
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

Wall

≔GCpneg =|
|
|
|
|
|
|
|
|
|
||

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖
‖‖

⎛
⎜
⎝

+-1.7532 0.3532 log
⎛
⎜
⎝
――
Aeff

sqft

⎞
⎟
⎠

⎞
⎟
⎠

(( -1 Slope))

-0.86 Negative pressure coefficient 
(zone 5)

≔p6 =⋅qh ⎛⎝ -GCpneg GCpi⎞⎠ -14.8 psf

≔Pw_lee =
⎛
⎜
⎝

+⋅pp ⎛⎝Hp⎞⎠ ⋅p6
⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

⎞
⎟
⎠
sj -2.6 kip Force from leeward wind pressure

Demand

≔Pw =max ⎛⎝ ,Pw_wind ||Pw_lee||⎞⎠ 2.6 kip

≔Pa =max ⎛⎝ ,0.7 Pseis 0.6 Pw⎞⎠ 10 kip Controlling Allowable Wall Anchorage Force

Girder Engineer: __________ATT

Job #: __________2220290.02

Date: __________05/24/2023
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Fortress Puyallup Structural Calculation:

Joist and Girder Wall OOP Anchorage

Girder

Worst Case Parapet Condition

General

≔H 38 ft SOG to B/Deck

≔Hp 5.5 ft Parapet Height

≔Lg 59.33 ft Joist Span (Girder OC Spacing)

≔tp 8.75 in Panel Thickness

≔Wp =⋅150 pcf 9 in 112.5 psf

≔Fp =⋅CFp Wp 75.9 psf

Loading

Seismic

≔Pseis =⋅⋅Fp
⎛
⎜
⎝

+―
H
2

Hp
⎞
⎟
⎠
Lg 110.3 kip

Wind

≔Aeff =max
⎛
⎜
⎝

,
⎛
⎜
⎝

+―
H
2

Hp
⎞
⎟
⎠
Lg ―

1
3

⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

2 ⎞
⎟
⎠

1453.6 ft 2 Effective Wind Area (MWFRS Procedure Allowed)

Windward Wall Pressure Coefficient per ASCE 
7-16 Fig 27.3-1

≔Cp 0.8

≔G 0.85 Gust Factor per ASCE 7-16 26.11

Combined Net Pressure Coefficient at Parapet per 
ASCE 7-16 27.3.4

≔GCpn 1.5

≔pp =⋅qh GCpn 21.3 psf Combined Net Pressure on the Parapet

≔p =⋅qh ⎛⎝ +⋅G Cp GCpi⎞⎠ 12.2 psf Combined Net Pressure on the Wall

≔Pwind =
⎛
⎜
⎝

+⋅p
⎛
⎜
⎝
―
H
2

⎞
⎟
⎠

⋅pp ⎛⎝Hp⎞⎠
⎞
⎟
⎠
Lg 20.8 kip Wind Axial Load on Girder

Demand

≔Pag =max ⎛⎝ ,0.7 Pseis 0.6 Pwind⎞⎠ 77.2 kip

Engineer: __________ATT

Job #: __________2220290.02

Date: __________05/24/2023
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FORTRESS PUYALLUP - SUBPURLINS FOR SNOW LOAD

USE DFL#2 FOR SUBPURLINS, Fb = 900 PSI

CD = 1.15 (SNOW)
Cr = 1.15
CF = 1.3
CL = 1.0

F'b = (900 PSI)(1.15)(1.15)(1.3)(1.0) = 1547 PSI

USING 2x6:

Sx = (1.5")(5.5")2/6 = 7.56 IN3

Mn = (7.56 IN3)(1547 PSI) = 11695 LB-IN = 974.6 LB-FT

USING 3x6:

Sx = (2.5")(5.5")2/6 = 12.6 IN3

Mn = (12.6 IN3)(1547 PSI) = 19492 LB-IN = 1624.3 LB-FT

DL = 0.7 PSF + 1.5 PSF + 1.6 PSF + 1.1 PSF = 4.9 PSF
(SNOW DRIFT NOT IN SOLAR AREA)

MAXIMUM DRIFT FOR 3x6 @ 2'-0" OC:

1624.3 LB-FT = (w*2')(10')2/8

w = 64.9 PSF

64.9 PSF - 4.9 PSF - 14 PSF = 46 PSF (3x6 @ 2'-0" OC)

(64.9 PSF)(2) - 4.9 PSF - 14 PSF = 110 PSF (3x6 @ 1'-0" OC)

MAXIMUM DRIFT FOR 2x6 @ 2'-0" OC:

974.6 LB-FT = (w*2')(10')2/8

w = 39 PSF

39 PSF - 4.9 PSF - 14 PSF = 20.1 PSF (2x6 @ 2'-0" OC)

(39 PSF)(2) - 4.9 PSF - 14 PSF = (59.1 PSF (2x6 @ 1'-0" OC)

20 PSF(0.7) = 14 PSF FLAT ROOF SNOW +
5 PSF RAIN SURCHARGE

DO NOT NEED TO CONSIDER
SURCHARGE FOR DRIFT LOADING
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15/32 APA STRUCT-1 OSB (32/16 SPAN RATING, STRONG AXIS PARALLEL TO SUBPURLINS), CONSIDER
BENDING BETWEEN SUBPURLINS, SO PERPENDICULAR

FbS = 165 LB-IN/FT

Fb'S = (165 LB-IN/FT)(1.15) = 189.75 LB-IN/FT

MULTIPLY BY 1.5 FOR STRUCTURAL I

Fb'S = (189.75 LB-IN/FT)(1.5) = 284.6 LB-IN/FT

FOR SUPPORTING SUBPURLINS @ 2'-0" OC, MAXIMUM AREA LOAD:

284.6 LB-IN = (w)(2')2(12 IN/FT)/8

w = 47.4 PSF

DL = 0.7 PSF + 1.5 PSF + 1.6 PSF = 3.8 PSF (SNOW DRIFT NOT IN SOLAR AREA)

47.4 PSF - 3.8 PSF - 14 PSF = 29.6 PSF (MAXIMUM DRIFT FOR 2'-0" OC SUBPURLINS)

FOR SUPPORTING SUBPURLINS @ 1'-0" OC, MAXIMUM AREA LOAD:

284.6 LB-IN = (w)(1')2(12 IN/FT)/8

w = 189.7 PSF

189.7 PSF - 3.8 PSF - 14 PSF = 171.9 PSF (MAXIMUM DRIFT, NOT REACHED, OK)
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ON NORTH/SOUTH SIDES:

MAXIMUM DRIFT = 59 PSF @ 14'-8"

MAXIMUM FOR 2x6 @ 2' OC = 20.1 PSF

59 PSF/(14.67') = 20.1 PSF/x

x = 5', 14.67' - 5' = 9.67' 

USE 2x6 @ 1'-0" OC UP TO 10' FROM WALL (59.1 PSF > 59 PSF)

USE 2x6 @ 2'-0" OC BEYOND

OSB IS ADEQUATE

28 PSF

13'-3"

20
.1

 P
S

F
10

'

ON EAST/WEST SIDES:

MAXIMUM DRIFT = 28 PSF @ 13'-3"

MAXIMUM FOR 2x6 @ 2' OC = 20.1 PSF

28 PSF/(13.25') = 20.1 PSF/x

x = 9.5', 13.25' - 9.5' = 3.7' 

USE 3x6 @ 1'-0" OC UP TO 10' FROM WALL (UP TO 1ST JOIST) 46 PSF
> 28 PSF

USE 2x6 @ 2'-0" OC BEYOND

OSB IS ADEQUATE

84 PSF

20'-3"

42
 P

S
F

10
'

1 
P

S
F

20
'

2x6 @ 1'OC

2x6 @ 2'OC

3x6 @ 1'OC

2x6 @ 2'OC

2x6 @ 1'OC

59 PSF

14'-8"

20
.1

 P
S

F
10

'

2x6 @ 1'OC

2x6 @ 2'OC

MAXIMUM DRIFT = 84 PSF @ 20'-3"

@ 1ST JOIST: 63 PSF AVG
USE 3X6 @ 1'-0" OC (110 PSF > 63 PSF)

@ 2ND JOIST: 22 PSF AVG
USE 2X6 @ 1'-0" OC (59.1 PSF > 22 PSF)

OSB IS ADEQUATE
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AT CORNER:

DRIFT = 71 PSF @ 23'-0" (DUE TO SKEWED FRAMING)

@ FIRST JOIST: 
71 PSF/23' = x/(23' - 10')
x = 41 PSF

AVG = 55.5 PSF (DUE TO OSB, USE SUBPURLINS @ 1'-0" OC; 71 PSF MAX)

USE 2X6 @ 1'-0" OC (59.1 PSF > 55.5 PSF)

@ 2ND JOIST:
71 PSF/23' = x/(23' - 20')
x = 9.3 PSF

AVG = 25 PSF (DUE TO OSB, USE SUBPURLINS @ 1'-0" OC; 40 PSF MAX)

USE 2X6 @ 1'-0" OC

71 PSF

23'-0"

40
 P

S
F

10
'

5.
1 

P
S

F
20

'

3x6 @ 1'OC
2x6 @ 2'OC

2x6 @ 1'OC



 

www.mcknze.com

Portland, OR
503.224.9560

Vancouver, WA
360.695.7879

Seattle, WA
206.749.9993 

By

Date

Job#

Sht.   of
©2021 Mackenzie. All rights reserved.

ARCHITECTURE  · INTERIORS  · STRUCTURAL 
ENGINEERING  ·  CIVIL ENGINEERING  ·  LAND 
USE PLANNING  ·  TRANSPORTATION PLANNING
LANDSCAPE ARCHITECTURE

02.15

SNOW DRIFT REACTIONS

R = (0.5)(59 PSF)(14.67')(14.67'/3)/59.33'

R = 35.7 PLF(10') = 357 LB @ EACH JOIST

SOUTH SIDE:

59 PSF

14.67'

59.33'
R

@10', (20.25' - 10'/20.25')(84 PSF) = 42.5 PSF AVG
(10')(42.5 PSF) = 425 PLF

@15', (20.25' - 15'/20.25')(84 PSF) = 21.8 PSF
(0.5)(21.8 PSF)(5.25') = 57.2 PLF

EAST/WEST SIDE JOIST DIST LOADS ON GIRDERS

84 PSF

@10'

20.25''

@20'

@5', (28 + 6.9)/2 = 17.5 PSF

(0.5)(17.5 PSF)(13.25' - 5') = 72.2 PLF

28 PSF

@10'

13.25''

72.2 PLF

425 PLF
57 PLF

@5'

17.5 PSF



 

www.mcknze.com

Portland, OR
503.224.9560

Vancouver, WA
360.695.7879

Seattle, WA
206.749.9993 

By

Date

Job#

Sht.   of
©2021 Mackenzie. All rights reserved.

ARCHITECTURE  · INTERIORS  · STRUCTURAL 
ENGINEERING  ·  CIVIL ENGINEERING  ·  LAND 
USE PLANNING  ·  TRANSPORTATION PLANNING
LANDSCAPE ARCHITECTURE

02.16

(59.33'/2)(72.2 PLF) = 2.2k ONE SIDE

WEST SIDE GRID B GIRDER:

AT FIRST JOIST

52.25'

58.67'

425 PLF 72.2 PLF

R2

R1 = [(425 PLF)(52.25')(52.25'/2) + (72.2 PLF)(6.25')(6.25'/2 + 52.25')]/58.67'
R1 = [580.1 K-FT + 25 K-FT]/58.67'
R1 = 10.3k

10.3k + 2.2k = 12.5k @ FIRST JOIST FROM WALL

R1

AT SECOND JOIST:

LOADING ON ONE SIDE ONLY

52.25'

58.67'

57 PLF

R2

R1 = [(57 PLF)(52.25')(52.25'/2)]/58.67'
R1 = [77.8 K-FT]/58.67'
R1 = 1.9k

1.9k @ SECOND JOIST FROM WALL

R1

WEST SIDE GRID C GIRDER:

LOADING AT FIRST JOIST ONLY

(72.2 PLF)(59.33') = 4.3k

WEST SIDE GRID D GIRDER:

LOADING AT FIRST JOIST ONLY

(72.2 PLF)(59.33' + 60')/2 = 4.4k
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EAST SIDE GRID B GIRDER:

AT FIRST JOIST

FROM PREVIOUS CALC, JOIST REACTION = 10.3k FROM SOUTH SIDE

46.58'

59.33'

72.2 PLF 425 PLF

R2 R1

R1 = [(72.2 PLF)(46.58')(46.58'/2) + (425 PLF)(12.75')(12.75'/2 + 46.58')]/59.33'
R1 = [73.4 K-FT + 287 K-FT]/59.33'
R1 = 6.1k

R2 = (72.2 PLF)(46.58') + (425 PLF)(12.75') - 6.1k
R2 = 2.7k

2.7k + 10.3k = 13.0k @ FIRST JOIST FROM WALL

AT SECOND JOIST

FROM PREVIOUS CALCS, 6.1k FROM HIGHER DRIFT

AT SECOND JOIST

FROM PREVIOUS CALCS, 1.9k FROM SOUTH JOIST

46.58'

59.33'

57 PLF

R2 R1

R1 = [(57 PLF)(12.75')(12.75'/2 + 46.58')]/59.33'
R1 = [38.5 K-FT]/59.33'
R1 = 0.7k

0.7k + 1.9k = 2.6k @ SECOND JOIST FROM WALL



 

www.mcknze.com

Portland, OR
503.224.9560

Vancouver, WA
360.695.7879

Seattle, WA
206.749.9993 

By

Date

Job#

Sht.   of
©2021 Mackenzie. All rights reserved.

ARCHITECTURE  · INTERIORS  · STRUCTURAL 
ENGINEERING  ·  CIVIL ENGINEERING  ·  LAND 
USE PLANNING  ·  TRANSPORTATION PLANNING
LANDSCAPE ARCHITECTURE

02.18

AT SECOND JOIST

FROM PREVIOUS CALC, JOIST REACTION = 1.9k

46.58'

59.33'

94 PLF 57 PLF

R2 R1

R1 = [(94 PLF)(46.58')(46.58'/2) + (57 PLF)(12.75')(12.75'/2 + 46.58')]/59.33'
R1 = [102 K-FT + 38.5 K-FT]/59.33'
R1 = 2.4k

R2 = (94 PLF)(46.58') + (57 PLF)(12.75') - 2.4k
R2 = 2.7k

2.7k + 1.9k = 4.6k @ SECOND JOIST FROM WALL

EAST SIDE GRID C GIRDER:

AT FIRST JOIST

(10.4k)(2) = 20.8k

AT SECOND JOIST

(2.4k)(2) = 4.8k
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V = 97 MPH

EXPOSURE B

MEAN ROOF HEIGHT:
(39.25' + 35.17')/2 = 37.2' = h

SMALLEST JOIST TRIB AREA:

(59.33')(10') = 593 FT2 < 700 FT2, USE C&C WIND LOAD
PER ASCE 7-16 30.2.3

JOIST WIND UPLIFT

qh = (0.00256)(Kz)(Kzt)(Kd)(Ke)(V2)

qh = (0.00256)(0.75)(1.0)(0.85)(1.0)(97)2 = 15.4 PSF

30.3.2 Design Wind Pressures. Design wind pressures on C&C
elements of low-rise buildings and buildings with h ≤ 60 ft
(h ≤ 18.3 m) shall be determined from the following equation:

p= qh½ðGCpÞ − ðGCpiÞ�ðlb∕ft2Þ (30.3-1)
p= qh½ðGCpÞ − ðGCpiÞ�ðN∕m Þ (30.3-1.si)

where

qh = velocity pressure evaluated at mean roof height h as
defined in Section 26.10;

(GCp) = external pressure coefficients given in:

• Fig. 30.3-1 (walls),
• Figs. 30.3-2A–I (flat roofs, gable roofs and hip roofs),
• Fig. 30.3-3 (stepped roofs),
• Fig. 30.3-4 (multispan gable roofs),
• Figs. 30.3-5A–B (monoslope roofs),
• Fig. 30.3-6 (sawtooth roofs),
• Fig. 30.3-7 (domed roofs),
• Fig. 27.3-3, Note 4 (arched roofs);

(GCpi) = internal pressure coefficient given in Table 26.13-1.

26.10.2 Velocity Pressure. Velocity pressure, qz, evaluated at
height z above ground shall be calculated by the following
equation:

qz = 0.00256KzKztKdKeV
2 ðlb∕ft2Þ; V inmi∕h (26.10-1)

where

Kz = velocity pressure exposure coefficient, see Section 26.10.1.
Kzt = topographic factor, see Section 26.8.2.
Kd = wind directionality factor, see Section 26.6.
Ke = ground elevation factor, see Section 26.9.
V = basic wind speed, see Section 26.5.
qz = velocity pressure at height z.
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p = (qh)[(GCp - GCpi)] = (15.4 PSF)[(-1.4 - 0.18)] = 24.4 PSF UPLIFT - ZONE(2) 

p = (15.4 PSF)[(-0.4 - 0.18)] = 9.0 PSF UPLIFT - ZONE (1')

Table 26.13-1 Main Wind Force Resisting System and Components and Cladding (All Heights): Internal Pressure Coefficient, (GCpi ), for
Enclosed, Partially Enclosed, Partially Open, and Open Buildings (Walls and Roof)

Enclosure Classification Criteria for Enclosure Classification Internal Pressure Internal Pressure Coefficient, (GCpi )

Enclosed buildings Ao is less than the smaller of 0.01Ag

or 4 sq ft (0.37 m) and Aoi∕Agi ≤ 0.2
Moderate þ0.18

−0.18

Partially enclosed buildings Ao > 1.1Aoi and Ao > the lesser of 0.01Ag

or 4 sq ft (0.37 m) and Aoi∕Agi ≤ 0.2
High þ0.55

−0.55

Partially open buildings A building that does not comply with
Enclosed, Partially Enclosed, or Open classifications

Moderate þ0.18
−0.18

Open buildings Each wall is at least 80% open Negligible 0.00

Notes
1. Plus and minus signs signify pressures acting toward and away from the internal surfaces, respectively.
2. Values of (GCpi) shall be used with qz or qh as specified.
3. Two cases shall be considered to determine the critical load requirements for the appropriate condition:

a. A positive value of (GCpi) applied to all internal surfaces, or
b. A negative value of (GCpi) applied to all internal surfaces.

PLAN

Diagrams

External Pressure Coefficients

EFFECTIVE WIND AREA:

(59.33')(59.33'/3) = 1173 FT2

GCp:
(2) = -1.4/+0.2
(1') = -0.4/+0.2 

GCpi = +/- 0.18

USING h = 37.2'

ZONES 2 AND 1 = (1.2)(37.2') = 44.6', SAY 45' FROM PERIMETER

ZONE 1' = INTERIOR

FIGURE 30.3-2A

shall be used.
EFFECTIVE WIND AREA, A: The area used to determine

the external pressure coefficient, (GCp) and (GCrn). For C&C
elements, the effective wind area in Figs. 30.3-1 through 30.3-7,
30.4-1, 30.5-1, and 30.7-1 through 30.7-3 is the span length
multiplied by an effective width that need not be less than
one-third the span length. For rooftop solar arrays, the effective
wind area in Fig. 29.4-7 is equal to the tributary area for the
structural element being considered, except that the width of the
effective wind area need not be less than one-third its length. For
cladding fasteners, the effective wind area shall not be greater
than the area that is tributary to an individual fastener.

NET UPLIFT: 0.6 DL + 0.6W 
USE ACTUAL MINIMUM ROOF DL = 7.4 PSF (SEE LOAD TAKEOFF)

(0.6)(7.4 PSF) - (0.6)(24.4 PSF) = 10.2 PSF ZONE (2)
(0.6)(7.4 PSF) - (0.6)(9.0 PSF) = 1 PSF, NO UPLIFT ZONE (1')

11
73

 F
T

2
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GIRDER WIND UPLIFT

SMALLEST GIRDER TRIB AREA:

(52')(59.33' + 59.33')/2 = 2625 FT2 > 700 FT2, USE MWFRS LOADS FOR UPLIFT

30.2.3 Tributary Areas Greater than 700 ft2 (65 m2).
C&C elements with tributary areas greater than 700 ft2

(65 m2) shall be permitted to be designed using the provisions
for main wind force resisting systems (MWFRS).

USE ASCE 7-16 CHAPTER 27

G = 0.85
GCpi = +/- 0.18

27.3.1 Enclosed and Partially Enclosed Rigid and Flexible
Buildings. Design wind pressures for the MWFRS of buildings
of all heights in lb ∕ ft2 ðN ∕m2Þ, shall be determined by the
following equation:

p= qGCp − qiðGCpiÞ (27.3-1)

where

q = qz for windward walls evaluated at height z above the
ground.

q = qh for leeward walls, sidewalls, and roofs evaluated at
height h.

qi = qh for windward walls, sidewalls, leeward walls, and
roofs of enclosed buildings, and for negative internal
pressure evaluation in partially enclosed buildings.

qi = qz for positive internal pressure evaluation in partially
enclosed buildings where height z is defined as the level
of the highest opening in the building that could affect
the positive internal pressure. For buildings sited in
wind-borne debris regions, glazing that is not impact-
resistant or protected with an impact-resistant covering
shall be treated as an opening in accordance with Section
26.12.3. For positive internal pressure evaluation, qi may
conservatively be evaluated at height hðqi = qhÞ.

G = gust-effect factor; see Section 26.11. For flexible build-
ings, Gf determined in accordance with Section 26.11.5
shall be substituted for G.

Cp = external pressure coefficient from Figs. 27.3-1, 27.3-2,
and 27.3-3.

(GCpi) = internal pressure coefficient from Table 26.13-1.

Roof Pressure Coefficients, Cp, for use with qh

Wind Direction h/L Horizontal Distance from Windward Edge Cp

Normal to Ridge for
θ < 10° and Parallel
to Ridge for All θ

≤0.5 0 to h∕ 2 −0.9, −0.18
h∕ 2 to h −0.9, −0.18
h to 2h −0.5, −0.18
>2 h −0.3, −0.18

≥1.0 0 to h∕ 2 −1.3b, −0.18
>h∕ 2 −0.7, −0.18

a

h/L = 37.2' / 238' = 0.156 < 0.5

FROM 0 TO h, Cp = -0.9, -0.18
FROM h TO INTERIOR, Cp = -0.5, -0.18

p = (q)(G)(Cp) - (q)(GCpi)

p = (15.4 PSF)(0.85)(-0.9) - (15.4 PSF)(+0.18) = 14.6 PSF FROM 0 TO h

p = (15.4 PSF)(0.85)(-0.5) - (15.4 PSF)(+0.18) = 9.4 PSF FROM h TO INTERIOR

NET UPLIFT: 0.6 DL + 0.6W 
USE ACTUAL MINIMUM ROOF DL = 7.4 PSF (SEE LOAD TAKEOFF)

(0.6)(8.9 PSF) - (0.6)(14.6 PSF) = 3.5 PSF FROM 0 TO h
(0.6)(8.9 PSF) - (0.6)(9.4 PSF) = 0.3 PSF UPLIFT FROM h TO INTERIOR
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Fortress Puyallup Structural Calculation:

Base Plate Design
Protected Area

Purpose Statement: Base Plate Design from AISC Design Guide 1, Second Edition (LRFD)

Referenced Standards: AISC 360-16
ACI 318-19

Element ID: BP 1

Base Plate Properties

≔Fy =A36 36 ksi Base Plate Steel Yield Strength

Concrete Properties

≔f'c 3000 psi Concrete Compressive Strength

Column Loading & Properties

≔Pu ⋅175 k Column Axial Load

≔d ⋅10 in Column Depth

≔bf ⋅10 in Column Width

Required BP Thickness

1) Find "A1" AISC 360-16 15th Ed. Specification Section J8 and Section 14-4  
ACI 318-14 R22.8.3.2
Steel Design Guide 1, Second Edition Base Plate and Anchor Rod 
Design

≔A1 =
―――――

Pu

⋅⋅0.65 0.85 f'c
⋅bf d

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

105.58
100

⎡
⎢⎣

⎤
⎥⎦
in 2

≔A1 =max⎛⎝A1⎞⎠ 105.58 in 2

2) Determine base plate dimensions "N" and "B"

≔Δ =―――――
-⋅0.95 d ⋅0.8 bf
2

0.75 in

Calculated Values User Defined Values

≔N =+‾‾‾A1 Δ
d

⎡
⎢
⎣

⎤
⎥
⎦

11.03
10

⎡
⎢⎣

⎤
⎥⎦
in ≔N =max((N)) 11.03 in ≔N ⋅16 in

≔B =
―
A1

N
bf

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

6.6
10

⎡
⎢⎣

⎤
⎥⎦
in ≔B =max((B)) 10 in ≔B ⋅16 in
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Fortress Puyallup Structural Calculation:

Base Plate Design

3) Determine Allowable Load on Concrete 

≔ϕPp =⋅⋅⋅⋅((0.65)) ((0.85)) f'c N B 424.32 k =――
Pu

ϕPp

0.41 =Check ⎛⎝ ,Pu ϕPp⎞⎠ “OK”

4) Determine "m" and "n"

≔m =――――
-N ⋅0.95 d

2
3.25 in

≔n =――――
-B ⋅0.8 bf

2
4 in

5) Compute "X", " " and "n'"λ

≔X =
⋅―――

⋅⋅4 d bf
⎛⎝ +d bf⎞⎠

2
――
Pu

ϕPp

1.0

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

0.41
1

⎡
⎢⎣

⎤
⎥⎦

≔X =min ((X)) 0.41

≔λ =
――――

⋅2 ‾‾X

+‾‾‾‾‾-1 X 1
1

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

0.73
1

⎡
⎢⎣

⎤
⎥⎦

≔λ =min ((λ)) 0.73

≔n' =―――
‾‾‾‾⋅d bf
4

2.5 in =n' 2.5 in

6) Determine Plate Thickness

≔l =
m
n
⋅λ n'

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

3.25
4
1.82

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦
in ≔l =max((l)) 4 in

≔tp ⋅l
‾‾‾‾‾‾‾‾‾‾
――――

⋅2 Pu

⋅⋅⋅.9 Fy B N
Min Base Plate Thickness =tp 0.82 in
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Fortress Puyallup Structural Calculation:

HSS Column Design
Protected Area

Purpose Statement: The purpose of this calculation is to calculate the capacity of HSS columns.

Referenced Standards: IBC 2018
ASCE 7-16
AISC 360-16
AISC Steel Construction Manual, 15th Edition

LOADING

≔DL ⋅19 psf Dead load

≔LL ⋅20 psf Live load

≔Lcol 52 ft Girder span/column spacing along strong axis

≔L1 59.33 ft
Joist span

≔L2 60 ft

≔Pu1 =⋅⋅(( +⋅1.2 DL ⋅1.6 LL)) ――
Lcol

2

⎛
⎜
⎝
―――

+L1 L2

2

⎞
⎟
⎠

85 k

≔Pu2 =⋅⋅(( +⋅1.2 DL ⋅1.6 LL)) ――
Lcol

2

⎛
⎜
⎝
―――

+L1 L2

2

⎞
⎟
⎠

85 k

≔Pu =+Pu1 Pu2 170 k

≔P2unb =⋅⋅((0.9 DL)) ――
Lcol

2

⎛
⎜
⎝
―――

+L1 L2

2

⎞
⎟
⎠

26.5 k

≔Punb =+Pu1 P2unb 111.5 k

GEOMETRY

≔ht 39.25 ft Column height

≔Kx 1
Effective length factors

≔Ky 1

≔e1 7 in
Eccentricity from the connection

≔e2 7 in
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Fortress Puyallup Structural Calculation:

HSS Column Design≔e2 7 in

Trial HSS-Section and Section Properties

≔C “HSS10X10X3/8”

≔Fy ⋅50 ksi

≔E ⋅29000 ksi

≔A A ((C)) =A 13.2 in 2 ≔Sx Sx ((C)) =Sx 40.4 in 3 ≔Zx Zx ((C)) =Zx 47.2 in 3

≔t t ((C)) =t 0.3 in ≔rx rx ((C)) =rx 3.9 in ≔Zy Zy ((C)) =Zy 47.2 in 3

≔b b ((C)) =b 10 in ≔Sy Sy ((C)) =Sy 40.4 in 3 ≔ry ry ((C)) =ry 3.9 in

≔d d ((C)) =d 10 in ≔λ b/t ((C)) =λ 25.7 ≔λw h/t ((C)) =λw 25.7

Check for Compactness & Slenderness (Table B4.1b)

≔λpf ⋅1.12
‾‾‾
―
E
Fy

≔λrf ⋅1.4
‾‾‾
―
E
Fy

≔λpw ⋅2.42
‾‾‾
―
E
Fy

≔λrw ⋅5.70
‾‾‾
―
E
Fy

≔FlangeCompactness |
|
|
|
|
|
|
|
||

if

else if

else

≤λ λpf
‖
‖ “Compact”

≤<λpf λ λrf
‖
‖ “Noncompact”

‖
‖ “Slender”

=FlangeCompactness “Compact”

≔WebCompactness |
|
|
|
|
|
|
|
||

if

else if

else

≤λw λpw
‖
‖ “Compact”

≤<λpw λw λrw
‖
‖ “Noncompact”

‖
‖ “Slender”

=WebCompactness “Compact”

BALANCED LOADING Engineer: __________ATT
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Fortress Puyallup Structural Calculation:

HSS Column Design

BALANCED LOADING

Axial

≔Lc/r =if
⎛
⎜
⎝

,,<―――
⋅Kx ht

rx
―――

⋅Ky ht

ry
―――

⋅Ky ht

ry
―――

⋅Kx ht

rx

⎞
⎟
⎠

120.2 Effective slenderness ratio

≔Fe =――
⋅π2 E

Lc/r
2

19.8 ksi Elastic buckling stress (Eq. E3-4)

≔Fcr1 =⋅0.658
――
Fy

Fe Fy 17.4 ksi

≔Fcr2 =⋅0.877 Fe 17.4 ksi

≔Fcr =if
⎛
⎜
⎜⎝

,,<Lc/r 4.71
‾‾‾
―
E
Fy

Fcr1 Fcr2

⎞
⎟
⎟⎠

17.4 ksi Critical buckling stress (Eq. E3-2)

≔ϕc 0.9

≔ϕPn =⋅⋅ϕc A Fcr 206.6 k Design axial capacity (Eq. E3-3)

Bending

≔Mux =‖‖ -⋅Pu1 e1 ⋅Pu2 e2‖‖ 0 ⋅k ft Moment demand about the x-axis

≔Muy ⋅0 k ft Moment demand about the y-axis

Compact

≔Mpx =⋅Fy Zx 196.7 ⋅k ft

≔ϕb 0.9 Strength reduction factor

Design moment capacity about the x-axis for 
a compact section

≔ϕMnx_c =⋅ϕb Mpx 177 ⋅k ft

≔Mpy =⋅Fy Zy 196.7 ⋅k ft

Design moment capacity about the y-axis for 
a compact section

≔ϕMny_c =⋅ϕb Mpy 177 ⋅k ft

Noncompact (Flange Local Buckling)

≔Mnx_n =
⎛
⎜
⎜⎝

-Mpx ⋅⎛⎝ -Mpx ⋅Fy Sx⎞⎠
⎛
⎜
⎜⎝

-⋅3.57 λ
‾‾‾
―
Fy

E
4

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

202.1 ⋅k ft

Design moment capacity about the x-axis for 
a noncompact section

≔ϕMnx_n =min ⎛⎝ ,⋅ϕb Mnx_n ϕMnx_c⎞⎠ 177 ⋅k ft

≔Mny_n =
⎛
⎜
⎜⎝

-Mpy ⋅⎛⎝ -Mpy ⋅Fy Sy⎞⎠
⎛
⎜
⎜⎝

-⋅3.57 λw
‾‾‾
―
Fy

E
4

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

202.1 ⋅k ft
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Fortress Puyallup Structural Calculation:

HSS Column Design

≔Mny_n =
⎛
⎜
⎜⎝

-Mpy ⋅⎛⎝ -Mpy ⋅Fy Sy⎞⎠
⎛
⎜
⎜⎝

-⋅3.57 λw
‾‾‾
―
Fy

E
4

⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

202.1 ⋅k ft

Design moment capacity about the y-axis for 
a noncompact section

≔ϕMny_n =min ⎛⎝ ,⋅ϕb Mny_n ϕMny_c⎞⎠ 177 ⋅k ft

Slender (Flange Local Buckling)
_

≔be =min
⎛
⎜
⎜⎝

,⋅⋅1.92 t
‾‾‾
―
E
Fy

⎛
⎜
⎜⎝

-1 ⋅――
0.38
λ

‾‾‾
―
E
Fy

⎞
⎟
⎟⎠
b

⎞
⎟
⎟⎠

10 in Effective width of the compression flange per F7.2

≔Ieff =+⋅⋅2 be t
⎛
⎜
⎝
――

-be t

2

⎞
⎟
⎠

2

――
⋅t be

3

6
220.7 in 4

≔Seff_x =――
Ieff

⎛
⎜
⎝
―
be
2

⎞
⎟
⎠

44.1 in 3 Effective section modulus per F7.2

≔de =min
⎛
⎜
⎜⎝

,⋅⋅1.92 t
‾‾‾
―
E
Fy

⎛
⎜
⎜⎝

-1 ⋅――
0.38
λw

‾‾‾
―
E
Fy

⎞
⎟
⎟⎠
d

⎞
⎟
⎟⎠

10 in Effective width of the compression flange per F7.2

≔Ieff_y =+⋅⋅2 de t
⎛
⎜
⎝
――

-de t

2

⎞
⎟
⎠

2

――
⋅t de

3

6
220.7 in 4

≔Seff_y =――
Ieff

⎛
⎜
⎝
―
de
2

⎞
⎟
⎠

44.1 in 3 Effective section modulus per F7.2

Design moment capacity about the x-axis for 
a slender section

≔ϕMnx_s =⋅⋅ϕb Seff_x Fy 165.5 ⋅k ft

≔ϕMny_s =⋅⋅ϕb Seff_y Fy 165.5 ⋅k ft Design moment capacity about the y-axis for 
a slender section
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Fortress Puyallup Structural Calculation:

HSS Column Design

≔ϕMnx =|
|
|
|
|
|
|
|
||

if

else if

else

＝FlangeCompactness “Compact”
‖
‖ϕMnx_c

＝FlangeCompactness “Noncompact”
‖
‖ϕMnx_n

‖
‖ϕMnx_s

177 ⋅k ft

≔ϕMny =|
|
|
|
|
|
|
|
||

if

else if

else

＝WebCompactness “Compact”
‖
‖ϕMny_c

＝WebCompactness “Noncompact”
‖
‖ϕMny_n

‖
‖ϕMny_s

177 ⋅k ft

Axial for Slender Members
Effective width imperfection adjustment factor 
from Table E7.1

≔c1 0.2

≔c2 1.38 Factor from Table E7.1

≔Fel =
⎛
⎜
⎝

⋅c2 ――
λrf
λ

⎞
⎟
⎠

2

Fy 163.9 ksi Elastic local buckling stress (Eq. E7-5)

≔be =
|
|
|
|
|
|
|
|
|
|

if

else

≤λ ⋅λrf
‾‾‾
――
Fy

Fcr
‖
‖b

‖
‖
‖
‖

⋅⋅b
⎛
⎜
⎜⎝

-1 c1
‾‾‾
――
Fel

Fcr

⎞
⎟
⎟⎠

‾‾‾
――
Fel

Fcr

10 in Effective width per E7.1

≔Aeff =+⋅2 be t ⋅2 d t 14 in 2 Effective area

≔ϕPn_s =⋅⋅ϕc Aeff Fcr 218.5 k

≔ϕPn =|
|
|
|
|
||

if

else

＝FlangeCompactness “Slender”
‖
‖ϕPn_s

‖
‖ϕPn

206.6 k

≔Unity =if
⎛
⎜
⎝

,,<――
Pu

ϕPn

0.2 +―――
Pu

⋅2 ϕPn

⎛
⎜
⎝

+――
Mux

ϕMnx
――
Muy

ϕMny

⎞
⎟
⎠

+――
Pu

ϕPn

⋅―
8
9

⎛
⎜
⎝

+――
Mux

ϕMnx
――
Muy

ϕMny

⎞
⎟
⎠

⎞
⎟
⎠

0.82
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Fortress Puyallup Structural Calculation:

HSS Column Design

≔Unity =if
⎛
⎜
⎝

,,<――
Pu

ϕPn

0.2 +―――
Pu

⋅2 ϕPn

⎛
⎜
⎝

+――
Mux

ϕMnx
――
Muy

ϕMny

⎞
⎟
⎠

+――
Pu

ϕPn

⋅―
8
9

⎛
⎜
⎝

+――
Mux

ϕMnx
――
Muy

ϕMny

⎞
⎟
⎠

⎞
⎟
⎠

0.82

≔Check
1

=if (( ,,≤Unity 1 “OK” “NG”)) “OK”

UNBALANCED LOADING

≔Pu =Punb 111.5 k Unbalanced axial demand
Unbalanced loading moment demand about the 
x-axis

≔Mux =-⋅Pu1 e1 ⋅P2unb e2 34.1 ⋅k ft

≔Muy ⋅⋅0 k ft Moment demand about the y-axis

≔Unity =if
⎛
⎜
⎝

,,<――
Pu

ϕPn

0.2 +―――
Pu

⋅2 ϕPn

⎛
⎜
⎝

+――
Mux

ϕMnx
――
Muy

ϕMny

⎞
⎟
⎠

+――
Pu

ϕPn

⋅―
8
9

⎛
⎜
⎝

+――
Mux

ϕMnx
――
Muy

ϕMny

⎞
⎟
⎠

⎞
⎟
⎠

0.7

≔Check
2

=if (( ,,≤Unity 1 “OK” “NG”)) “OK”
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04 FOUNDATIONS



Fortress Puyallup Structural Calculation:

Interior Footings
Protected Area

Purpose Statement: The purpose of this calculation is the design of isolated spread 
footings for gravity-only columns and loading conditions.

Referenced Standards: 2021 IBC
ASCE 7-16
ACI 318-19

FOOTING TYPE: F1 - Typical Interior Footing

≔Atrib ⋅52 ft 60 ft

≔qall 2500 psf Soil Bearing

≔fy 60 ksi Steel Yield Strength

≔fc 3 ksi Conc. Comp. Strength

≔W ⋅7 ft Footing Length & Width

≔t 1.5 ft Footing Thickness

≔Ag ⋅W t Ftg. X-Sect. Area

≔dc ⋅13 in Column Depth*
*Half distance between column face 
and edge of base plate (16"x16")

≔bf ⋅13 in Column Width*

≔b bf ≔c dc See ACI 318-19 13.2.7.2

Loading:

≔Pdl =⋅19 psf Atrib 59.3 k Column Dead Load

≔Pll =⋅20 psf Atrib 62.4 k Column Live Load

≔Psl_min =⋅19 psf Atrib 59.3 k Minimum roof snow load

≔Psl_drift =+⋅14 psf Atrib 6.3 k 50 k Balanced snow load + drift

≔Psl =max ⎛⎝ ,Psl_min Psl_drift⎞⎠ 59.3 k Column Snow Load

≔Puplift =⋅3.5 psf Atrib 10.9 k Column Wind Uplift Load
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Fortress Puyallup Structural Calculation:

Interior Footings

Service Load - ASCE 7-16 2.4.1

≔Pser_2 +Pdl Psl ASCE 7-16 2.4.1, LC 2

≔Pser_7 -0.6 Pdl 0.6 Puplift ASCE 7-16 2.4.1, LC 7

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu_1 ⋅1.4 Pdl ASCE 7-16 2.3.1, LC 1

≔Pu_2 +⋅1.2 Pdl ⋅1.6 Psl ASCE 7-16 2.3.1, LC 2

≔Pu_5 -⋅0.9 Pdl Puplift ASCE 7-16 2.3.1, LC 5 (Uplift case)

≔Pu max ⎛⎝ ,Pu_1 Pu_2⎞⎠

=if ⎛⎝ ,,∨<Pser_7 0 k <Pu_5 0 k “UPLIFT, REVISE FTG SIZE” “Okay”⎞⎠ “Okay”

Soil Bearing:

≔Pftg ⋅⋅150 pcf W2 t

≔q ――
Pser_2

W2
Net bearing pressure =――

q
qall

0.968

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”
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Fortress Puyallup Structural Calculation:

Interior Footings

Beam Flexure: (per 1' width) ACI 318-19 13.2.6.4, 13.2.7.1

≔qu ―――――
+Pu ⋅Pftg 1.2

W2
Ultimate bearing pressure

Moment Demand
≔Mu ⋅⋅⋅qu

⎛
⎜
⎝
――

-W c
2

⎞
⎟
⎠

2

―
1
2

ft

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 14.1 in Steel Depth

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅0.85 fc ft 2

⎞
⎟
⎠

.9 Mu 0

≔Asreq =Find ⎛⎝Asreq⎞⎠ 0.26 in 2

Required area of steel for footing flexure

≔Asmin =⋅⋅0.0018 Ag ―
ft
W

0.39 in 2

Min flexural reinforcement per ACI 318-19 8.6.1.1

≔sp 9 in Spacing of reinforcement OC

≔As_ft =⋅As ――
12 in
sp

0.41 ⋅in in Area of reinforcement provided per foot

≔Asreq max ⎛⎝ ,Asreq Asmin⎞⎠ =――
Asreq

As_ft

0.941

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Engineer: __________ATT
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Fortress Puyallup Structural Calculation:

Interior Footings

Punching Shear:

≔ρw =―――
As

⋅1 ft d
0.0018 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)

≔λs 1.0

Punching shear demand at critical section per 
22.6.4.2≔Vu -Pu ⋅(( +c d)) (( +b d)) qu

Critical section per 22.6.4.2
≔bo +⋅2 (( +c d)) ⋅2 (( +b d))

≔ϕv 0.75 Strength reduction factor

≔ϕVc ⋅ϕv
⎛
⎝ ⋅⋅⋅⋅4 λs ‾‾‾‾‾⋅fc psi bo d⎞

⎠ Table 22.6.5.2 (a) =――
Vu

ϕVc

0.589

≔Flagpv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagpv “OK”

Beam Shear: (per 1' width) ACI 318-19 8.4.3, 22.5.5.1

≔Vu =⋅⋅
⎛
⎜
⎝

-――
-W c
2

d
⎞
⎟
⎠
qu ft 6.5 k at "d" from column face

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 6.8 k

=――
Vu

ϕVc

0.962
=d 14.1 in

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”
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Fortress Puyallup Structural Calculation:

Panel Footing
Protected Area

Purpose Statement: The purpose of this calculation is the design of pad/continuous foundations 
supporting concrete tilt panels serving as shear walls.

Referenced Standards: 2021 IBC
ASCE 7-16
ACI 318-19

PROJECT PARAMETERS

≔qall ⋅2500 psf Allowable soil bearing pressure

≔γtemp ―
4
3

Short-term loading increase

≔fc ⋅3 ksi Concrete strength

≔fy ⋅60 ksi Steel strength

≔γconc 150 pcf Density of Concrete

≔SDS 0.843 Design spectral response acceleration parameter 
at short periods

Engineer: ATT

Job #: __________2220290.02

Date: __________05/30/2023
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Fortress Puyallup Structural Calculation:

Panel Footing

Pad Footing - Panel 51 and Similar (Footing Type F4):

Panel Dimensions

≔tp 10 in Panel Thickness

≔Ao 229 ft 2 Storefront Area

Loading

≔Pdl =⋅⋅19 psf 10 ft 13 ft 2.47 k Dead Load per Panel Leg

≔Psl =⋅⋅78 psf 10 ft 13 ft 10.14 k Snow Load per Panel Leg

≔Ppan =+⋅⋅γconc tp ――――――
⎛⎝ -⋅45 ft 26 ft Ao⎞⎠

2
――――

⋅Ao 15 psf

2
60.53 k Panel(s) Load per Leg

Seismic Load (including , do not ρ
include vertical seismic effects)

≔Psei 25 k

Footing Dimensions

≔W ⋅6 ft Footing width

≔L ⋅6 ft Footing Length

≔t ⋅16 in Footing Thickness

≔Pftg ⋅⋅⋅γconc L W t Footing Weight

Service Loads - ASCE 7-16 2.4.1/2.4.5

≔Pser ++Pdl Ppan Psl ASCE 7-16 2.4.1, LC 2

≔Pser_sei +++Ppan Pdl ⋅0.75 Psl ⋅0.525 Psei ASCE 7-16 2.4.5, LC 9

≔Pser_sei2 ++Ppan Pdl 0.7 Psei ASCE 7-16 2.4.5, LC 8

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu +⋅1.2 ⎛⎝ +Pdl Ppan⎞⎠ ⋅1.6 Psl ASCE 7-16 2.3.1, LC 2

≔Pu_sei ++⋅⎛⎝ +1.2 0.2 SDS⎞⎠ ⎛⎝ +Pdl Ppan⎞⎠ ⋅0.2 Psl Psei ASCE 7-16 2.3.6, LC 6
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Fortress Puyallup Structural Calculation:

Panel Footing

Soil Bearing - ACI 318-19 13.3.1.1

≔q max
⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠

Net bearing pressure =――
q
qall

0.813

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”

Flexure (per 1'-0" width) - ACI 318-19 13.2.6.4, 13.2.7.1

≔qu max
⎛
⎜
⎝

,――
Pu_sei

⋅W L
――
Pu

⋅W L

⎞
⎟
⎠

Ultimate bearing pressure

≔Mu ⋅⋅⋅qu
⎛
⎜
⎝
―――

-W tp
2

⎞
⎟
⎠

2

―
1
2

ft Moment demand

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 12.06 in Steel Depth

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅0.9 Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅0.85 fc 1 ft 2

⎞
⎟
⎠

Mu 0

≔Asreq Find ⎛⎝Asreq⎞⎠

Required area of steel for footing 
flexure

Min flexural reinforcement per 
ACI 318-19 8.6.1.1

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.35 in 2

≔sp 9 in OC spacing of reinforcement

Area of reinforcement provided 
per foot of width

≔As_ft ――――
⋅As ((1 ft))

sp

≔Asreq max ⎛⎝ ,Asreq Asmin⎞⎠ =――
Asreq

As_ft

0.84

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”
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Fortress Puyallup Structural Calculation:

Panel Footing

Beam Shear (per 1' width) - ACI 318-19 8.4.3, 22.5.5.1

≔ρw =―――
As_ft

⋅1 ft d
0.0029 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)

≔λs 1.0

≔Vu ⋅⋅
⎛
⎜
⎝

-―――
-W tp
2

d
⎞
⎟
⎠
qu ft at "d" from panel face

≔ϕv 0.6
Strength reduction factor,  21.2.4.3

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 5.4 k

=――
Vu

ϕVc

0.92

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Beam Shear (Beyond Leg Edge) - ACI 318-19 8.4.3, 22.5.5.1

=ρw 0.0029 Ratio of longitudinal bars defined in R22.5.5
Assumes same reinforcement each way

≔ϕv 0.6 Strength reduction factor,  21.2.4.3

≔leg 4.75 ft Length of panel leg

≔Vu ⋅⋅(( --L leg d)) qu ft Ultimate Shear at "d" from panel face 
per unit width

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min
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Fortress Puyallup Structural Calculation:

Panel Footing

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 5.4 k

=――
Vu

ϕVc

0.14

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”
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Fortress Puyallup Structural Calculation:

Panel Footing

Pad Footing - Panel 4, 18 Drive in Door (Footing Type F4): NOTE: COORDINATE FOOTING LOADS WITH SHEAR WALL 
PROGRAM AS REQ'DPanel Dimensions

≔tp 9.5 in Panel Thickness

≔Ao 256 ft 2 Door Area
Input loads from appropriate footing section of in-plane shear wall program. 

ADJUST AS REQUIRED FOR SPECIFIC PANEL LOADING CONDITIONS.

CONSIDER OUTER/INNER LEG, NON-SYMMETRICAL ARRANGEMENTS OF PANEL 
OPENINGS/UNEQUAL LEG DIMENSIONS, CONCENTRATED LOADS FROM GIRDERS/OTHER 
FRAMING MEMBERS, ETC.

Loading

≔Pdl =⋅⋅19 psf 30 ft 13 ft 7.41 k Dead Load per Panel Leg

≔Psl =⋅⋅19 psf 30 ft 13 ft 7.41 k Snow Load per Panel Leg

≔Ppan =+⋅⋅γconc tp ――――――
⎛⎝ -⋅42 ft 26 ft Ao⎞⎠

2
――――

⋅Ao 15 psf

2
51.56 k Panel(s) Load per Leg

Seismic Load (including , do not ρ
include vertical seismic effects)

Assumes snow load exceeds roof live load and no other live load is present
≔Psei 25 k

Footing Dimensions
L/W ratio should be 1.5-2:1.  This increases the moment of Inertia in line with panels to 
lower bearing pressure during picking when only one panel is eccentrically loading the 
footing.

≔W ⋅6 ft Footing width

≔L ⋅6 ft Footing Length

≔t ⋅18 in Footing Thickness

≔Pftg ⋅⋅⋅γconc L W t Footing Weight

Service Loads - ASCE 7-16 2.4.1/2.4.5

≔Pser ++Pdl Ppan Psl ASCE 7-16 2.4.1, LC 2 Footing weight included. Confirm with geotech report.

≔Pser_sei +++Ppan Pdl ⋅0.75 Psl ⋅0.525 Psei ASCE 7-16 2.4.5, LC 9 Load combinations assume is an LRFD LOAD.Psei

Verify that the calculations for reflect this, or adjust LC coefficients.Psei
≔Pser_sei2 ++Ppan Pdl 0.7 Psei ASCE 7-16 2.4.5, LC 8

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu +⋅1.2 ⎛⎝ +Pdl Ppan⎞⎠ ⋅1.6 Psl ASCE 7-16 2.3.1, LC 2

≔Pu_sei ++⋅⎛⎝ +1.2 0.2 SDS⎞⎠ ⎛⎝ +Pdl Ppan⎞⎠ ⋅0.2 Psl Psei ASCE 7-16 2.3.6, LC 6
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Fortress Puyallup Structural Calculation:

Panel Footing

Soil Bearing - ACI 318-19 13.3.1.1

For NET bearing pressure, remove footing 
weight for checking bearing pressure

≔q max
⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠

Net bearing pressure =――
q
qall

0.738

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”

Flexure (per 1'-0" width) - ACI 318-19 13.2.6.4, 13.2.7.1

≔qu max
⎛
⎜
⎝

,――
Pu_sei

⋅W L
――
Pu

⋅W L

⎞
⎟
⎠

Ultimate bearing pressure

≔Mu ⋅⋅⋅qu
⎛
⎜
⎝
―――

-W tp
2

⎞
⎟
⎠

2

―
1
2

ft Moment demand

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 14.06 in Steel Depth

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅0.9 Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅0.85 fc 1 ft 2

⎞
⎟
⎠

Mu 0

≔Asreq Find ⎛⎝Asreq⎞⎠

Required area of steel for footing 
flexure

Verify with EOR whether Min flexural reinforcement 
requirement needs to be satisfied

Min flexural reinforcement per 
ACI 318-19 8.6.1.1

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.39 in 2

≔sp 9 in OC spacing of reinforcement

Area of reinforcement provided 
per foot of width

≔As_ft ――――
⋅As ((1 ft))

sp

≔Asreq max ⎛⎝ ,Asreq Asmin⎞⎠ =――
Asreq

As_ft

0.94

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”
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Fortress Puyallup Structural Calculation:

Panel Footing

Beam Shear (per 1' width) - ACI 318-19 8.4.3, 22.5.5.1

≔ρw =―――
As_ft

⋅1 ft d
0.0024 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)

Size effect factor may be neglected. Consult your EOR
≔λs 1.0

≔Vu ⋅⋅
⎛
⎜
⎝

-―――
-W tp
2

d
⎞
⎟
⎠
qu ft at "d" from panel face

≔ϕv 0.6
Strength reduction factor,  21.2.4.3

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 6 k

=――
Vu

ϕVc

0.71

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Beam Shear (Beyond Leg Edge) - ACI 318-19 8.4.3, 22.5.5.1

=ρw 0.0024 Ratio of longitudinal bars defined in R22.5.5
Assumes same reinforcement each way

≔ϕv 0.6 Strength reduction factor,  21.2.4.3

≔leg 5 ft Length of panel leg

≔Vu ⋅⋅(( --L leg d)) qu ft Ultimate Shear at "d" from panel face 
per unit width

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min
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Fortress Puyallup Structural Calculation:

Panel Footing

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 6 k

=――
Vu

ϕVc

-0.09

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Pad Footing - Panel 1, 2, 3 Entrances(Footing Type F5): NOTE: COORDINATE FOOTING LOADS WITH SHEAR WALL 
PROGRAM AS REQ'DPanel Dimensions

≔tp 8 in Panel Thickness

≔Ao 121 ft 2 Door Area
Input loads from appropriate footing section of in-plane shear wall program. 

ADJUST AS REQUIRED FOR SPECIFIC PANEL LOADING CONDITIONS.

CONSIDER OUTER/INNER LEG, NON-SYMMETRICAL ARRANGEMENTS OF PANEL 
OPENINGS/UNEQUAL LEG DIMENSIONS, CONCENTRATED LOADS FROM GIRDERS/OTHER 
FRAMING MEMBERS, ETC.

Loading

≔Pdl =⋅⋅19 psf 30 ft 13 ft 7.41 k Dead Load per Leg

≔Psl =⋅(( +⋅14 psf 30 ft 509 plf)) 13 ft 12.08 k Snow Load per Leg

≔Ppan =+⋅⋅γconc tp ――――――
⎛⎝ -⋅42 ft 26 ft Ao⎞⎠

2
――――

⋅Ao 15 psf

2
49.46 k Panel(s) Load per Leg

Seismic Load (including , do not ρ
include vertical seismic effects)

Assumes snow load exceeds roof live load and no other live load is present
≔Psei 25 k

Footing Dimensions
L/W ratio should be 1.5-2:1.  This increases the moment of Inertia in line with panels to 
lower bearing pressure during picking when only one panel is eccentrically loading the 
footing.

≔W ⋅4 ft Footing width

≔L ⋅8.5 ft Footing Length

≔t ⋅12 in Footing Thickness

≔Pftg ⋅⋅⋅γconc L W t Footing Weight

Service Loads - ASCE 7-16 2.4.1/2.4.5

≔Pser ++Pdl Ppan Psl ASCE 7-16 2.4.1, LC 2 Footing weight included. Confirm with geotech report.

≔Pser_sei +++Ppan Pdl ⋅0.75 Psl ⋅0.525 Psei ASCE 7-16 2.4.5, LC 9 Load combinations assume is an LRFD LOAD.Psei

Verify that the calculations for reflect this, or adjust LC coefficients.Psei
≔Pser_sei2 ++Ppan Pdl 0.7 Psei ASCE 7-16 2.4.5, LC 8
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Fortress Puyallup Structural Calculation:

Panel Footing

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu +⋅1.2 ⎛⎝ +Pdl Ppan⎞⎠ ⋅1.6 Psl ASCE 7-16 2.3.1, LC 2

≔Pu_sei ++⋅⎛⎝ +1.2 0.2 SDS⎞⎠ ⎛⎝ +Pdl Ppan⎞⎠ ⋅0.2 Psl Psei ASCE 7-16 2.3.6, LC 6

Soil Bearing - ACI 318-19 13.3.1.1

≔q max
⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠

Net bearing pressure =――
q
qall

0.811

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”

Flexure (per 1'-0" width) - ACI 318-19 13.2.6.4, 13.2.7.1

≔qu max
⎛
⎜
⎝

,――
Pu_sei

⋅W L
――
Pu

⋅W L

⎞
⎟
⎠

Ultimate bearing pressure

≔Mu ⋅⋅⋅qu
⎛
⎜
⎝
―――

-W tp
2

⎞
⎟
⎠

2

―
1
2

ft Moment demand

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 8.06 in Steel Depth

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅0.9 Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅0.85 fc 1 ft 2

⎞
⎟
⎠

Mu 0

≔Asreq Find ⎛⎝Asreq⎞⎠

Required area of steel for footing 
flexure

Verify with EOR whether Min flexural reinforcement 
requirement needs to be satisfied

Min flexural reinforcement per 
ACI 318-19 8.6.1.1

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.26 in 2

≔sp 12 in OC spacing of reinforcement

Area of reinforcement provided 
per foot of width

≔As_ft ――――
⋅As ((1 ft))

sp

=――
Asreq

As_ft

0.84Engineer: ATT
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Fortress Puyallup Structural Calculation:

Panel Footing

≔Asreq max ⎛⎝ ,Asreq Asmin⎞⎠ =――
Asreq

As_ft

0.84

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Beam Shear (per 1' width) - ACI 318-19 8.4.3, 22.5.5.1

≔ρw =―――
As_ft

⋅1 ft d
0.0032 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)

Size effect factor may be neglected. Consult your EOR
≔λs 1.0

≔Vu ⋅⋅
⎛
⎜
⎝

-―――
-W tp
2

d
⎞
⎟
⎠
qu ft at "d" from panel face

≔ϕv 0.6
Strength reduction factor,  21.2.4.3

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 3.7 k

=――
Vu

ϕVc

0.82

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Beam Shear (Beyond Leg Edge) - ACI 318-19 8.4.3, 22.5.5.1

=ρw 0.0032 Ratio of longitudinal bars defined in R22.5.5
Assumes same reinforcement each way

≔ϕv 0.6 Strength reduction factor,  21.2.4.3
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Fortress Puyallup Structural Calculation:

Panel Footing
≔ϕv 0.6 Strength reduction factor,  21.2.4.3

≔leg 8.5 ft Length of panel leg

≔Vu =⋅⋅(( --L leg d)) qu ft -2.1 k Ultimate Shear at "d" from panel face 
per unit width

≔ϕVc ⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max ⋅⋅ϕv
⎛
⎝ ⋅⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 3.7 k

=――
Vu

ϕVc

-0.55

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Continuous Footing - Dock Door Panels (Footing Type F2)

Panel Dimensions

≔wleg 2 ft Width of governing panel leg

≔tp ⋅9.5 in Panel Thickness

Loading

≔Pdl =⋅⋅19 psf 30 ft 7 ft 3.99 k Dead Load

≔Psl =⋅⋅20 psf 30 ft 7 ft 4.2 k Snow Load

≔Ppan =⋅⋅⋅γconc tp 40.75 ft 7 ft 33.87 k Panel(s) Load

≔Psei 22 k Seismic Load (including , do not ρ
include vertical seismic effects)

Footing Dimensions

≔W 2.5 ft Footing Width

≔t ⋅12 in Footing Thickness

≔L =+wleg 5 ft 7 ft Footing Length

≔Pftg ⋅⋅⋅γconc L W t Footing Weight
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Fortress Puyallup Structural Calculation:

Panel Footing
≔Pftg ⋅⋅⋅γconc L W t Footing Weight

Service Load - ASCE 7-16 2.4.1/2.4.5
Per Geotech Report, Net bearing, Ignore Self Weight

≔Pser ++Pdl Ppan Psl ASCE 7-16 2.4.1, LC 2

≔Pser_sei +++Ppan Pdl ⋅0.75 Psl ⋅0.525 Psei ASCE 7-16 2.4.5, LC 9

≔Pser_sei2 ++Ppan Pdl 0.7 Psei ASCE 7-16 2.4.5, LC 8

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu =+⋅1.2 ⎛⎝ +Pdl Ppan⎞⎠ ⋅1.6 Psl 52.2 k ASCE 7-16 2.3.1, LC 2

≔Pu_sei ++⋅⎛⎝ +1.2 0.2 SDS⎞⎠ ⎛⎝ +Pdl Ppan⎞⎠ ⋅0.2 Psl Psei ASCE 7-16 2.3.6, LC 6

Soil Bearing - ACI 318-19 13.3.1.1

≔q max
⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠ Net bearing pressure =――

q
qall

0.961

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”

Flexure (per 1' width) - ACI 318-19 13.2.6.4, 13.2.7.1

≔qu =max
⎛
⎜
⎝

,――
Pu_sei

⋅W L
――
Pu

⋅W L

⎞
⎟
⎠

4.3 ksf Ultimate bearing pressure

≔Mu ⋅⋅⋅qu
⎛
⎜
⎝
―――

-W tp
2

⎞
⎟
⎠

2

―
1
2

ft Moment demand

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 8.1 in Steel Depth

G
ue

ss
 V

al
ue

s
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ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅.85 fc 1 ft 2

⎞
⎟
⎠

.9 Mu 0

≔Asreq =Find ⎛⎝Asreq⎞⎠ 0.04 in 2

Required area of steel for footing 
flexure
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Fortress Puyallup Structural Calculation:

Panel Footing

Min flexural reinforcement per 
ACI 318-19 8.6.1.1

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.26 in 2

≔sp 12 in OC spacing of reinforcement

≔Nolong =+―
W
sp

1 3.5 Number of longitudinal bars

Area of reinforcement provided 
per foot of width

≔As_ft =――――
⋅As ((1 ft))

sp
0.31 in 2

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.26 in 2 =――
Asreq

As_ft

0.8

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Beam Shear (per 1' width) - ACI 318-19 8.4.3, 22.5.5.1

≔ρw =―――
As_ft

⋅1 ft d
0.0032 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)≔λs 1.0

≔Vu =⋅⋅
⎛
⎜
⎝

-―――
-W tp
2

d
⎞
⎟
⎠
qu ft 0.8 k at "d" from column face

≔ϕv 0.6 Strength reduction factor, 21.2.4.3

≔ϕVc =⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft 3.7 k Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max =⋅ϕv
⎛
⎝ ⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft 15.9 k Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 3.7 k

=――
Vu

ϕVc

0.207

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Continuous Footing - Solid Panels w/ Drift Reaction (Footing Type F2)
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Fortress Puyallup Structural Calculation:

Panel Footing
Continuous Footing - Solid Panels w/ Drift Reaction (Footing Type F2)

Panel Dimensions

≔wleg 26 ft Width of governing panel leg NOTE: COORDINATE FOOTING LOADS WITH SHEAR WALL 
PROGRAM AS REQ'D

≔tp ⋅8 in Panel Thickness NTE - Input loads from appropriate footing section of in-plane shear wall program. 

Governing leg is the highest loaded leg with respect to the footing. Must assess which 
panel leg results in worst case footing loading.

Consider drift from east/west parapets

Loading

≔Pdl =⋅⋅19 psf 30 ft 26 ft 14.82 k Dead Load

≔Psl =+⋅⋅14 psf 30 ft 26 ft (( +425 plf 57 plf)) 30 ft 25.38 k Snow Load

≔Ppan =⋅⋅⋅γconc tp 45 ft 26 ft 117 k Panel(s) Load

≔Psei 33 k Seismic Load (including , do not ρ
include vertical seismic effects)

Assumes snow load exceeds roof live load and no other live load is present

Footing Dimensions

≔W 2.5 ft Footing Width

≔t ⋅12 in Footing Thickness

≔L =+wleg 1 ft 27 ft Footing Length Footing length based on governing leg length plus the additional length from projecting a 
line at 45 deg down from the edge of the panel leg on either side. Based on redistribution 
of stresses in concrete. Adjust as required.≔Pftg ⋅⋅⋅γconc L W t Footing Weight

Service Load - ASCE 7-16 2.4.1/2.4.5
Per Geotech Report, Net bearing, Ignore Self Weight

≔Pser ++Pdl Ppan Psl ASCE 7-16 2.4.1, LC 2 Confirm footing weight included in bearing.  See geotech report.

≔Pser_sei +++Ppan Pdl ⋅0.75 Psl ⋅0.525 Psei ASCE 7-16 2.4.5, LC 9 Load combinations assume is an LRFD LOAD.Psei

Verify that the calculations for reflect this, or adjust LC coefficients.Psei
≔Pser_sei2 ++Ppan Pdl 0.7 Psei ASCE 7-16 2.4.5, LC 8

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu +⋅1.2 ⎛⎝ +Pdl Ppan⎞⎠ ⋅1.6 Psl ASCE 7-16 2.3.1, LC 2

≔Pu_sei ++⋅⎛⎝ +1.2 0.2 SDS⎞⎠ ⎛⎝ +Pdl Ppan⎞⎠ ⋅0.2 Psl Psei ASCE 7-16 2.3.6, LC 6

Soil Bearing - ACI 318-19 13.3.1.1

≔q max
⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠

For NET bearing pressure, remove footing 
weight for checking bearing pressure 

Net bearing pressure =――
q
qall

0.932
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Fortress Puyallup Structural Calculation:

Panel Footing
≔q max

⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠

For NET bearing pressure, remove footing 
weight for checking bearing pressure 

Net bearing pressure =――
q
qall

0.932

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”

Flexure (per 1' width) - ACI 318-19 13.2.6.4, 13.2.7.1

≔qu =max
⎛
⎜
⎝

,――
Pu_sei

⋅W L
――
Pu

⋅W L

⎞
⎟
⎠

3.2 ksf Ultimate bearing pressure

≔Mu ⋅⋅⋅qu
⎛
⎜
⎝
―――

-W tp
2

⎞
⎟
⎠

2

―
1
2

ft Moment demand

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 8.1 in Steel Depth

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅.85 fc 1 ft 2

⎞
⎟
⎠

.9 Mu 0

≔Asreq =Find ⎛⎝Asreq⎞⎠ 0.04 in 2

Required area of steel for footing 
flexure

Min flexural reinforcement per 
ACI 318-19 8.6.1.1

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.26 in 2 Verify with EOR whether Min flexural reinforcement 
requirement needs to be satisfied

≔sp 12 in OC spacing of reinforcement

≔Nolong =+―
W
sp

1 3.5 Number of longitudinal bars

Area of reinforcement provided 
per foot of width

≔As_ft =――――
⋅As ((1 ft))

sp
0.31 in 2

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.26 in 2 =――
Asreq

As_ft

0.8

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Beam Shear (per 1' width) - ACI 318-19 8.4.3, 22.5.5.1

≔ρw =―――
As_ft

⋅1 ft d
0.0032 Ratio of longitudinal bars defined in R22.5.5
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Fortress Puyallup Structural Calculation:

Panel Footing
≔ρw =―――

As_ft

⋅1 ft d
0.0032 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)

Size effect factor may be neglected. Consult your EOR
≔λs 1.0

≔Vu =⋅⋅
⎛
⎜
⎝

-―――
-W tp
2

d
⎞
⎟
⎠
qu ft 0.8 k at "d" from column face

≔ϕv 0.6 Strength reduction factor, 21.2.4.3

≔ϕVc =⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft 3.7 k Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max =⋅ϕv
⎛
⎝ ⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft 15.9 k Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 3.7 k

=――
Vu

ϕVc

0.211

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Continuous Footing - Blade Wall Panels (Footing Type F3)

Panel Dimensions

≔wleg 1 ft Width of governing panel leg NOTE: COORDINATE FOOTING LOADS WITH SHEAR WALL 
PROGRAM AS REQ'D

≔tp ⋅12.1 in Panel Thickness (avg thickness) NTE - Input loads from appropriate footing section of in-plane shear wall program. 

Governing leg is the highest loaded leg with respect to the footing. Must assess which 
panel leg results in worst case footing loading.

7' was input for 2' edge panel leg plus 5' to bottom of footing due to 1:1 slope spread

Loading

≔Pdl =⋅⋅19 psf 30 ft 1 ft 0.57 k Dead Load

≔Psl =+⋅⋅14 psf 30 ft 1 ft .76 k 1.18 k Snow Load

≔Ppan =⋅⋅⋅γconc tp 40.75 ft 1 ft 6.16 k Panel(s) Load

≔Psei 5 k Seismic Load (including , do not ρ
include vertical seismic effects)

Assumes snow load exceeds roof live load and no other live load is present

Footing Dimensions
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Fortress Puyallup Structural Calculation:

Panel Footing

≔W 4.5 ft Footing Width

≔t ⋅12 in Footing Thickness

≔L =wleg 1 ft Footing Length Footing length based on governing leg length plus the additional length from projecting a 
line at 45 deg down from the edge of the panel leg on either side. Based on redistribution 
of stresses in concrete. Adjust as required.≔Pftg ⋅⋅⋅γconc L W t Footing Weight

Service Load - ASCE 7-16 2.4.1/2.4.5
Per Geotech Report, Net bearing, Ignore Self Weight

≔Pser ++Pdl Ppan Psl ASCE 7-16 2.4.1, LC 2 Confirm footing weight included in bearing.  See geotech report.

≔Pser_sei +++Ppan Pdl ⋅0.75 Psl ⋅0.525 Psei ASCE 7-16 2.4.5, LC 9 Load combinations assume is an LRFD LOAD.Psei

Verify that the calculations for reflect this, or adjust LC coefficients.Psei
≔Pser_sei2 ++Ppan Pdl 0.7 Psei ASCE 7-16 2.4.5, LC 8

Ultimate Loads - ASCE 7-16 2.3.1/2.3.6

≔Pu =+⋅1.2 ⎛⎝ +Pdl Ppan⎞⎠ ⋅1.6 Psl 10 k ASCE 7-16 2.3.1, LC 2

≔Pu_sei ++⋅⎛⎝ +1.2 0.2 SDS⎞⎠ ⎛⎝ +Pdl Ppan⎞⎠ ⋅0.2 Psl Psei ASCE 7-16 2.3.6, LC 6

Soil Bearing - ACI 318-19 13.3.1.1

≔q max
⎛
⎜
⎝

,,――――
Pser_sei

⋅⋅γtemp W L
――――

Pser_sei2

⋅⋅γtemp W L
――
Pser

⋅W L

⎞
⎟
⎠

For NET bearing pressure, remove footing 
weight for checking bearing pressure 

Net bearing pressure =――
q
qall

0.703

≔Flagb if ⎛⎝ ,,≤q qall “OK” “NG!!”⎞⎠ =Flagb “OK”

Flexure (per 1' width) - ACI 318-19 13.2.6.4, 13.2.7.1

≔qu =max
⎛
⎜
⎝

,――
Pu_sei

⋅W L
――
Pu

⋅W L

⎞
⎟
⎠

3.2 ksf Ultimate bearing pressure

≔Mu ⋅⋅⋅qu
⎛
⎜
⎝
―――

-W tp
2

⎞
⎟
⎠

2

―
1
2

ft Moment demand

≔#reinf Reinforcement size: #5 Size of reinforcement

≔As #reinf0
≔ds #reinf1

≔d =--t 3 in ⋅ds 1.5 8.1 in Steel Depth

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
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lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅.85 fc 1 ft 2

⎞
⎟
⎠

.9 Mu 0

≔Asreq =Find ⎛⎝Asreq⎞⎠ 0.14 in 2
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Fortress Puyallup Structural Calculation:

Panel Footing
G

ue
ss

 V
al

ue
s

Co
ns

tr
ai

nt
s

So
lv

er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-d ―――――
⋅Asreq fy

⋅⋅⋅.85 fc 1 ft 2

⎞
⎟
⎠

.9 Mu 0

≔Asreq =Find ⎛⎝Asreq⎞⎠ 0.14 in 2

Required area of steel for footing 
flexure

Min flexural reinforcement per 
ACI 318-19 8.6.1.1

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.26 in 2 Verify with EOR whether Min flexural reinforcement 
requirement needs to be satisfied

≔sp 12 in OC spacing of reinforcement

≔Nolong =+―
W
sp

1 5.5 Number of longitudinal bars

Area of reinforcement provided 
per foot of width

≔As_ft =――――
⋅As ((1 ft))

sp
0.31 in 2

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.26 in 2 =――
Asreq

As_ft

0.8

≔Flagf if ⎛⎝ ,,≥As_ft Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Beam Shear (per 1' width) - ACI 318-19 8.4.3, 22.5.5.1

≔ρw =―――
As_ft

⋅1 ft d
0.0032 Ratio of longitudinal bars defined in R22.5.5

Size effect modification factor, eq 22.5.5.1.3 
(Neglected per ACI 318-19 13.2.6.2)

Size effect factor may be neglected. Consult your EOR
≔λs 1.0

≔Vu =⋅⋅
⎛
⎜
⎝

-―――
-W tp
2

d
⎞
⎟
⎠
qu ft 3.4 k at "d" from column face

≔ϕv 0.6 Strength reduction factor, 21.2.4.3

≔ϕVc =⋅⋅ϕv

⎛
⎜⎝ ⋅⋅⋅⋅8 λs ρw

―
1

3 ‾‾‾‾‾⋅fc psi d
⎞
⎟⎠ ft 3.7 k Table 22.5.5.1 (c)  - assumes Av < Av,min

≔ϕVc_max =⋅ϕv
⎛
⎝ ⋅5 ‾‾‾‾‾⋅fc psi d⎞

⎠ ft 15.9 k Maximum concrete shear strength, 22.5.5.1.1

≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 3.7 k
Engineer: ATT

Job #: __________2220290.02

Date: __________05/30/2023
H:\Projects\222029000\Production\Calcs\Structural\04_Foundations\Panel Footing_IBC 2021.mcdx Sheet #: 04.24



Fortress Puyallup Structural Calculation:

Panel Footing
≔ϕVc if ⎛⎝ ,,>ϕVc ϕVc_max ϕVc_max ϕVc⎞⎠ =ϕVc 3.7 k

=――
Vu

ϕVc

0.92

≔Flagv if ⎛⎝ ,,≥ϕVc Vu “OK” “NG!!”⎞⎠ =Flagv “OK”

Engineer: ATT

Job #: __________2220290.02

Date: __________05/30/2023
H:\Projects\222029000\Production\Calcs\Structural\04_Foundations\Panel Footing_IBC 2021.mcdx Sheet #: 04.25



04.26

VRF = 356 k

VWall = 95.6 k

MOT = 356 k * 39 ft + 95.6 k * 40.5 ft / 2 = 15,820 k-ft

PWall = 578 k
PRF,DL = (10.9 psf * 10 ft / 2) x 118.67 ft = 6.5 k
PRF,SL = (14.9 psf * 5 ft) x 118.67 ft = 8.84 k

MResist = 593 k X 126 ft / 2 = 37,400 k-ft

MOT / 1.4 = 11,300 k-ft

Mresist > MOT / 1.4 = NOT OVERTURNING

ck = L/6 = 126 ft / 6 = 21 ft

e = (Mresist + MOT / 1.4) / Ptot - L / 2 = (37,400 k-ft + 11,300 k-ft) / (593 k) - (126 ft)/2 = 19.1 ft

q = (Ptot / (Wftg x Lftg))(1+6e/Lftg) = (593 k / (4.5 ft x 126 ft))(1 + 6(19.1ft)/(126ft)) = 2.00 ksf < 3.33 ksf 

in the kern

OKAY

Global Soil Bearing Check
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Local Footing Check @ Holdowns

43.2 k/in Compression Spring

FACTORED REACTIONS FROM PANEL MODEL (SEE RISA REPORT BELOW):

FOUNDATION MODEL WITH LOAD FROM PANEL:



Company : June 19, 2023
10:02 PMDes igner :

Job Number : Checked By:_____
Model Name :

J oint Coordinates  and Temperatures
Label X  [ft] Y  [ft] Temp [F]

1 N1 0 0 0
2 N2 26.5 0 0
3 N3 26.5 40.5 0
4 N4 0 40.5 0
5 N5 0 38.75 0
6 N6 26.5 38.75 0
7 N7 2 0 0
8 N8 4 0 0
9 N9 6 0 0
10 N10 8 0 0
11 N11 10 0 0
12 N12 12 0 0
13 N13 14 0 0
14 N14 16 0 0
15 N15 18 0 0
16 N16 20 0 0
17 N17 22 0 0
18 N18 24 0 0
19 N19 26 0 0
20 N20 1 0 0
21 N21 3 0 0
22 N22 5 0 0
23 N23 7 0 0
24 N24 9 0 0
25 N25 11 0 0
26 N26 13 0 0
27 N27 15 0 0
28 N28 17 0 0
29 N29 19 0 0
30 N30 21 0 0
31 N31 23 0 0
32 N32 25 0 0
33 N33 0.5 0 0
34 N34 1.5 0 0
35 N35 2.5 0 0
36 N36 3.5 0 0
37 N37 4.5 0 0
38 N38 5.5 0 0
39 N39 6.5 0 0
40 N40 7.5 0 0
41 N41 8.5 0 0
42 N42 9.5 0 0
43 N43 10.5 0 0
44 N44 11.5 0 0
45 N45 12.5 0 0
46 N46 13.5 0 0
47 N47 14.5 0 0
48 N48 15.5 0 0
49 N49 16.5 0 0
50 N50 17.5 0 0
51 N51 18.5 0 0

RISA-2D Version 19.0.0      Page 1 [H:\...\...\...\...\...\...\RISA\Foundation Models\P26 Solid Soil Springs.r2d] 
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Company : June 19, 2023
10:02 PMDes igner :

Job Number : Checked By:_____
Model Name :

J oint Coordinates  and Temperatures  (Continued)
Label X  [ft] Y  [ft] Temp [F]

52 N52 19.5 0 0
53 N53 20.5 0 0
54 N54 21.5 0 0
55 N55 22.5 0 0
56 N56 23.5 0 0
57 N57 24.5 0 0
58 N58 25.5 0 0

J oint Boundary Conditions
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

1 N1 Reaction TS1e+5
2 N2 Reaction CS43.2
3 N7 TS1e+5
4 N8 CS43.2
5 N9 CS43.2
6 N10 CS43.2
7 N11 CS43.2
8 N12 CS43.2
9 N13 CS43.2
10 N14 CS43.2
11 N15 CS43.2
12 N16 CS43.2
13 N17 CS43.2
14 N18 CS43.2
15 N19 CS43.2
16 N20 TS1e+5
17 N21 TS1e+5
18 N22 CS43.2
19 N23 CS43.2
20 N24 CS43.2
21 N25 CS43.2
22 N26 CS43.2
23 N27 CS43.2
24 N28 CS43.2
25 N29 CS43.2
26 N30 CS43.2
27 N31 CS43.2
28 N32 CS43.2
29 N33 TS1e+5
30 N34 TS1e+5
31 N35 TS1e+5
32 N36 TS1e+5
33 N37 CS43.2
34 N38 CS43.2
35 N39 CS43.2
36 N40 CS43.2
37 N41 CS43.2
38 N42 CS43.2
39 N43 CS43.2
40 N44 CS43.2

RISA-2D Version 19.0.0      Page 2 [H:\...\...\...\...\...\...\RISA\Foundation Models\P26 Solid Soil Springs.r2d] 
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Company : June 19, 2023
10:02 PMDes igner :

Job Number : Checked By:_____
Model Name :

J oint Boundary Conditions  (C ontinued)
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

41 N45 CS43.2
42 N46 CS43.2
43 N47 CS43.2
44 N48 CS43.2
45 N49 CS43.2
46 N50 CS43.2
47 N51 CS43.2
48 N52 CS43.2
49 N53 CS43.2
50 N54 CS43.2
51 N55 CS43.2
52 N56 CS43.2
53 N57 CS43.2
54 N58 CS43.2

Wall Panel Data
Label A Joint B Joint C Joint D Joint Material Type Material Set Thicknes... Des ign Rule Panel/Spacing

1 WP1 N4 N3 N2 N1 Concrete Conc4000NW 8.75 Typical N/A

Wall Panel Advanced Data
Label Seismic  Rule Des ign Method SSAF In-plane Ic r Factor K Cm

1 WP1 None N/A N/A

J oint Loads and Enforced Displacements  (BLC  1 : Stiffness)
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/ft, k*s 2̂*ft)Inactive Inactive

1 N5 L X 50 Active
2 N6 L X 50 Active

J oint Loads and Enforced Displacements  (BLC  6 : E)
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/ft, k*s 2̂*ft)Inactive Inactive

1 N5 L X 39.6 Active
2 N6 L X 39.6 Active

Wall Panel Distributed Loads (BLC 2 : DL )
Wall Label Direction S tart Magnitude[k...End Magnitude[k/...S tart Location[ft,%] End Location[ft,%] Inactive

1 WP1(40.5ft) Y -0.05 -0.05 0 26.5 Active

Wall Panel Distributed Loads (BLC 4 : SL )
Wall Label Direction S tart Magnitude[k...End Magnitude[k/...S tart Location[ft,%] End Location[ft,%] Inactive

1 WP1(40.5ft) Y -0.5 -0.5 0 26.5 Active

RISA-2D Version 19.0.0      Page 3 [H:\...\...\...\...\...\...\RISA\Foundation Models\P26 Solid Soil Springs.r2d] 
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Company : June 19, 2023
10:02 PMDes igner :

Job Number : Checked By:_____
Model Name :

Bas ic  Load Cases
BLC Description Category X Gravity Y  Gravity Joint Point Distributed

1 Stiffness None 2
2 DL None -1 1
3 LL None
4 SL None 1
5 W None
6 E None 0.169 -0.169 2

Load Combinations
Des cription S ... PDelta SRSS B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa...

1 Stiffness Yes Y 1 1
2 1.2D+1.6L+ 0.5S Yes Y 2 1.2 3 1.6 4 0.5
3 1.2D+1.6S+0.5L Yes Y 2 1.2 3 0.5 4 1.6
4 1.2D+W+0.5L+0.5S Yes Y 2 1.2 3 0.5 4 0.5 5 1
5 0.9D+W Yes Y 2 0.9 5 1
6 1.2D+E+0.5L+0.2S Yes Y 2 1.2 3 0.5 4 0.2 6 1
7 0.9D+E Yes Y 2 0.9 6 1
8 D+L+S Yes Y 2 1 3 1 4 1
9 D+L+0.6W Yes Y 2 1 3 1 5 0.6
10 D+L+0.6W+S/2 Yes Y 2 1 3 1 4 0.5 5 0.6
11 D+L+S+0.3W Yes Y 2 1 3 1 4 1 5 0.3
12 D+L+S+E/1.4 Yes Y 2 1 3 1 4 1 6 0.7...
13 0.9D+E/1.4 Yes Y 2 0.9 6 0.7...
14 DL Yes Y 2 1
15 Drift: D+E+0.5L+0.2S Yes Y 2 1 6 1 3 0.25 4 0.2

Node R eactions  (By Combination)
LC Node Label X  [k] Y  [k] MZ [k-ft]

1 6 N1 -73.391 -78.296 0
2 6 N2 -25.6 12.591 0
3 6 N7 0 0 0
4 6 N8 0 1.049 0
5 6 N9 0 1.972 0
6 6 N10 0 2.94 0
7 6 N11 0 3.931 0
8 6 N12 0 4.937 0
9 6 N13 0 5.953 0
10 6 N14 0 6.977 0
11 6 N15 0 8.008 0
12 6 N16 0 9.045 0
13 6 N17 0 10.089 0
14 6 N18 0 11.143 0
15 6 N19 0 12.237 0
16 6 N20 0 -14.872 0
17 6 N21 0 0 0
18 6 N22 0 1.502 0
19 6 N23 0 2.452 0
20 6 N24 0 3.433 0
21 6 N25 0 4.433 0

RISA-2D Version 19.0.0      Page 4 [H:\...\...\...\...\...\...\RISA\Foundation Models\P26 Solid Soil Springs.r2d] 
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Company : June 19, 2023
10:02 PMDes igner :

Job Number : Checked By:_____
Model Name :

Node R eactions  (By Combination) (Continued)
LC Node Label X  [k] Y  [k] MZ [k-ft]

22 6 N26 0 5.444 0
23 6 N27 0 6.465 0
24 6 N28 0 7.492 0
25 6 N29 0 8.526 0
26 6 N30 0 9.566 0
27 6 N31 0 10.614 0
28 6 N32 0 11.68 0
29 6 N33 0 -47.599 0
30 6 N34 0 0 0
31 6 N35 0 0 0
32 6 N36 0 0 0
33 6 N37 0 1.273 0
34 6 N38 0 1.735 0
35 6 N39 0 2.211 0
36 6 N40 0 2.695 0
37 6 N41 0 3.186 0
38 6 N42 0 3.682 0
39 6 N43 0 4.182 0
40 6 N44 0 4.684 0
41 6 N45 0 5.19 0
42 6 N46 0 5.698 0
43 6 N47 0 6.209 0
44 6 N48 0 6.72 0
45 6 N49 0 7.235 0
46 6 N50 0 7.75 0
47 6 N51 0 8.267 0
48 6 N52 0 8.786 0
49 6 N53 0 9.306 0
50 6 N54 0 9.827 0
51 6 N55 0 10.352 0
52 6 N56 0 10.878 0
53 6 N57 0 11.411 0
54 6 N58 0 11.954 0
55 6 Totals: -98.991 164.942
56 6 COG  (ft): X: 13.25 Y: 20.771

Node Displacements
LC Node Label X  [in] Y  [in] Rotation [rad]

1 6 N1 0 0.001 0
2 6 N2 0 -0.291 0
3 6 N3 0.543 -0.316 0
4 6 N4 0.543 0.041 0
5 6 N5 0.522 0.041 0
6 6 N6 0.522 -0.316 0
7 6 N7 0.01 -0.005 0
8 6 N8 0.01 -0.024 0
9 6 N9 0.009 -0.046 0
10 6 N10 0.009 -0.068 0
11 6 N11 0.009 -0.091 0
12 6 N12 0.009 -0.114 0

RISA-2D Version 19.0.0      Page 5 [H:\...\...\...\...\...\...\RISA\Foundation Models\P26 Solid Soil Springs.r2d] 

04.32



Company : June 19, 2023
10:02 PMDes igner :

Job Number : Checked By:_____
Model Name :

Node Displacements  (Continued)
LC Node Label X  [in] Y  [in] Rotation [rad]

13 6 N13 0.008 -0.138 0
14 6 N14 0.008 -0.162 0
15 6 N15 0.008 -0.185 0
16 6 N16 0.007 -0.209 0
17 6 N17 0.007 -0.234 0
18 6 N18 0.006 -0.258 0
19 6 N19 0.003 -0.283 0
20 6 N20 0.009 0 0
21 6 N21 0.01 -0.014 0
22 6 N22 0.009 -0.035 0
23 6 N23 0.009 -0.057 0
24 6 N24 0.009 -0.079 0
25 6 N25 0.009 -0.103 0
26 6 N26 0.009 -0.126 0
27 6 N27 0.008 -0.15 0
28 6 N28 0.008 -0.173 0
29 6 N29 0.008 -0.197 0
30 6 N30 0.007 -0.221 0
31 6 N31 0.007 -0.246 0
32 6 N32 0.005 -0.27 0
33 6 N33 0.007 0 0
34 6 N34 0.01 -0.002 0
35 6 N35 0.01 -0.01 0
36 6 N36 0.01 -0.019 0
37 6 N37 0.01 -0.029 0
38 6 N38 0.009 -0.04 0
39 6 N39 0.009 -0.051 0
40 6 N40 0.009 -0.062 0
41 6 N41 0.009 -0.074 0
42 6 N42 0.009 -0.085 0
43 6 N43 0.009 -0.097 0
44 6 N44 0.009 -0.108 0
45 6 N45 0.009 -0.12 0
46 6 N46 0.008 -0.132 0
47 6 N47 0.008 -0.144 0
48 6 N48 0.008 -0.156 0
49 6 N49 0.008 -0.167 0
50 6 N50 0.008 -0.179 0
51 6 N51 0.008 -0.191 0
52 6 N52 0.008 -0.203 0
53 6 N53 0.007 -0.215 0
54 6 N54 0.007 -0.227 0
55 6 N55 0.007 -0.24 0
56 6 N56 0.006 -0.252 0
57 6 N57 0.006 -0.264 0
58 6 N58 0.004 -0.277 0
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Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied 
as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to 
the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error free the program is 
not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, 
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with 
the use of the spColumn program. Licensed to: Mackenzie. License ID: 76230-1083116-4-2552E-26D2A
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STRUCTUREPOINT - spColumn v10.00 (TM) Page | 3
Licensed to: Mackenzie. License ID: 76230-1083116-4-2552E-26D2A 6/19/2023
H:\Projects\222029000\Production\Calcs\Structural\04_Foundations\...\Panel Footing for Lateral.colx 10:11 PM

1. General Information 
File Name H:\Projects\222...\Panel Footing for 

Lateral.colx
Project ---
Column ---
Engineer ---
Code ACI 318-19
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Critical capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 3 ksi
Ec 3122.02 ksi
fc 2.55 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εty 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Rectangular
Width 72 in
Depth 36 in
Ag 2592 in2

Ix 279936 in4

Iy 1.11974e+006 in4

rx 10.3923 in
ry 20.7846 in
Xo 0 in
Yo 0 in
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3.2. Section Figure 

Rectangular 72 x 36 in 0.27% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Other
For #10 bars or less #3 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65

4.3. Arrangement 
Pattern Sides different
Bar layout Rectangular
Cover to Longitudal bars
Clear cover ---
Bars ---

Total steel area, As 7.04 in2

Rho 0.27 %
Minimum clear spacing 8.57 in
(Note: Rho < 0.50%)

y

x
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4.4. Bars Provided 
Bars Clear cover

in
Top 8 #6 1.5
Bottom 8 #6 3
Left 0 #6 3
Right 0 #6 3

5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Critical Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 0.00 500.00 0.00 551.36 2.29 0.04177 0.900 0.98
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05 LATERAL



Panel Type t (in) L Wall  (ft) H Roof  (ft) H Parapet  (ft) H wall  (ft) H fdn  (ft) A o  (ft
2
) Wt wall  (k) F  (k) D  (in) k  (k/in) F  (k) D  (in) k  (k/in)

P55 8.75 26.5 39 1.5 40.5 1.5 0 122 P55 100 0.082 1220 100 0.164 610

P26 8.75 26.5 38.75 1.75 40.5 1.5 0 122 P26 100 0.078 1282 100 0.156 641

P25 8.75 26.5 39 4.5 43.5 1.5 0 130 P25 100 0.079 1266 100 0.158 633

P23 8.75 20.0 38 2.5 40.5 1.5 0 92 P23 100 0.15 667 100 0.3 333

P49 8 27.0 36 7.5 43.5 1.5 0 122 P49 100 0.069 1449 100 0.138 725

P48 8 26.0 36 4.5 40.5 1.5 0 109 P48 100 0.075 1333 100 0.15 667

P3 8 26.0 36 4.5 40.5 1.5 108 93 P3 100 0.093 1075 100 0.186 538

P15 9.5 26.0 35.167 0.583 35.75 5 114 109 P15 100 0.11 909 100 0.22 455

P17 9.5 26.0 35.167 0.583 35.75 5 180 99 P17 100 0.195 513 100 0.39 256

P18 9.5 26.0 35.167 0.583 35.75 5 224 93 P18 100 0.15 667 100 0.3 333

P19 9.5 28.0 35.5 8 43.5 1.5 30 145 P19 100 0.06 1667 100 0.12 833

0 100 1 100 100 2 50

0 100 1 100 100 2 50

0 100 1 100 100 2 50

0 100 1 100 100 2 50

0 100 1 100 100 2 50

0 100 1 100 100 2 50

0 100 1 100 100 2 50

North

South

East Input =

West Verify =

Output =

Stiffness

0.7 I g 0.35 I g

Panel Types
Panel Type

05.2



Input =

Direction V roof  (k) Verify =

East/West 123 Output =

North/South 267

Cs= 0.169

Direction V roof  (k) ρ ρV roof  (k)

East/West 487 1.0 487

North/South 713 1.0 713

V roof  (k) = 

Panel Type Qty Cracked ? (Y/N) Stiffness (k/in) Relative Stiffness V self  (k) V s,roof  (k) M OT,s  (k-ft) V w  (k) M OT,w  (k-ft) V u  (k)

P55 7 N 1220 0.143 20.52 50.93 2401.83 19.07 743.79 71.45

Total V s  (k) = 500.2

V roof  (k) = 

Panel Type Qty Cracked ? (Y/N) Stiffness (k/in) Relative Stiffness V self  (k) V s,roof  (k) M OT,s  (k-ft) V w  (k) M OT,w  (k-ft) V u  (k)

P23 1 N 667 0.115 15.49 41.13 1876.56 15.40 585.26 56.62

P25 1 N 1266 0.219 21.99 78.09 3523.88 29.24 1140.49 100.08

P26 3 N 1282 0.222 20.52 79.09 3480.48 29.62 1147.71 99.62

Total V s  (k) = 455.6

V roof  (k) = 

Panel Type Qty Cracked ? (Y/N) Stiffness (k/in) Relative Stiffness V self  (k) V s,roof  (k) M OT,s  (k-ft) V w  (k) M OT,w  (k-ft) V u  (k)

P48 17 N 1333 0.047 18.41 11.41 783.45 2.88 103.71 29.82

P49 4 N 1449 0.051 20.48 12.40 891.88 3.13 112.73 32.88

Total V s  (k) = 638.4

V roof  (k) = 

Panel Type Qty Cracked ? (Y/N) Stiffness (k/in) Relative Stiffness V self  (k) V s,roof  (k) M OT,s  (k-ft) V w  (k) M OT,w  (k-ft) V u  (k)

P3 3 N 1075 0.076 15.71 18.59 987.45 4.70 169.06 34.30

P15 3 N 909 0.065 18.36 15.72 880.99 3.97 139.63 34.08

P17 10 N 513 0.036 16.71 8.87 610.48 2.24 78.77 25.57

P18 2 N 667 0.047 15.60 11.53 684.34 2.91 102.39 27.13

P19 1 N 1667 0.118 24.48 28.82 1555.48 7.28 258.41 53.30

Total V s  (k) = 465.5

E/W Wall Line GL 1 (South Elevation)

E/W Wall Line GL 10 (North Elevation) 61.50

243.5

356.5

243.5

WIND

SEISMIC WIND

133.50

61.50

SEISMIC

SEISMIC WIND

SEISMIC

N/S Wall Line GL F (West Elevation)

N/S Wall Line GL D (East Elevation)

Seismic Roof Shears

Wind Roof Shears

WIND

133.50356.5

05.3

RELATIVE STIFFNESS VALUE
DETERMINED FROM RISA-2D
MODEL OF PANELS. SEE
EXAMPLE BELOW (P17 & P18)



Company : June 20, 2023
9:09 PMDes igner :

Job Number : Checked By:_____
Model Name :

J oint Coordinates  and Temperatures
Label X  [ft] Y  [ft] Temp [F]

1 N1 0 0 0
2 N2 26 0 0
3 N3 26 35.75 0
4 N4 0 35.75 0
5 N5 0 35.167 0
6 N6 26 35.167 0
7 N7 2 0 0
8 N8 11 0 0
9 N9 2 10 0
10 N10 11 10 0
11 N11 15 0 0
12 N12 24 0 0
13 N13 15 10 0
14 N14 24 10 0
15 N15 15 24 0
16 N16 24 24 0
17 N17 15 27 0
18 N18 24 27 0

J oint Boundary Conditions
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

No Data to Print ...

Wall Panel Data
Label A Joint B Joint C Joint D Joint Material Type Material Set Thicknes... Des ign Rule Panel/Spacing

1 WP1 N4 N3 N2 N1 Concrete Conc4000NW 9.5 Typical N/A

Wall Panel Advanced Data
Label Seismic  Rule Des ign Method SSAF In-plane Ic r Factor K Cm

1 WP1 None N/A N/A

J oint Loads and Enforced Displacements  (BLC  1 : Stiffness)
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/ft, k*s 2̂*ft)Inactive Inactive

1 N5 L X 50 Active
2 N6 L X 50 Active

Wall Panel Distributed Loads 
Wall Label Direction S tart Magnitude[k...End Magnitude[k/...S tart Location[ft,%] End Location[ft,%] Inactive

No Data to Print ...
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PANEL P17 RISA MODEL OUTPUT FOR
DETERMINING RELATIVE STIFFNESS



Company : June 20, 2023
9:09 PMDes igner :

Job Number : Checked By:_____
Model Name :

Bas ic  Load Cases
BLC Description Category X Gravity Y  Gravity Joint Point Distributed

1 Stiffness None 2
2 DL None -1
3 LL None
4 SL None
5 W None
6 E None

Load Combinations
Des cription S ... PDelta SRSS B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa...

1 Stiffness Yes Y 1 1
2 1.2D+1.6L+ 0.5S Yes Y 2 1.2 3 1.6 4 0.5
3 1.2D+1.6S+0.5L Yes Y 2 1.2 3 0.5 4 1.6
4 1.2D+W+0.5L+0.5S Yes Y 2 1.2 3 0.5 4 0.5 5 1
5 0.9D+W Yes Y 2 0.9 5 1
6 1.2D+E+0.5L+0.2S Yes Y 2 1.2 3 0.5 4 0.2 6 1
7 0.9D+E Yes Y 2 0.9 6 1
8 D+L+S Yes Y 2 1 3 1 4 1
9 D+L+0.6W Yes Y 2 1 3 1 5 0.6
10 D+L+0.6W+S/2 Yes Y 2 1 3 1 4 0.5 5 0.6
11 D+L+S+0.3W Yes Y 2 1 3 1 4 1 5 0.3
12 D+L+S+E/1.4 Yes Y 2 1 3 1 4 1 6 0.7...
13 0.9D+E/1.4 Yes Y 2 0.9 6 0.7...

Node R eactions  (By Combination)
LC Node Label X  [k] Y  [k] MZ [k-ft]

1 1 WP1 -100 0 3516.682
2 1 Totals: -100 0
3 1 COG  (ft): NC NC

Node Displacements
LC Node Label X  [in] Y  [in] Rotation [rad]

1 1 N1 0 0 0
2 1 N2 0 0 0
3 1 N3 0.195 -0.048 0
4 1 N4 0.196 0.049 0
5 1 N5 0.195 0.05 0
6 1 N6 0.194 -0.048 0
7 1 N7 0 0 0
8 1 N8 0 0 0
9 1 N9 0.097 0.022 0
10 1 N10 0.092 0.011 0
11 1 N11 0 0 0
12 1 N12 0 0 0
13 1 N13 0.092 -0.012 0
14 1 N14 0.098 -0.021 0
15 1 N15 0.14 -0.009 0

RISA-2D Version 19.0.0      Page 2 [H:\...\...\...\Calcs\Structural\05_Lateral\RISA\P17 Double Dock Door N.r2d] 
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Company : June 20, 2023
9:09 PMDes igner :

Job Number : Checked By:_____
Model Name :

Node Displacements  (Continued)
LC Node Label X  [in] Y  [in] Rotation [rad]

16 1 N16 0.14 -0.033 0
17 1 N17 0.155 -0.01 0
18 1 N18 0.157 -0.037 0

RISA-2D Version 19.0.0      Page 3 [H:\...\...\...\Calcs\Structural\05_Lateral\RISA\P17 Double Dock Door N.r2d] 
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Company : June 20, 2023
9:08 PMDes igner :

Job Number : Checked By:_____
Model Name :

J oint Coordinates  and Temperatures
Label X  [ft] Y  [ft] Temp [F]

1 N1 0 0 0
2 N2 26 0 0
3 N3 26 35.75 0
4 N4 0 35.75 0
5 N5 0 35.167 0
6 N6 26 35.167 0
7 N7 5 0 0
8 N8 21 0 0
9 N9 5 14 0
10 N10 21 14 0

J oint Boundary Conditions
Joint Label X  [k/in] Y  [k/in] Rotation[k-ft/rad]

No Data to Print ...

Wall Panel Data
Label A Joint B Joint C Joint D Joint Material Type Material Set Thicknes... Des ign Rule Panel/Spacing

1 WP1 N4 N3 N2 N1 Concrete Conc4000NW 9.5 Typical N/A

Wall Panel Advanced Data
Label Seismic  Rule Des ign Method SSAF In-plane Ic r Factor K Cm

1 WP1 None N/A N/A

J oint Loads and Enforced Displacements  (BLC  1 : Stiffness)
Joint Label L,D,M Direction Magnitude[(k,k-ft), (in,rad), (k*s 2̂/ft, k*s 2̂*ft)Inactive Inactive

1 N5 L X 50 Active
2 N6 L X 50 Active

Wall Panel Distributed Loads 
Wall Label Direction S tart Magnitude[k...End Magnitude[k/...S tart Location[ft,%] End Location[ft,%] Inactive

No Data to Print ...

Bas ic  Load Cases
BLC Description Category X Gravity Y  Gravity Joint Point Distributed

1 Stiffness None 2
2 DL None -1
3 LL None
4 SL None
5 W None
6 E None

RISA-2D Version 19.0.0      Page 1 [H:\...\...\Production\Calcs\Structural\05_Lateral\RISA\P18 Large Door N.r2d] 
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PANEL P18 RISA MODEL OUTPUT FOR
DETERMINING RELATIVE STIFFNESS



Company : June 20, 2023
9:08 PMDes igner :

Job Number : Checked By:_____
Model Name :

Load Combinations
Des cription S ... PDelta SRSS B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa... B... Fa...

1 Stiffness Yes Y 1 1
2 1.2D+1.6L+ 0.5S Yes Y 2 1.2 3 1.6 4 0.5
3 1.2D+1.6S+0.5L Yes Y 2 1.2 3 0.5 4 1.6
4 1.2D+W+0.5L+0.5S Yes Y 2 1.2 3 0.5 4 0.5 5 1
5 0.9D+W Yes Y 2 0.9 5 1
6 1.2D+E+0.5L+0.2S Yes Y 2 1.2 3 0.5 4 0.2 6 1
7 0.9D+E Yes Y 2 0.9 6 1
8 D+L+S Yes Y 2 1 3 1 4 1
9 D+L+0.6W Yes Y 2 1 3 1 5 0.6
10 D+L+0.6W+S/2 Yes Y 2 1 3 1 4 0.5 5 0.6
11 D+L+S+0.3W Yes Y 2 1 3 1 4 1 5 0.3
12 D+L+S+E/1.4 Yes Y 2 1 3 1 4 1 6 0.7...
13 0.9D+E/1.4 Yes Y 2 0.9 6 0.7...

Node R eactions  (By Combination)
LC Node Label X  [k] Y  [k] MZ [k-ft]

1 1 WP1 -100 0 3516.7
2 1 Totals: -100 0
3 1 COG  (ft): NC NC

Node Displacements
LC Node Label X  [in] Y  [in] Rotation [rad]

1 1 N1 0 0 0
2 1 N2 0 0 0
3 1 N3 0.149 -0.029 0
4 1 N4 0.149 0.029 0
5 1 N5 0.15 0.029 0
6 1 N6 0.15 -0.029 0
7 1 N7 0 0 0
8 1 N8 0 0 0
9 1 N9 0.092 0.004 0
10 1 N10 0.092 -0.004 0

RISA-2D Version 19.0.0      Page 2 [H:\...\...\Production\Calcs\Structural\05_Lateral\RISA\P18 Large Door N.r2d] 
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05.29

DCBA

232425262729 28

SEE PANEL

53

S3-20

S3-10

5' - 0"5' - 0"
5' - 0"

(X)

#X

(X)

#X (X)

#X

(X)

#X

(X)

#X (X)

#X

t = 9 1/2" t = 9 1/2"

S3-30

S3-16 S3-16

S3-30

26'-6" 20'-0"

vu = 1.2 klf

P (NO OVERSTRENGTH):

vu = 2.06 klf

vresidual = 2.06 klf - 2.06 klf = 0.00 klf 
Pcollector = 0 K

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 0 k + 23.6 k = 23.6 k

P (w/ OVERSTRENGTH = 2.0):

vresidual = 0 klf - 2.06 klf = -2.06 klf 
Presidual = -2.06 klf x 26.5 ft = -54.6 k
Pcollector = 94.4 k - 54.6 k = 39.8 k

Collector Calc (EAST ELEV)

26'-6"26'-6"26'-6"26'-6"26'-6"

vu = 2.95 klf vu = 2.06 klfvu = 2.95 klf

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 47.2 k + 23.6 k =70.8 k

vu = 2.95 klf

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 70.8 k + 23.6 k = 94.4 k

vu = 2.95 klf

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 23.6 k + 23.6 k = 47.2 k

vresidual = 0 klf - 2.06 klf = -2.06 klf 
Presidual = -2.06 klf x 26.5 ft = -54.6 k
Pcollector = 39.8 k - 54.6 k = 0 k

23.6 k
47.2 k70.8 k

94.4 k

39.8 k

47.2 k
94.4 k

141.6 k
188.8 k

79.6 k

79.6 k / (0.9*60 ksi) = 1.47
in2 -> (4) #6

188.8 k / (0.9*60 ksi) = 3.49
in2 -> (6) #7

141.6 k / (0.9*60 ksi) = 2.62
in2 -> (5) #7

94.4 k / (0.9*60 ksi) = 1.75
in2 -> (3) #7

47.2 k / (0.9*60 ksi) = 0.87
in2 -> (2) #7

Works in
tension
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DCBA

232425262729 28

SEE PANEL

53

S3-20

S3-10

5' - 0"5' - 0"
5' - 0"

(X)

#X

(X)

#X (X)

#X

(X)

#X

(X)

#X (X)

#X

t = 9 1/2" t = 9 1/2"

S3-30

S3-16 S3-16

S3-30

26'-6" 20'-0"

vu = 1.2 klf

P (NO OVERSTRENGTH):

vu = 2.06 klf

vresidual = 2.06 klf - 2.06 klf = 0.00 klf 
Pcollector = 0 K

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 0 k + 23.6 k = 23.6 k

P (w/ OVERSTRENGTH = 2.0):

vresidual = 0 klf - 2.06 klf = -2.06 klf 
Presidual = -2.06 klf x 26.5 ft = -54.6 k
Pcollector = 94.4 k - 54.6 k = 39.8 k

Collector Calc (EAST ELEV)

26'-6"26'-6"26'-6"26'-6"26'-6"

vu = 2.95 klf vu = 2.06 klfvu = 2.95 klf

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 47.2 k + 23.6 k =70.8 k

vu = 2.95 klf

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 70.8 k + 23.6 k = 94.4 k

vu = 2.95 klf

vresidual = 2.95 klf - 2.06 klf = 0.89 klf 
Presidual = 0.89 klf x 26.5 ft = 23.6 k
Pcollector = 23.6 k + 23.6 k = 47.2 k

vresidual = 0 klf - 2.06 klf = -2.06 klf 
Presidual = -2.06 klf x 26.5 ft = -54.6 k
Pcollector = 39.8 k - 54.6 k = 0 k

47.2 k
94.4 k

141.6 k
188.8 k

79.6 k

79.6 k / (0.9*60 ksi) = 1.47
in2 -> (3) #7

188.8 k / (0.9*60 ksi) = 3.49
in2 -> (6) #7

141.6 k / (0.9*60 ksi) = 2.62
in2 -> (5) #7

94.4 k / (0.9*60 ksi) = 1.75
in2 -> (3) #7

47.2 k / (0.9*60 ksi) = 0.87
in2 -> (2) #7

- 23.6 k
-47.2 k

-70.8 k
-94.4 k

-39.8 k
Works in
compression
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E D C B A

59 58 57 56 55 54 53 52 51

5' - 0"5' - 0"

S3-20

5' - 0" 5' - 0" 5' - 0"5' - 0"

S3-18 S3-18

S3-20S3-20

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

S3-30

t = 10" t = 10"

S3-30S3-30

vu = 1.92 klf
fvn = 2.06 klfCollector Calc (WEST ELEV)

26'-6"26'-6"26'-6"26'-6" 26'-6" 26'-6" 26'-6"26'-6"26'-6"

collector not required



 

www.mcknze.com

Portland, OR
503.224.9560

Vancouver, WA
360.695.7879

Seattle, WA
206.749.9993 

By

Date

Job#

Sht.   of
©2021 Mackenzie. All rights reserved.

ARCHITECTURE  · INTERIORS  · STRUCTURAL 
ENGINEERING  ·  CIVIL ENGINEERING  ·  LAND 
USE PLANNING  ·  TRANSPORTATION PLANNING
LANDSCAPE ARCHITECTURE

09.5205.32

SEISMIC CALCULATIONS

SOUTH ELEVATION:

(150 PCF)[(8/12)(1333 SF + 9927 SF + 1310 SF) + (16/12)(64 SF + 64 SF)]

(150 PCF)[8380 FT3 + 171 FT3] = 1283k

NORTH ELEVATION:

(150 PCF)[(8/12)(1738 SF) + (17.5/12)(57 SF + 65 SF) + (9.5/12)(7092 SF + 678 SF - (13)(27 SF)]

(150 PCF)[1159 FT3 + 178 FT3 + 5874 SF] = 1082k

WEST ELEVATION:

(150 PCF)[(8.75/12)(1660 SF + 2277 SF) + (17.5/12)(54 SF) + (10/12)(1051 SF) + (18.75/12)(115 SF)]

(150 PCF)[2871 FT3 + 79 FT3 + 876 FT3 + 180 FT3] = 601k

EAST ELEVATION:

(150 PCF)[(8.75/12)(2812 SF) + (9.5/12)(947 SF) + (18.25/12)(118 SF)]

(150 PCF)[2051 FT3 + 750 FT3 + 180 FT3] = 448k

SKEWED CORNER:

(150 PCF)[(8/12)(573 SF + 1271 SF) + (16/12)(63 SF)]

(150 PCF)[1230 FT3 + 84 FT3] = 198k

ROOF:

(129800 SF)(10.9 PSF) = 1415k

(129800 SF)(0.4)(4 PSF) = 208k (SOLAR WEIGHT)

1415k + 208k = 1623k

STEEL COLUMNS, MISC:

(39'/2)(47.9 PLF)(30 COLUMNS) = 26k... SAY 40k FOR STOREFRONT, HIGH CANOPIES, ETC

ATT

05/23/2023

2220290.02
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N/S SEISMIC WEIGHT:

1283k + 1082k + 198k + 1623k + 40k = 4226k

Cs = 0.843/5 = 0.1686

V = (4226k)(0.1686) = 713k

E/W SEISMIC WEIGHT:

601k + 448k + 198k + 1623k + 40k = 2910k

V = (2910k)(0.1686) = 487k
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99 PANEL NUMBER

HOLD DOWN PER 19/S5.80 W/ (X) #X BARS

(x)

(x)

#  CHORD BARS, REF. 15/S5.81 AND 2/S5.81 
WHERE APPLICABLE

SIZE OF REINF.

LEGEND

t = PANEL THICKNESS

A.

B.

C.

FOR GENERAL STRUCTURAL NOTES SEE S0.00 SERIES 
SHEETS
FOR TYPICAL STRUCTURAL DETAILS SEE S0.10 SERIES 
SHEETS
SEE ARCHITECTURAL DRAWINGS FOR CONTROL 
ELEVATIONS

TYPICAL SHEET NOTES

(2) #5 EXTEND 
2'-6" PAST OPNG, 
TYP AT OPNGS 
UNO

T/PANEL
PER ARCH

T/FTG
T/SLAB

#5 @ 10" OC VERT 
EF & #4 @ 18" OC 
HORIZ EF; TYP 
FULL HEIGHT. 
PANEL REINF UNO OPNG PER 

ELEV

(2) #5 AT ALL PANEL 
EDGES.  OMIT IF (2) 
LAYERS REINF 
CALLED OUT ON ELEV

CHORD REINF (REPLACES TYP)  
SET TOP BAR 2'-0" BELOW 
GIRDER OR DECK BEARING

#4 @ 12" OC EW 
AT PANEL CL; 
TYP PANEL 
REINF ABOVE 
OPNGS UNO 

NOTE:
SEE PANEL ELEVATIONS 
FOR ADDITIONAL 
REINFORCING & PANEL 
THICKNESS
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JOB NO.

SHEET TITLE:

Project

©

Client

5/23/2023 2:58:35 PM As indicatedAutodesk Docs://Fortress-Puyallup/290-Fortress-Puyallup-V23-A.rvt

S2.10

EXTERIOR
WALL
ELEVATIONS

240 15TH ST SE
PUYALLUP, WA,
98372

CREF3 PUYALLUP
OWNER LLC

2220290.00

Mechanical/Electrical

2023

11611 SAN VICENTE
BLVD
10TH FLOOR LOS
ANGELES
CA 90049

KEYNOTES
S3-08 (8) #5 VERT BARS EF, EQ SPACED IN LEG
S3-10 (10) #5 VERT BARS EF, EQ SPACED IN LEG
S3-16 (16) #5 VERT BARS EF, EQ SPACED IN LEG
S3-18 (18) #5 VERT BARS EF, EQ SPACED IN LEG
S3-20 (20) #5 VERT BARS EF, EQ SPACED IN LEG
S3-30 EXTERIOR ACCENT/CANOPY FRAMING, TBD

SEE ARCH.

 1/8" = 1'-0"S2.10
7 TYPICAL PANEL REINFORCING

 1/16" = 1'-0"S2.10
1 NORTH ELEVATION

 1/16" = 1'-0"S2.10
2 SOUTH ELEVATION

 1/16" = 1'-0"S2.10
3 EAST ELEVATION

 1/16" = 1'-0"S2.10
5 WEST ELEVATION

 1/16" = 1'-0"S2.10
4 NORTHEAST ELEVATION

REVISION SCHEDULE

Delta Issued As Issue Date

t=9 1/2", UNO

t=8", UNO

t=8 3/4", UNO

t=8 3/4", UNO

05.34

40
'-6

"
40

'-6
"

40
'-6

"

43
'-6

"

35
'-9

"

18
'-1

"

19
'-0

"

19
'-0

"

40
'-6

"

18
'-5

"

1,332.56 sf9,927.3 sf1,309.99 sf

63.21 sf
64.06 sf

677.91 sf 1,737.4 sf

65.16 sf
56.27 sf

7,091.15 sf27.02 sf

1,658.76 sf 2,276.34 sf53.94 sf
1,050.44 sf114.72 sf

2,811.01 sf

9.5" 9.5"

946.76 sf 117.26 sf

572.31 sf 1,270.41 sf

9.5"

62.37 sf
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FORTRESS PUYALLUP - DIAPHRAGM DESIGN

SEISMIC LOADING

487k

495'

177'

0.5 KLF
1.

51
 K

LF

713k

1.3 KLF

2.06 KLF

WIND LOADING

SHEAR DIAGRAMS (SEISMIC)

-2.02 KLF

1.51 KLF

SHEAR DIAGRAMS (WIND)

-0.758 KLF

0.566 KLF

549'

237'

SEISMIC DIAPHRAGM SHEARS, DIST LOAD

713k/(2)(177') = 2.02 KLF
713k/(2)(237') = 1.51 KLF
713k/549' = 1.3 KLF

487k/(2)(495') = 0.5 KLF
487k/(2)(549') = 0.443 KLF
487k/237' = 2.06 KLF

2.
02

 K
LF0.443 KLF

123k

495'

177'

0.125 KLF

0.
56

6 
K

LF

268k

0.489 KLF

0.519 KLF

549'

237'

0.
75

8 
K

LF0.113 KLF

WIND DIAPHRAGM SHEARS, DIST LOAD

268k/(2)(177') = 0.758 KLF
268k/(2)(237') = 0.566 KLF
268k/549' = 0.489 KLF

123k/(2)(495') = 0.125 KLF
123k/(2)(549') = 0.113 KLF
123k/237' = 0.519 KLF

-0.443 KLF

0.5 KLF

-0.113 KLF

0.125 KLF

60'

SHEAR AT DIAGONAL WALL

713k/2 - (1.3 KLF)(60') = 278.5k
278.5k/177' = 1.58 KLF
278.5k/237' = 1.18 KLF

-1.18 KLF

-1.58 KLF

SHEAR AT DIAGONAL WALL

268k/2 - (0.489 KLF)(60') = 104.7k
104.7k/177' = 0.591 KLF
104.7k/237' = 0.442 KLF

60'

-0.442 KLF

-0.591 KLF
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2570 PLF(0.8) = 2056 PLF1750 PLF(0.8) = 1400 PLF

DIAPHRAGM FORCES
PER 7-16

640 PLF(0.8) = 512 PLF 1440 PLF(0.8) = 1152 PLF

850 PLF(0.8) = 680 PLF

27' - 0"

26' - 9"

S2-01

S2-02

S2-02

S2-02

S2-02

S2-03

23
.7

 K

54G 5N 23.7K (12.4K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 23.3K (12.0K) 54G 5N 17.3K (6.0K)

60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)

54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K)

60G 5N 23.2K (11.9K)

3.
9 

K
0.

4 
K

0.
4 

K
0.

4 
K
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.5

 K

5.
5 

K
4.

8 
K

20
.8

 K

4.
6 

K
20

.9
 K

20
.7

 K

4.
7 

K

GUTTER

32G 3N 23.1K (11.9K)

32G 3N 17.3K (6.0K)

32G 3N 23.1K (12.3K)

S2-04

S3-30 S3-30

S3-30

W
1
6
X

3
1

W
1
6
X

3
1

27' - 0"

6.
3 

K
6.

3 
K

6.
3 

K
6.

8 
K

6.
2 

K
5.

7 
K

5.
3 

K
3.

2 
K

12
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K
1.

9K

4.
3K

4.
4K

13
.0

K

12
.2

K

2.
6K

2020 PLF

10d @ 2 1/2" OC STAGGERED NAILING USING 3 ROWS OF
FASTENERS PER 19/S0.10 AT PANEL EDGES AND 12" OC
AT INTERIOR SUPPORTS. USE 4x SUBPURLINS

10d @ 4" OC STAGGERED NAILING USING 3 ROWS OF
FASTENERS PER 19/S0.10 AT PANEL EDGES AND 12" OC
AT INTERIOR SUPPORTS. USE 4x SUBPURLINS

10d @ 6" OC NAILING AT PANEL EDGES AND 12" OC
AT INTERIOR SUPPORTS. USE 2x SUBPURLINS UNO

10d @ 4" OC NAILING AT PANEL EDGES AND 12" OC AT
INTERIOR SUPPORTS. USE 2x MIN SUBPURLINS UNO

20'-0"
50'-0"

90'-0"

30'-0"

90'-0"

30'-0"

11
26

 P
LF

14
00

 P
LF

11
80

 P
LF

63
3 

P
LF

46
7 

P
LF

15
10

 P
LF

20
20

 P
LF

1580 PLF

11
26

 P
LF

70'-0"

46
7 

P
LF

63
3 

P
LF

10d @ 2 1/2" OC NAILING AT PANEL EDGES AND 12" OC
AT INTERIOR SUPPORTS. USE 3x MIN SUBPURLINS UNO

DIAPHRAGM FORCES
PER 7-16

SEISMIC IN E-W DIRECTION IS
SATISFIED. WIND DESIGN DOES
NOT GOVERN, IS SATISFIED
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CHORD DESIGN

FROM INSPECTION, SEISMIC LOADING WILL GOVERN CHORD DESIGN

SEISMIC LOADING

487k

495'

177'

713k

1.3 KLF

2.06 KLF

549'

237'

1 2 3 4 5 6

4041424344454647484950

(X)

#X

(X)

#X (X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

(X)

#X

GRIDLINE A CHORD BARS

Pu = (wx)(.5)(l-x)/238'

(1.3 KLF)(27')(.5)(550'-27')/238' = 38.6k
As = (38.6k)/((0.9)(60ksi)) = 0.72in2, USE 2#6 (0.88in2)

(1.3 KLF)(54')(.5)(550'-54')/238' = 73.2k
As = (73.2k)/((0.9)(60ksi)) = 1.36in2, USE 4#6 (1.76in2)

(1.3 KLF)(80')(.5)(550'-80')/238' = 102.7k
As = (102.7k)/((0.9)(60ksi)) = 1.91in2, USE 5#6 (2.2in2)

(1.3 KLF)(106')(.5)(550'-106')/238' = 128.6k
As = (128.6k)/((0.9)(60ksi)) = 2.38in2, USE 6#6 (2.64in2)

(1.3 KLF)(132')(.5)(550'-132')/238' = 150.7k
As = (150.7k)/((0.9)(60ksi)) = 2.79in2, USE 6#7 (3.6in2)

27' 27' 26' 26' 26' 26' 26' 26' 26' 26' 26'

7 #76 #76 #76 #76 #6
2 #6

5 #6 7 #77 #7 7 #7
4 #6

ATT

05/26/2023

2220290.02
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(1.3 KLF)(158')(.5)(550'-158')/238' = 169.2k
As = (169.2k)/((0.9)(60ksi)) = 3.13in2, USE 6#7 (3.6in2)

(1.3 KLF)(184')(.5)(550'-184')/238' = 184k
As = (184k)/((0.9)(60ksi)) = 3.4in2, USE 6#7 (3.6in2)

(1.3 KLF)(210')(.5)(550'-210')/238' = 195k
As = (195k)/((0.9)(60ksi)) = 3.61in2, USE 7#7 (4.2in2)

(1.3 KLF)(236')(.5)(550'-236')/238' = 202.4k
As = (202.4k)/((0.9)(60ksi)) = 3.74in2, USE 7#7 (4.2in2)

(1.3 KLF)(262')(.5)(550'-262')/238' = 206.1k
As = (206.1k)/((0.9)(60ksi)) = 3.81in2, USE 7#7 (4.2in2)

(1.3 KLF)(275')(.5)(550'-275')/238' = 206.6k
As = (206.6k)/((0.9)(60ksi)) = 3.83in2, USE 7#7 (4.2in2)

SYMMETRIC, USE SAME REINF ON OTHER SIDE
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27' - 0"

26' - 9"

S2-01

S2-03

S2-03

S2-03

S2-03

S2-04

4.
4 

K

54G 5N 20.9K (12.4K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 22.1K (12.0K) 54G 5N 17.3K (6.0K)

60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 23.2K (11.9K)60G 5N 20.8K (11.9K)

54G 5N 20.8K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 22.0K (12.3K) 54G 5N 23.6K (12.3K)

60G 5N 23.2K (11.9K)
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32G 3N 17.3K (6.0K)

32G 3N 20.8K (12.3K)
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S5.82

10
S5.82

GRIDLINE E CHORD BARS

UP TO GRIDLINE 10, WILL BE THE SAME AS GRID A

MOMENT FROM 80' FROM EAST END (LAST STRAIGHT PANEL JOINT)

Mu = (1.3 KLF)(80')(.5)(550' - 80') = 24440 K-FT

AXIAL FORCE IN GRID D GIRDER TO ACT AS CHORD

Pu = (24440 K-FT)/207' = 118k 

CONVERT TO ASD: (118k)(0.7) = 82.6k (MAX REQ'D GIRDER AXIAL FORCE, OCCURS AT GRID 10)

DIAPHRAGM WILL SHED LOAD WEST OF GRID 10 INTO GIRDER LINE

FORCE AT GRID 10:

(1.3 KLF)(60')(.5)(550'-60')/238' = 80.3k
(80.3k/1.152 KLF) = 69.7'

GIRDER NAILING TO EXTEND 70' + 60' = 130' FROM WALL

17
7'

550'

TENSION

COMPRESSION SHEAR TRANSFER
ACROSS DIAPHRAGM

80'

1.3 KLF

GRIDLINE 1 CHORD BARS

Pu = [(2.06 KLF)(237')2/8]/550' = 26.3k

As = (26.3k)/(0.9)(60 KSI) = 0.486 IN2,

MINIMUM 2#5 WILL BE ADEQUATE AS CHORD REINF

GRID 12 WILL BE GOVERNED BY COLLECTOR DEMANDS
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FORTRESS PUYALLUP - ROOF STRAPPING DESIGN

DISTRIBUTION OF Fp OVER SUBPURLINS

FROM INSPECTION, 10" PANELS ON WEST SIDE WILL GOVERN Fp FORCE:

AVG ROOF HEIGHT = (38' + 36.75')/2 = 37.4' 
PARAPET ELEVATION = 43.5'

Fp = (0.4)(Sds)(ka)(Ie)(Wp)

Wp = (10/12)(1')[(37.4'/2)+6.1'](150 PCF) = 3.1 KLF

Fp = (0.4)(0.843)(2)(1)(3.1 KLF) = 2.1 KLF

Fpmin = (0.2)(ka)(Ie)(Wp) 

= (0.2)(2)(1)(3.1 KLF) = 1.24 KLF (DOES NOT GOVERN)

MAXIMUM BAY WIDTH = 60'

60'/2.5 = 24' .... USE 30' AS MINIMUM SUBDIAPHRAGM DEPTH

JOIST AXIAL = 14.5k ASD (FROM MATHCAD)

M = (2.1)(60')2/8 = 945 K-FT

945 K-FT/(14.5k/0.7)44.6' . . . USE 50' SUBDIAPHRAGM DEPTH

DETERMINE Fp @ 8.75" WALLS:

AVG ROOF HEIGHT = (38' + 39.25')/2 = 38.6' 
PARAPET ELEVATION = 43.5'

Fp = (0.4)(Sds)(ka)(Ie)(Wp)

Wp = (8.75/12)(1')[(38.6'/2)+4.9'](150 PCF) = 2.65 KLF

Fp = (0.4)(0.843)(2)(1)(2.65 KLF) = 1.8 KLF

Fpmin = (0.2)(ka)(Ie)(Wp) 

= (0.2)(2)(1)(2.65 KLF) = 0.72 KLF (DOES NOT GOVERN)

1.8 KLF CLOSE TO 2.1, USE 2.1 KLF FOR DESIGN ALONG ELEVATION
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23.7
 K

54G 5N 23.7K (12.4K) 54G 5N 23.3K (12.0K)

60G 5N 23.2K (11.9K)

54G 5N 23.6K (12.3K) 54G 5N 23.6K (12.3K)

60G 5N 23.2K (11.9K)

3.9
 K

0.4
 K

0.4
 K

0.4
 K

18.5
 K

5.5
 K

20.7
 K

4.7
 K

S3-30

100% Fp, CONVERT TO ASD:

STRAPS @4' OC
(2100 PLF)(1.0)(4')(0.7)(1.4) = 8232# (STRAPS)
CMST12 @ 4' OC

40% Fp, CONVERT TO ASD:
STRAPS @4' OC
(2100 PLF)(0.4)(4')(0.7)(1.4) = 3293# (STRAPS)

20% Fp, CONVERT TO ASD:
STRAPS @8' OC
(2100 PLF)(0.2)(8')(0.7)(1.4) = 3293# (STRAPS)

(INCLUDE 1.4 FACTOR PER ASCE 7-16 12.11.2.2.2)

F
p=

21
00

 P
LF

JOISTS

SUBDIAPHRAGM
5 SPACES @10'

80% Fp
(DESIGN FOR 100% Fp)

40% Fp

MIN SUBDIAPHRAGM
3 SPACES @10'

40% Fp

100% Fp

CONSERVATIVELY CARRY THRY 100% Fp OVER MIN
SUBDIAPHRAGM WIDTH... OVER 1ST, 2ND JOISTS

115.7k

(2.1 KLF)(59.33')/(2)(50') = 1245 PLF AT A-B SUBDIAPHRAGM EDGE (LRFD)
(1.8 KLF)(59.33')/(2)(50') = 1068 PLF AT B-D SUB DIAPHRAGM EDGES (LRFD)
(1.8 KLF)(60')/(2)(50') = 1080 PLF AT D-E SUBDIAPHRAGM EDGE (LRFD)

(1245 PLF + 1068 PLF)(50') = 115.7k
(1068 PLF + 1068 PLF)(50') = 106.8k
(1068 PLF + 1080 PLF)(50') = 107.4k

20% Fp

2.
1 

K
LF

1.
8 

K
LF

1245 PLF

1245 PLF

1068 PLF

1068 PLF

1068 PLF

1080 PLF

1068 PLF

1080 PLF

106.8k

107.4k

20% Fp

60% Fp
(DESIGN FOR 100% Fp)

CMST12 STRAPS W/ (86) TOTAL NAILS
9215# > 8232#, OK

MSTI36 STRAPS W/ (36) TOTAL NAILS
3800# > 3293#, OK
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HOLD DOWN SELECTION

Fp = 2.1 KLF (10" PANELS)

(2.1 KLF)(2')(1.4)(0.7) = 4116# 

(HOLDDOWN @ 2' OC, CONVERTED TO ASD, INCLUDE 1.4 FACTOR)

USE HDU4-SDS2.5 @ 2' OC (4116# < 4565#)

CHECK EPOXY BOLT IN SIMPSON SOFTWARE

OVERSTRENGTH = 2.0, ACI318-19 17.10.5.3d SATISFIED

Pu = (2.1 KLF)(2')(2) = 8400 LB

SIMPSON SET 3G, 5/8" DIA, 7.5" EFF EMBED

Fp = 1.8 KLF (8.75" PANELS)

(1.8 KLF)(2')(1.4)(0.7) = 3528# 

(HOLDDOWN @ 2' OC, CONVERTED TO ASD, INCLUDE 1.4 FACTOR)

USE HDU4-SDS2.5 @ 2' OC (3528# < 4565#)

CHECK EPOXY BOLT IN SIMPSON SOFTWARE

OVERSTRENGTH = 2.0, ACI318-19 17.10.5.3d SATISFIED

Pu = (1.8 KLF)(2')(2) = 7200 LB

SIMPSON SET 3G, 5/8" DIA, 6.25" EFF EMBED
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AT EDGE OF SUBDIAPHRAGM 1245 PLF LRFD

CASE 5 & 6, USE LOWER
CAPACITIES, CONSERVATIVE

1750 PLF(0.8) = 1400 PLF (SEISMIC CAPACITY) > 1245 PLF

2570PLF(0.8) = 2056 PLF (SEISMIC CAPACITY) > 1245 PLF

SUBDIAPHRAGM EDGE DEMAND SATISFIED BY DIAPHRAGM NAILING

SUBDIAPHRAGM EDGE NAILING



Company: Mackenzie Date: 5/25/2023

Engineer: ATT Page: 1/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: Hold Down Anchors at 10" Panels
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-19
Units: Imperial units

Anchor Information:
Anchor type: Bonded anchor
Material: F1554 Grade 36
Diameter (inch): 0.750
Effective Embedment depth, hef (inch): 7.500
Code report: ICC-ES ESR-4057
Anchor category: -
Anchor ductility: Yes
hmin (inch): 9.25
cac (inch): 19.22
Cmin (inch): 1.75
Smin (inch): 3.00

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 10.00
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: Supplementary reinforcement not present
Supplemental edge reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Hole condition: Dry concrete
Inspection: Continuous
Temperature range, Short/Long: 150/110°F
Reduced installation torque (for AT-3G): Not applicable
Ignore 6do requirement: Not applicable
Build-up grout pad: No

Recommended Anchor
Anchor Name: SET-3G™ - SET-3G w/ 3/4"Ø F1554 Gr. 36
Code Report: ICC-ES ESR-4057

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.com
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Company: Mackenzie Date: 5/25/2023

Engineer: ATT Page: 2/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: Yes
Anchors subjected to sustained tension: No
Ductility section for tension: 17.10.5.3 (d) is satisfied
Ductility section for shear: 17.10.6.2 not applicable
Ω0 factor: not set
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: Yes

Strength level loads:

Nua [lb]: 8400
Vuax [lb]: 0
Vuay [lb]: 0

<Figure 1>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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<Figure 2>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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3. Resulting Anchor Forces

Anchor Tension load,
Nua (lb)

Shear load x,
Vuax (lb)

Shear load y,
Vuay (lb)

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

1 8400.0 0.0 0.0 0.0

Sum 8400.0 0.0 0.0 0.0

Maximum concrete compression strain (‰): 0.00
Maximum concrete compression stress (psi): 0
Resultant tension force (lb): 8400
Resultant compression force (lb): 0
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00

4. Steel Strength of Anchor in Tension (Sec. 17.6.1)

Nsa (lb) f fNsa (lb)

19370 0.75 14528

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.6.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.6.2.2.1)

kc la f’c (psi) hef (in) Nb (lb)

17.0 1.00 4000 7.500 22084

0.75fNcb = 0.75f (ANc / ANco)Yed,NYc,NYcp,NNb (Sec. 17.5.1.2 & Eq. 17.6.2.1a)

ANc (in2) ANco (in2 ca,min (in) Yed,N Yc,N Ycp,N Nb (lb) f 0.75fNcb (lb)

433.13 506.25 8.00 0.913 1.00 1.000 22084 0.65 8412

6. Adhesive Strength of Anchor in Tension (Sec. 17.6.5)

tk,cr = tk,crfshort-termKsat(f’c / 2,500)naN.seis

tk,cr (psi) fshort-term Ksat aN.seis f’c (psi) n tk,cr (psi)

1310 1.00 1.00 1.00 4000 0.24 1466

Nba = l atcrpdahef
 (Eq. 17.6.5.2.1)

l a tcr (psi) da (in) hef (in) Nba (lb)

1.00 1466 0.75 7.500 25914

0.75fNa = 0.75f (ANa / ANa0)Yed,NaYcp,NaNba (Sec. 17.5.1.2 & Eq. 17.6.5.1a)

ANa (in2) ANa0 (in2) cNa (in) ca,min (in) Yed,Na Yp,Na Na0 (lb) f 0.75fNa (lb)

375.47 422.18 10.27 8.00 0.934 1.000 25914 0.65 10489

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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11. Results

Interaction of Tensile and Shear Forces (Sec. 17.8)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 8400 14528 0.58 Pass

Concrete breakout 8400 8412 1.00 Pass (Governs)

Adhesive 8400 10489 0.80 Pass

SET-3G w/ 3/4"Ø F1554 Gr. 36 with hef = 7.500 inch meets the selected design criteria.

12. Warnings

- Per designer input, ductility requirements for tension have been determined to be satisfied – designer to verify.

- Per designer input, the shear component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor shear force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.10.6.2 for shear need 
not be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

- Refer to manufacturer’s product literature for hole cleaning and installation instructions.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: Hold Down Anchors at 8.75" Panels
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-19
Units: Imperial units

Anchor Information:
Anchor type: Bonded anchor
Material: F1554 Grade 36
Diameter (inch): 0.750
Effective Embedment depth, hef (inch): 6.250
Code report: ICC-ES ESR-4057
Anchor category: -
Anchor ductility: Yes
hmin (inch): 8.00
cac (inch): 15.11
Cmin (inch): 1.75
Smin (inch): 3.00

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 8.75
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: Supplementary reinforcement not present
Supplemental edge reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Hole condition: Dry concrete
Inspection: Continuous
Temperature range, Short/Long: 150/110°F
Reduced installation torque (for AT-3G): Not applicable
Ignore 6do requirement: Not applicable
Build-up grout pad: No

Recommended Anchor
Anchor Name: SET-3G™ - SET-3G w/ 3/4"Ø F1554 Gr. 36
Code Report: ICC-ES ESR-4057

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: Yes
Anchors subjected to sustained tension: No
Ductility section for tension: 17.10.5.3 (d) is satisfied
Ductility section for shear: 17.10.6.2 not applicable
Ω0 factor: not set
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: Yes

Strength level loads:

Nua [lb]: 7200
Vuax [lb]: 0
Vuay [lb]: 0

<Figure 1>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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<Figure 2>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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3. Resulting Anchor Forces

Anchor Tension load,
Nua (lb)

Shear load x,
Vuax (lb)

Shear load y,
Vuay (lb)

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

1 7200.0 0.0 0.0 0.0

Sum 7200.0 0.0 0.0 0.0

Maximum concrete compression strain (‰): 0.00
Maximum concrete compression stress (psi): 0
Resultant tension force (lb): 7200
Resultant compression force (lb): 0
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00

4. Steel Strength of Anchor in Tension (Sec. 17.6.1)

Nsa (lb) f fNsa (lb)

19370 0.75 14528

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.6.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.6.2.2.1)

kc la f’c (psi) hef (in) Nb (lb)

17.0 1.00 4000 6.250 16800

0.75fNcb = 0.75f (ANc / ANco)Yed,NYc,NYcp,NNb (Sec. 17.5.1.2 & Eq. 17.6.2.1a)

ANc (in2) ANco (in2 ca,min (in) Yed,N Yc,N Ycp,N Nb (lb) f 0.75fNcb (lb)

325.78 351.56 8.00 0.956 1.00 1.000 16800 0.65 7255

6. Adhesive Strength of Anchor in Tension (Sec. 17.6.5)

tk,cr = tk,crfshort-termKsat(f’c / 2,500)naN.seis

tk,cr (psi) fshort-term Ksat aN.seis f’c (psi) n tk,cr (psi)

1310 1.00 1.00 1.00 4000 0.24 1466

Nba = l atcrpdahef
 (Eq. 17.6.5.2.1)

l a tcr (psi) da (in) hef (in) Nba (lb)

1.00 1466 0.75 6.250 21595

0.75fNa = 0.75f (ANa / ANa0)Yed,NaYcp,NaNba (Sec. 17.5.1.2 & Eq. 17.6.5.1a)

ANa (in2) ANa0 (in2) cNa (in) ca,min (in) Yed,Na Yp,Na Na0 (lb) f 0.75fNa (lb)

375.47 422.18 10.27 8.00 0.934 1.000 21595 0.65 8741

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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11. Results

Interaction of Tensile and Shear Forces (Sec. 17.8)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 7200 14528 0.50 Pass

Concrete breakout 7200 7255 0.99 Pass (Governs)

Adhesive 7200 8741 0.82 Pass

SET-3G w/ 3/4"Ø F1554 Gr. 36 with hef = 6.250 inch meets the selected design criteria.

12. Warnings

- Per designer input, ductility requirements for tension have been determined to be satisfied – designer to verify.

- Per designer input, the shear component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor shear force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.10.6.2 for shear need 
not be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

- Refer to manufacturer’s product literature for hole cleaning and installation instructions.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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POST INSTALLED LEDGER BOLT

BASED ON DIAPHRAGM CALCS, SEISMIC WILL GOVERN

(2020 PLF)(2') = 4040# (SEISMIC)

PER ACI 318-19 17.10.6.3c, USE OVERSTRENGTH, = 2.0

(4040#)(2) = 8080# SEISMIC W/ OVERSTREGTH

GRAVITY SHEAR FORCE:

(10'/2)(2' OC)(19 PSF) = 190# DL

(10'/2)(2' OC)(20 PSF) = 200# LL

(10'/2)(2' OC)(19 PSF + 63 PSF) = 820# SL (ASSUMES FULL SNOW DRIFT)

Vu = (1.2)(190#) + (1.0)(200#) + (0.2)(820#) = 592#

SEE SIMPSON CALCS
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1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: Ledger Bolt
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-19
Units: Imperial units

Anchor Information:
Anchor type: Torque controlled expansion anchor
Material: Stainless Steel
Diameter (inch): 0.750
Nominal Embedment depth (inch): 5.750
Effective Embedment depth, hef (inch): 5.000
Code report: ICC-ES ESR-3037
Anchor category: 1
Anchor ductility: Yes
hmin (inch): 8.75
cac (inch): 8.00
Cmin (inch): 6.00
Smin (inch): 6.50

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 8.75
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: Supplementary reinforcement present
Supplemental edge reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Ignore 6do requirement: Not applicable
Build-up grout pad: No

Recommended Anchor
Anchor Name: Strong-Bolt® 2 Stainless Steel - 3/4"Ø SS Strong-Bolt 2, hnom:5.75" (146mm)
Code Report: ICC-ES ESR-3037

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: U = 1.2D + 1.0E + 1.0L + 0.2S
Seismic design: Yes
Anchors subjected to sustained tension: Not applicable
Ductility section for tension: 17.10.5.2 not applicable
Ductility section for shear: 17.10.6.3 (c) is satisfied
Ω0 factor: 2.0
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: Yes

Service level loads:
D E L S Strength level loads  

Na [lb]: 0 0 0 0 0
Vax [lb]: 0 4040 0 0 8080
Vay [lb]: 190 0 200 820 592

<Figure 1>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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<Figure 2>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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3. Resulting Anchor Forces

Anchor Tension load,
Nua (lb)

Shear load x,
Vuax (lb)

Shear load y,
Vuay (lb)

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

1 0.0 8080.0 592.0 8101.7

Sum 0.0 8080.0 592.0 8101.7

Maximum concrete compression strain (‰): 0.00
Maximum concrete compression stress (psi): 0
Resultant tension force (lb): 0
Resultant compression force (lb): 0
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

8. Steel Strength of Anchor in Shear (Sec. 17.7.1)

Vsa (lb) fgrout f fgroutfVsa (lb)

13620 1.0 0.65 8853

9. Concrete Breakout Strength of Anchor in Shear (Sec. 17.7.2)

Shear perpendicular to edge in x-direction:

Vbx = min|7(le / da)0.2ÖdalaÖf’cca1
1.5; 9laÖf’cca1

1.5| (Eq. 17.7.2.2.1a & Eq. 17.7.2.2.1b)

le (in) da (in) la f’c (psi) ca1 (in) Vbx (lb)

5.00 0.750 1.00 4000 8.00 12679

fV cbx =f (AVc / AVco)Yed,VYc,VYh,VVbx (Sec. 17.5.1.2 & Eq. 17.7.2.1a)

AVc (in2) AVco (in2) Yed,V Yc,V Yh,V Vbx (lb) f fVcbx (lb)

210.00 288.00 1.000 1.000 1.171 12679 0.75 8120

Shear parallel to edge in x-direction:

Vby = min|7(le / da)0.2ÖdalaÖf’cca1
1.5; 9laÖf’cca1

1.5| (Eq. 17.7.2.2.1a & Eq. 17.7.2.2.1b)

le (in) da (in) la f’c (psi) ca1 (in) Vby (lb)

5.00 0.750 1.00 4000 8.00 12679

fV cbx =f (2)(AVc / AVco)Yed,VYc,VYh,VVby (Sec. 17.5.1.2, 17.7.2.1(c) & Eq. 17.7.2.1a)

AVc (in2) AVco (in2) Yed,V Yc,V Yh,V Vby (lb) f fVcbx (lb)

210.00 288.00 1.000 1.000 1.171 12679 0.75 16240

Shear parallel to edge in y-direction:

Vbx = min|7(le / da)0.2ÖdalaÖf’cca1
1.5; 9laÖf’cca1

1.5| (Eq. 17.7.2.2.1a & Eq. 17.7.2.2.1b)

le (in) da (in) la f’c (psi) ca1 (in) Vbx (lb)

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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5.00 0.750 1.00 4000 12.00 23292

fV cby =f (2)(AVc / AVco)Yed,VYc,VYh,VVbx (Sec. 17.5.1.2, 17.7.2.1(c) & Eq. 17.7.2.1a)

AVc (in2) AVco (in2) Yed,V Yc,V Yh,V Vbx (lb) f fVcby (lb)

227.50 648.00 1.000 1.000 1.434 23292 0.75 17593

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.7.3)

fVcp = fkcpNcb = fkcp(ANc / ANco)Yed,NYc,NYcp,NNb
 (Sec. 17.5.1.2 & Eq. 17.7.3.1a)

kcp ANc (in2) ANco (in2) Yed,N Yc,N Ycp,N Nb (lb) f fVcp (lb)

2.0 225.00 225.00 1.000 1.000 1.000 12021 0.70 16829

11. Results

Interaction of Tensile and Shear Forces (Sec. 17.8)

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 8102 8853 0.92 Pass

T Concrete breakout x+ 8080 8120 1.00 Pass (Governs)

|| Concrete breakout x+ 592 16240 0.04 Pass (Governs)

|| Concrete breakout y- 8080 17593 0.46 Pass (Governs)

Concrete breakout,
combined

- - 0.46 Pass

Pryout 8102 16829 0.48 Pass

3/4"Ø SS Strong-Bolt 2, hnom:5.75" (146mm) meets the selected design criteria.

12. Warnings

- Per designer input, the tensile component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor tensile force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.10.5.2 for tension 
need not be satisfied – designer to verify.

- Per designer input, ductility requirements for shear have been determined to be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

- Refer to manufacturer’s product literature for hole cleaning and installation instructions.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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ROOF STRAPPING/HOLD DOWNS AT DIAGONAL WALL

Fp = (0.4)(Sds)(ka)(Ie)(Wp)

@ 9" = (9/12)(.15 KCF) = 112.5 PSF
@ 14" = (14/12)(.15 KCF) = 175 PSF

Fp = (0.4)(0.843)(2)(1)(112.5 PSF) = 75.9 PSF @ 9"

Fp = 118 PSF @ 14"

(MIN Fp DOES NOT GOVERN)

9"

5"

14"

27
'

43
.5

'

37
'

75.9 PLF

118 PLF

Fp

Fp = [(75.9 PLF)(16.5')(16.5'/2 + 27') + (118 PLF)(27')(27'/2)]/37'

Fp = [44415 LB-FT/FT + 43011 LB-FT/FT]/37'

Fp = 2.36 KLF

2.36k/ft ALONG WALL LENGTH

42o sin(42)(2.36k) = 1.58k
cos(42)(2.36k) = 1.76k

cos(48)(1.76k) = 1.18k

1.76k

1.58k

JOISTS @10' OC

48o

JOISTS TO TAKE N/S COMPONENT ONLY:
10'/cos(48) = 14.94' TRIB LENGTH 

(14.94')(1.58k/ft) = 23.6k

(0.7)(23.6k) = 16.6k ASD ANCHORAGE AT SKEWED WALL JOISTS

H
O

LD
 D

O
W

N
S

 @
2'

 O
C

SUBPURLINS TO TAKE E/W COMPONENT ONLY:
2'/sin(48) = 2.7' TRIB LENGTH 

(2.7')(1.76k/ft) = 4.75k
(2.7')(1.18k/ft) = 3.19k

1.18k
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1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: 
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-19
Units: Imperial units

Anchor Information:
Anchor type: Bonded anchor
Material: F1554 Grade 55
Diameter (inch): 0.875
Effective Embedment depth, hef (inch): 6.000
Code report: ICC-ES ESR-4057
Anchor category: -
Anchor ductility: Yes
hmin (inch): 8.00
cac (inch): 13.08
Cmin (inch): 1.75
Smin (inch): 3.00

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 9.00
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: Supplementary reinforcement not present
Supplemental edge reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Hole condition: Dry concrete
Inspection: Continuous
Temperature range, Short/Long: 150/110°F
Reduced installation torque (for AT-3G): Not applicable
Ignore 6do requirement: Not applicable
Build-up grout pad: No

Recommended Anchor
Anchor Name: SET-3G™ - SET-3G w/ 7/8"Ø F1554 Gr. 55
Code Report: ICC-ES ESR-4057

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: Yes
Anchors subjected to sustained tension: No
Ductility section for tension: 17.10.5.3 (d) is satisfied
Ductility section for shear: 17.10.6.2 not applicable
Ω0 factor: not set
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: Yes

Strength level loads:

Nua [lb]: 4750
Vuax [lb]: 0
Vuay [lb]: 6500

<Figure 1>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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<Figure 2>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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3. Resulting Anchor Forces

Anchor Tension load,
Nua (lb)

Shear load x,
Vuax (lb)

Shear load y,
Vuay (lb)

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

1 4750.0 0.0 6500.0 6500.0

Sum 4750.0 0.0 6500.0 6500.0

Maximum concrete compression strain (‰): 0.00
Maximum concrete compression stress (psi): 0
Resultant tension force (lb): 4750
Resultant compression force (lb): 0
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

4. Steel Strength of Anchor in Tension (Sec. 17.6.1)

Nsa (lb) f fNsa (lb)

34650 0.75 25988

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.6.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.6.2.2.1)

kc la f’c (psi) hef (in) Nb (lb)

17.0 1.00 4000 6.000 15802

0.75fNcb = 0.75f (ANc / ANco)Yed,NYc,NYcp,NNb (Sec. 17.5.1.2 & Eq. 17.6.2.1a)

ANc (in2) ANco (in2 ca,min (in) Yed,N Yc,N Ycp,N Nb (lb) f 0.75fNcb (lb)

324.00 324.00 12.00 1.000 1.00 1.000 15802 0.65 7703

6. Adhesive Strength of Anchor in Tension (Sec. 17.6.5)

tk,cr = tk,crfshort-termKsat(f’c / 2,500)naN.seis

tk,cr (psi) fshort-term Ksat aN.seis f’c (psi) n tk,cr (psi)

1265 1.00 1.00 1.00 4000 0.24 1416

Nba = l atcrpdahef
 (Eq. 17.6.5.2.1)

l a tcr (psi) da (in) hef (in) Nba (lb)

1.00 1416 0.88 6.000 23355

0.75fNa = 0.75f (ANa / ANa0)Yed,NaYcp,NaNba (Sec. 17.5.1.2 & Eq. 17.6.5.1a)

ANa (in2) ANa0 (in2) cNa (in) ca,min (in) Yed,Na Yp,Na Na0 (lb) f 0.75fNa (lb)

547.63 547.63 11.70 12.00 1.000 1.000 23355 0.65 11386

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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8. Steel Strength of Anchor in Shear (Sec. 17.7.1)

Vsa (lb) fgrout f aV,seis fgroutaV,seisfVsa (lb)

20790 1.0 0.65 0.75 10135

9. Concrete Breakout Strength of Anchor in Shear (Sec. 17.7.2)

Shear perpendicular to edge in y-direction:

Vby = min|7(le / da)0.2ÖdalaÖf’cca1
1.5; 9laÖf’cca1

1.5| (Eq. 17.7.2.2.1a & Eq. 17.7.2.2.1b)

le (in) da (in) la f’c (psi) ca1 (in) Vby (lb)

6.00 0.875 1.00 4000 12.00 23662

fV cby =f (AVc / AVco)Yed,VYc,VYh,VVby (Sec. 17.5.1.2 & Eq. 17.7.2.1a)

AVc (in2) AVco (in2) Yed,V Yc,V Yh,V Vby (lb) f fVcby (lb)

324.00 648.00 1.000 1.000 1.414 23662 0.70 11712

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.7.3)

fVcp = f min|kcpNa ; kcpNcb| = f min|kcp(ANa / ANa0)Yed,NaYcp,NaNba ; kcp(ANc / ANco)Yed,NYc,NYcp,NNb| (Sec. 17.5.1.2 & Eq. 17.7.3.1a)

kcp ANa (in2) ANa0 (in2) Yed,Na Ycp,Na Nba (lb) Na (lb)

2.0 547.63 547.63 1.000 1.000 23355 23355

ANc (in2) ANco (in2) Yed,N Yc,N Ycp,N Nb (lb) Ncb (lb) f fVcp (lb)

324.00 324.00 1.000 1.000 1.000 15802 15802 0.70 22122

11. Results

Interaction of Tensile and Shear Forces (Sec. R17.8)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 4750 25988 0.18 Pass

Concrete breakout 4750 7703 0.62 Pass (Governs)

Adhesive 4750 11386 0.42 Pass

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 6500 10135 0.64 Pass (Governs)

T Concrete breakout y+ 6500 11712 0.55 Pass

Pryout 6500 22122 0.29 Pass

Interaction check (Nua/ɸNua)5/3 (Vua/ɸVua)5/3 Combined Ratio Permissible Status

Sec. R17.8 0.45 0.48 92.4% 1.0 Pass

SET-3G w/ 7/8"Ø F1554 Gr. 55 with hef = 6.000 inch meets the selected design criteria.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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12. Warnings

- Per designer input, ductility requirements for tension have been determined to be satisfied – designer to verify.

- Per designer input, the shear component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor shear force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.10.6.2 for shear need 
not be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

- Refer to manufacturer’s product literature for hole cleaning and installation instructions.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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4.75k (LRFD)

(4.75k)(1.4)(0.7) = 4.7k ASD W/ 1.4 FACTOR PER ASCE 7-16 12.11.2.2.2

x/86 NAILS = (4700 LB)/(9215 LB)

TABLE CONSIDERS NAILS ON BOTH SIDES, SO USE 44 MIN NAILS TO TRANSFER FORCE ON ONE SIDE

USE 25 10D NAILS ONE SIDE TO DEVELOP 4.7k ASD

DETERMINE WELD TO ANGLE

4.75k = (1.391)(3)(L)

L = 1.14".... WELD ENTIRE STRAP WIDTH 3/16
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DISTRIBUTE Fp OVER MULTIPLE JOISTS FROM PANEL

Fp = 5.2k @ WALL @ 2' OC 

60'/2.5 = 24' MIN SUB DIAPHRAGM... USE 30'

FOR 100% LOAD, USE CMST 14 COILED STRAPS

(5.2k/6.475k)(66 NAILS) = 54 NAILS TOTAL OVER 1ST AND 2ND JOISTS

(5.2k)(2)(0.4) = 4.2k @ 4' OC

USE MSTI48 W/ (48) NAILS @ 4'-0" OVER 3RD JOIST

(5.2k)(4)(0.2) = 4.2k @ 8' OC

USE MSTI48 W/ (48) NAILS @ 8'-0" OVER 4TH JOIST

SUBDIAPHRAGM CHORD COMPRESSION INTO JOISTS
TO BE DISTRIBUTED ALONG SKEWED WALL
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JOIST CONNECTION TO SKEWED WALL

Fp = 23.6k LRFD PER PREVIOUS CALCS

GRAVITY LOADING:

(15 PSF)(10')(60'/2) = 4.5k

(20 PSF)(10')(60'/2) = 6k ROOF LIVE LOAD

(14 PSF)(10')(60'/2) = 4.2k BALANCED SNOW LOAD

DRIFT:

71 PSF

25'-0"

55.5'
R

R = (0.5)(71 PSF)(25')(55.5'-(25'/3))/55.5' = 755 PLF

(755 PLF)(10') = 7.6k DRIFT REACTION

GOVERNING SEISMIC COMBINATION FOR GRAVITY COMPONENT:

1.2DL + 0.2SL = (1.2 + (0.2)(0.843))(4.5k) + (0.2)(7.6k + 4.2k) = 8.6k
1.2DL + 1.0LL = (1.2 + (0.2)(0.843))(4.5k) + (1.0)(6k) = 12.2k (GOVERNS)

e = 8"

Mu = (12.2k)(8") = 97.3 K-IN

BREAK UP INTO COMPONENTS

JOIST-WALL ANCHORAGE FORCE 

(2.36 KLF)(sin(42))[10'/cos(48)] = 23.6k (0.7)(23.6k) = 16.6 ASD AXIAL

48o

(cos(42))(23.6k) = 17.7k SHEAR ALONG PLANE OF PLATE

23.6 K

2.36 KLF

42o

JOISTS @ 10' OC

42o
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1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: 
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-19
Units: Imperial units

Anchor Information:
Anchor type: Cast-in-place
Material: AWS Type A
Diameter (inch): 0.750
Effective Embedment depth, hef (inch): 7.000
Anchor category: -
Anchor ductility: Yes
hmin (inch): 8.50
Cmin (inch): 1.38
Smin (inch): 3.00

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 9.00
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: Supplementary reinforcement not present
Supplemental edge reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: Yes
Ignore 6do requirement: No
Build-up grout pad: No

Base Plate
Length x Width x Thickness (inch): 16.00 x 16.00 x 0.25

Recommended Anchor
Anchor Name: Headed Stud - 3/4"Ø AWS Type A Headed Stud

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: Yes
Anchors subjected to sustained tension: Not applicable
Ductility section for tension: 17.10.5.3 (c) is satisfied
Ductility section for shear: 17.10.6.2 not applicable
Ω0 factor: not set
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: No

Strength level loads:

Nua [lb]: 23600
Vuax [lb]: 17700
Vuay [lb]: 12200
Mux [ft-lb]: 8200
Muy [ft-lb]: 0
Muz [ft-lb]: 0

<Figure 1>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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<Figure 2>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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3. Resulting Anchor Forces

Anchor Tension load,
Nua (lb)

Shear load x,
Vuax (lb)

Shear load y,
Vuay (lb)

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

1 322.4 1966.7 1355.6 2388.6

2 5221.0 1966.7 1355.6 2388.6

3 5221.0 1966.7 1355.6 2388.6

4 322.4 1966.7 1355.6 2388.6

5 2771.7 1966.7 1355.6 2388.6

6 322.4 1966.7 1355.6 2388.6

7 5221.0 1966.7 1355.6 2388.6

8 2771.7 1966.7 1355.6 2388.6

9 2771.7 1966.7 1355.6 2388.6

Sum 24945.3 17700.0 12200.0 21497.2

Maximum concrete compression strain (‰): 0.03
Maximum concrete compression stress (psi): 139
Resultant tension force (lb): 24945
Resultant compression force (lb): 1345
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 3.53
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

<Figure 3>

4. Steel Strength of Anchor in Tension (Sec. 17.6.1)

Nsa (lb) f fNsa (lb)

26950 0.75 20213

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.6.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.6.2.2.1)

kc la f’c (psi) hef (in) Nb (lb)

24.0 1.00 4000 7.000 28112

0.75fNcbg =0.75f (ANc / ANco)Yec,NYed,NYc,NYcp,NNb (Sec. 17.5.1.2 & Eq. 17.6.2.1a)
ANc (in2) ANco (in2) ca,min (in) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f 0.75fNcbg (lb)

1089.00 441.00 - 0.748 1.000 1.00 1.000 28112 0.70 27266

6. Pullout Strength of Anchor in Tension (Sec. 17.6.3)

0.75fNpn = 0.75fYc,PNp = 0.75fYc,P8Abrgf’c (Sec. 17.5.1.2, Eq. 17.6.3.1 & 17.6.3.2.2a)

Yc,P Abrg (in2) f’c (psi) f 0.75fNpn (lb)

1.0 0.79 4000 0.70 13188

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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8. Steel Strength of Anchor in Shear (Sec. 17.7.1)

Vsa (lb) fgrout f fgroutfVsa (lb)

26950 1.0 0.65 17518

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.7.3)

fVcpg = fkcpNcbg = fkcp(ANc / ANco)Yec,NYed,NYc,NYcp,NNb
 (Sec. 17.5.1.2 & Eq. 17.7.3.1b)

kcp ANc (in2) ANco (in2) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fVcpg (lb)

2.0 1089.00 441.00 1.000 1.000 1.000 1.000 28112 0.70 97186

11. Results

Interaction of Tensile and Shear Forces (Sec. R17.8)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 5221 20213 0.26 Pass

Concrete breakout 24945 27266 0.91 Pass (Governs)

Pullout 5221 13188 0.40 Pass

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 2389 17518 0.14 Pass

Pryout 21497 97186 0.22 Pass (Governs)

Interaction check (Nua/ɸNua)5/3 (Vua/ɸVua)5/3 Combined Ratio Permissible Status

Sec. R17.8 0.86 0.08 94.3% 1.0 Pass

3/4"Ø AWS Type A Headed Stud with hef = 7.000 inch meets the selected design criteria.

12. Warnings

- Concrete breakout strength in shear has not been evaluated against applied shear load(s) per designer option. Refer to ACI 318 Section 
17.5.2.1 for conditions where calculations of the concrete breakout strength may not be required.

- Per designer input, ductility requirements for tension have been determined to be satisfied – designer to verify.

- Per designer input, the shear component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor shear force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.10.6.2 for shear need 
not be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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MAXIMUM GRAVITY LOAD INTO PLATE:

(1.2)(4.5k) + (1.6)(11.8k) = 24.3k

e = sin(42)(8") = 5.35"

Mu = (24.3k)(5.35") = 130 K-IN

SxREQ = (130 K-IN)/(0.9)(50 KSI) = 2.89 IN3

WT5x24.5 Sx = 2.39 IN3, NG

USE WT5x50, Sx = 5.56 IN3 > 2.89 IN3

CHECK WELD TO WT FLANGE

130 K-IN/(0.711 IN) = 183k

(1.392)(5)(16) = 111.3k < 206k

USE WELD TOP AND BOTTOM OF WT FLANGE

(1.392)(5)(16 + 16 - (2)(1.62)) = 200k

WELD TO WT STEM:

(1.392)(4)(5.5" - 1.62")(2) = 43.2k, OK

e
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JOIST CONNECTION TO SKEWED WALL

Fp = 23.6k LRFD PER PREVIOUS CALCS

GRAVITY LOADING:

(15 PSF)(10')(25'/2) = 1.9k

(20 PSF)(10')(25'/2) = 2.5k ROOF LIVE LOAD

(14 PSF)(10')(25'/2) = 1.8k BALANCED SNOW LOAD

DRIFT:

71 PSF

25'
R

R = (0.5)(71 PSF)(25')(25'-(25'/3))/25 = 592 PLF

(592 PLF)(10') = 6k DRIFT REACTION

GOVERNING SEISMIC COMBINATION FOR GRAVITY COMPONENT:

1.2DL + 0.2SL = (1.2 + (0.2)(0.843))(1.9k) + (0.2)(1.8k + 6k) = 4.2k (GOVERNS)
1.2DL + 1.0LL = (1.2 + (0.2)(0.843))(1.9k) + (1.0)(1.2k) = 3.8k 

SEE DRAGSTRUT MATHCAD

Vu = 4.2k (SEISMIC CASE)

CHECK COMBINED SHEAR AND AXIAL ON WELD

SAY 12" WEB PLATE

4.2k/12" = 0.35 K/IN SHEAR

23.6k/12" = 2 K/IN AXIAL

sqrt((0.35 K/IN)2 + (2 K/IN)2) = 2.03 K/IN DEMAND

(1.392)(5)(1") = 6.96 K/IN > 2.03 K/IN, OK

CHECK AGAINST 1.2DL + 1.6 SL

(1.2 + (0.2)(0.843))(1.9k) + (1.6)(7.8k) = 15.1k

15.1k/12" = 1.25 K/IN, OK

ATT

06/16/2023

2220290.02
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48o 33.6 K-IN

CHECK EMBED PLATE

M = (4.2k)(8") = 33.6 K-IN

cos(42)(15.8k) = 11.8k

15.8 K

17.6 K

WELD PER TABLE 8-8

e = 9"

Pu = (1.2)(1.9k) + (1.6)(7.8k) = 14.8k

Mu = (14.8k)(8") = 118.8 K-IN

l = 10"

ex = 9"

a = 0.9; k = 0.3

C = 1.34

Dmin = (14.8k)/((0.75)(1.34)(1.0)(10")) = 1.47

USE 5/16" ON 3 SIDES

5 - 1.34 = 3.66

(1.392)(5)(3.66)(2) = 50.9k > 23.6k FOR Fp WALL ANCHORAGE, OK

23.6 K

42o



Company: Date: 6/13/2023

Engineer: ATT Page: 1/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: 
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-19
Units: Imperial units

Anchor Information:
Anchor type: Cast-in-place
Material: AWS Type A
Diameter (inch): 0.750
Effective Embedment depth, hef (inch): 6.500
Anchor category: -
Anchor ductility: Yes
hmin (inch): 8.00
Cmin (inch): 1.38
Smin (inch): 3.00

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 9.00
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: Supplementary reinforcement not present
Supplemental edge reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: Yes
Ignore 6do requirement: No
Build-up grout pad: No

Base Plate
Length x Width x Thickness (inch): 16.00 x 16.00 x 0.25

Recommended Anchor
Anchor Name: Headed Stud - 3/4"Ø AWS Type A Headed Stud

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.com
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Company: Date: 6/13/2023

Engineer: ATT Page: 2/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: Yes
Anchors subjected to sustained tension: Not applicable
Ductility section for tension: 17.10.5.3 (c) is satisfied
Ductility section for shear: 17.10.6.2 not applicable
Ω0 factor: not set
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: No

Strength level loads:

Nua [lb]: 23600
Vuax [lb]: 11800
Vuay [lb]: 5000
Mux [ft-lb]: 2800
Muy [ft-lb]: 0
Muz [ft-lb]: 0

<Figure 1>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.com
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Company: Date: 6/13/2023

Engineer: ATT Page: 3/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

<Figure 2>

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.com
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Company: Date: 6/13/2023

Engineer: ATT Page: 4/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

3. Resulting Anchor Forces

Anchor Tension load,
Nua (lb)

Shear load x,
Vuax (lb)

Shear load y,
Vuay (lb)

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

1 4500.3 2950.0 1250.0 3203.9

2 7299.7 2950.0 1250.0 3203.9

3 7299.7 2950.0 1250.0 3203.9

4 4500.3 2950.0 1250.0 3203.9

Sum 23600.0 11800.0 5000.0 12815.6

Maximum concrete compression strain (‰): 0.00
Maximum concrete compression stress (psi): 0
Resultant tension force (lb): 23600
Resultant compression force (lb): 0
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 1.42
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

<Figure 3>

4. Steel Strength of Anchor in Tension (Sec. 17.6.1)

Nsa (lb) f fNsa (lb)

26950 0.75 20213

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.6.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.6.2.2.1)

kc la f’c (psi) hef (in) Nb (lb)

24.0 1.00 4000 6.500 25154

0.75fNcbg =0.75f (ANc / ANco)Yec,NYed,NYc,NYcp,NNb (Sec. 17.5.1.2 & Eq. 17.6.2.1a)
ANc (in2) ANco (in2) ca,min (in) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f 0.75fNcbg (lb)

992.25 380.25 - 0.873 1.000 1.00 1.000 25154 0.70 30070

6. Pullout Strength of Anchor in Tension (Sec. 17.6.3)

0.75fNpn = 0.75fYc,PNp = 0.75fYc,P8Abrgf’c (Sec. 17.5.1.2, Eq. 17.6.3.1 & 17.6.3.2.2a)

Yc,P Abrg (in2) f’c (psi) f 0.75fNpn (lb)

1.0 0.79 4000 0.70 13188

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.com
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Company: Date: 6/13/2023

Engineer: ATT Page: 5/5

Project: Fortress Puyallup

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.1.2303.1

8. Steel Strength of Anchor in Shear (Sec. 17.7.1)

Vsa (lb) fgrout f fgroutfVsa (lb)

26950 1.0 0.65 17518

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.7.3)

fVcpg = fkcpNcbg = fkcp(ANc / ANco)Yec,NYed,NYc,NYcp,NNb
 (Sec. 17.5.1.2 & Eq. 17.7.3.1b)

kcp ANc (in2) ANco (in2) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fVcpg (lb)

2.0 992.25 380.25 1.000 1.000 1.000 1.000 25154 0.70 91895

11. Results

Interaction of Tensile and Shear Forces (Sec. 17.8)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 7300 20213 0.36 Pass

Concrete breakout 23600 30070 0.78 Pass (Governs)

Pullout 7300 13188 0.55 Pass

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 3204 17518 0.18 Pass (Governs)

Pryout 12816 91895 0.14 Pass

Interaction check Nua/fNn Vua/fVn Combined Ratio Permissible Status

Sec. 17.8.1 0.78 0.00 78.5% 1.0 Pass

3/4"Ø AWS Type A Headed Stud with hef = 6.500 inch meets the selected design criteria.

12. Warnings

- Concrete breakout strength in shear has not been evaluated against applied shear load(s) per designer option. Refer to ACI 318 Section 
17.5.2.1 for conditions where calculations of the concrete breakout strength may not be required.

- Per designer input, ductility requirements for tension have been determined to be satisfied – designer to verify.

- Per designer input, the shear component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor shear force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.10.6.2 for shear need 
not be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

Simpson Strong-Tie Company Inc. 5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.com
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Fortress Puyallup Structural Calculation:

Dragstrut Design
Protected Area

Purpose Statement: Dragstrut W-Section Beam Design

Referenced Standards: AISC 360-16
IBC 2018
ASCE 7-16

Element ID: W16

AISC section properties functions are adopted by reference:

Include << O:\Structural\4) Programs\STEEL\AISC Lookup.mcdx

Section Properties

≔C “W16X31” Trial Section

≔Fy ⋅50 ksi Section Strength

≔Fu 58 ksi Section Tensile Strength

≔E ⋅29000 ksi Elastic Modulus 

≔G ⋅11200 ksi Shear Modulus of Elasticity of Steel

≔Kx 1.0 ≔Ky 1.0

≔A A ((C)) =A 9.13 in 2 ≔Sx Sx ((C)) =Sx 47.2 in 3 ≔Zx Zx ((C)) =Zx 54 in 3

≔t tf ((C)) =t 0.44 in ≔rx rx ((C)) =rx 6.41 in ≔Zy Zy ((C)) =Zy 7.03 in 3

≔bf bf ((C)) =bf 5.53 in ≔Sy Sy ((C)) =Sy 4.49 in 3 ≔J J ((C)) =J 0.46 in 4

≔d d ((C)) =d 15.9 in ≔ry ry ((C)) =ry 1.17 in ≔Ix Ix ((C)) =Ix 375 in 4

≔tw tw ((C)) =tw 0.28 in ≔Cw Cw ((C)) =Cw 739 in 6 ≔Iy Iy ((C)) =Iy 12.4 in 4

≔wself W ((C)) =wself 31 plf ≔kdes kdes ((C)) ≔Tweb =-d 2 kdes 14.22 in

≔b =――
bf
⋅2 t

6.28

≔h =――
Tweb

tw
51.69

≔Lxx ⋅25 ft Beam Span 

≔Lyy ⋅1 ft Unbraced Length about Y axis 
(Compression flange, usually braced by deck)

≔LT =――
Lxx

2
12.5 ft Torsional Unbraced Length 

(Lxx or the distance b/t bottom flange kickers)

Loading Engineer: __________ATT

Job #: __________2220290.02

Date: __________06/16/2023
H:\Projects\222029000\Production\Calcs\Structural\05_Lateral\Dragstrut.mcdx Sheet #: 05.83



Fortress Puyallup Structural Calculation:

Dragstrut Design

Loading

≔f Roof Member Member Location;
"Roof Member" assumes Snow loading combinations 
"Floor Member" assumes Live loading combinations

=f 0.2

Gravity Loading

≔DL ⋅15 psf Dead Load

≔LL ⋅20 psf Live or Snow Load

≔TW 10 ft Beam Tributary Width

Seismic Loading

≔Sds 0.843 Seismic Criteria

≔ρ 1.0

≔Ω 2

≔P ⋅25 k Axial Tension or Compression (Ultimate Load)

≔PΩ =⋅P ―
Ω
ρ

50 k Ultimate, Omegafied Axial Load

≔Pu =PΩ 50 k

=wself 31 plf Include Beam Self Weight

≔wdl =+⋅TW DL wself 181 plf

≔wll =⋅TW LL 200 plf

≔lx =Lxx 25 ft Effective Unbraced Lengths

≔ly =Lyy 1 ft

Gravity Load Checks

Load Combinations Engineer: __________ATT

Job #: __________2220290.02

Date: __________06/16/2023
H:\Projects\222029000\Production\Calcs\Structural\05_Lateral\Dragstrut.mcdx Sheet #: 05.84



Fortress Puyallup Structural Calculation:

Dragstrut Design
Gravity Load Checks

Load Combinations

≔wu1 =⋅1.4 wdl 253.4 plf

≔wu2 =+⋅1.2 wdl ⋅1.6 wll 537.2 plf

≔wu =max ⎛⎝ ,wu1 wu2⎞⎠ 537.2 plf

≔Vu =⋅⋅―
1
2

wu Lxx 6.72 k

≔Mu =⋅⋅―
1
8

wu Lxx
2 41.97 ⋅k ft

Check against moment 
under drift loading, 
does not govern

≔Mu2 =+⎛⎝ +1.2 ⎛⎝ ⋅0.2 Sds⎞⎠⎞⎠ ―――――
⋅⋅DL TW Lxx

2

8
⋅⋅0.2 28.4 k ft 21.72 ⋅k ft

FLEXURE CHECK

≔Lb =Lyy 1 ft

≔Lp =⋅⋅1.76 ry
‾‾‾
―
E
Fy

4.13 ft

≔rts =
‾‾‾‾‾‾‾
―――

‾‾‾‾‾⋅Iy Cw

Sx

1.42 in

≔h0 =-d t 15.46 in

≔Lr =⋅⋅⋅1.95 rts ―――
E
⋅0.7 Fy

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+――

J
⋅Sx h0

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+

⎛
⎜
⎝
――

J
⋅Sx h0

⎞
⎟
⎠

2

⋅6.76
⎛
⎜
⎝

⋅0.7 ―
Fy

E

⎞
⎟
⎠

2

11.87 ft

≔Mp =⋅Fy Zx 225 ⋅k ft (F2-1)

≔Mn1 =-Mp ⋅⎛⎝ -Mp ⋅⋅0.7 Fy Sx⎞⎠
⎛
⎜
⎝
―――

-Lb Lp

-Lr Lp

⎞
⎟
⎠

260.36 ⋅k ft (F2-2)

≔Fcr =⋅―――
⋅π2 E

⎛
⎜
⎝
―
Lb

rts

⎞
⎟
⎠

2

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾⎛
⎜
⎜⎝

+1 ⋅⋅0.078 ――
J
⋅Sx h0

⎛
⎜
⎝
―
Lb

rts

⎞
⎟
⎠

2 ⎞
⎟
⎟⎠

4038.17 ksi (F2-4)

≔Mn2 =⋅Fcr Sx 15883.47 ⋅k ft (F2-3)

Engineer: __________ATT

Job #: __________2220290.02

Date: __________06/16/2023
H:\Projects\222029000\Production\Calcs\Structural\05_Lateral\Dragstrut.mcdx Sheet #: 05.85



Fortress Puyallup Structural Calculation:

Dragstrut Design

≔Mn =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤Lb Lp
‖
‖Mp

|
|
||

if ≤<Lp Lb Lr
‖
‖Mn1

|
|
||

if >Lb Lr
‖
‖Mn2

225 ⋅k ft

≔ϕMn =⋅0.9 Mn 202.5 ⋅k ft

≔DCR1 =÷Mu ϕMn 0.21

≔Result if ⎛⎝ ,,≤Mu ϕMn “OK” “NG”⎞⎠ =Result “OK”

SHEAR CHECK

≔ϕv =if
⎛
⎜
⎜⎝

,,≤h ⋅2.24
‾‾‾
―
E
Fy

1.0 0.9
⎞
⎟
⎟⎠

1

≔Aw =⋅tw d 4.37 in 2

≔Cv 1.0

≔Vn ⋅⋅⋅0.6 Fy Aw Cv

≔ϕVn =⋅ϕv Vn 131.18 k

=Vu 6.72 k

≔DCR2 =÷Vu ϕVn 0.05

≔Result if ⎛⎝ ,,≤Vu ϕVn “OK” “NG”⎞⎠ =Result “OK”

Deflection Check

≔Δall_total =――
Lxx

240
1.25 in Allowable Deflections

≔Δall_live =――
Lxx

360
0.83 in

≔Δtotal =――――――
⋅⋅5 ⎛⎝ +wdl wll⎞⎠ Lxx

4

⋅⋅384 E Ix
0.31 in

≔Result2 if ⎛⎝ ,,≤Δtotal Δall_total “OK” “NG”⎞⎠ =Result2 “OK”Engineer: __________ATT

Job #: __________2220290.02

Date: __________06/16/2023
H:\Projects\222029000\Production\Calcs\Structural\05_Lateral\Dragstrut.mcdx Sheet #: 05.86



Fortress Puyallup Structural Calculation:

Dragstrut Design≔Δtotal =――――――
⋅⋅5 ⎛⎝ +wdl wll⎞⎠ Lxx

4

⋅⋅384 E Ix
0.31 in

≔Result2 if ⎛⎝ ,,≤Δtotal Δall_total “OK” “NG”⎞⎠ =Result2 “OK”

≔Δlive =――――
⋅⋅5 wll Lxx

4

⋅⋅384 E Ix
0.16 in

≔Result3 if ⎛⎝ ,,≤Δlive Δall_live “OK” “NG”⎞⎠ =Result3 “OK”

Seismic Load Check

≔Mdl =―――
⋅wdl Lxx

2

8
14.14 ⋅k ft Moments (Working Load)

≔Mll =―――
⋅wll Lxx

2

8
15.63 ⋅k ft

≔Mux =+⋅Mdl ⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ ⋅Mll f 22.48 ⋅k ft Ultimate Gravity Loads

≔RΩ =⋅⎛⎝ +⋅wdl ⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ ⋅wll f⎞⎠ ――
Lxx

2
3.6 k

Ultimate Capacities

≔λr =⋅0.56
‾‾‾
―
E
Fy

13.49 Check Flange Compactness

≔Ratio =b 6.28 Compactness check

≔Check0 if ⎛⎝ ,,<Ratio λr “Non-Slender” “Slender”⎞⎠ =Check0 “Non-Slender”

≔λr =⋅1.49
‾‾‾
―
E
Fy

35.88 Check Web Compactness  - In axial compression

≔Ratio =h 51.69 Compactness check

≔Check1 if ⎛⎝ ,,<Ratio λr “Non-Slender” “Slender”⎞⎠ =Check1 “Slender”

Engineer: __________ATT

Job #: __________2220290.02

Date: __________06/16/2023
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Fortress Puyallup Structural Calculation:

Dragstrut Design

COMPRESSION CHECK:

Check Flexural Buckling

Non-Slender Section in Compression (E3)

=――
⋅Kx lx
rx

46.8 =――
⋅Ky ly
ry

10.26

≔Klr =if
⎛
⎜
⎝

,,≥――
⋅Kx lx
rx

――
⋅Ky ly
ry

――
⋅Kx lx
rx

――
⋅Ky ly
ry

⎞
⎟
⎠

46.8

≔Fe =――
⋅π2 E

Klr2
130.67 ksi (E3-4)

≔Fcr =if
⎛
⎜
⎝ ,,≥Fe ⋅0.44 Fy ⋅0.658

――
Fy

Fe Fy ⋅0.877 Fe

⎞
⎟
⎠ 42.6 ksi (E3-2) (E3-3)

≔Pn_NS =⋅A Fcr 388.94 k (E3-1)

Slender Section in Compression (E7)

≔λ =h 51.69

=λr 35.88

≔c1 0.18 (Table E7.1)

≔c2 =―――――
-1 ‾‾‾‾‾‾-1 4 c1

2 c1
1.31 (E7-4)

≔Fel =⋅
⎛
⎜
⎝

⋅c2 ―
λr
λ

⎞
⎟
⎠

2

Fy 41.21 ksi (E7-5)

≔hw =-d ⋅2 t 15.02 in Height of web

Effective height of 
web
(E7-2), (E7-3)

≔he =if
⎛
⎜
⎜⎝

,,≤λ ⋅λr
‾‾‾
――
Fy

Fcr

(( -d 2 t)) ⋅⋅(( -d 2 t))
⎛
⎜
⎜⎝

-1 ⋅c1
‾‾‾
――
Fel

Fcr

⎞
⎟
⎟⎠

‾‾‾
――
Fel

Fcr

⎞
⎟
⎟⎠

12.16 in

≔Ae if ⎛⎝ ,,∧＝Check0 “Non-Slender” ＝Check1 “Non-Slender” A +⋅he tw ⋅⋅2 bf t⎞⎠ Effective Area

=Ae 8.21 in 2

≔Pn_S =⋅Ae Fcr 349.74 k (E7-1)

≔Pnfb if ⎛⎝ ,,∧＝Check0 “Non-Slender” ＝Check1 “Non-Slender” Pn_NS Pn_S⎞⎠ =Pnfb 349.74 k

Check Constrained-Axis Torsional Buckling (C-E4) Engineer: __________ATT

Job #: __________2220290.02

Date: __________06/16/2023
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Fortress Puyallup Structural Calculation:

Dragstrut Design
≔Pnfb if ⎛⎝ ,,∧＝Check0 “Non-Slender” ＝Check1 “Non-Slender” Pn_NS Pn_S⎞⎠ =Pnfb 349.74 k

Check Constrained-Axis Torsional Buckling (C-E4)

≔tnailer ⋅5 in

≔tdeck ⋅0 in

Defines bracing offset along weak-axis to shear 
centroid.  Half of sheathing thickness at wood 
roof and half of metal deck material thickness 
(negligible) at metal deck.

≔a ++―
d
2

tnailer ――
tdeck

2

≔ho =(( -d t)) 15.46 in Distance between flange centroids.

≔ro.sq =++a2 rx
2 ry

2 210.16 in 2 Polar radius of gyration as defined in 
commentary.

≔Fe.ctb =0.9
⎛
⎜
⎜⎝

+⋅―――
⋅⋅π2 E Iy

LT
2

⎛
⎜
⎝

+――
ho

2

4
a2

⎞
⎟
⎠

⋅G J
⎞
⎟
⎟⎠

⎛
⎜
⎝
―――

1
⋅Ae ro.sq

⎞
⎟
⎠

21.41 ksi (C-E4-1)

For finite bracing stiffness use = 0.9ω

≔Fcr_ctb =if
⎛
⎜
⎝ ,,≥Fe.ctb ⋅0.44 Fy ⋅0.658

――
Fy

Fe.ctb Fy ⋅0.877 Fe.ctb

⎞
⎟
⎠ 18.78 ksi (E3-2) (E3-3)

≔Pctb =⋅Fcr_ctb Ae 154.14 k

≔Pn =min ⎛⎝ ,Pnfb Pctb⎞⎠ 154.14 k Controlling Compression Capacity

≔ϕPn ⋅0.9 Pn

=ϕPn 138.73 k
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Fortress Puyallup Structural Calculation:

Dragstrut Design

Check combined forces

=――
Pu

ϕPn

0.36

≔DCR3 if
⎛
⎜
⎝

,,≥――
Pu

ϕPn

0.2 +――
Pu

ϕPn

⋅―
8
9

⎛
⎜
⎝
――
Mux

ϕMn

⎞
⎟
⎠

+―――
Pu

⋅2 ⎛⎝ϕPn⎞⎠

⎛
⎜
⎝
――
Mux

ϕMn

⎞
⎟
⎠

⎞
⎟
⎠

=DCR3 0.46

≔Result if ⎛⎝ ,,≤DCR3 1.0 “OK” “NG”⎞⎠ =Result “OK”

This does not take in to 
account all failure 
mechanisms of connection. 
Consideration of block shear 
and other failure 
mechanisms may be 
required. 
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06.106.1

06 CONCRETE WALLS



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Protected Area

Purpose Statement: Out-of-Plane (OOP) Design of Concrete Tilt Up Panels

Referenced Standards: 2021 IBC
ASCE 7-16
ACI 318-19

General Design Criteria

≔rv 0.75 in Reveal Depth Inputs
Verify

≔clr 0.75 in Concrete Clear Cover Outputs

≔fc ⋅4000 psi Concrete Compressive Strength

≔fy ⋅60 ksi Reinforcement Yield Strength

≔Risk II Risk Category

General Loading

Gravity

≔DL ⋅14.9 psf Roof Dead Load

≔SL ⋅14 psf Roof Snow Load

Wind (ASCE 7-16 30.4)

≔Sw ⋅97 mph Mean Wind Speed

≔Exposure B Exposure Category

≔hmean 37 ft Mean Roof Height

≔Kz 0.74 (Table 26.10-1)

≔Kzt 1.0 (Section 26.8)

≔Kd 0.85 (Table 26.6-1)

≔Ke 1.0 (Table 26.9-1)

≔qh =⋅0.00256 Kzt Kz Kd Ke

⎛
⎜
⎝
――
Sw

mph

⎞
⎟
⎠

2

1 psf 15.15 psf
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Seismic (ASCE 7-16 12.11.1)

=Ie 1 Importance Factor - Seismic (Table 1.5-2)

≔SDS 0.843 Design Spectral Acceleration

≔Fp =max ⎛⎝ ,⋅⋅0.4 SDS Ie 0.1⎞⎠ 0.34 Seismic OOP coefficient

green shading is done
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

South Elevation

Panel Geometry

≔t 8 in Panel Thickness

≔ht +36 ft ―
5

24
in Roof Height (Panel Span) 

Parapet Height
≔hp =-43.5 ft ht 7.48 ft

≔DockHigh No Dock High Span Reduction

≔w +26 ft 2 in Panel Width

≔e =+―
t
2

⋅3 in 7 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔L 1 ft Panel Width Considered (PWC) for girder/pad ftg

≔xg 1 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 432.4 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Solid Panel w/ Mezzanine- 8" THK w/ #5 @ 10 " OC VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔pnet =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.9 psf

Panel Loading

≔wrf +59 ft 4 in Joist Span/Spacing Adjacent to Panel

≔loaddrift 59 psf Drift Load at Panel

≔wdrift +14 ft 3 in Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.39 ―

k
ft

≔Pdlr +⋅⋅xg DL ――
wrf

2
⋅⋅xg 25 psf ――

20 ft
2

Roof Dead Load + Mezzanine Dead Load =Pdlr 0.7 ―
k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.5 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 0.8 ―
k
ft

≔Pll_mezz ⋅⋅xg 65 psf ――
20 ft

2
Mezzanine Live Load =Pll_mezz 0.7 ―

k
ft

≔Mw ⋅xOOP ―――
⋅pnet ht2

8
Moment Due To Wind =Mw 2.3 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 5.5 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.5 ⎛⎝Psl⎞⎠ Pll_mezz ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.2 Psl ⋅0.5 Pll_mezz ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔y

⋅1.0 Pdlr 1.0 Pdlp +Psl Pll_mezz ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp +⋅0.5 Psl Pll_mezz ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔SP ⋅10 in Vertical Bar Spacing
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.19 in

≔As ――
Ab

SP
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.2
0.2
0.2
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

11.2
11.2
11
10.6
10.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.128
0.127
0.124
0.118
0.118

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 36 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠ =――

Mu

ϕMn

0.2
0.4
0.8
0.3
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.22_Fortress Puyallup - Panel OOP ACI 318-19 - North and South Elevation.mcdx Sheet #: 06.806.8



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.6
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =SP 10 in

Bar Location =layer “EF”

North Elevation Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.22_Fortress Puyallup - Panel OOP ACI 318-19 - North and South Elevation.mcdx Sheet #: 06.906.9



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

North Elevation

Drive In Door Leg

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +36 ft 9 in Roof Height (Panel Span) 

≔hp 0 ft Parapet Height

≔DockHigh Yes Dock High Span Reduction

≔w ⋅26 ft Panel Width

≔L 5 ft Panel Leg Width

≔hto 14 ft Panel Opening Height

≔wo 16 ft Panel Opening Width

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 36.75 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
2.6 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
2.6 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 450.2 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Panel w/ Drive-In Door (P4) - 9.5" THK w/ (12) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.9 psf

Panel Loading

≔wrf ⋅60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 0 psf Drift Load at Panel

≔wdrift 0 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load =Pdlr 1.2 ―

k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 5.7 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

⋅((20 psf)) ――
wrf

2

⎞
⎟
⎠

Total Snow Load =Psl 1.6 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 6.1 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 14.8 ――

⋅k ft
ft

Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.22_Fortress Puyallup - Panel OOP ACI 318-19 - North and South Elevation.mcdx Sheet #: 06.1206.12



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 12 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.69 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 5.3 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.4
0.3
0.3
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

26.7
26.3
26.3
25.6
25.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.208
0.201
0.201
0.191
0.191

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 29.4 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Δni
――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.2
0.31
0.7
0.28
0.67

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.05
0.07
0.53
0.07
0.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 5 ft Bar Quantity =NB 12

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +36 ft 9 in Roof Height (Panel Span) 

≔hp 0 Parapet Height

≔DockHigh Yes Dock High Span Reduction

≔w ⋅26 ft Panel Width

≔L 2 ft Panel Leg Width

≔hto 10 ft Panel Opening Height

≔wo 9 ft Panel Opening Width

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 36.75 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
3.3 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
3.3 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 450.2 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Panel w/ Dock Door (P5) - 2' leg 9.5" THK w/ (8) #5 VERT EF

Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.22_Fortress Puyallup - Panel OOP ACI 318-19 - North and South Elevation.mcdx Sheet #: 06.1606.16



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.9 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 0 psf Drift Load at Panel

≔wdrift 0.0 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft

=Pdlr 1.2 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 7.1 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

⋅20 psf ――
wrf

2

⎞
⎟
⎠

Total Snow Load =Psl 2 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 7.6 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 20 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)
≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 8 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.31 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 3.2 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.5
0.4
0.4
0.3
0.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

38.5
38.1
38.1
37.3
37.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.346
0.338
0.338
0.324
0.324

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 29.4 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.17
0.27
0.66
0.24
0.62

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.06
0.12
0.65
0.09
0.61

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 2 ft Bar Quantity =NB 8

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +36 ft 9 in Roof Height (Panel Span) 

≔hp 0 Parapet Height

≔DockHigh Yes Dock High Span Reduction

≔w ⋅26 ft Panel Width

≔L 4 ft Panel Leg Width

≔hto 10 ft Panel Opening Height

≔wo 9 ft Panel Opening Width

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 36.75 ft Total Panel Height

Panel Load Factors

≔xg =+1 ―
wo

L
3.3 Gravity Factor

≔xOOP =+1 ―
wo

L
3.3 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 450.2 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Panel w/ Dock Door (P5) - 4' Center Leg 9.5" THK w/ (14) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.9 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 0 psf Drift Load at Panel

≔wdrift 0.0 ft Drift Length

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
≔Pdrift |

|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft

=Pdlr 1.5 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 7.1 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

⋅20 psf ――
wrf

2

⎞
⎟
⎠

Total Snow Load =Psl 2 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 7.6 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

Browse for Image...

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 19.9 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 14 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.31 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 3.6 in =flag “OK”

≔As =―――
⋅NB Ab

L
1.09 ――

in 2

ft
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.5
0.4
0.4
0.3
0.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

34.8
34.3
34.3
33.6
33.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.309
0.301
0.301
0.287
0.287

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 29.4 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.2
0.3
0.74
0.27
0.69

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.06
0.12
0.7
0.09
0.66

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 4 ft Bar Quantity =NB 14

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +39 ft 10.5 in Roof Height (Panel Span) 

≔hp 0 Parapet Height

≔DockHigh Yes Dock High Span Reduction

≔w ⋅26 ft Panel Width

≔L +6 ft 10 in Panel Leg Width

≔hto1 +7 ft 8 in Panel Opening Height

≔wo1 +3 ft 4 in Panel Opening Width

≔hto2 10 ft

≔wo2 9 ft

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 39.88 ft Total Panel Height

Panel Load Factors

≔xg =+1 ―――
+wo1 wo2

2 L
1.9 Gravity Factor

≔xOOP =+1 ―――
+wo wo2

2 L
2.3 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 530 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Panel w/ Dock Door + Personnel Door (P7)- 6'-10" Center Leg 9.5" THK w/ (18) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.6 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 0 psf Drift Load at Panel

≔wdrift 0.0 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
≔wdrift 0.0 ft

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft

=Pdlr 1.5 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 4.5 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

⋅20 psf ――
wrf

2

⎞
⎟
⎠

Total Snow Load =Psl 1.1 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 6.3 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

Browse for Image...

≔w2 =⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf ⎛⎝ +wo1 wo2⎞⎠ 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

43.1 psf

≔Rbot =+―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto1⎞⎠
2

⋅2 ht
1.5 ―

k
ft

≔Rtop =-⎛⎝ +⋅w2 hto1 ⋅w1 ⎛⎝ -ht hto1⎞⎠⎞⎠ Rbot 1.8 ―
k
ft

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 17.7 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp 0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp 0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 18 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.69 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 4.7 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.3
0.3
0.3
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

28.2
27.9
27.9
27.3
27.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.215
0.21
0.21
0.202
0.202

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 31.9 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.17
0.28
0.76
0.27
0.73

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0
0.1
0.7
0.1
0.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 6.8 ft Bar Quantity =NB 18

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +39 ft 10.5 in Roof Height (Panel Span) 

≔hp 0 Parapet Height

≔DockHigh Yes Dock High Span Reduction

≔w ⋅26 ft Panel Width

≔L +4 ft 10 in Panel Leg Width

≔hto +7 ft 8 in Panel Opening Height

≔wo +3 ft 4 in Panel Opening Width

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 39.88 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
1.3 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
1.3 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 530 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Panel w/ Dock Door + Personnel Door (P7)- 4'-10" Leg 9.5" THK w/ (10) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.6 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 0 psf Drift Load at Panel

≔wdrift 0.0 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft

=Pdlr 0.9 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 3.2 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

⋅20 psf ――
wrf

2

⎞
⎟
⎠

Total Snow Load =Psl 0.8 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 3.6 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

Browse for Image...

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 10.5 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 10 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.31 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 6.3 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.2
0.2
0.2
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 =-0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

0.85 ≔Pu ⋅Pu ft ≔As ⋅As ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

21.4
21.1
21.1
20.7
20.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.175
0.171
0.171
0.165
0.165

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 31.9 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.14
0.22
0.59
0.2
0.57

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0
0
0.4
0
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 4.8 ft Bar Quantity =NB 10

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +35 ft 6 in Roof Height (Panel Span) 

≔hp 8 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅28 ft Panel Width

≔L +7 ft 6 in Panel Leg Width

≔hto +7 ft 4 in Panel Opening Height

≔wo +6 ft 4 in Panel Opening Width

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
1.4 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
1.4 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 420.1 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Panel w/ Dock Door + Personnel Door (P19)  7'-6" Leg 9.5" THK w/ (12) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 14 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 59 psf Drift Load at Panel

≔wdrift 14.67 ft Drift Length

Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.22_Fortress Puyallup - Panel OOP ACI 318-19 - North and South Elevation.mcdx Sheet #: 06.4106.41



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
≔wdrift 14.67 ft

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft

=Pdlr 0.6 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 4.3 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1.2 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 3.1 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

Browse for Image...

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 8.8 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.22_Fortress Puyallup - Panel OOP ACI 318-19 - North and South Elevation.mcdx Sheet #: 06.4206.42



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 12 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.31 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 8 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.3
0.2
0.2
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔β1 =-0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

0.85 ≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

17.8
17.4
17.3
16.8
16.8

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.148
0.143
0.142
0.135
0.135

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 35.5 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.2
0.3
0.7
0.2
0.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis=――
Mu

ϕMn

0.2
0.3
0.7
0.2
0.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0
0.1
0.5
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 7.5 ft Bar Quantity =NB 12

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +35 ft 6 in Roof Height (Panel Span) 

≔hp 8 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅28 ft Panel Width

≔L +6 ft 4 in Panel Leg Width

≔hto +7 ft 4 in Panel Opening Height

≔wo +3 ft 4 in Panel Opening Width

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
1.3 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
1.3 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 420.1 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Panel w/ Double Door + Personnel Door (P19)  6'-4" Leg 9.5" THK w/ (10) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 14 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 59 psf Drift Load at Panel

≔wdrift 14.67 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft

=Pdlr 0.6 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 3.9 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1.03 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 2.8 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

Browse for Image...

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 7.8 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 10 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.31 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 8.3 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.3
0.2
0.2
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 =-0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

0.85 ≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔β1 =-0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

0.85

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

17.4
17
17
16.5
16.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.143
0.139
0.138
0.132
0.132

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 35.5 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.17
0.24
0.61
0.21
0.58

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.04
0.05
0.37
0.05
0.31

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 6.3 ft Bar Quantity =NB 10

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.5 in Panel Thickness

≔ht +35 ft 6 in Roof Height (Panel Span) 

≔hp 8 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅28 ft Panel Width

≔L +4 ft 6 in Panel Leg Width

≔hto1 +7 ft 4 in Panel Opening Height

≔wo1 +3 ft 4 in Panel Opening Width

≔hto2 +7 ft 4 in

≔wo2 +6 ft 4 in

≔e =+―
t
2

⋅3 in 7.75 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔xg =+1 ―――
+wo1 wo2

2 L
2.1 Gravity Factor

≔xOOP =+1 ―――
+wo wo2

2 L
2.1 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 420.1 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Panel w/ Double Door + Personnel Door (P19) 4'-6" Center Leg 9.5" THK w/ (10) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 14 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 59 psf Drift Load at Panel

≔wdrift 14.67 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft

=Pdlr 0.6 ―
k
ft≔Pdlr ⋅⋅xg DL ――

wrf

2
Roof Dead Load

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 6.3 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1.7 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 4.6 ――

⋅k ft
ft

≔w1 ⋅⋅Fp 150 pcf t xOOP

Browse for Image...

≔w2 =⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf ⎛⎝ +wo1 wo2⎞⎠ 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

43.7 psf

≔Rbot =+―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto1⎞⎠
2

⋅2 ht
1.2 ―

k
ft

≔Rtop =-⎛⎝ +⋅w2 hto1 ⋅w1 ⎛⎝ -ht hto1⎞⎠⎞⎠ Rbot 1.4 ―
k
ft

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 12.6 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp 0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp 0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 10 Number of Vertical Bars

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.31 in

≔S ――――
-L 1.5 in

-NB 1
Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 5.8 in =flag “OK”

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.4
0.3
0.3
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
≔β1 -0.85 ⋅0.05

⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

24.2
23.7
23.6
22.9
22.9

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.208
0.201
0.199
0.189
0.189

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 35.5 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.2
0.3
0.8
0.3
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.8
0.1
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9.5 in Bar Size =rebar
bar_size

“#5”

Panel Leg Width =L 4.5 ft Bar Quantity =NB 10

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 8 in Panel Thickness

≔ht +36 ft 3 in Roof Height (Panel Span) 

≔hp +4 ft 3 in Parapet Height

≔DockHigh No Dock High Span Reduction

≔w +25 ft 4 in Panel Width

≔L +7 ft 8 in Panel Leg Width

≔hto +12 ft 0 in Panel Opening Height

≔wo 9 ft Panel Opening Width

≔e =+―
t
2

⋅3 in 7 in Roof Load Eccentricity

≔hT =+ht hp 40.5 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
1.6 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
1.6 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 438 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Panel w/ Double Door Opening w/ Canopy (P1) 8" THK, (16) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.9 psf

Panel Loading

≔wrf 60 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 59 psf Drift Load at Panel

≔wdrift 14.75 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load =Pdlr 0.7 ―

k
ft

≔Pdlp ⋅⋅⋅xg 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠
t Panel Dead Load =Pdlp 3.6 ―

k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1.3 ―
k
ft

≔Pdl_mezz 0 ―
k
ft

Mezzanine Dead Load =Pdl_mezz 0 ―
k
ft

≔Pll_mezz 0 ―
k
ft

Mezzanine Live Load =Pll_mezz 0 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 3.6 ――

⋅k ft
ft

≔w1 ⋅⋅⋅Fp 150 pcf t xOOP

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 8.2 ――

⋅k ft
ft

Canopy Loading

≔Pdl_c ―――
170 lbf

L
Canopy Dead Load =Pdl_c 0 ―

k
ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Mdl_c ――――
⋅⋅316 lbf ft

L
Canopy Dead Load (Moment) =Mdl_c 0 ――

⋅k ft
ft

≔Psl_c ―――
600 lbf

L
Canopy Snow Load =Psl_c 0.1 ―

k
ft

≔Msl_c ――――
⋅⋅930 lbf ft

L
Canopy Snow Load (Moment) =Msl_c 0.1 ――

⋅k ft
ft

≔Pw_c ―――
200 lbf

L
Canopy Wind Load =Pw_c 0 ―

k
ft

≔Mw_c ――――
⋅386 lbf ft

L
Canopy Wind (Moment) =Mw_c 0.1 ――

⋅k ft
ft

Strength Load Combinations (LRFD) (ASCE 7-16 2.3)

Equation 16-3
Equation 16-4

Equation 16-5

Equation 16-6

Equation 16-7

≔x

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp +⋅1.6 Psl 0.5 Pll_mezz 0 ――
⋅k ft

ft
⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅1.6 Psl_c ⋅1.6 Msl_c 0 ―

k

ft
⋅0.5 Mw_c

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp ⋅0.5 ⎛⎝ +Psl Pll_mezz⎞⎠ ⋅1.0 Mw ⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅0.5 Psl_c ⋅0.5 Msl_c ⋅1.0 Pw_c ⋅1.0 Mw_c

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp +0.5 Pll_mezz ⋅0.2 Psl ⋅1.0 Ms ⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅0.2 Psl_c ⋅0.2 Msl_c 0 ―
k

ft
0 ――

⋅k ft

ft

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
⋅1.0 Pw_c ⋅1.0 Mw_c

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
0 ―

k

ft
⋅0 ――

⋅k ft

ft

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Service/Deflection Load Combinations (ASD) (2021 IBC 1605.2)

≔ω 1.0 ≔i ‥0 -rows ((x)) 1

Equation 16-20

Equation 16-19

Equation 16-21

Equation 16-18

Equation 16-22

≔y

⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Psl Pll_mezz ――――
⋅⋅ω 0.6 Mw

2
⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅1.0 Psl_c ⋅1.0 Msl_c ――――

⋅⋅ω 0.6 Pw_c

2
―――――

⋅⋅ω 0.6 Mw_c

2
⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Pll_mezz ⋅0.5 Psl ⋅⋅ω 0.6 Mw ⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅0.5 Psl_c ⋅0.5 Msl_c ⋅⋅ω 0.6 Pw_c ⋅⋅ω 0.6 Mw_c

⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms ⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅1.0 Psl_c ⋅1.0 Msl_c 0 ―
k

ft
⋅0 ――

⋅k ft

ft

⋅0.67 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅⋅ω 0.6 Mw ⋅0.67 Pdl_c ⋅0.67 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
⋅⋅ω 0.6 Pw_c ⋅⋅ω 0.6 Mw_c

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―
k

ft
⋅0 ――

⋅k ft

ft
0 ―

k

ft
0 ――

⋅k ft

ft

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Define Panel Reinforcing
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔bar_size #5 Vertical Bar Size

≔NB 14 Vertical Bar Spacing

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.19 in

≔S =――――
-L 1.5 in

-NB 1
7 in Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 7 in =flag “OK”

≔As =―――
⋅NB Ab

L
0.57 ――

in 2

ft
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

+++++x
,i 0

x
,i 1

x
,i 2

x
,i 4

x
,i 6

x
,i 8

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.3
0.3
0.2
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

16.4
16.1
16
15.6
15.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.193
0.186
0.184
0.176
0.176

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 36.3 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔Icri +―――――
⋅⋅12 in ⎛

⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

++++x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

x
,i 5

x
,i 7

x
,i 9

⎞
⎟
⎠
ft ≔Mui

―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.1
0.4
0.8
0.3
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

++++y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

y
,i 5

y
,i 7

y
,i 9

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

+++++y
,i 0

y
,i 1

y
,i 2

y
,i 4

y
,i 6

y
,i 8

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.08
0.12
0.91
0.11
0.76

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary
Panel Thickness =t 8 in Bar Size =rebar

bar_size
“#5”

Panel Leg Width =L 7.7 ft Bar Quantity =NB 14

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Protected Area

Purpose Statement: Out-of-Plane (OOP) Design of Concrete Tilt Up Panels

Referenced Standards: 2021 IBC
ASCE 7-16
ACI 318-19

General Design Criteria

≔rv 0.75 in Reveal Depth Inputs
Verify

≔clr 0.75 in Concrete Clear Cover Outputs

≔fc ⋅4000 psi Concrete Compressive Strength

≔fy ⋅60 ksi Reinforcement Yield Strength

≔Risk II Risk Category

General Loading

Gravity

≔DL ⋅14.9 psf Roof Dead Load

≔SL ⋅14 psf Roof Snow Load

Wind (ASCE 7-16 30.4)

≔Sw ⋅97 mph Mean Wind Speed

≔Exposure B Exposure Category

≔hmean 37 ft Mean Roof Height

≔Kz 0.74 (Table 26.10-1)

≔Kzt 1.0 (Section 26.8)

≔Kd 0.85 (Table 26.6-1)

≔Ke 1.0 (Table 26.9-1)

≔qh =⋅0.00256 Kzt Kz Kd Ke

⎛
⎜
⎝
――
Sw

mph

⎞
⎟
⎠

2

1 psf 15.15 psf
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Seismic (ASCE 7-16 12.11.1)

=Ie 1 Importance Factor - Seismic (Table 1.5-2)

≔SDS 0.843 Design Spectral Acceleration

≔Fp =max ⎛⎝ ,⋅⋅0.4 SDS Ie 0.1⎞⎠ 0.34 Seismic OOP coefficient

green shading is done
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

West Elevation

Panel Geometry

≔t 8.75 in Panel Thickness

≔ht ⋅39.25 ft Roof Height (Panel Span) 

≔hp ⋅1.25 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅26.5 ft Panel Width

≔e =+―
t
2

⋅3 in 7.38 in Roof Load Eccentricity

≔hT =+ht hp 40.5 ft Total Panel Height

Panel Load Factors
Panel Width Considered (PWC) for 
girder/pad ftg

≔L 10 ft

≔xg 1.0 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 513.5 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

Solid Panel - Girder Loading (P55 @ GL C) - 8.75" THK 10' Eff Width, (20) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.6 psf

Panel Loading

≔wgrdr 52 ft Girder Span

≔sgrdr 59.33 ft Girder Tributary Width

≔loaddrift 51 psf Drift Load at Girder Panel

≔wdrift 24.5 ft Drift Length at Girder Panel

≔fgrdr 1.0 Portion of Girder Load on Panel Leg

≔xgrdr =⋅fgrdr ――
sgrdr
L

5.9 Girder Factor
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔sjst +10 ft 0 in Joist Spacing/Tributary Width

≔Pdrift_1 ⋅――――
⋅loaddrift sjst

2

⎛
⎜
⎝

-1 ―――
sjst

4 wdrift

⎞
⎟
⎠

Drift Load on Panel

≔Pdrift_2 -―――――
⋅loaddrift wdrift

2
Pdrift_1 Girder Reaction from Drift

≔wjst 59.33 ft Joist Span

≔loaddrift_jst 0 psf Drift Load at Joist Panel

≔wdrift_jst 0 ft Drift Length at Joist Panel

≔Pdrift_3 ――
wgrdr

2 L

⎛
⎜
⎜⎝
―――――――

⋅loaddrift_jst wdrift_jst
2

⋅6 wjst

⎞
⎟
⎟⎠

≔Psl_1 ⋅xg
⎛
⎜
⎝

+⋅SL ――
sjst
2

Pdrift_1

⎞
⎟
⎠

≔Psl_2 +⋅xgrdr
⎛
⎜
⎝

+⋅SL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Pdrift_2

⎞
⎟
⎠

⋅fgrdr Pdrift_3

≔Psl +Psl_1 Psl_2 Total Snow Load =Psl 4.4 ―
k
ft

≔Pdlr +⋅⋅xg DL ――
sjst
2

⋅⋅xgrdr DL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Roof Dead Load =Pdlr 1.9 ―
k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.3 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 2.6 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 7.1 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(IBC 2018 1605.2) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 20 Vertical Bar Spacing

≔S =――――
-L 1.5 in

-NB 1
6.2 in

≔flag =if (( ,,>S 3 in “OK” “Revise”)) “OK”

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.94 in

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠

=―
Pu

Pa

0.5
0.3
0.2
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

21.1
19.9
19.6
19.1
19.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.205
0.185
0.179
0.17
0.17

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 39.3 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 
11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.4
0.3
0.6
0.2
0.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.7
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 8.8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =NB 20

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 8.75 in Panel Thickness

≔ht ⋅38 ft Roof Height (Panel Span) 

≔hp ⋅2.5 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅26.5 ft Panel Width

≔e =+―
t
2

⋅3 in 7.38 in Roof Load Eccentricity

≔hT =+ht hp 40.5 ft Total Panel Height

Panel Load Factors
Panel Width Considered (PWC) for 
girder/pad ftg

≔L +10 ft 0 in

≔xg 1.0 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 481.3 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

Solid Panel - Girder Loading (P57 @ GL D) - 8.75" THK 10'-0" Eff Width, (20) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.7 psf

Panel Loading

≔wgrdr 52 ft Girder Span

≔sgrdr 59.33 ft Girder Tributary Width

≔loaddrift 28 psf Drift Load at Girder Panel

≔wdrift 13.25 ft Drift Length at Girder Panel

≔fgrdr 1.0 Portion of Girder Load on Panel Leg

≔xgrdr =⋅fgrdr ――
sgrdr
L

5.9 Girder Factor

≔sjst +10 ft 0 in Joist Spacing/Tributary Width
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
≔sjst +10 ft 0 in

≔Pdrift_1 ⋅――――
⋅loaddrift sjst

2

⎛
⎜
⎝

-1 ―――
sjst

4 wdrift

⎞
⎟
⎠

Drift Load on Panel

≔Pdrift_2 -―――――
⋅loaddrift wdrift

2
Pdrift_1 Girder Reaction from Drift

≔wjst 60 ft Joist Span

≔loaddrift_jst 59 psf Drift Load at Joist Panel

≔wdrift_jst 14.25 ft Drift Length at Joist Panel

≔Pdrift_3 ――
wgrdr

2 L

⎛
⎜
⎜⎝
―――――――

⋅loaddrift_jst wdrift_jst
2

⋅6 wjst

⎞
⎟
⎟⎠

≔Psl_1 ⋅xg
⎛
⎜
⎝

+⋅SL ――
sjst
2

Pdrift_1

⎞
⎟
⎠

≔Psl_2 +⋅xgrdr
⎛
⎜
⎝

+⋅SL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Pdrift_2

⎞
⎟
⎠

⋅fgrdr Pdrift_3

≔Psl +Psl_1 Psl_2 Total Snow Load =Psl 2.4 ―
k
ft

≔Pdlr +⋅⋅xg DL ――
sjst
2

⋅⋅xgrdr DL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Roof Dead Load =Pdlr 1.9 ―
k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.4 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 2.5 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 6.7 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 20 Vertical Bar Spacing

≔S =――――
-L 1.5 in

-NB 1
6.2 in

≔flag =if (( ,,>S 3 in “OK” “Revise”)) “OK”

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.94 in

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

=―
Pu

Pa

0.4
0.3
0.2
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠

=―
Pu

Pa

0.4
0.3
0.2
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

20.4
19.7
19.5
19.1
19.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.192
0.181
0.178
0.171
0.171

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 38 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.3
0.2
0.5
0.2
0.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.5
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 8.8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =NB 20

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 8.75 in Panel Thickness

≔ht ⋅38.75 ft Roof Height (Panel Span) 

≔hp ⋅1.75 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅26.5 ft Panel Width

≔e =+―
t
2

⋅3 in 7.38 in Roof Load Eccentricity

≔hT =+ht hp 40.5 ft Total Panel Height

Panel Load Factors

≔L 1 ft Panel Width Considered (PWC) for girder/pad ftg

≔xg 1 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 500.5 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

Solid Panel (P56)- 8.75" THK, #5 @ 10" OC VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔pnet =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.6 psf

Panel Loading

≔wrf ⋅10 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 51 psf Drift Load at Panel

≔wdrift 24.5 ft Drift Length

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.2 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load =Pdlr 0.1 ―

k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.3 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 0.3 ―
k
ft

≔Mw ⋅xOOP ―――
⋅pnet ht2

8
Moment Due To Wind =Mw 2.6 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 6.9 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔SP ⋅10 in Vertical Bar Spacing

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.94 in

≔As ――
Ab

SP
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.1
0.1
0.1
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

12.1
12
12
11.8
11.8

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.107
0.105
0.105
0.102
0.102

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 38.8 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠ =――

Mu

ϕMn

0.2
0.3
0.7
0.3
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0
0.1
0.4
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Thickness =t 8.8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =SP 10 in

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 8.75 in Panel Thickness

≔ht ⋅38 ft Roof Height (Panel Span) 

≔hp ⋅5.5 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅26.5 ft Panel Width

≔e =+―
t
2

⋅3 in 7.38 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔L 1 ft Panel Width Considered (PWC) for girder/pad ftg

≔xg 1 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 481.3 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

Solid Panel (P58)- 8.75" THK, #5 @ 10" OC VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔pnet =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.7 psf

Panel Loading

≔wrf ⋅10 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 84 psf Drift Load at Panel

≔wdrift 20.25 ft Drift Length

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load =Pdlr 0.1 ―

k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.7 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 0.4 ―
k
ft

≔Mw ⋅xOOP ―――
⋅pnet ht2

8
Moment Due To Wind =Mw 2.5 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 6.7 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔SP ⋅10 in Vertical Bar Spacing

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.94 in

≔As ――
Ab

SP
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.2
0.1
0.1
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

12.3
12.2
12.1
11.9
11.9

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.109
0.107
0.107
0.103
0.103

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 38 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠ =――

Mu

ϕMn

0.2
0.3
0.7
0.3
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0
0.1
0.4
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 8.8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =SP 10 in

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 9.25 in Panel Thickness

≔ht 37 ft Roof Height (Panel Span) 

≔hp 6.5 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w 26.5 ft Panel Width

≔L 4.75 ft Panel Leg Width

≔hto +28 ft 4 in Panel Opening Height

≔wo 17 ft Panel Opening Width

≔e =+―
t
2

⋅3 in 7.63 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
2.8 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
2.8 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 456.3 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Panel w/ Storefront Opening w/ Canopy (P29) 9.25" THK, (18) #5 VERT EF RECHECK WITH ACCURATE CANOPY LOADING
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.8 psf

Panel Loading

≔wrf 10 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 84 psf Drift Load at Panel

≔wdrift 20.25 ft Drift Length

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

=Pdrift 0.4 ―
k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load =Pdlr 0.2 ―

k
ft

≔Pdlp ⋅⋅⋅xg 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠
t Panel Dead Load =Pdlp 8.1 ―

k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1.2 ―
k
ft

≔Pdl_mezz ⋅xg
⎛
⎜
⎝

⋅25 psf ――
20 ft

2

⎞
⎟
⎠

=Pdl_mezz 0.7 ―
k
ft

≔Pll_mezz ⋅xg
⎛
⎜
⎝

⋅65 psf ――
20 ft

2

⎞
⎟
⎠

=Pll_mezz 1.8 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 6.6 ――

⋅k ft
ft

≔w1 ⋅⋅⋅Fp 150 pcf t xOOP

≔w2 ⋅⎛⎝ ++⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L ⋅⋅Fp 25 psf wo⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 12.5 ――

⋅k ft
ft

Canopy Loading

≔Pdl_c ―――
1540 lbf

L
Canopy Dead Load =Pdl_c 0.3 ―

k
ft

≔Mdl_c ――――
⋅8.12 k ft

L
Canopy Dead Load (Moment) =Mdl_c 1.7 ――

⋅k ft
ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Mdl_c ――――
⋅8.12 k ft

L
=Mdl_c 1.7 ――

⋅k ft
ft

≔Psl_c ―――
520 lbf

L
Canopy Snow Load =Psl_c 0.1 ―

k
ft

≔Msl_c ――――
⋅⋅2.06 k ft

L
Canopy Snow Load (Moment) =Msl_c 0.4 ――

⋅k ft
ft

≔Pw_c ―――
270 lbf

L
Canopy Wind Load =Pw_c 0.1 ―

k
ft

≔Mw_c ――――
⋅1.28 k ft

L
Canopy Wind (Moment) =Mw_c 0.3 ――

⋅k ft
ft

Strength Load Combinations (LRFD) (ASCE 7-16 2.3)

Equation 16-3
Equation 16-4

Equation 16-5

Equation 16-6

Equation 16-7

≔x

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp +⋅1.6 Psl 0.5 Pll_mezz 0 ――
⋅k ft

ft
⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅1.6 Psl_c ⋅1.6 Msl_c 0 ―

k

ft
⋅0.5 Mw_c

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp ⋅0.5 ⎛⎝ +Psl Pll_mezz⎞⎠ ⋅1.0 Mw ⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅0.5 Psl_c ⋅0.5 Msl_c ⋅1.0 Pw_c ⋅1.0 Mw_c

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp +0.5 Pll_mezz ⋅0.2 Psl ⋅1.0 Ms ⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅0.2 Psl_c ⋅0.2 Msl_c 0 ―
k

ft
0 ――

⋅k ft

ft

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
⋅1.0 Pw_c ⋅1.0 Mw_c

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
0 ―

k

ft
⋅0 ――

⋅k ft

ft

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Service/Deflection Load Combinations (ASD) (2021 IBC 1605.2)

≔ω 1.0 ≔i ‥0 -rows ((x)) 1

Equation 16-20

Equation 16-19

Equation 16-21

Equation 16-18

Equation 16-22

≔y

⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Psl Pll_mezz ――――
⋅⋅ω 0.6 Mw

2
⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅1.0 Psl_c ⋅1.0 Msl_c ――――

⋅⋅ω 0.6 Pw_c

2
―――――

⋅⋅ω 0.6 Mw_c

2
⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Pll_mezz ⋅0.5 Psl ⋅⋅ω 0.6 Mw ⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅0.5 Psl_c ⋅0.5 Msl_c ⋅⋅ω 0.6 Pw_c ⋅⋅ω 0.6 Mw_c

⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms ⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅1.0 Psl_c ⋅1.0 Msl_c 0 ―
k

ft
⋅0 ――

⋅k ft

ft

⋅0.67 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅⋅ω 0.6 Mw ⋅0.67 Pdl_c ⋅0.67 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
⋅⋅ω 0.6 Pw_c ⋅⋅ω 0.6 Mw_c

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―
k

ft
⋅0 ――

⋅k ft

ft
0 ―

k

ft
0 ――

⋅k ft

ft

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

Engineer: __________ATT/SHA

Job #: __________2220290.00

Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.23_Fortress Puyallup - Panel OOP ACI 318-19 - East and West Elevations.mcdx Sheet #: 06.9406.94



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔NB 18 Vertical Bar Spacing

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.06 in

≔S =――――
-L 1.5 in

-NB 1
3.3 in Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 3.3 in =flag “OK”

≔As =―――
⋅NB Ab

L
1.17 ――

in 2

ft
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

+++++x
,i 0

x
,i 1

x
,i 2

x
,i 4

x
,i 6

x
,i 8

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.5
0.5
0.5
0.3
0.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

35.7
35.4
35.3
34.5
34.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.345
0.34
0.338
0.322
0.322

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 37 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔Icri +―――――
⋅⋅12 in ⎛

⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

++++x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

x
,i 5

x
,i 7

x
,i 9

⎞
⎟
⎠
ft ≔Mui

―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.2
0.4
0.6
0.3
0.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

++++y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

y
,i 5

y
,i 7

y
,i 9

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

+++++y
,i 0

y
,i 1

y
,i 2

y
,i 4

y
,i 6

y
,i 8

⎞
⎠
ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.2
0.4
0.9
0.2
0.8

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary
Panel Thickness =t 9.3 in Bar Size =rebar

bar_size
“#5”

Panel Leg Width =L 4.8 ft Bar Quantity =NB 18

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

East Elevation

Panel Geometry

≔t 8.75 in Panel Thickness

≔ht ⋅39.25 ft Roof Height (Panel Span) 

≔hp ⋅4.25 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅26.5 ft Panel Width

≔e =+―
t
2

⋅3 in 7.38 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors
Panel Width Considered (PWC) for 
girder/pad ftg

≔L 10 ft

≔xg 1.0 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 513.5 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

Solid Panel - Girder Loading (P25 @ GL C) - 8.75" THK 10' Eff Width, (20) #5 VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.6 psf

Panel Loading

≔wgrdr +29 ft 10 in Girder Span

≔sgrdr 59.33 ft Girder Tributary Width

≔loaddrift 84 psf Drift Load at Girder Panel

≔wdrift 20.25 ft Drift Length at Girder Panel

≔fgrdr 1.0 Portion of Girder Load on Panel Leg

≔xgrdr =⋅fgrdr ――
sgrdr
L

5.9 Girder Factor
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔sjst +10 ft 0 in Joist Spacing/Tributary Width

≔Pdrift_1 ⋅――――
⋅loaddrift sjst

2

⎛
⎜
⎝

-1 ―――
sjst

4 wdrift

⎞
⎟
⎠

Drift Load on Panel

≔Pdrift_2 -―――――
⋅loaddrift wdrift

2
Pdrift_1 Girder Reaction from Drift

≔wjst 59.33 ft Joist Span

≔loaddrift_jst 0 psf Drift Load at Joist Panel

≔wdrift_jst 0 ft Drift Length at Joist Panel

≔Pdrift_3 ――
wgrdr

2 L

⎛
⎜
⎜⎝
―――――――

⋅loaddrift_jst wdrift_jst
2

⋅6 wjst

⎞
⎟
⎟⎠

≔Psl_1 ⋅xg
⎛
⎜
⎝

+⋅SL ――
sjst
2

Pdrift_1

⎞
⎟
⎠

≔Psl_2 +⋅xgrdr
⎛
⎜
⎝

+⋅SL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Pdrift_2

⎞
⎟
⎠

⋅fgrdr Pdrift_3

≔Psl +Psl_1 Psl_2 Total Snow Load =Psl 4.1 ―
k
ft

≔Pdlr +⋅⋅xg DL ――
sjst
2

⋅⋅xgrdr DL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Roof Dead Load =Pdlr 1 ―
k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.6 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 2.6 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 7.1 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 20 Vertical Bar Spacing

≔S =――――
-L 1.5 in

-NB 1
6.2 in

≔flag =if (( ,,>S 3 in “OK” “Revise”)) “OK”

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.94 in

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

=―
Pu

Pa

0.4
0.3
0.2
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠

=―
Pu

Pa

0.4
0.3
0.2
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

20.8
19.7
19.4
18.9
18.9

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.2
0.181
0.176
0.168
0.168

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 39.3 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.3
0.3
0.5
0.2
0.5

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.7
0.1
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 8.8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =NB 20

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 8.75 in Panel Thickness

≔ht ⋅38 ft Roof Height (Panel Span) 

≔hp ⋅2.5 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w ⋅20 ft Panel Width

≔e =+―
t
2

⋅3 in 7.38 in Roof Load Eccentricity

≔hT =+ht hp 40.5 ft Total Panel Height

Panel Load Factors
Panel Width Considered (PWC) for 
girder/pad ftg

≔L +5 ft 0 in

≔xg 1.0 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 481.3 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

Solid Panel - Girder Loading (P23 @ GL D) - 8.75" THK 5'-0" Eff Width, (10) #5 VERT EF

Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.7 psf

Panel Loading

≔wgrdr +29 ft 10 in Girder Span

≔sgrdr ―――
59.33 ft

1.25
Girder Tributary Width

≔loaddrift 51 psf Drift Load at Girder Panel

≔wdrift 24.5 ft Drift Length at Girder Panel

≔fgrdr 1 Portion of Girder Load on Panel Leg

≔xgrdr =⋅fgrdr ――
sgrdr
L

9.5 Girder Factor

≔sjst +10 ft 0 in Joist Spacing/Tributary Width

≔Pdrift_1 ⋅――――
⋅loaddrift sjst

2

⎛
⎜
⎝

-1 ―――
sjst

4 wdrift

⎞
⎟
⎠
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift_1 ⋅――――
⋅loaddrift sjst

2

⎛
⎜
⎝

-1 ―――
sjst

4 wdrift

⎞
⎟
⎠

Drift Load on Panel

≔Pdrift_2 -―――――
⋅loaddrift wdrift

2
Pdrift_1 Girder Reaction from Drift

≔wjst 60 ft Joist Span

≔loaddrift_jst 0 psf Drift Load at Joist Panel

≔wdrift_jst 0 ft Drift Length at Joist Panel

≔Pdrift_3 ――
wgrdr

2 L

⎛
⎜
⎜⎝
―――――――

⋅loaddrift_jst wdrift_jst
2

⋅6 wjst

⎞
⎟
⎟⎠

≔Psl_1 ⋅xg
⎛
⎜
⎝

+⋅SL ――
sjst
2

Pdrift_1

⎞
⎟
⎠

≔Psl_2 +⋅xgrdr
⎛
⎜
⎝

+⋅SL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Pdrift_2

⎞
⎟
⎠

⋅fgrdr Pdrift_3

≔Psl +Psl_1 Psl_2 Total Snow Load =Psl 5.4 ―
k
ft

≔Pdlr +⋅⋅xg DL ――
sjst
2

⋅⋅xgrdr DL
⎛
⎜
⎝
――――

-wgrdr sjst
2

⎞
⎟
⎠

Roof Dead Load =Pdlr 1.5 ―
k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 2.4 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 2.5 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 6.7 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.5 Psl ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅0.2 Psl ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔y

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp ⋅0.5 Psl ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp ⋅1.0 Psl ⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k
ft

⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k
ft

⋅
⎛
⎜
⎝
――

1
1.4

⎞
⎟
⎠
Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 10 Vertical Bar Spacing

≔S =――――
-L 1.5 in

-NB 1
6.5 in

≔flag =if (( ,,>S 3 in “OK” “Revise”)) “OK”

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 6.94 in

≔As ―――
⋅NB Ab

L
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠

=―
Pu

Pa

0.5
0.3
0.2
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

21.4
19.9
19.5
19
19

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.209
0.185
0.178
0.169
0.169

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 38 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri Engineer: __________ATT/SHA
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Date: __________04/28/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.23_Fortress Puyallup - Panel OOP ACI 318-19 - East and West Elevations.mcdx Sheet #: 06.10906.109



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0.5
0.3
0.5
0.2
0.4

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.7
0.1
0.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 8.8 in Bar Size =rebar
bar_size

“#5” Bar Spacing =NB 10

Bar Location =layer “EF”

Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Panel Geometry

≔t 10 in Panel Thickness

≔ht 37 ft Roof Height (Panel Span) 

≔hp 6.5 ft Parapet Height

≔DockHigh No Dock High Span Reduction

≔w 26.5 ft Panel Width

≔L +4 ft 9 in Panel Leg Width

≔hto +12 ft 0 in Panel Opening Height

≔wo 17 ft Panel Opening Width

≔e =+―
t
2

⋅3 in 8 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔xg =+1 ――
wo

⋅2 L
2.8 Gravity Factor

≔xOOP =+1 ――
wo

⋅2 L
2.8 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 456.3 ft 2

If roof slope is <10 degrees, 
GCp can be reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Panel w/ Storefront Opening w/ Canopy (P52) 10" THK, (18) #5 VERT EF

Engineer: __________ATT/SHA
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔p =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.8 psf

Panel Loading

≔wrf 10 ft Joist Span/Spacing Adjacent to Panel

≔loaddrift 84 psf Drift Load at Panel

≔wdrift 20.25 ft Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.4 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load =Pdlr 0.2 ―

k
ft

≔Pdlp ⋅⋅⋅xg 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠
t Panel Dead Load =Pdlp 8.7 ―

k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1.2 ―
k
ft

≔Pdl_mezz ⋅xg
⎛
⎜
⎝

⋅25 psf ――
20 ft

2

⎞
⎟
⎠

=Pdl_mezz 0.7 ―
k
ft

≔Pll_mezz ⋅xg
⎛
⎜
⎝

⋅65 psf ――
20 ft

2

⎞
⎟
⎠

=Pll_mezz 1.8 ―
k
ft

≔Mw ⋅xOOP ―――
⋅p ht2

8
Moment Due To Wind =Mw 6.6 ――

⋅k ft
ft

≔w1 ⋅⋅⋅Fp 150 pcf t xOOP

≔w2 ⋅⎛⎝ +⋅⋅⋅⋅Fp 10 psf wo 0.5 ⋅⋅⋅Fp 150 pcf t L⎞⎠ ―
1
L

≔Rbot +―――
⋅w2 ht

2
―――――――

⋅⎛⎝ -w1 w2⎞⎠ ⎛⎝ -ht hto⎞⎠
2

⋅2 ht

≔Rtop -⎛⎝ +⋅w2 hto ⋅w1 ⎛⎝ -ht hto⎞⎠⎞⎠ Rbot

≔xm ――
Rtop

w1

≔Ms -⋅Rtop xm ―――
⋅w1 xm

2

2
Moment Due to Seismic w/ Opening =Ms 17.7 ――

⋅k ft
ft

Canopy Loading

≔Pdl_c ―――
433 lbf

L
Canopy Dead Load =Pdl_c 0.1 ―

k
ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Pdl_c ―――
433 lbf

L
=Pdl_c 0.1 ―

k
ft

≔Mdl_c ⋅0.0 ――
⋅k ft
ft

Canopy Dead Load (Moment) =Mdl_c 0 ――
⋅k ft
ft

≔Psl_c ―――
3.03 k

L
Canopy Snow Load =Psl_c 0.6 ―

k
ft

≔Msl_c ⋅0.0 ――
⋅k ft
ft

Canopy Snow Load (Moment) =Msl_c 0 ――
⋅k ft
ft

≔Pw_c ―――
529 lbf

L
Canopy Wind Load =Pw_c 0.1 ―

k
ft

≔Mw_c ⋅0 ――
⋅k ft
ft

Canopy Wind (Moment) =Mw_c 0 ――
⋅k ft
ft

Strength Load Combinations (LRFD) (ASCE 7-16 2.3)

Equation 16-3
Equation 16-4

Equation 16-5

Equation 16-6

Equation 16-7

≔x

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp +⋅1.6 Psl 0.5 Pll_mezz 0 ――
⋅k ft

ft
⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅1.6 Psl_c ⋅1.6 Msl_c 0 ―

k

ft
⋅0.5 Mw_c

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp ⋅0.5 ⎛⎝ +Psl Pll_mezz⎞⎠ ⋅1.0 Mw ⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅0.5 Psl_c ⋅0.5 Msl_c ⋅1.0 Pw_c ⋅1.0 Mw_c

⋅1.2 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.2 Pdlp +0.5 Pll_mezz ⋅0.2 Psl ⋅1.0 Ms ⋅1.2 Pdl_c ⋅1.2 Mdl_c ⋅0.2 Psl_c ⋅0.2 Msl_c 0 ―
k

ft
0 ――

⋅k ft

ft

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
⋅1.0 Pw_c ⋅1.0 Mw_c

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
0 ―

k

ft
⋅0 ――

⋅k ft

ft

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Service/Deflection Load Combinations (ASD) (2021 IBC 1605.2)

≔ω 1.0 ≔i ‥0 -rows ((x)) 1

Equation 16-20

Equation 16-19

Equation 16-21

Equation 16-18

Equation 16-22

≔y

⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Psl Pll_mezz ――――
⋅⋅ω 0.6 Mw

2
⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅1.0 Psl_c ⋅1.0 Msl_c ――――

⋅⋅ω 0.6 Pw_c

2
―――――

⋅⋅ω 0.6 Mw_c

2
⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Pll_mezz ⋅0.5 Psl ⋅⋅ω 0.6 Mw ⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅0.5 Psl_c ⋅0.5 Msl_c ⋅⋅ω 0.6 Pw_c ⋅⋅ω 0.6 Mw_c

⋅1.0 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms ⋅1.0 Pdl_c ⋅1.0 Mdl_c ⋅1.0 Psl_c ⋅1.0 Msl_c 0 ―
k

ft
⋅0 ――

⋅k ft

ft

⋅0.67 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅⋅ω 0.6 Mw ⋅0.67 Pdl_c ⋅0.67 Mdl_c ⋅0 ―

k

ft
⋅0 ――

⋅k ft

ft
⋅⋅ω 0.6 Pw_c ⋅⋅ω 0.6 Mw_c

⋅0.9 ⎛⎝ +Pdlr Pdl_mezz⎞⎠ ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms ⋅0.9 Pdl_c ⋅0.9 Mdl_c ⋅0 ―
k

ft
⋅0 ――

⋅k ft

ft
0 ―

k

ft
0 ――

⋅k ft

ft

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

Define Panel Reinforcing
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔NB 18 Vertical Bar Spacing

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size #3 Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.81 in

≔S =――――
-L 1.5 in

-NB 1
3.3 in Vertical Bar Spacing OC

≔flag if (( ,,≥S 3 in “OK” “Revise”)) =S 3.3 in =flag “OK”

≔As =―――
⋅NB Ab

L
1.17 ――

in 2

ft
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

+++++x
,i 0

x
,i 1

x
,i 2

x
,i 4

x
,i 6

x
,i 8

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.5
0.5
0.4
0.3
0.3

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

40.3
39.9
39.8
38.8
38.8

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.317
0.31
0.308
0.293
0.292

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 37 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔Icri +―――――
⋅⋅12 in ⎛

⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

++++x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

x
,i 5

x
,i 7

x
,i 9

⎞
⎟
⎠
ft ≔Mui

―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠

=――
Mu

ϕMn

0
0.3
0.6
0.2
0.6

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

++++y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

y
,i 5

y
,i 7

y
,i 9

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

+++++y
,i 0

y
,i 1

y
,i 2

y
,i 4

y
,i 6

y
,i 8

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.1
0.1
0.8
0.1
0.7

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary
Panel Thickness =t 10 in Bar Size =rebar

bar_size
“#5”

Panel Leg Width =L 4.8 ft Bar Quantity =NB 18

Bar Location =layer “EF”
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis
Protected Area

Purpose Statement: Out-of-Plane (OOP) Design of Concrete Tilt Up Panels

Referenced Standards: 2021 IBC
ASCE 7-16
ACI 318-19

General Design Criteria

≔rv 0.75 in Reveal Depth Inputs
Verify

≔clr 0.75 in Concrete Clear Cover Outputs

≔fc ⋅4000 psi Concrete Compressive Strength

≔fy ⋅60 ksi Reinforcement Yield Strength

≔Risk II Risk Category

General Loading

Gravity

≔DL ⋅14.9 psf Roof Dead Load

≔SL ⋅14 psf Roof Snow Load

Wind (ASCE 7-16 30.4)

≔Sw ⋅97 mph Mean Wind Speed

≔Exposure B Exposure Category

≔hmean 37 ft Mean Roof Height

≔Kz 0.74 (Table 26.10-1)

≔Kzt 1.0 (Section 26.8)

≔Kd 0.85 (Table 26.6-1)

≔Ke 1.0 (Table 26.9-1)

≔qh =⋅0.00256 Kzt Kz Kd Ke

⎛
⎜
⎝
――
Sw

mph

⎞
⎟
⎠

2

1 psf 15.15 psf
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Seismic (ASCE 7-16 12.11.1)

=Ie 1 Importance Factor - Seismic (Table 1.5-2)

≔SDS 0.843 Design Spectral Acceleration

≔Fp =max ⎛⎝ ,⋅⋅0.4 SDS Ie 0.1⎞⎠ 0.34 Seismic OOP coefficient

green shading is done

Engineer: __________SHA

Job #: __________2220290.00

Date: __________06/12/2023
H:\Projects\222029000\Production\Calcs\Structural\09_Misc\Blade Wall\2023.06.05_Fortress Puyallup - Panel OOP ACI 318-19 - Blade Wall.mcdx Sheet #: 06.12006.120



Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Blade Wall

Blade Wall 5" THK w/ #5 @ 9" OC CL

Panel Geometry

≔t 5 in Panel Thickness

≔ht +27 ft 0 in Roof Height (Panel Span) 

Parapet Height
≔hp 0

≔DockHigh No Dock High Span Reduction

≔w +18 ft 6 in Panel Width

≔e =+―
t
2

⋅3 in 5.5 in Roof Load Eccentricity

≔hT =+ht hp 27 ft Total Panel Height

Panel Load Factors

≔L 1 ft Panel Width Considered (PWC) for girder/pad ftg

≔xg 1 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 243 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔pnet =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 15.1 psf

Panel Loading

≔wrf +0 ft 0 in Joist Span/Spacing Adjacent to Panel

≔loaddrift 0 psf Drift Load at Panel

≔wdrift +17 ft 0 in Drift Length
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load + Mezzanine Dead Load =Pdlr 0 ―

k
ft

≔Pdlp ⋅⋅⋅xg t 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 0.8 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 0 ―
k
ft

≔Pll_mezz 0 plf Mezzanine Live Load =Pll_mezz 0 ―
k
ft

≔Mw ⋅xOOP ―――
⋅pnet ht2

8
Moment Due To Wind =Mw 1.4 ――

⋅k ft
ft

≔Ms ⋅xOOP ――――――
⋅⋅⋅Fp t 150 pcf ht2

8
Moment Due to Seismic =Ms 1.9 ――

⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.5 ⎛⎝Psl⎞⎠ Pll_mezz ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.2 Psl ⋅0.5 Pll_mezz ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔y

⋅1.0 Pdlr 1.0 Pdlp +Psl Pll_mezz ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp +⋅0.5 Psl Pll_mezz ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔SP ⋅9 in Vertical Bar Spacing
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔rebar_location CL Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ---t ―――
diamb

2
diamstr ⋅2 1.5 in Steel Depth If Each Face

≔dcl ―
t
2

Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 2.5 in

≔As ――
Ab

SP
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.1
0.1
0.1
0.1
0.1

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

4.2
4.2
4.2
4.2
4.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.298
0.298
0.298
0.295
0.295

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 27 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠ =――

Mu

ϕMn

0.24
0.49
0.68
0.44
0.61

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.06
0.11
0.32
0.11
0.31

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 5 in Bar Size =rebar
bar_size

“#5” Bar Spacing =SP 9 in

Bar Location =layer “CL”

Panel Geometry

≔t 9 in Panel Thickness

≔ht +38 ft 6 in Roof Height (Panel Span) 

Parapet Height
≔hp =-43.5 ft ht 5 ft

≔DockHigh No Dock High Span Reduction

≔w 18 ft Panel Width

≔e =+―
t
2

⋅3 in 7.5 in Roof Load Eccentricity

≔hT =+ht hp 43.5 ft Total Panel Height

Panel Load Factors

≔L 1 ft Panel Width Considered (PWC) for girder/pad ftg

≔xg 1 Gravity Factor

≔xOOP 1.0 OOP Factor

Panel Wind Loading Per ASCE 7-16 Chapter 30 - Part 1 Method

≔GCpi 0.18 Internal Pressure Coefficient per Table 26.13-1

≔Aeff =―
1
3

ht2 494.1 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%

Solid Panel with Step 9" THK w/ #5 @ 6" OC VERT EF
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔Aeff =―
1
3

ht2 494.1 ft 2

If roof slope is <10 degrees, GCp can be 
reduced by 10%≔Slope Y

Positive pressure coefficient
(zones 4 and 5)

≔GCpposcalc

⎛
⎜
⎜
⎜⎝

-1.0 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1 0.7))

⎞
⎟
⎟
⎟⎠

(( -1 Slope))

Negative pressure coefficient 
(zone 5)

≔GCpnegcalc

⎛
⎜
⎜
⎜⎝

-1.4 ――――――

-ln
⎛
⎜
⎝
――
Aeff

ft 2

⎞
⎟
⎠

ln ((10))

-ln ((500)) ln ((10))
(( -1.4 0.8))

⎞
⎟
⎟
⎟⎠

(( -1 Slope)) ((-1))

≔GCppos |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ 0.7 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ 1.0 (( -1 Slope))

‖
‖GCpposcalc

Check against upper and lower bound 
values for CGp based on  Aeff

≔GCpneg |
|
|
|
|
|
|
|
|
|

if

else if

else

>Aeff 500 ft 2

‖
‖ -0.8 (( -1 Slope))

<Aeff 10 ft 2

‖
‖ -1.4 (( -1 Slope))

‖
‖GCpnegcalc

≔p1 ⋅qh ⎛⎝ -GCppos GCpi⎞⎠

≔p2 ⋅qh ⎛⎝ -GCpneg GCpi⎞⎠

≔p3 ⋅qh ⎛⎝ +GCppos GCpi⎞⎠

≔p4 ⋅qh ⎛⎝ +GCpneg GCpi⎞⎠

≔pnet =max ⎛⎝ ,,,||p1|| ||p2|| ||p3|| ||p4||⎞⎠ 13.7 psf

Panel Loading

≔wrf +60 ft 0 in Joist Span/Spacing Adjacent to Panel
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔loaddrift 71 psf Drift Load at Panel

≔wdrift +17 ft 0 in Drift Length

≔Pdrift |
|
|
|
|
|
|
|
|
|

if

else if

≥wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wdrift

⎛
⎜
⎝

-―
1
2

――
wdrift

6 wrf

⎞
⎟
⎠

<wrf wdrift
‖
‖
‖‖

←P ⋅⋅loaddrift wrf

⎛
⎜
⎝

-―
1
2

―――
wrf

⋅6 wdrift

⎞
⎟
⎠

Snow Drift Reaction at Panel
=Pdrift 0.55 ―

k
ft

≔Pdlr ⋅⋅xg DL ――
wrf

2
Roof Dead Load + Mezzanine Dead Load =Pdlr 0.4 ―

k
ft

≔Pdlp ⋅⋅⋅xg (( +t 5 in)) 150 pcf
⎛
⎜
⎝

+―
ht
2

hp
⎞
⎟
⎠

Panel Dead Load =Pdlp 4.2 ―
k
ft

≔Psl ⋅xg
⎛
⎜
⎝

+⋅SL ――
wrf

2
Pdrift

⎞
⎟
⎠

Total Snow Load =Psl 1 ―
k
ft

≔Pll_mezz 0 plf Mezzanine Live Load =Pll_mezz 0 ―
k
ft

≔Mw ⋅xOOP ―――
⋅pnet ht2

8
Moment Due To Wind =Mw 2.5 ――

⋅k ft
ft

≔Ms +⋅xOOP ―――――――――
⋅⋅⋅Fp (( +t 5 in)) 150 pcf ht2

8
―――

⋅2.6 k ht
4 w

Moment Due to Seismic =Ms 12.3 ――
⋅k ft
ft

Strength Load Combinations (LRFD) Service/Deflection Load Combinations (ASD)

(ASCE 7-16 2.3) (2021 IBC 1605.2)

≔ω 1.0

≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.5 ⎛⎝Psl⎞⎠ Pll_mezz ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.2 Psl ⋅0.5 Pll_mezz ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔y

⋅1.0 Pdlr 1.0 Pdlp +Psl Pll_mezz ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp +⋅0.5 Psl Pll_mezz ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis≔x

⋅1.2 Pdlr ⋅1.2 Pdlp ⋅1.6 Psl ⋅0.5 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.5 ⎛⎝Psl⎞⎠ Pll_mezz ⋅1.0 Mw

⋅1.2 Pdlr ⋅1.2 Pdlp +⋅0.2 Psl ⋅0.5 Pll_mezz ⋅1.0 Ms

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Mw

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅1.0 Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔y

⋅1.0 Pdlr 1.0 Pdlp +Psl Pll_mezz ⋅0.5 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠
⋅1.0 Pdlr ⋅1.0 Pdlp +⋅0.5 Psl Pll_mezz ⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅1.0 Pdlr ⋅1.0 Pdlp +Psl Pll_mezz ⋅
⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⋅0.67 Pdlr ⋅0.67 Pdlp ⋅0 ―
k

ft
⋅1.0 ⎛⎝ ⋅⋅ω 0.6 Mw⎞⎠

⋅0.9 Pdlr ⋅0.9 Pdlp ⋅0 ―
k

ft
⋅

⎛
⎜
⎝
――

1

1.4

⎞
⎟
⎠

Ms

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

≔i ‥0 -rows ((x)) 1

Define Panel Reinforcing

≔bar_size #5 Vertical Bar Size

≔SP ⋅6 in Vertical Bar Spacing

≔rebar_location EF Steel Layer: Each Face (EF) or Centerline (CL)

≔stirrup_size NA Stirrup Bar Size

≔Ab A
bar_size

Vertical Bar Area

≔diamb D
bar_size

Vertical Bar Diameter

≔diamstr D
stirrup_size

Stirrup Bar Diameter

≔def ----t ―――
diamb

2
diamstr clr rv Steel Depth If Each Face

≔dcl -―
t
2

rv Steel Depth If Centerline

≔d if ⎛⎝ ,,＝rebar_location 0 def dcl⎞⎠ Steel Depth =d 7.19 in

≔As ――
Ab

SP
Vertical Area of Steel

Check Axial Capacity (ACI 318-19 11.8.1.1(d))

≔Pui
‖
‖
‖
‖

|
|
|
|

←Pu 0
⎛
⎝

++x
,i 0

x
,i 1

x
,i 2

⎞
⎠

≔Pa ⋅⋅0.06 fc t

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Pui

Pa

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =―

Pu

Pa

0.3
0.2
0.2
0.2
0.2

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔compression_check flag

Determine Moment Capacity

≔β1 -0.85 ⋅0.05
⎛
⎜
⎝
―――――

-fc ⋅4000 psi

⋅1000 psi

⎞
⎟
⎠

≔Pu ⋅Pu ft ≔As ⋅As ft

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

≔X
i

――――

+Pui
⋅As fy

⋅⋅0.85 fc ft
≔Mni

-⋅⎛
⎜⎝

+⋅As fy Pui
⎞
⎟⎠

⎛
⎜
⎜⎝

-d ―
X

i

2

⎞
⎟
⎟⎠

⋅Pui

⎛
⎜
⎝

-d ―
t
2

⎞
⎟
⎠

≔ϕMni
⋅0.9 Mni

Factored Moment Capacity =ϕMn

20.7
20.4
20.3
19.9
19.9

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

⋅k ft

Check for Tension-Controlled Section (ACI 318-19 11.8.1.1(b))

≔C
i

―
X

i

β1
≔flag

i
if

⎛
⎜
⎜⎝

,,<―
C

i

d
0.375 “OK” “Revise”

⎞
⎟
⎟⎠ =―

C
d

0.178
0.174
0.173
0.166
0.166

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔tension_controlled flag

Determine Deflection Limits

≔Δmax ――
ht

150
Allowable Panel Deflection

≔ht' =if (( ,,＝DockHigh 0 ht ⋅0.8 ht)) 38.5 ft Adjust Span per Dock High Condition

≔Ec ⋅⋅57000
‾‾‾‾
――
fc
psi

psi ≔n ――――
⋅29000 ksi

Ec

≔Asei
+As ―――

⋅Pui
t

⋅⋅2 fy d
≔C

i
――
X

i

0.85

≔fr ⋅⋅7.5
‾‾‾‾
――
fc
psi

psi ≔Ig ――――
⋅((1 ft)) t3

12
≔Icri +―――――

⋅⋅12 in ⎛
⎝
C

i
⎞
⎠

3

3
⋅⋅n Asei

⎛
⎝

-d C
i
⎞
⎠

2

≔Mcr ―――
⋅⋅2 fr Ig

t
≔Δcr ――――

⋅⋅5 Mcr ht'2

⋅⋅48 Ec Ig
≔Δni

――――

⋅⋅5 Mni
ht'2

⋅⋅48 Ec Icri

Check Moment Capacity (ACI 318-19 11.8.3.1)

≔Muai
⋅

⎛
⎜
⎝

+x
,i 3

⋅⎛
⎝

+x
,i 0

x
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft

≔Mui
―――――――

Muai

-1 ――――――

⋅⋅5 Pui
ht'2

⋅⋅⋅0.75 48 Ec Icri

≔flag
i

if

⎛
⎜
⎜
⎜⎝

,,≤――

Mui

ϕMni

1 “OK” “Revise”

⎞
⎟
⎟
⎟⎠ =――

Mu

ϕMn

0.13
0.19
0.81
0.16
0.76

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔capacity_check flag
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Fortress Puyallup Structural Calculation:

Concrete Panel Out-of-Plane Analysis

Check Deflection (ACI 318-19 11.8.4)

≔Mai

⎛
⎜
⎝

+y
,i 3

⋅⎛
⎝

+y
,i 0

y
,i 2

⎞
⎠

―
e
2

⎞
⎟
⎠
ft ≔Psi

⋅⎛
⎝

++y
,i 0

y
,i 1

y
,i 2

⎞
⎠
ft

Iterate Service Deflection

≔Δsi
⋅0 in Initial Guess

≔Δs Δfs ⎛⎝ ,,,,,,Ma Ps Δs Mcr Δcr Mn Δn⎞⎠ Function iterates service deflections per ACI 318-19 Sec 11.8.4

≔flag
i

if

⎛
⎜
⎜
⎝

,,≤――

Δsi

Δmax

1 “OK” “Revise”

⎞
⎟
⎟
⎠ =――

Δs

Δmax

0.04
0.06
0.93
0.05
0.87

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦

=flag

“OK”
“OK”
“OK”
“OK”
“OK”

⎡
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥⎦≔deflection_check flag

Results Summary

Panel Thickness =t 9 in Bar Size =rebar
bar_size

“#5” Bar Spacing =SP 6 in

Bar Location =layer “EF”

Engineer: __________SHA

Job #: __________2220290.00

Date: __________06/12/2023
H:\Projects\222029000\Production\Calcs\Structural\09_Misc\Blade Wall\2023.06.05_Fortress Puyallup - Panel OOP ACI 318-19 - Blade Wall.mcdx Sheet #: 06.13106.131



Company: Date: 6/9/2023

Engineer: Page: 1/6

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: 
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-14
Units: Imperial units

Anchor Information:
Anchor type: Cast-in-place
Material: AWS Type A
Diameter (inch): 0.500
Effective Embedment depth, hef (inch): 3.000
Anchor category: -
Anchor ductility: Yes
hmin (inch): 4.25
Cmin (inch): 1.25
Smin (inch): 2.00

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 12.00
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: B tension, B shear
Supplemental reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Ignore 6do requirement: No
Build-up grout pad: No

Base Plate
Length x Width x Thickness (inch): 10.00 x 10.00 x 0.25

Recommended Anchor
Anchor Name: Headed Stud - 1/2"Ø AWS Type A Headed Stud

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

06.13206.132

Loads from Blade Wall OOP
design



Company: Date: 6/9/2023

Engineer: Page: 2/6

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: Yes
Anchors subjected to sustained tension: Not applicable
Ductility section for tension: 17.2.3.4.2 not applicable
Ductility section for shear: 17.2.3.5.2 not applicable
Ω0 factor: not set
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: No

Strength level loads:

Nua [lb]: 1840
Vuax [lb]: 0
Vuay [lb]: -1840
Mux [ft-lb]: 0
Muy [ft-lb]: 0
Muz [ft-lb]: 0

<Figure 1>

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Anchor Designer™
Software
Version 3.0.7947.1

<Figure 2>

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Company: Date: 6/9/2023

Engineer: Page: 4/6

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

Shear load y,
Vuay (lb)

Anchor Tension load,
Nua (lb)

3. Resulting Anchor Forces

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

Shear load x,
Vuax (lb)

460.01 0.0 460.0-460.0

460.02 0.0 460.0-460.0

460.03 0.0 460.0-460.0

460.04 0.0 460.0-460.0

0.0 -1840.0Sum 1840.0 1840.0

Maximum concrete compression strain (‰): 0.00
Maximum concrete compression stress (psi): 0
Resultant tension force (lb): 1840
Resultant compression force (lb): 0
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

<Figure 3>

4. Steel Strength of Anchor in Tension (Sec. 17.4.1)

Nsa (lb) f fNsa (lb)

11975 0.75 8981

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.4.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.4.2.2a)

kc la f’c (psi) hef (in) Nb (lb)

24.0 1.00 4000 3.000 7887

0.75fNcbg =0.75f (ANc / ANco)Yec,NYed,NYc,NYcp,NNb (Sec. 17.3.1 & Eq. 17.4.2.1b)
ANc (in2) ANco (in2) ca,min (in) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f 0.75fNcbg (lb)

289.00 81.00 11.00 1.000 1.000 1.00 1.000 7887 0.70 14774

6. Pullout Strength of Anchor in Tension (Sec. 17.4.3)

0.75fNpn = 0.75fYc,PNp = 0.75fYc,P8Abrgf’c (Sec. 17.3.1, Eq. 17.4.3.1 & 17.4.3.4)

Yc,P Abrg (in2) f’c (psi) f 0.75fNpn (lb)

1.0 0.59 4000 0.70 9895

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

06.13506.135



Company: Date: 6/9/2023

Engineer: Page: 5/6

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

8. Steel Strength of Anchor in Shear (Sec. 17.5.1)

Vsa (lb) fgrout f fgroutfVsa (lb)

11975 1.0 0.65 7784

9. Concrete Breakout Strength of Anchor in Shear (Sec. 17.5.2)

Shear perpendicular to edge in y-direction:

Vby = min|7(le / da)0.2ÖdalaÖf’cca1
1.5; 9laÖf’cca1

1.5| (Eq. 17.5.2.2a & Eq. 17.5.2.2b)

le (in) da (in) la f’c (psi) ca1 (in) Vby (lb)

3.00 0.500 1.00 4000 19.00 37100

fVcbgy = f (AVc / AVco)Yec,VYed,VYc,VYh,VVby (Sec. 17.3.1 & Eq. 17.5.2.1b)

AVc (in2) AVco (in2) Yec,V Yed,V Yc,V Yh,V Vby (lb) f fVcbgy (lb)

570.00 1624.50 1.000 0.816 1.000 1.541 37100 0.70 11456

Shear parallel to edge in x-direction:

Vby = min|7(le / da)0.2ÖdalaÖf’cca1
1.5; 9laÖf’cca1

1.5| (Eq. 17.5.2.2a & Eq. 17.5.2.2b)

le (in) da (in) la f’c (psi) ca1 (in) Vby (lb)

3.00 0.500 1.00 4000 11.00 16343

fVcbgx = f (2)(AVc / AVco)Yec,VYed,VYc,VYh,VVby (Sec. 17.3.1, 17.5.2.1(c) & Eq. 17.5.2.1b)

AVc (in2) AVco (in2) Yec,V Yed,V Yc,V Yh,V Vby (lb) f fVcbgx (lb)

426.00 544.50 1.000 1.000 1.000 1.173 16343 0.70 20991

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.5.3)

fVcpg = fkcpNcbg = fkcp(ANc / ANco)Yec,NYed,NYc,NYcp,NNb
 (Sec. 17.3.1 & Eq. 17.5.3.1b)

kcp ANc (in2) ANco (in2) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fVcpg (lb)

2.0 289.00 81.00 1.000 1.000 1.000 1.000 7887 0.70 39397

11. Results

Interaction of Tensile and Shear Forces (Sec. 17.6.)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 460 8981 0.05 Pass

Concrete breakout 1840 14774 0.12 Pass (Governs)

Pullout 460 9895 0.05 Pass

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 460 7784 0.06 Pass

T Concrete breakout y- 1840 11456 0.16 Pass (Governs)

|| Concrete breakout x- 920 20991 0.04 Pass (Governs)

Pryout 1840 39397 0.05 Pass

Interaction check Nua/fNn Vua/fVn Combined Ratio Permissible Status

Sec. 17.6..2 0.00 0.16 16.1% 1.0 Pass

1/2"Ø AWS Type A Headed Stud with hef = 3.000 inch meets the selected design criteria.

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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12. Warnings

- Per designer input, the tensile component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor tensile force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.2.3.4.2 for tension 
need not be satisfied – designer to verify.

- Per designer input, the shear component of the strength-level earthquake force applied to anchors does not exceed 20 percent of the total 
factored anchor shear force associated with the same load combination. Therefore the ductility requirements of ACI 318 17.2.3.5.2 for shear 
need not be satisfied – designer to verify.

- Designer must exercise own judgement to determine if this design is suitable.

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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1. General Information 
File Name H:\Projects\222029000\Pro...\Horiz

ontal Beam.colx
Project ---
Column ---
Engineer ---
Code ACI 318-19
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis X - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Moment capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εty 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Rectangular
Width 30 in
Depth 5 in
Ag 150 in2

Ix 312.5 in4

Iy 11250 in4

rx 1.44338 in
ry 8.66025 in
Xo 0 in
Yo 0 in

06.14006.140
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3.2. Section Figure 

Rectangular 30 x 5 in 1.33% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Other
For #10 bars or less #3 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65

4.3. Arrangement 
Pattern Sides different
Bar layout Rectangular
Cover to Longitudal bars
Clear cover ---
Bars ---

Total steel area, As 2.00 in2

Rho 1.33 %
Minimum clear spacing 1.00 in

4.4. Bars Provided 
Bars Clear cover

in
Top 5 #4 1.5
Bottom 5 #4 1.5
Left 0 #6 1
Right 0 #6 1

y

x

06.14106.141
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Mux ɸPn ɸMnx NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 0.00 12.20 0.00 16.32 1.18 0.00527 0.900 0.75
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PROJECT NAME Structural Calculation:

Shear Wall Design
Protected Area

Purpose Statement: The purpose of this calculation is in-plane design of concrete tilt panels as 
special reinforced shear walls.

Referenced Standards: IBC 2021
ASCE 7-16
ACI 318-19
Amrhein/Yellow Book method
NEHRP Tech Brief 6

Inputs
Verify
Outputs

PROJECT PARAMETERS

≔fc ⋅4000 psi Concrete Strength

≔qall ⋅2500 psf Allowable Soil Pressure

≔γtemp ―
4
3

Short-term Loading Increase for Soil

Short-term Allowable Soil Pressure
≔qsei ⋅γtemp qall

≔DLsei ⋅10.9 psf Roof DL

≔DLflr ⋅24 psf Intermediate Floor DL

≔tSOG ⋅7 in Slab-on-Grade Thickness

≔ϕvE 0.6 Seismic shear strength reduction factor - ACI 
318-19 21.2.4.1 (assumes shear-controlled design)

≔ϕf 0.9 Flexural Strength Reduction Factor

≔ϕt 0.9 Tensile Strength Reduction Factor

≔ELasd_factor 0.7 ASD Factor

≔fy ⋅60 ksi Reinforcing Yield Strength

≔Es ⋅29000 ksi Steel Modulus of Elasticity

≔wc ⋅150 pcf Unit Weight of Concrete

≔λ Normal Weight Concrete weight modification factor -
ACI 318-19 Table 19.2.4.1 (b)

Engineer: SHA

Job #: __________2220290.00

Date: __________05/24/2023
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Sds 0.843 Seismic Coefficient

≔ρ 1.0 Redundancy Factor - ASCE 7-16 12.3.4

≔Ie 1.0 Seismic Importance Factor - ASCE 7-16 Table 1.5-2

Design Coefficients and Factors for Special Reinforced Concrete Shear Walls - ASCE 7-16 12.2

≔R 5 Response Modification Factor 

≔Cd 5 Deflection Amplification Factor

Special Concrete Shear Wall 
Overstrength Factor

≔Ωo 2.0

≔Cs =――
Sds

⎛
⎜
⎝
―
R
Ie

⎞
⎟
⎠

0.1686 Seismic Coefficient ( ) - ASCE 7-16 12.8.1 Cs

ACI 318-19 Solid Panel - Panel 26 - Grid 12 Engineer: SHA

Job #: __________2220290.00
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PROJECT NAME Structural Calculation:

Shear Wall Design

In-Plane Shear Solid Panel:

Shear Panel ( )ws

≔ws 26.5 ft Panel Width

≔hp ⋅1.75 ft Parapet Height

≔hroof 38.75 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Intermediate Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 42 ft Total Panel Height (T/FTG to T/PARAPET)

≔tp ⋅8.75 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth

≔t =-tp rv 8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Weight (psf)

ACI 318-19 Solid Panel - Panel 26 - Grid 12 

Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

Adjacent Panel ( )w1 Adjacent Panel ( )w2

≔w1 ws ≔w2 ws Adjacent Panel Width

≔hp1 hp ≔hp2 hp Parapet Height

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Ht. (T/FTG to 
T/PARAPET)

≔ht1 =++hp1 hroof1 hftg1 42 ft ≔ht2 =++hp2 hroof2 hftg2 42 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅⋅⋅0 ft 0 ft Area of Openings

Loading:

Seismic (1.0 )Qe

≔Vroof 79.1 k Seismic Shear @ Roof- not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⋅⎛⎝ -ht hftg⎞⎠ ws Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 98.9 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 3466 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:

Shear Panel ( ):ws

≔lroof_trib ⋅―
10
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel

Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔SL 0.421 klf Roof snow load tributary to panel

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⋅⋅ws ht tp wc Wall Panel DL

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Ptot =++Proof Pfloor Pwall 123.2 k Total DL (without slab @ wall considered)

Panel ( ):w1

≔Proof1 ⋅Proof

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Roof DL

≔Pfloor1 ⋅Pfloor

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 141.7 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 ⋅Proof

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Roof DL

≔Pfloor2 ⋅Pfloor ―
w2

ws

Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 141.7 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1878 ⋅k ft Resisting Moment at Shear Panel

Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for hold downs) 

Panel Hold Down - IBC 2021 1605.2 Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #6 Rebar Size No.

≔Nhd 4 Number of Bars in Hold Down Info on - This distance will depend on the size of the hold down plate Lhd
required, which will depend on the number of bars required based on the table 
from the Structural Standard detail 19/S5.80, below. We call for the edge of the 
PL to be 1'-0" from the edge of panel, and then add ~1/2 of the PL width ("L" in 
the table below) to approximate the centroid of hold down steel. Additionally, 
this hold down section only allows for hold downs w/ #5 or #6 bars, as this 
covers the majority of cases for Mackenzie projects, and is consistent with the 
Mackenzie standard hold down detail 19/S5.80. The combo box for and Nohd

'IF' statement MUST be adjusted if using a different size for hold down Lhd
reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

24 in

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔hdcheck =-Mot_IBC Mres_IBC 1011.68 ⋅k ft Holdown check

≔Thd =―――――――――
-Mot ⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Mresist

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
85.4 k LRFD Tension at Hold Down

≔Ashdreq =――
Thd

⋅ϕt fy
1.58 in2

Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd 0.9

=hd_Results “USE (4) #6 BARS AT HOLDOWNS”

Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

Pad Footing Uplift and Seismic Bearing Checks

≔lf 13.25 ft Length of Footing

≔wf 6 ft Width of Footing

Depth of Footing (Use 2'-0" MIN @ 
hold down, see footing calcs)

≔df 1.5 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

=Mres_uplift 3154 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠

=Wtftg_uplift -27.7 k Required Footing Weight

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”

Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design

Factored Wall Axial Forces for CalculationMpr

≔Pu1 =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 171 k ASCE 7-16 12.2.3.6 Eq. 6 

≔Pu2 =⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 90.09 k ASCE 7-16 12.2.3.6 Eq. 7

Probable Moment and Moment Demand

≔Mpr ⋅18661 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu ⋅ρ Mot

≔Vu =⋅ρ Vtot 98.9 k Ultimate Panel Shear (ρ )Qe

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. 

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3
This is the distance from the cross section being designed 
(critical section) up to the top of the wall (including parapet)

≔hwcs +hroof hp Height of Wall above Critical Section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 5.38

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 296.7 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2544 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.83

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.64

=Flagv “USE (1)  LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

Input Nf as # bars required for OOP loading at each end of panel. For panels with typical steel 
entire width of panel, calculate actual number of bars within 0.4*(panel width)

≔Nf 26

≔dsolve =⋅0.8 ws 21.2 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

=Asreq_flex 3.07 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 16.12 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.19

=Flagf “USE (52) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check =⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t 3.392 in2

≔Vcheck =⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv 160.9 k Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 ――
Pu1

2

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.47

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

Slab Shear Dowel Bars - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

≔Nodowel #4 Dowel Reinforcement Bar Size No.

≔As_Nodowel Nodowel

≔Sdowel ⋅12 in Dowel Bar Spacing

≔Adowel ――――
As_Nodowel

Sdowel

Dowel Bar Area per Foot

≔Avf =⋅Adowel ws 5.3 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Design Shear Capacity - ACI 318-19 22.9.4.2

≔Vu =⋅ρ Vtot 98.9 k Ultimate Panel Shear (ρ )Qe
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.86
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PROJECT NAME Structural Calculation:

Shear Wall Design

In-Plane Shear Solid Panel:

Shear Panel ( )ws

≔ws 26.5 ft Panel Width

≔hp ⋅4.5 ft Parapet Height
Assume t/ftg = -1'-6" at typical perimeter condition. Verify 
minimum frost depth with geotech report.
Assume t/ftg = -5'-0" at "dock-high" conditions. Verify with 
arch.

≔hroof 39 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Intermediate Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 45 ft Total Panel Height (T/FTG to T/PARAPET)

≔tp ⋅8.75 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth Confirm with architectural team on depth of reveal

≔t =-tp rv 8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Weight (psf)

ACI 318-19 Solid Panel - Panel 25 - Grid 12 Go to Top of Page
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PROJECT NAME Structural Calculation:

Shear Wall Design

Adjacent Panel ( )w1 Adjacent Panel ( )w2 Standard crane rated for 125k of lifting capacity, quick check below:
≔w1 ws ≔w2 ws Adjacent Panel Width

≔Pweight =⋅⋅ws ht Wtp 130.4 k

≔hp1 hp ≔hp2 hp Parapet Height
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF
=Cranecheck “Verify Higher Crane Capacity”

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Ht. (T/FTG to 
T/PARAPET)

≔ht1 =++hp1 hroof1 hftg1 45 ft ≔ht2 =++hp2 hroof2 hftg2 45 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅⋅⋅0 ft 0 ft Area of Openings

Loading: The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

Seismic (1.0 )Qe

≔Vroof 78.1 k Seismic Shear @ Roof- not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⋅⎛⎝ -ht hftg⎞⎠ ws Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 99.4 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 3508 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:

Shear Panel ( ):ws

≔lroof_trib ⋅―
10
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔SL 4.1 klf Roof snow load tributary to panel + girder from 
OOP calc)

Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof =+⋅⋅DLsei lroof_trib ws ⋅23.2 k
⎛
⎜
⎝
―――
DLsei

14.9 psf

⎞
⎟
⎠

18.4 k Roof DL + girder load from OOP Calc

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⋅⋅ws ht tp wc Wall Panel DL

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Ptot =++Proof Pfloor Pwall 148.8 k Total DL (without slab @ wall considered)

Panel ( ):w1

≔Proof1 ⋅Proof

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Roof DL

≔Pfloor1 ⋅Pfloor

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 167.4 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 ⋅Proof

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Roof DL

≔Pfloor2 ⋅Pfloor ―
w2

ws

Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 167.4 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
2218 ⋅k ft Resisting Moment at Shear Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
2218 ⋅k ft

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for hold downs) 

Panel Hold Down - IBC 2021 1605.2 Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #6 Rebar Size No.

≔Nhd 4 Number of Bars in Hold Down Info on - This distance will depend on the size of the hold down plate Lhd
required, which will depend on the number of bars required based on the table 
from the Structural Standard detail 19/S5.80, below. We call for the edge of the 
PL to be 1'-0" from the edge of panel, and then add ~1/2 of the PL width ("L" in 
the table below) to approximate the centroid of hold down steel. Additionally, 
this hold down section only allows for hold downs w/ #5 or #6 bars, as this 
covers the majority of cases for Mackenzie projects, and is consistent with the 
Mackenzie standard hold down detail 19/S5.80. The combo box for and Nohd

'IF' statement MUST be adjusted if using a different size for hold down Lhd
reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

24 in

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔hdcheck -Mot_IBC Mres_IBC Holdown check

LRFD Tension at Hold Down
≔Thd =―――――――――

-Mot ⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Mresist

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
77 k

≔Ashdreq =――
Thd

⋅ϕt fy
1.43 in2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd 0.81

=hd_Results “USE (4) #6 BARS AT HOLDOWNS”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Pad Footing Uplift and Seismic Bearing Checks
Delete pad footing check if not applicable.

Check continuous footings by hand.

≔lf =ws 26.5 ft Length of Footing

≔wf 4.5 ft Width of Footing

Depth of Footing (Use 2'-0" MIN @ 
hold down, see footing calcs)

≔df 1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

=Mres_uplift 3725 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠

=Wtftg_uplift -49.8 k Required Footing Weight

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design

Factored Wall Axial Forces for CalculationMpr

≔Pu1 =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 225 k ASCE 7-16 12.2.3.6 Eq. 6 

≔Pu2 =⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 108.87 k ASCE 7-16 12.2.3.6 Eq. 7

Probable Moment and Moment Demand
Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

≔Mpr ⋅18661 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu ⋅ρ Mot

≔Vu =⋅ρ Vtot 99.4 k Ultimate Panel Shear (ρ )Qe

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. For solid tilt panels, they should generally be considered as 
segments for typical dimensions.

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3
This is the distance from the cross section being designed 
(critical section) up to the top of the wall (including parapet)

≔hwcs +hroof hp Height of Wall above Critical Section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 5.32

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 298.1 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2544 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.6

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.67

≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Section still applicable. Use SP col? Or revise section to determine actual amount of flexural steel required, instead of 
checking that OOP steel provided is sufficient for in-plane flexural steel.

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

Input Nf as # bars required for OOP loading at each end of panel. For panels with typical steel 
entire width of panel, calculate actual number of bars within 0.4*(panel width)

≔Nf 26

≔dsolve =⋅0.8 ws 21.2 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

=Asreq_flex 3.11 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 16.12 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.19 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (52) #5 BARS EACH END MIN”

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.
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PROJECT NAME Structural Calculation:

Shear Wall Design
The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check =⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t 3.392 in2

≔Vcheck =⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv 160.9 k Check shear against 18.10.6.5a
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditions

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 ――
Pu1

2

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.5

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay” If DCR is satisfactory, can delete boundary check below

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked” If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation

Slab Shear Dowel Bars - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

≔Nodowel #4 Dowel Reinforcement Bar Size No.

≔As_Nodowel Nodowel

≔Sdowel ⋅12 in Dowel Bar Spacing

≔Adowel ――――
As_Nodowel

Sdowel

Dowel Bar Area per Foot

≔Avf =⋅Adowel ws 5.3 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Design Shear Capacity - ACI 318-19 22.9.4.2

≔Vu =⋅ρ Vtot 99.4 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...
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PROJECT NAME Structural Calculation:

Shear Wall Design
Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.87

Go to top of page
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PROJECT NAME Structural Calculation:

Shear Wall Design

In-Plane Shear Solid Panel:

Shear Panel ( )ws

≔ws 20 ft Panel Width

≔hp ⋅2.5 ft Parapet Height
Assume t/ftg = -1'-6" at typical perimeter condition. Verify 
minimum frost depth with geotech report.
Assume t/ftg = -5'-0" at "dock-high" conditions. Verify with 
arch.

≔hroof 38 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Intermediate Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 42 ft Total Panel Height (T/FTG to T/PARAPET)

≔tp ⋅8.75 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth Confirm with architectural team on depth of reveal

≔t =-tp rv 8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Weight (psf)

ACI 318-19 Solid Panel - Panel 23 - Grid 12
Go to top of page
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PROJECT NAME Structural Calculation:

Shear Wall Design

Adjacent Panel ( )w1 Adjacent Panel ( )w2 Standard crane rated for 125k of lifting capacity, quick check below:
≔w1 ws ≔w2 ws Adjacent Panel Width

≔Pweight =⋅⋅ws ht Wtp 91.9 k

≔hp1 hp ≔hp2 hp Parapet Height
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF
=Cranecheck “OK”

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Ht. (T/FTG to 
T/PARAPET)

≔ht1 =++hp1 hroof1 hftg1 42 ft ≔ht2 =++hp2 hroof2 hftg2 42 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅⋅⋅0 ft 0 ft Area of Openings

Loading: The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

Seismic (1.0 )Qe

≔Vroof 41.1 k Seismic Shear @ Roof- not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⋅⎛⎝ -ht hftg⎞⎠ ws Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 56 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 1864 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:

Shear Panel ( ):ws

≔lroof_trib ⋅―
10
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔SL 0.299 klf Roof snow load tributary to panel + girder from 
OOP calc)

Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL + girder load from OOP Calc

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⋅⋅ws ht tp wc Wall Panel DL

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Ptot =++Proof Pfloor Pwall 93 k Total DL (without slab @ wall considered)

Panel ( ):w1

≔Proof1 ⋅Proof

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Roof DL

≔Pfloor1 ⋅Pfloor

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 107 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 ⋅Proof

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Roof DL

≔Pfloor2 ⋅Pfloor ―
w2

ws

Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 107 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1070 ⋅k ft Resisting Moment at Shear Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1070 ⋅k ft

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for hold downs) 

Panel Hold Down - IBC 2021 1605.2 Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #6 Rebar Size No.

≔Nhd 3 Number of Bars in Hold Down Info on - This distance will depend on the size of the hold down plate Lhd
required, which will depend on the number of bars required based on the table 
from the Structural Standard detail 19/S5.80, below. We call for the edge of the 
PL to be 1'-0" from the edge of panel, and then add ~1/2 of the PL width ("L" in 
the table below) to approximate the centroid of hold down steel. Additionally, 
this hold down section only allows for hold downs w/ #5 or #6 bars, as this 
covers the majority of cases for Mackenzie projects, and is consistent with the 
Mackenzie standard hold down detail 19/S5.80. The combo box for and Nohd

'IF' statement MUST be adjusted if using a different size for hold down Lhd
reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

18 in

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔hdcheck -Mot_IBC Mres_IBC Holdown check

LRFD Tension at Hold Down
≔Thd =―――――――――

-Mot ⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Mresist

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
59.3 k

≔Ashdreq =――
Thd

⋅ϕt fy
1.1 in2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd 0.83

=hd_Results “USE (3) #6 BARS AT HOLDOWNS”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Pad Footing Uplift and Seismic Bearing Checks
Delete pad footing check if not applicable.

Check continuous footings by hand.

≔lf =ws 20 ft Length of Footing

≔wf 4.5 ft Width of Footing

Depth of Footing (Use 2'-0" MIN @ 
hold down, see footing calcs)

≔df 1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

=Mres_uplift 1797 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠

=Wtftg_uplift -25.5 k Required Footing Weight

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design

Factored Wall Axial Forces for CalculationMpr

≔Pu1 =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 128 k ASCE 7-16 12.2.3.6 Eq. 6 

≔Pu2 =⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 67.99 k ASCE 7-16 12.2.3.6 Eq. 7

Probable Moment and Moment Demand
Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

≔Mpr ⋅11256 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu ⋅ρ Mot

≔Vu =⋅ρ Vtot 56 k Ultimate Panel Shear (ρ )Qe

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. For solid tilt panels, they should generally be considered as 
segments for typical dimensions.

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3
This is the distance from the cross section being designed 
(critical section) up to the top of the wall (including parapet)

≔hwcs +hroof hp Height of Wall above Critical Section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.24
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 6.04

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 168.1 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 1920 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(2) CURTAINS REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅18 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.5

≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER/S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER/S OF #4 BARS AT 18"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Section still applicable. Use SP col? Or revise section to determine actual amount of flexural steel required, instead of 
checking that OOP steel provided is sufficient for in-plane flexural steel.

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

Input Nf as # bars required for OOP loading at each end of panel. For panels with typical steel 
entire width of panel, calculate actual number of bars within 0.4*(panel width)

≔Nf 20

≔dsolve =⋅0.8 ws 16 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

=Asreq_flex 2.19 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 12.4 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.18 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (40) #5 BARS EACH END MIN”

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.
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PROJECT NAME Structural Calculation:

Shear Wall Design
The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check =⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t 2.56 in2

≔Vcheck =⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv 121.43 k Check shear against 18.10.6.5a
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditions

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 ――
Pu1

2

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.45

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay” If DCR is satisfactory, can delete boundary check below

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked” If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation

Slab Shear Dowel Bars - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

≔Nodowel #4 Dowel Reinforcement Bar Size No.

≔As_Nodowel Nodowel

≔Sdowel ⋅12 in Dowel Bar Spacing

≔Adowel ――――
As_Nodowel

Sdowel

Dowel Bar Area per Foot

≔Avf =⋅Adowel ws 4 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Design Shear Capacity - ACI 318-19 22.9.4.2

≔Vu =⋅ρ Vtot 56 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...
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PROJECT NAME Structural Calculation:

Shear Wall Design
Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.65
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PROJECT NAME Structural Calculation:

Shear Wall Design

In-Plane Shear Solid Panel:

Shear Panel ( )ws

≔ws 26.5 ft Panel Width

≔hp ⋅1.5 ft Parapet Height
Assume t/ftg = -1'-6" at typical perimeter condition. Verify 
minimum frost depth with geotech report.
Assume t/ftg = -5'-0" at "dock-high" conditions. Verify with 
arch.

≔hroof 39 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Intermediate Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 42 ft Total Panel Height (T/FTG to T/PARAPET)

≔tp ⋅8.75 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth Confirm with architectural team on depth of reveal

≔t =-tp rv 8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Weight (psf)

ACI 318-19 Solid Panel - Panel 54 - Grid 1
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PROJECT NAME Structural Calculation:

Shear Wall Design

Adjacent Panel ( )w1 Adjacent Panel ( )w2 Standard crane rated for 125k of lifting capacity, quick check below:
≔w1 ws ≔w2 ws Adjacent Panel Width

≔Pweight =⋅⋅ws ht Wtp 121.7 k

≔hp1 hp ≔hp2 hp Parapet Height
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF
=Cranecheck “OK”

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Ht. (T/FTG to 
T/PARAPET)

≔ht1 =++hp1 hroof1 hftg1 42 ft ≔ht2 =++hp2 hroof2 hftg2 42 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅⋅⋅0 ft 0 ft Area of Openings

Loading: The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

Seismic (1.0 )Qe

≔Vroof 50.9 k Seismic Shear @ Roof- not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⋅⎛⎝ -ht hftg⎞⎠ ws Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 70.7 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 2386 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:

Shear Panel ( ):ws

≔lroof_trib ⋅―
10
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔SL 0.421 klf Roof snow load tributary to panel Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⋅⋅ws ht tp wc Wall Panel DL

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Ptot =++Proof Pfloor Pwall 123.2 k Total DL (without slab @ wall considered)

Panel ( ):w1

≔Proof1 ⋅Proof

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Roof DL

≔Pfloor1 ⋅Pfloor

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 141.7 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 ⋅Proof

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Roof DL

≔Pfloor2 ⋅Pfloor ―
w2

ws

Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 141.7 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1878 ⋅k ft Resisting Moment at Shear Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for hold downs) 

Panel Hold Down - IBC 2021 1605.2 Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #6 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down Info on - This distance will depend on the size of the hold down plate Lhd
required, which will depend on the number of bars required based on the table 
from the Structural Standard detail 19/S5.80, below. We call for the edge of the 
PL to be 1'-0" from the edge of panel, and then add ~1/2 of the PL width ("L" in 
the table below) to approximate the centroid of hold down steel. Additionally, 
this hold down section only allows for hold downs w/ #5 or #6 bars, as this 
covers the majority of cases for Mackenzie projects, and is consistent with the 
Mackenzie standard hold down detail 19/S5.80. The combo box for and Nohd

'IF' statement MUST be adjusted if using a different size for hold down Lhd
reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

12 in

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔hdcheck -Mot_IBC Mres_IBC Holdown check

LRFD Tension at Hold Down
≔Thd =―――――――――

-Mot ⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Mresist

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
40.5 k

≔Ashdreq =――
Thd

⋅ϕt fy
0.75 in2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd 0.85

=hd_Results “USE (2) #6 BARS AT HOLDOWNS”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Pad Footing Uplift and Seismic Bearing Checks
Delete pad footing check if not applicable.

Check continuous footings by hand.

≔lf 13.25 ft Length of Footing

≔wf 4.5 ft Width of Footing

Depth of Footing (Use 2'-0" MIN @ 
hold down, see footing calcs)

≔df 1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

=Mres_uplift 3154 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠

=Wtftg_uplift -58 k Required Footing Weight

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design

Factored Wall Axial Forces for CalculationMpr

≔Pu1 =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 171 k ASCE 7-16 12.2.3.6 Eq. 6 

≔Pu2 =⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 90.09 k ASCE 7-16 12.2.3.6 Eq. 7

Probable Moment and Moment Demand
Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

≔Mpr ⋅18661 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu ⋅ρ Mot

≔Vu =⋅ρ Vtot 70.7 k Ultimate Panel Shear (ρ )Qe

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. For solid tilt panels, they should generally be considered as 
segments for typical dimensions.

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3
This is the distance from the cross section being designed 
(critical section) up to the top of the wall (including parapet)

≔hwcs +hroof hp Height of Wall above Critical Section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 7.82

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 212.1 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2544 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.83

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.46

≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Section still applicable. Use SP col? Or revise section to determine actual amount of flexural steel required, instead of 
checking that OOP steel provided is sufficient for in-plane flexural steel.

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

Input Nf as # bars required for OOP loading at each end of panel. For panels with typical steel 
entire width of panel, calculate actual number of bars within 0.4*(panel width)

≔Nf 26

≔dsolve =⋅0.8 ws 21.2 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

=Asreq_flex 2.1 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 16.12 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.13 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (52) #5 BARS EACH END MIN”

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.
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PROJECT NAME Structural Calculation:

Shear Wall Design
The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check =⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t 3.392 in2

≔Vcheck =⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv 160.9 k Check shear against 18.10.6.5a
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditions

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 ――
Pu1

2

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.35

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay” If DCR is satisfactory, can delete boundary check below

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked” If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation

Slab Shear Dowel Bars - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

≔Nodowel #4 Dowel Reinforcement Bar Size No.

≔As_Nodowel Nodowel

≔Sdowel ⋅12 in Dowel Bar Spacing

≔Adowel ――――
As_Nodowel

Sdowel

Dowel Bar Area per Foot

≔Avf =⋅Adowel ws 5.3 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Design Shear Capacity - ACI 318-19 22.9.4.2

≔Vu =⋅ρ Vtot 70.7 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...
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PROJECT NAME Structural Calculation:

Shear Wall Design
Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.62
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PROJECT NAME Structural Calculation:

Shear Wall Design

In-Plane Shear Solid Panel:

Shear Panel ( )ws

≔ws 26 ft Panel Width

≔hp ⋅4.5 ft Parapet Height
Assume t/ftg = -1'-6" at typical perimeter condition. Verify 
minimum frost depth with geotech report.
Assume t/ftg = -5'-0" at "dock-high" conditions. Verify with 
arch.

≔hroof 36 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Intermediate Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 42 ft Total Panel Height (T/FTG to T/PARAPET)

≔tp ⋅8 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth Confirm with architectural team on depth of reveal

≔t =-tp rv 7.25 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Weight (psf)

ACI 318-19 Solid Panel - Panel 47 - South
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PROJECT NAME Structural Calculation:

Shear Wall Design

Adjacent Panel ( )w1 Adjacent Panel ( )w2 Standard crane rated for 125k of lifting capacity, quick check below:
≔w1 ws ≔w2 ws Adjacent Panel Width

≔Pweight =⋅⋅ws ht Wtp 109.2 k

≔hp1 hp ≔hp2 hp Parapet Height
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF
=Cranecheck “OK”

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Ht. (T/FTG to 
T/PARAPET)

≔ht1 =++hp1 hroof1 hftg1 42 ft ≔ht2 =++hp2 hroof2 hftg2 42 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅⋅⋅0 ft 0 ft Area of Openings

Loading: The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

Seismic (1.0 )Qe

≔Vroof 11.4 k Seismic Shear @ Roof- not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⋅⎛⎝ -ht hftg⎞⎠ ws Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 29.2 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 770 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:

Shear Panel ( ):ws

≔lroof_trib ⋅――
59.33

2
ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔SL 0.4 klf Roof snow load tributary to panel Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⋅⋅ws ht tp wc Wall Panel DL

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Ptot =++Proof Pfloor Pwall 117.6 k Total DL (without slab @ wall considered)

Panel ( ):w1

≔Proof1 ⋅Proof

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Roof DL

≔Pfloor1 ⋅Pfloor

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 135.8 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 ⋅Proof

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Roof DL

≔Pfloor2 ⋅Pfloor ―
w2

ws

Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 135.8 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1765 ⋅k ft Resisting Moment at Shear Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for hold downs) 

Panel Hold Down - IBC 2021 1605.2 Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #6 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down Info on - This distance will depend on the size of the hold down plate Lhd
required, which will depend on the number of bars required based on the table 
from the Structural Standard detail 19/S5.80, below. We call for the edge of the 
PL to be 1'-0" from the edge of panel, and then add ~1/2 of the PL width ("L" in 
the table below) to approximate the centroid of hold down steel. Additionally, 
this hold down section only allows for hold downs w/ #5 or #6 bars, as this 
covers the majority of cases for Mackenzie projects, and is consistent with the 
Mackenzie standard hold down detail 19/S5.80. The combo box for and Nohd

'IF' statement MUST be adjusted if using a different size for hold down Lhd
reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

12 in

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔hdcheck -Mot_IBC Mres_IBC Holdown check

LRFD Tension at Hold Down
≔Thd =―――――――――

-Mot ⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Mresist

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
-21.3 k

≔Ashdreq =――
Thd

⋅ϕt fy
-0.39 in2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd -0.45

=hd_Results “NO HOLDOWNS REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Pad Footing Uplift and Seismic Bearing Checks
Delete pad footing check if not applicable.

Check continuous footings by hand.

≔lf ―
ws

2
Length of Footing

≔wf 4.5 ft Width of Footing

Depth of Footing (Use 2'-0" MIN @ 
hold down, see footing calcs)

≔df 1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

=Mres_uplift 2965 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠

=Wtftg_uplift -98.6 k Required Footing Weight

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design

Factored Wall Axial Forces for CalculationMpr

≔Pu1 =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 163 k ASCE 7-16 12.2.3.6 Eq. 6 

≔Pu2 =⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 86.02 k ASCE 7-16 12.2.3.6 Eq. 7

Probable Moment and Moment Demand
Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

≔Mpr ⋅17000 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu ⋅ρ Mot

≔Vu =⋅ρ Vtot 29.2 k Ultimate Panel Shear (ρ )Qe

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. For solid tilt panels, they should generally be considered as 
segments for typical dimensions.

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3
This is the distance from the cross section being designed 
(critical section) up to the top of the wall (including parapet)

≔hwcs +hroof hp Height of Wall above Critical Section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 22.08

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 87.5 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2262 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.77

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.21

≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Section still applicable. Use SP col? Or revise section to determine actual amount of flexural steel required, instead of 
checking that OOP steel provided is sufficient for in-plane flexural steel.

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

Input Nf as # bars required for OOP loading at each end of panel. For panels with typical steel 
entire width of panel, calculate actual number of bars within 0.4*(panel width)

≔Nf 22

≔dsolve =⋅0.8 ws 20.8 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

=Asreq_flex 0.69 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 13.64 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.05 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (44) #5 BARS EACH END MIN”

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.
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PROJECT NAME Structural Calculation:

Shear Wall Design The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check =⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t 3.016 in2

≔Vcheck =⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv 143.06 k Check shear against 18.10.6.5a
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditions

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 ――
Pu1

2

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.19

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay” If DCR is satisfactory, can delete boundary check below

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked” If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation

Slab Shear Dowel Bars - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

≔Nodowel #4 Dowel Reinforcement Bar Size No.

≔As_Nodowel Nodowel

≔Sdowel ⋅24 in Dowel Bar Spacing

≔Adowel ――――
As_Nodowel

Sdowel

Dowel Bar Area per Foot

≔Avf =⋅Adowel ws 2.6 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Design Shear Capacity - ACI 318-19 22.9.4.2

≔Vu =⋅ρ Vtot 29.2 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n
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PROJECT NAME Structural Calculation:

Shear Wall Design
Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.52
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PROJECT NAME Structural Calculation:

Shear Wall Design

In-Plane Shear Solid Panel:

Shear Panel ( )ws

≔ws 28 ft Panel Width

≔hp ⋅7.5 ft Parapet Height
Assume t/ftg = -1'-6" at typical perimeter condition. Verify 
minimum frost depth with geotech report.
Assume t/ftg = -5'-0" at "dock-high" conditions. Verify with 
arch.

≔hroof 36 ft Height of Roof Above FF

≔h1st ⋅12 ft Height of Intermediate Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 45 ft Total Panel Height (T/FTG to T/PARAPET)

≔tp ⋅8 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth Confirm with architectural team on depth of reveal

≔t =-tp rv 7.25 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Weight (psf)

ACI 318-19 Solid Panel - Panel 49 W/ mezzanine - South
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PROJECT NAME Structural Calculation:

Shear Wall Design

Adjacent Panel ( )w1 Adjacent Panel ( )w2 Standard crane rated for 125k of lifting capacity, quick check below:
≔w1 ws ≔w2 ws Adjacent Panel Width

≔Pweight =⋅⋅ws ht Wtp 126 k

≔hp1 hp ≔hp2 hp Parapet Height
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF
=Cranecheck “Verify Higher Crane Capacity”

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Ht. (T/FTG to 
T/PARAPET)

≔ht1 =++hp1 hroof1 hftg1 45 ft ≔ht2 =++hp2 hroof2 hftg2 45 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅⋅⋅0 ft 0 ft Area of Openings

Loading: The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

Seismic (1.0 )Qe

≔Vroof 12.4 k Seismic Shear @ Roof- not includedρ

≔Vfloor ⋅10 k Seismic Shear @ Floor

≔Vwall ⋅⋅⋅⎛⎝ -ht hftg⎞⎠ ws Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 42.9 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 1013 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:

Shear Panel ( ):ws

≔lroof_trib ⋅――
59.33

2
ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
20
2

ft Length of Floor Tributary to Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design≔lfloor_trib ⋅―
20
2

ft

≔SL 0.4 klf Roof snow load tributary to panel Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.65 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⋅⋅ws ht tp wc Wall Panel DL

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Ptot =++Proof Pfloor Pwall 141.8 k Total DL (without slab @ wall considered)

Panel ( ):w1

≔Proof1 ⋅Proof

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Roof DL

≔Pfloor1 ⋅Pfloor

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 161.4 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 ⋅Proof

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Roof DL

≔Pfloor2 ⋅Pfloor ―
w2

ws

Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 161.4 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
2259 ⋅k ft Resisting Moment at Shear Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for hold downs) 

Panel Hold Down - IBC 2021 1605.2 Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #6 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down Info on - This distance will depend on the size of the hold down plate Lhd
required, which will depend on the number of bars required based on the table 
from the Structural Standard detail 19/S5.80, below. We call for the edge of the 
PL to be 1'-0" from the edge of panel, and then add ~1/2 of the PL width ("L" in 
the table below) to approximate the centroid of hold down steel. Additionally, 
this hold down section only allows for hold downs w/ #5 or #6 bars, as this 
covers the majority of cases for Mackenzie projects, and is consistent with the 
Mackenzie standard hold down detail 19/S5.80. The combo box for and Nohd

'IF' statement MUST be adjusted if using a different size for hold down Lhd
reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

12 in

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔hdcheck -Mot_IBC Mres_IBC Holdown check

LRFD Tension at Hold Down
≔Thd =―――――――――

-Mot ⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Mresist

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
-24.1 k

≔Ashdreq =――
Thd

⋅ϕt fy
-0.45 in2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd -0.51

=hd_Results “NO HOLDOWNS REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Pad Footing Uplift and Seismic Bearing Checks
Delete pad footing check if not applicable.

Check continuous footings by hand.

≔lf ―
ws

2
Length of Footing

≔wf 4.5 ft Width of Footing

Depth of Footing (Use 2'-0" MIN @ 
hold down, see footing calcs)

≔df 1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

=Mres_uplift 3795 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠

=Wtftg_uplift -115.9 k Required Footing Weight

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design

Factored Wall Axial Forces for CalculationMpr

≔Pu1 =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 214 k ASCE 7-16 12.2.3.6 Eq. 6 

≔Pu2 =⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 103.69 k ASCE 7-16 12.2.3.6 Eq. 7

Probable Moment and Moment Demand
Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

≔Mpr ⋅20000 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu ⋅ρ Mot

≔Vu =⋅ρ Vtot 42.9 k Ultimate Panel Shear (ρ )Qe

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. For solid tilt panels, they should generally be considered as 
segments for typical dimensions.

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3
This is the distance from the cross section being designed 
(critical section) up to the top of the wall (including parapet)

≔hwcs +hroof hp Height of Wall above Critical Section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 19.74

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 128.8 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2436 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.79

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.28

≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Section still applicable. Use SP col? Or revise section to determine actual amount of flexural steel required, instead of 
checking that OOP steel provided is sufficient for in-plane flexural steel.

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

Input Nf as # bars required for OOP loading at each end of panel. For panels with typical steel 
entire width of panel, calculate actual number of bars within 0.4*(panel width)

≔Nf 28

≔dsolve =⋅0.8 ws 22.4 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

=Asreq_flex 0.84 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 17.36 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.05 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (56) #5 BARS EACH END MIN”

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

Engineer: SHA

Job #: __________2220290.00

Date: __________05/24/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.24_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 IBC.mcdx Sheet #: 06.21306.214



PROJECT NAME Structural Calculation:

Shear Wall Design The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check =⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t 3.248 in2

≔Vcheck =⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv 154.07 k Check shear against 18.10.6.5a
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditions

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 ――
Pu1

2

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.22

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay” If DCR is satisfactory, can delete boundary check below

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”
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PROJECT NAME Structural Calculation:

Shear Wall Design≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked” If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation

Slab Shear Dowel Bars - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

≔Nodowel #4 Dowel Reinforcement Bar Size No.

≔As_Nodowel Nodowel

≔Sdowel ⋅24 in Dowel Bar Spacing

≔Adowel ――――
As_Nodowel

Sdowel

Dowel Bar Area per Foot

≔Avf =⋅Adowel ws 2.8 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Design Shear Capacity - ACI 318-19 22.9.4.2

≔Vu =⋅ρ Vtot 42.9 k Ultimate Panel Shear (ρ )Qe

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.71
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PROJECT NAME Structural Calculation:

Shear Wall Design
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PROJECT NAME Structural Calculation:

Shear Wall Design
Protected Area

Purpose Statement: The purpose of this calculation is in-plane design of concrete tilt panels as 
special reinforced shear walls.

Referenced Standards: IBC 2021
ASCE 7-16
ACI 318-19
Amrhein/Yellow Book method
NEHRP Tech Brief 6

Inputs
Verify
Outputs

PROJECT PARAMETERS

≔fc ⋅4000 psi Concrete Strength

≔qall ⋅2500 psf Allowable Soil Pressure

≔γtemp ―
4
3

Short-term Loading Increase for Soil

≔qsei ⋅γtemp qall Short-term Allowable Soil Pressure

≔DLsei ⋅10.9 psf Roof DL

≔DLflr ⋅65 psf Intermediate Floor DL

≔tSOG ⋅7 in Slab-on-Grade Thickness

Seismic shear strength reduction 
factor - ACI 318-19 21.2.4.1

≔ϕvE 0.6

≔ϕf 0.9 Flexural Strength Reduction Factor

≔ϕt 0.9 Tensile Strength Reduction Factor

≔ELasd_factor 0.7 ASD Factor

≔fy ⋅60 ksi Reinforcing Yield Strength

≔Es ⋅29000 ksi Steel Modulus of Elasticity

≔wc ⋅150 pcf Unit Weight of Concrete

≔λ Normal Weight Concrete weight modification factor -
ACI 318-19 Table 19.2.4.1 (b)
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Sds 0.843 Seismic Coefficient

≔ρ 1.0 Redundancy Factor - ASCE 7-16 12.3.4

≔Ie 1.0 Seismic Importance Factor - ASCE 7-16 Table 1.5-2

Design Coefficients and Factors for Special Reinforced Concrete Shear Walls - ASCE 7-16 12.2

≔R 5 Response Modification Factor 

≔Cd 5 Deflection Amplification Factor

Special Concrete Shear Wall 
Overstrength Factor

≔Ωo 2.0

≔Cs =――
Sds

⎛
⎜
⎝
―
R
Ie

⎞
⎟
⎠

0.1686 Seismic Coefficient ( ) - ASCE 7-16 12.8.1 Cs
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Panel Input ( )ws

≔ws ⋅26 ft Panel Width

≔hp ⋅4.5 ft Parapet Height

≔hroof ⋅36 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 42 ft Total Panel Height (T/FTG to T/PARAPET)

≔hto ⋅12 ft Opening Height

≔wo ⋅9 ft Opening Width

≔lega 8.5 ft Leg A Width

≔legb =--ws wo lega 8.5 ft Leg B Width

≔tp ⋅8 in Panel Thickness

≔rv ⋅0.75 in Reveal Depth

≔t =-tp rv 7.3 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Wt. (psf)

318-19 Panel w/ (1) Opening - Panel 2 - North
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔Wtp ⋅wc tp

Relative Panel Leg Stiffnesses ( )ws Amrhein/Yellow book method

≔BClega Boundary Condition: Fixed-Fixed Leg A & B boundary conditions
= 1 for fixed-fixedBCleg

= 4 for fixed-pinnedBCleg≔BClegb Boundary Condition: Fixed-Fixed NTE - The yellow book method calculates relative leg stiffness coefficients 
based on leg boundary conditions and leg aspect ratios. See snip from Yellow 
Book below.  Only use the Amrhein for stiffness comparisons within a single 
panel NOT for comparisons between separate panels; use RISA for full panel 
relative stiffness comparisons.

≔hdratioa =――
hto
lega

1.41 Leg A aspect ratio

≔hdratiob =――
hto
legb

1.41 Leg B aspect ratio

≔Pk 100000 lb ≔tk 1 in ≔Ek 1000000 psi

≔Δka ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClega ⎛⎝hdratioa⎞⎠

3 ⋅3 ⎛⎝hdratioa⎞⎠⎞⎠

≔Δkb ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClegb ⎛⎝hdratiob⎞⎠

3 ⋅3 ⎛⎝hdratiob⎞⎠⎞⎠

≔Rka ――
1

Δka

≔Rkb ――
1
Δkb

≔ka =―――
Rka

+Rka Rkb

0.5 Leg A Relative Stiffness

≔kb =―――
Rkb

+Rka Rkb

0.5 Leg B Relative Stiffness

≔Stiffness if ⎛⎝ ,,>|| -1.0 ⎛⎝ +ka kb⎞⎠|| 0.001 “CHECK” “OK”⎞⎠ =Stiffness “OK” NTE - Sometimes the stiffness check mistakenly returns 'CHECK' as a 
result due to rounding errors. Adjust tolerance as necessary

Adjacent Panel Input ( )w1 Adjacent Panel Input ( )w2

≔w1 ws ≔w2 ws Adjacent Panel Width

≔hp1 hp ≔hp2 hp Parapet Height

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Height (T/FTG to T/
PARAPET)

≔ht1 =++hp1 hroof1 hftg1 42 ft ≔ht2 =++hp2 hroof2 hftg2 42 ft
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅12 ft 9 ft ≔Ao2 ⋅⋅⋅12 ft 9 ft Area of Openings

Loading:
Seismic (1.0 )Qe

≔Vroof ⋅18.6 k Seismic Shear @ Roof - not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⎛⎝ -⋅⎛⎝ -ht hftg⎞⎠ ws ⋅hto wo⎞⎠ Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 34.5 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment Due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 992.2 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:
Shear Panel ( ):ws

≔lroof_trib ⋅―
60
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel

≔SL 1.24 klf Roof snow load tributary to panel

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⎛⎝ -⋅ht ws ⋅hto wo⎞⎠ Wtp Wall Panel DL

Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

Total DL (without slab @ wall 
considered)

≔Ptot =++Proof Pfloor Pwall 106.9 k

Panel ( ):w1

≔Proof1 Proof Roof DL

≔Pfloor1 Pfloor Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 125.1 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 Proof Roof DL

≔Pfloor2 Pfloor Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 125.1 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1626.3 ⋅k ft Resisting Moment at Shear Panel

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for holdowns) 
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PROJECT NAME Structural Calculation:

Shear Wall Design

Panel Hold Down - IBC 2021 1605.2 - Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔Mres_IBC ⋅
⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #5 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down

Notes to Engineers (NTE)
NTE on Lhd - This distance will depend on the size of the hold 
down plate required, which will depend on the number of bars 
required based on the table from the Structural Standard detail 
19/S5.80, below. We call for the edge of the PL to be 1'-0" from 
the edge of panel, and then add ~1/2 of the PL width ("L" in the 
table below) to approximate the centroid of hold down steel. 
Additionally, this hold down section only allows for hold downs 
w/ #5 or #6 bars, as this covers the majority of cases for 
Mackenzie projects, and is consistent with the Mackenzie 
standard hold down detail 19/S5.80. The combo box for No.hd 
and L.hd 'IF' statement MUST be adjusted if using a different size 
for hold down reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

8 in Length of Hold Down

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔Thd =―――――――
-Mot_IBC Mres_IBC

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
-22.7 k ASD Tension at Hold Down

≔Ashdreq =―――――

⎛
⎜
⎝
――――

Thd

ELasd_factor

⎞
⎟
⎠

⋅ϕt fy
-0.6 in 2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd -1

=hd_Results “NO HOLDOWNS REQD”

Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

Footing Uplift and Seismic Bearing Checks

≔lf 10.5 ft Length of Footing

≔wf ⋅2.5 ft Width of Footing

Depth of Footing (Use 2'-0" Min 
@ hold down, see footing calcs)

≔df ⋅1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

=Mres_uplift 2731.53 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠
Required Footing Weight

=Wtftg_uplift -82 k

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”

------------------------ VERIFY SECTION BELOW APPLIES------------------------
Maximum Seismic Bearing, PAD Footing Condition - Load Combination ASD 16-6

Factored Axial Compression Force 
due to Overturning

≔Cot_comp ―――
Mot_IBC

ws

≔Pgrav_comp ⋅0.5 ⎛⎝Ptot⎞⎠

=Pgrav_comp 53.45 k Factored Axial Gravity Force for 1/2 of panel

≔Aftg ⋅lf wf Footing Area

≔Aftg_reqd =―――――――
+Cot_comp Pgrav_comp

qsei
24.21 ft 2 Required Footing Area

≔flagA if ⎛⎝ ,,≤Aftg_reqd Aftg “OK” “NG!!!”⎞⎠ =flagA “OK”

≔qs =―――――――
+Cot_comp Pgrav_comp

Aftg

3074.68 psf Seismic Bearing Pressure

≔flagB if ⎛⎝ ,,<qs qsei “OK” “NG!!!”⎞⎠ =flagB “OK”
---------------------------------------------------------------------------

Check Wall Segment Above/Below Opening Engineer: SHA
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PROJECT NAME Structural Calculation:

Shear Wall Design

Check Wall Segment Above/Below Opening
Wall Shear Design

Factored Wall Axial Forces (for Mpr calculation)
≔Pu1c =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 153 k ASCE 7-16 12.2.3.6 Eq. 6

≔Pu2c =⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 78.19 k ASCE 7-16 12.2.3.6 Eq. 7

≔Mpr ⋅19000 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu =⋅ρ Mot 992 ⋅k ft

≔Vu =⋅ρ Vtot 34.5 k Ultimate Panel Shear (ρ )Qe

Height of wall measured from critical 
section to parapet (see NTE diagram)

≔hwcs 40.5 ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. 

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hwcs
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 19.15

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 103.6 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2262 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅t (( ⋅12 in)) ρmin Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.77

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.24 ≔Flagv |

|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

≔Nf 18

≔dsolve =⋅0.8 ws 20.8 ft Depth of Lever Arm

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

=Asreq_flex 0.89 in 2 Required Area of Flexural Steel

≔As_long =⋅⋅Nf NLf AsNof 11.16 in2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.08

=Flagf “USE (36) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES. IT IS NOT A REQUIREMENT FOR 
PRECAST WALLS OR TILT UP PANELS PER ACI 318-19 18.11.2.1------------------------

Req'd Long Reinf at Wall Ends- ACI 318-19 18.10.2.4

If wall section hw/lw >2, requirements of ACI 318-19 18.10.2.4 must be met. 

≔WallEndCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 “Provide Req'd Reinf at Wall End” “Not Applicable”
⎞
⎟
⎠

=WallEndCheck “Not Applicable”

The amount of reinforcement required 
for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 
18.10.6.5 (OOP demands typically 
govern for these bars) and the 
minimum spacing requirements in 
Table 18.10.6.5b should not need to be 
met in that case. 

---------------------------------------------------------------------------------
Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check ⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Ve Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 =Pu1c 152.8 k

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.3

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Is Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

Engineer: SHA

Job #: __________2220290.00

Date: __________05/25/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.25_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 One Opening.mcdxSheet #: 06.23006.231



PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design - Leg

≔Labelleg A

≔leg =legtempLabelleg
8.5 ft ≔kleg =ktempLabelleg

0.50

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.2 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

76.4 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

39.1 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅2966 k ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Segment”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Panel 2 - Leg Design
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PROJECT NAME Structural Calculation:

Shear Wall Design

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 17.27 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 36 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mu =⋅⋅Vu BCpier hto 103.6 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 28.63 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 51.8 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepiera “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠
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PROJECT NAME Structural Calculation:

Shear Wall Design

=CheckVe18.10.8.1 “Not applicable, proceed with design”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 739.5 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

1.62

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2.77

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 138.91 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.37 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

122 k
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PROJECT NAME Structural Calculation:

Shear Wall Design

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 18 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 11.16 in2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 103.6 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 6.8 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.28 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.75 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 1.32 in2

≔DCRf =――
Astot

As_leg

0.12 =DCRf 0.12

=Flagf “USE (36) #5 BARS EACH END MIN”

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5 This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv
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PROJECT NAME Structural Calculation:

Shear Wall Design

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.33

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

------------------------ VERIFY SECTION BELOW APPLIES------------------------ NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel length.  Sl ab 
dowel checks for other legs should be deleted, only one check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #5 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 4 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 1.24 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 17.27 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.64

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Panel Input ( )ws

≔ws ⋅26 ft Panel Width

≔hp ⋅0 ft Parapet Height

≔hroof ⋅35.75 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Floor Above FF

≔hftg ⋅1.5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 37.3 ft Total Panel Height (T/FTG to T/PARAPET)

≔hto ⋅14 ft Opening Height

≔wo ⋅16 ft Opening Width

≔lega 5 ft Leg A Width

≔legb =--ws wo lega 5 ft Leg B Width
≔legtemp

lega
legb

⎡
⎢⎣

⎤
⎥⎦

≔tp ⋅9.5 in Panel Thickness

Standard crane rated for 125k of lifting capacity, quick check below:
≔rv ⋅0.75 in Reveal Depth

≔t =-tp rv 8.8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Wt. (psf)
≔Pweight =⋅⋅⎛⎝ -⎛⎝ ⋅ws ht⎞⎠ ⎛⎝ ⋅hto wo⎞⎠⎞⎠ tp 150 pcf 88.4 k

318-19 Panel w/ (1) Opening - Panel 18 - North
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔Wtp ⋅wc tp ≔Pweight =⋅⋅⎛⎝ -⎛⎝ ⋅ws ht⎞⎠ ⎛⎝ ⋅hto wo⎞⎠⎞⎠ tp 150 pcf 88.4 k

Relative Panel Leg Stiffnesses ( )ws Amrhein/Yellow book method
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔BClega Boundary Condition: Fixed-Fixed Leg A & B boundary conditions
= 1 for fixed-fixedBCleg

= 4 for fixed-pinnedBCleg

=Cranecheck “OK”

≔BClegb Boundary Condition: Fixed-Fixed NTE - The yellow book method calculates relative leg stiffness coefficients 
based on leg boundary conditions and leg aspect ratios. See snip from Yellow 
Book below.  Only use the Amrhein for stiffness comparisons within a single 
panel NOT for comparisons between separate panels; use RISA for full panel 
relative stiffness comparisons.

≔hdratioa =――
hto
lega

2.8 Leg A aspect ratio

≔hdratiob =――
hto
legb

2.8 Leg B aspect ratio

≔Pk 100000 lb ≔tk 1 in ≔Ek 1000000 psi

≔Δka ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClega ⎛⎝hdratioa⎞⎠

3 ⋅3 ⎛⎝hdratioa⎞⎠⎞⎠

≔Δkb ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClegb ⎛⎝hdratiob⎞⎠

3 ⋅3 ⎛⎝hdratiob⎞⎠⎞⎠

≔Rka ――
1

Δka

≔Rkb ――
1
Δkb

≔ka =―――
Rka

+Rka Rkb

0.5 Leg A Relative Stiffness

≔kb =―――
Rkb

+Rka Rkb

0.5 Leg B Relative Stiffness
≔ktemp

ka
kb

⎡
⎢
⎣

⎤
⎥
⎦

≔Stiffness if ⎛⎝ ,,>|| -1.0 ⎛⎝ +ka kb⎞⎠|| 0.001 “CHECK” “OK”⎞⎠ =Stiffness “OK” NTE - Sometimes the stiffness check mistakenly returns 'CHECK' as a 
result due to rounding errors. Adjust tolerance as necessary

Adjacent Panel Input ( )w1 Adjacent Panel Input ( )w2

≔w1 ws ≔w2 ws Adjacent Panel Width

≔hp1 hp ≔hp2 hp Parapet Height

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Height (T/FTG to T/
PARAPET)

≔ht1 =++hp1 hroof1 hftg1 37.3 ft ≔ht2 =++hp2 hroof2 hftg2 37.3 ft
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅0 ft 0 ft ≔Ao2 ⋅0 ft 0 ft Area of Openings

Loading:
Seismic (1.0 )Qe

The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

≔Vroof ⋅11.5 k Seismic Shear @ Roof - not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⎛⎝ -⋅⎛⎝ -ht hftg⎞⎠ ws ⋅hto wo⎞⎠ Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 25.6 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment Due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 663.6 ⋅k ft Total Overturning Moment @ Wall Panel

Gravity:
Shear Panel ( ):ws

≔lroof_trib ⋅―
60
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel

≔SL 0.57 klf (Balanced W/ Rain on Snow) Roof snow load tributary to panel Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⎛⎝ -⋅ht ws ⋅hto wo⎞⎠ Wtp Wall Panel DL

Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

Total DL (without slab @ wall 
considered)

≔Ptot =++Proof Pfloor Pwall 96.9 k

Panel ( ):w1

≔Proof1 Proof Roof DL

≔Pfloor1 Pfloor Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 141.7 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 Proof Roof DL

≔Pfloor2 Pfloor Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 141.7 k Total DL (including slab weight)

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1496.4 ⋅k ft Resisting Moment at Shear Panel

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for holdowns) 
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PROJECT NAME Structural Calculation:

Shear Wall Design

Panel Hold Down - IBC 2021 1605.2 - Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #5 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down

Notes to Engineers (NTE)
NTE on Lhd - This distance will depend on the size of the hold 
down plate required, which will depend on the number of bars 
required based on the table from the Structural Standard detail 
19/S5.80, below. We call for the edge of the PL to be 1'-0" from 
the edge of panel, and then add ~1/2 of the PL width ("L" in the 
table below) to approximate the centroid of hold down steel. 
Additionally, this hold down section only allows for hold downs 
w/ #5 or #6 bars, as this covers the majority of cases for 
Mackenzie projects, and is consistent with the Mackenzie 
standard hold down detail 19/S5.80. The combo box for No.hd 
and L.hd 'IF' statement MUST be adjusted if using a different size 
for hold down reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

8 in Length of Hold Down

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔Thd =―――――――
-Mot_IBC Mres_IBC

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
-28.1 k ASD Tension at Hold Down

≔Ashdreq =―――――

⎛
⎜
⎝
――――

Thd

ELasd_factor

⎞
⎟
⎠

⋅ϕt fy
-0.74 in 2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd -1.2
≔hd_Results |

|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRhd 1.0
‖
‖ “REDESIGN HOLDOWNS”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

<Thd 0
‖
‖ “NO HOLDOWNS REQD”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝Nhd⎞⎠ “) #” num2str ⎛
⎜⎝
Nohd1

⎞
⎟⎠

“ BARS AT HOLDOWNS”⎞
⎟⎠

=hd_Results “NO HOLDOWNS REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Footing Uplift and Seismic Bearing Checks

≔lf 6 ft Length of Footing

≔wf ⋅4.5 ft Width of Footing

Depth of Footing (Use 2'-0" Min 
@ hold down, see footing calcs)

≔df ⋅1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

=Mres_uplift 2824.61 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠
Required Footing Weight

=Wtftg_uplift -95.29 k

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”

------------------------ VERIFY SECTION BELOW APPLIES------------------------
Maximum Seismic Bearing, PAD Footing Condition - Load Combination ASD 16-6 Delete pad footing check if not applicable.

Check continuous footings by hand.
Factored Axial Compression Force 
due to Overturning

≔Cot_comp ―――
Mot_IBC

ws

≔Pgrav_comp ⋅0.5 ⎛⎝Ptot⎞⎠

=Pgrav_comp 48.46 k Factored Axial Gravity Force for 1/2 of panel

≔Aftg ⋅lf wf Footing Area

≔Aftg_reqd =―――――――
+Cot_comp Pgrav_comp

qsei
20.01 ft 2 Required Footing Area

≔flagA if ⎛⎝ ,,≤Aftg_reqd Aftg “OK” “NG!!!”⎞⎠ =flagA “OK”

≔qs =―――――――
+Cot_comp Pgrav_comp

Aftg

2469.88 psf Seismic Bearing Pressure

≔flagB if ⎛⎝ ,,<qs qsei “OK” “NG!!!”⎞⎠ =flagB “OK”
---------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design

Check Wall Segment Above/Below Opening
Wall Shear Design

Factored Wall Axial Forces (for Mpr calculation)
≔Pu1c =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.2 SL LL)) ws 136 k ASCE 7-16 12.2.3.6 Eq. 6

≔Pu2c =⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 70.88 k ASCE 7-16 12.2.3.6 Eq. 7

≔Mpr ⋅18500 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu =⋅ρ Mot 664 ⋅k ft

≔Vu =⋅ρ Vtot 25.6 k Ultimate Panel Shear (ρ )Qe

Height of wall measured from critical 
section to parapet (see NTE diagram)

≔hwcs 40.5 ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

This is the distance from the cross section being designed (critical 
section) up to the extreme top or bottom of wall. (shaded 'top of 
wall' shown in figure above)

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hwcs
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 27.88

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 76.9 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2730 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅t (( ⋅12 in)) ρmin Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅9 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

3

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.14 ≔Flagv |

|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 9"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2 Section still applicable. Use SP col? Or revise section to determine actual amount 
of flexural steel required, instead of checking that OOP steel provided is sufficient 
for in-plane flexural steel.

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

≔Nf 16

≔dsolve =⋅0.8 ws 20.8 ft Depth of Lever Arm Input Nf as # bars required for OOP loading at each end of panel. For panels 
with typical steel entire width of panel, calculate actual number of bars 
within 0.4*(panel width)

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.59 in 2 Required Area of Flexural Steel

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

≔As_long =⋅⋅Nf NLf AsNof 9.92 in2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.06 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (32) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES. IT IS NOT A REQUIREMENT FOR 
PRECAST WALLS OR TILT UP PANELS PER ACI 318-19 18.11.2.1------------------------

Req'd Long Reinf at Wall Ends- ACI 318-19 18.10.2.4 The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

If wall section hw/lw >2, requirements of ACI 318-19 18.10.2.4 must be met. 

≔WallEndCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 “Provide Req'd Reinf at Wall End” “Not Applicable”
⎞
⎟
⎠

=WallEndCheck “Not Applicable”

The amount of reinforcement required for leg 
in-plane moment is usually lower than the 
400/fy ratio stated in 18.10.6.5 (OOP 
demands typically govern for these bars) and 
the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that 
case. 

---------------------------------------------------------------------------------------------------------------

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check ⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Ve Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3 If basic check is allowed and DCR is satisfactory, can delete 
boundary check below

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 =Pu1c 135.6 k

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.19

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation=AlternateCheck “Not Applicable”

Verify Section Is Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section Delete alternate boundary element check section if it is not applicable

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design - Leg

User can now pick and choose which panel leg to design.
≔Labelleg A

≔leg =legtempLabelleg
5 ft ≔kleg =ktempLabelleg

0.50

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.2 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

67.8 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

35.4 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅1325 k ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Segment”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Panel 18 - Leg Design
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PROJECT NAME Structural Calculation:

Shear Wall Design

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 12.81 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 35.75 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mu =⋅⋅Vu BCpier hto 89.7 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 14.77 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 38.4 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepiera “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠
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PROJECT NAME Structural Calculation:

Shear Wall Design

=CheckVe18.10.8.1 “Not applicable, proceed with design”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 525 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅18 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

2.8

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 87.84 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.44 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #4 BARS AT 18"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

96 k

Engineer: SHA

Job #: __________2220290.00

Date: __________05/25/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.25_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 One Opening.mcdxSheet #: 06.25306.254



PROJECT NAME Structural Calculation:

Shear Wall Design

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 16 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 9.92 in2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 89.7 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 4 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.42 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.5 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 1.34 in2

≔DCRf =――
Astot

As_leg

0.14 =DCRf 0.14 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Astot As_leg
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (32) #5 BARS EACH END MIN”

Engineer: SHA

Job #: __________2220290.00

Date: __________05/25/2023
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.25_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 One Opening.mcdxSheet #: 06.25406.255



PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES. IT IS NOT A REQUIREMENT FOR 
PRECAST WALLS OR TILT UP PANELS PER ACI 318-19 18.11.2.1------------------------

This section does not apply for tilts, only CIP walls, remove section 
if applicable. 

Req'd Long Reinf at Wall Ends- ACI 318-19 18.10.2.4

If wall section hw/lw >2, requirements of ACI 318-19 18.10.2.4 must be met. 

≔WallEndCheck if
⎛
⎜
⎝

,,――
hto
leg

“Provide Req'd Reinf at Wall End” “Not Applicable”
⎞
⎟
⎠

=WallEndCheck “Provide Req'd Reinf at Wall End”
---------------------------------------------------------------------------------

Number of Longitudinal Reinforcement Bars per 
Layer at Each End (0.15*lw)

≔Nf18.10.2.4 3

≔As_end ⋅⋅Nf18.10.2.4 NLf AsNof Area of Longitudinal Steel at Wall End

≔ρlreq ⋅⋅6
‾‾‾‾
――
fc
psi

――
psi
fy

Required Steel Area within 0.15 lw from 
end of Wall

≔Alreq ⋅⋅⋅ρlreq 0.15 leg t

≔Check if ⎛⎝ ,,>As_end Alreq “OK” “More Long Steel Req'd!”⎞⎠ =Check “OK”

---------------------------------------------------------------------------------------------------------------

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5 This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.48

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”
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PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Pier Shear Reinforcing (Leg A) - ACI 318-19 18.10.8 - This section applies where the wall 
segment is a pier and does not meet the exceptions listed in the code.

=PierCheck “Segment”

ACI 318-19 18.10.8.2 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening. Minimum shear requirement 

check per ACI 318-19 
18.10.8.2

=VCheck_18.10.8.2 “n/a”

---------------------------------------------------------------------------------
------------------------ VERIFY SECTION BELOW APPLIES------------------------ NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel length.  Sl ab 

dowel checks for other legs should be deleted, only one check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #5 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 3 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 0.93 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 12.81 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.64

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design
Protected Area

Purpose Statement: The purpose of this calculation is in-plane design of concrete tilt panels as 
special reinforced shear walls.

Referenced Standards: IBC 2021
ASCE 7-16
ACI 318-19
Amrhein/Yellow Book method
NEHRP Tech Brief 6

Inputs
Verify
Outputs

PROJECT PARAMETERS

≔fc ⋅4000 psi Concrete Strength

≔qall ⋅2500 psf Allowable Soil Pressure

≔γtemp ―
4
3

Short-term Loading Increase for Soil

≔qsei ⋅γtemp qall Short-term Allowable Soil Pressure

≔DLsei ⋅10.9 psf Roof DL

≔DLflr ⋅25 psf Intermediate Floor DL

≔tSOG ⋅7 in Slab-on-Grade Thickness

Seismic shear strength reduction 
factor - ACI 318-19 21.2.4.1

≔ϕvE 0.6

≔ϕf 0.9 Flexural Strength Reduction Factor

≔ϕt 0.9 Tensile Strength Reduction Factor

≔ELasd_factor 0.7 ASD Factor

≔fy ⋅60 ksi Reinforcing Yield Strength

≔Es ⋅29000 ksi Steel Modulus of Elasticity

≔wc ⋅150 pcf Unit Weight of Concrete

≔λ Normal Weight Concrete weight modification factor -
ACI 318-19 Table 19.2.4.1 (b)
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Sds 0.843 Seismic Coefficient

≔ρ 1.0 Redundancy Factor - ASCE 7-16 12.3.4

≔Ie 1.0 Seismic Importance Factor - ASCE 7-16 Table 1.5-2

Design Coefficients and Factors for Special Reinforced Concrete Shear Walls - ASCE 7-16 12.2

≔R 5 Response Modification Factor 

≔Cd 5 Deflection Amplification Factor

Special Concrete Shear Wall 
Overstrength Factor

≔Ωo 2.0

≔Cs =――
Sds

⎛
⎜
⎝
―
R
Ie

⎞
⎟
⎠

0.1686 Seismic Coefficient ( ) - ASCE 7-16 12.8.1 Cs
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Panel Input ( )ws

≔ws ⋅26 ft Panel Width

≔hp ⋅0 ft Parapet Height

≔hroof ⋅35.75 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Floor Above FF

≔hftg ⋅5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 40.8 ft Total Panel Height (T/FTG to T/PARAPET)

≔hto1 ⋅10 ft Opening 1 Height

≔hto2 10 ft Opening 2 Height

≔wo1 ⋅9 ft Opening 1 Width

≔wo2 ⋅9 ft Opening 1 Width

≔lega 2 ft Leg A Width

≔legb 4 ft Leg B Width

≔legc 2 ft Leg C Width
≔legtemp

lega
legb
legc

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

≔tp ⋅9.5 in Panel Thickness

318-19 Panel w/ (2) Opening - Panel 17 - North
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔tp ⋅9.5 in

Standard crane rated for 125k of lifting capacity, quick check below:
≔rv ⋅0.75 in Reveal Depth

≔t =-tp rv 8.8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Wt. (psf)
≔Pweight =⋅⋅⎛⎝ -⎛⎝ ⋅ws ht⎞⎠ ⎛⎝ +⋅hto1 wo1 ⋅hto2 wo2⎞⎠⎞⎠ tp 150 pcf 104.4 k

Relative Panel Leg Stiffnesses ( )ws Amrhein/Yellow book method
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔BClega Boundary Condition: Fixed-Fixed Leg A & B boundary conditions
= 1 for fixed-fixedBCleg

= 4 for fixed-pinnedBCleg

=Cranecheck “OK”

≔BClegb Boundary Condition: Fixed-Fixed NTE - The yellow book method calculates relative leg stiffness coefficients 
based on leg boundary conditions and leg aspect ratios. See snip from Yellow 
Book below.  Only use the Amrhein for stiffness comparisons within a single 
panel NOT for comparisons between separate panels; use RISA for full panel 
relative stiffness comparisons.

≔BClegc Boundary Condition: Fixed-Fixed

≔hdratioa =――
hto1
lega

5 Leg A aspect ratio

≔hdratiob =―――――
max ⎛⎝ ,hto1 hto2⎞⎠

legb
2.5 Leg B aspect ratio

≔hdratioc =――
hto2
legc

5 Leg C aspect ratio

≔Pk 100000 lb ≔tk 1 in ≔Ek 1000000 psi

≔Δka ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClega ⎛⎝hdratioa⎞⎠

3 ⋅3 ⎛⎝hdratioa⎞⎠⎞⎠

≔Δkb ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClegb ⎛⎝hdratiob⎞⎠

3 ⋅3 ⎛⎝hdratiob⎞⎠⎞⎠

≔Δkc ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClegc ⎛⎝hdratioc⎞⎠

3 ⋅3 ⎛⎝hdratioc⎞⎠⎞⎠

≔Rka ――
1

Δka

≔Rkb ――
1
Δkb

≔Rkc ――
1
Δkc

≔ka =―――――
Rka

++Rka Rkb Rkc

0.124 Leg A Relative Stiffness

≔kb =―――――
Rkb

++Rka Rkb Rkc

0.752 Leg B Relative Stiffness
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔kc =―――――
Rkc

++Rka Rkb Rkc

0.124 Leg B Relative Stiffness
≔ktemp

ka
kb
kc

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔Stiffness if ⎛⎝ ,,>|| -1.0 ⎛⎝ ++ka kb kc⎞⎠|| 0.0001 “Check” “OK”⎞⎠ =Stiffness “OK” NTE - Sometimes the stiffness check mistakenly returns 'CHECK' as a 
result due to rounding errors. Adjust tolerance as necessaryAdjacent Panel Input ( )w1 Adjacent Panel Input ( )w2

≔w1 ws ≔w2 ws Adjacent Panel Width

≔hp1 hp ≔hp2 hp Parapet Height

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Height (T/FTG to T/
PARAPET)

≔ht1 =++hp1 hroof1 hftg1 40.8 ft ≔ht2 =++hp2 hroof2 hftg2 40.8 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅⋅2 10 ft 9 ft ≔Ao2 ⋅⋅⋅⋅2 10 ft 9 ft Area of Openings

Loading:
Seismic (1.0 )Qe

The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

≔Vroof ⋅8.87 k Seismic Shear @ Roof - not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⎛⎝ -⋅⎛⎝ -ht hftg⎞⎠ ws ⎛⎝ +⋅hto1 wo1 ⋅hto2 wo2⎞⎠⎞⎠ Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 23.9 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment Due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 585.3 ⋅k ft Total Overturning Moment @ Wall Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

Gravity:
Shear Panel ( ):ws

≔lroof_trib ⋅―
60
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel

≔SL 0.6 klf (Construction LL) Roof snow load tributary to panel Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⎛⎝ -⋅ht ws ⎛⎝ +⋅hto1 wo1 ⋅hto2 wo2⎞⎠⎞⎠ Wtp Wall Panel DL

Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws

Total DL (without slab @ wall 
considered)

≔Ptot =++Proof Pfloor Pwall 112.9 k

Panel ( ):w1

≔Proof1 Proof Roof DL

≔Pfloor1 Pfloor Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 131.1 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 Proof Roof DL

≔Pfloor2 Pfloor Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 131.1 k Total DL (including slab weight)
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PROJECT NAME Structural Calculation:

Shear Wall Design

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1704.9 ⋅k ft Resisting Moment at Shear Panel

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for holdowns) 

Panel Hold Down - IBC 2021 1605.2 - Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #5 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down

Notes to Engineers (NTE)
NTE on Lhd - This distance will depend on the size of the hold 
down plate required, which will depend on the number of bars 
required based on the table from the Structural Standard detail 
19/S5.80, below. We call for the edge of the PL to be 1'-0" from 
the edge of panel, and then add ~1/2 of the PL width ("L" in the 
table below) to approximate the centroid of hold down steel. 
Additionally, this hold down section only allows for hold downs 
w/ #5 or #6 bars, as this covers the majority of cases for 
Mackenzie projects, and is consistent with the Mackenzie 
standard hold down detail 19/S5.80. The combo box for No.hd 
and L.hd 'IF' statement MUST be adjusted if using a different size 
for hold down reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

8 in Length of Hold Down

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔Thd =―――――――
-Mot_IBC Mres_IBC

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
-36.9 k ASD Tension at Hold Down

≔Ashdreq =―――――

⎛
⎜
⎝
――――

Thd

ELasd_factor

⎞
⎟
⎠

⋅ϕt fy
-0.98 in 2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd -1.6
≔hd_Results |

|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRhd 1.0
‖
‖ “REDESIGN HOLDOWNS”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

<Thd 0
‖
‖ “NO HOLDOWNS REQD”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝Nhd⎞⎠ “) #” num2str ⎛
⎜⎝
Nohd1

⎞
⎟⎠

“ BARS AT HOLDOWNS”⎞
⎟⎠

=hd_Results “NO HOLDOWNS REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔hd_Results |

|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRhd 1.0
‖
‖ “REDESIGN HOLDOWNS”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

<Thd 0
‖
‖ “NO HOLDOWNS REQD”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝Nhd⎞⎠ “) #” num2str ⎛
⎜⎝
Nohd1

⎞
⎟⎠

“ BARS AT HOLDOWNS”⎞
⎟⎠

Footing Uplift and Seismic Bearing Checks

≔lf ―
ws

2
Length of Footing

≔wf ⋅2.5 ft Width of Footing

Depth of Footing (Use 2'-0" Min 
@ hold down, see footing calcs)

≔df ⋅1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

=Mres_uplift 2863.42 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠
Required Footing Weight

=Wtftg_uplift -99.13 k

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Check Wall Segment Above/Below Opening
Wall Shear Design

Factored Wall Axial Forces (for Mpr calculation)
≔Pu1c =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.5 SL LL)) ws 162 k ASCE 7-16 12.2.3.6 Eq. 6

≔Pu2c =⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 82.61 k ASCE 7-16 12.2.3.6 Eq. 7

≔Mpr ⋅12440 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu =⋅ρ Mot 585 ⋅k ft

≔Vu =⋅ρ Vtot 23.9 k Ultimate Panel Shear (ρ )Qe

Height of wall measured from critical 
section to parapet (see NTE diagram)

≔hwcs 35.75 ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

This is the distance from the cross section being designed (critical 
section) up to the extreme top or bottom of wall. (shaded 'top of 
wall' shown in figure above)

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hwcs
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mprratio ――
Mpr

Mu
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 1

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 1

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 23.9 k

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2730 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅t (( ⋅12 in)) ρmin Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅9 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 1

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.87

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.04 ≔Flagv |

|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (1) LAYER /S OF #4 BARS AT 9"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2 Section still applicable. Use SP col? Or revise section to determine actual amount 
of flexural steel required, instead of checking that OOP steel provided is sufficient 
for in-plane flexural steel.

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

≔Nf 8

≔dsolve =⋅0.8 ws 20.8 ft Depth of Lever Arm Input Nf as # bars required for OOP loading at each end of panel. For panels 
with typical steel entire width of panel, calculate actual number of bars 
within 0.4*(panel width)

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.52 in 2 Required Area of Flexural Steel

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

≔As_long =⋅⋅Nf NLf AsNof 4.96 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.11 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (16) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES. IT IS NOT A REQUIREMENT FOR 
PRECAST WALLS OR TILT UP PANELS PER ACI 318-19 18.11.2.1------------------------

Req'd Long Reinf at Wall Ends- ACI 318-19 18.10.2.4 The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

If wall section hw/lw >2, requirements of ACI 318-19 18.10.2.4 must be met. 

≔WallEndCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 “Provide Req'd Reinf at Wall End” “Not Applicable”
⎞
⎟
⎠

=WallEndCheck “Not Applicable”

The amount of reinforcement required for 
leg in-plane moment is usually lower than 
the 400/fy ratio stated in 18.10.6.5 (OOP 
demands typically govern for these bars) 
and the minimum spacing requirements in 
Table 18.10.6.5b should not need to be 
met in that case. 

---------------------------------------------------------------------------------------------------------------

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check ⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Ve Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Engineer: XXX__________
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PROJECT NAME Structural Calculation:

Shear Wall Design

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3 If basic check is allowed and DCR is satisfactory, can delete 
boundary check below

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 =Pu1c 162.4 k

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.21

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation=AlternateCheck “Not Applicable”

Verify Section Is Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section Delete alternate boundary element check section if it is not applicable

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design - Leg

User can now pick and choose which panel leg to design.
≔Labelleg A

≔leg =legtempLabelleg
2 ft ≔kleg =ktempLabelleg

0.12

≔wo =wtempLabelleg
9 ft ≔hto =httempLabelleg

10 ft

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.2 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

39.4 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

20.7 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅269 k ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Pier”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Pier”

Panel 17 - Leg A (2'-0") Design
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PROJECT NAME Structural Calculation:

Shear Wall Design

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 2.96 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 35.75 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mu =⋅⋅Vu BCpier hto 14.8 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 18.15 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepier if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepier “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepier

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 5.9 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepier “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠
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PROJECT NAME Structural Calculation:

Shear Wall Design

=CheckVe18.10.8.1 “Refer to 18.10.8.1 for additional transverse reinforcement requirements”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 210 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅6 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

5

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅10
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 73.54 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.08 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #4 BARS AT 6"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

62.8 k
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PROJECT NAME Structural Calculation:

Shear Wall Design

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 8 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 4.96 in 2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 14.8 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 1.6 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.17 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.44 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 0.79 in 2

≔DCRf =――
Astot

As_leg

0.16 =DCRf 0.16 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Astot As_leg
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (16) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.64

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Pier Shear Reinforcing - ACI 318-19 18.10.8 - This section applies where the wall segment 
is a pier and does not meet the exceptions listed in the code.

=PierCheck “Pier”

ACI 318-19 18.10.8.2 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening. Minimum shear requirement 

check per ACI 318-19 
18.10.8.2

=VCheck_18.10.8.2 “PROVIDE 180-DEGREE HOOKS AT 6" MAX o.c.”

=Mpr 269 ⋅k ft Per SP Column

Shear associated with Mpr≔Vepier =――――
Mpr

⋅hto BCpier

53.8 k

≔Flag if ⎛⎝ ,,>ϕVn Vepier “OK” “Revise Reinf”⎞⎠ =Flag “OK”

--------------------------------------------------------------------------------- NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel 
length for dowel checks.  Slab dowel checks for other legs should be deleted, only one 
check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4
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PROJECT NAME Structural Calculation:

Shear Wall Design NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel 
length for dowel checks.  Slab dowel checks for other legs should be deleted, only one 
check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #4 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 2 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 0.4 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 2.96 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.34

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------

Wall Shear Design - Leg

User can now pick and choose which panel leg to design.
≔Labelleg B

≔leg =legtempLabelleg
4 ft ≔kleg =ktempLabelleg

0.75

≔wo =wtempLabelleg
18 ft ≔hto =httempLabelleg

10 ft

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.5 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

81.2 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

41.3 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅1006 k ft

Panel 17 - Leg B (4'-0") Design
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PROJECT NAME Structural Calculation:

Shear Wall Design
Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Pier”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Pier”

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 17.95 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 35.75 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mu =⋅⋅Vu BCpier hto 89.7 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 11.21 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepier if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepier “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepier

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 35.9 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepier “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠

=CheckVe18.10.8.1 “Refer to 18.10.8.1 for additional transverse reinforcement requirements”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 420 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #3 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅6 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

2.5

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2

≔ϕVn =⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

95.24 k ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅10
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4
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PROJECT NAME Structural Calculation:

Shear Wall Design≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅10
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 95.24 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.38 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #3 BARS AT 6"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

105.6 k

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 14 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 8.68 in 2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 89.7 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 3.2 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 
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PROJECT NAME Structural Calculation:

Shear Wall DesignG
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

=Asreq_flex 0.53 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.44 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 1.5 in 2

≔DCRf =――
Astot

As_leg

0.17 =DCRf 0.17 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Astot As_leg
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (28) #5 BARS EACH END MIN”

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.71

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”
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PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES------------------------
Pier Shear Reinforcing - ACI 318-19 18.10.8 - This section applies where the wall segment 
is a pier and does not meet the exceptions listed in the code.

=PierCheck “Pier”

ACI 318-19 18.10.8.2 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening. Minimum shear requirement 

check per ACI 318-19 
18.10.8.2

=VCheck_18.10.8.2 “PROVIDE 180-DEGREE HOOKS AT 6" MAX o.c.”

=Mpr 1006 ⋅k ft Per SP Column

Shear associated with Mpr≔Vepier =――――
Mpr

⋅hto BCpier

201.2 k

≔Flag if ⎛⎝ ,,>ϕVn Ve “OK” “Revise Reinf”⎞⎠ =Flag “OK”

--------------------------------------------------------------------------------- NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel 
length for dowel checks.  Slab dowel checks for other legs should be deleted, only one 
check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #4 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 3 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 0.6 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 2.96 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.23

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Panel Input ( )ws

≔ws ⋅26 ft Panel Width

≔hp ⋅0 ft Parapet Height

≔hroof ⋅35.75 ft Height of Roof Above FF

≔h1st ⋅0 ft Height of Floor Above FF

≔hftg ⋅5 ft FF to T/FTG Height

≔ht =++hp hroof hftg 40.8 ft Total Panel Height (T/FTG to T/PARAPET)

≔hto1 ⋅7.167 ft Opening 1 Height

≔hto2 10 ft Opening 2 Height

≔wo1 ⋅3.33 ft Opening 1 Width

≔wo2 ⋅9 ft Opening 1 Width

≔lega +4 ft 10 in Leg A Width

≔legb +6 ft 10 in Leg B Width

≔legc 2 ft Leg C Width
≔legtemp

lega
legb
legc

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

≔tp ⋅9.5 in Panel Thickness

318-19 Panel w/ (2) Opening - Panel 15 - North
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔tp ⋅9.5 in

Standard crane rated for 125k of lifting capacity, quick check below:
≔rv ⋅0.75 in Reveal Depth

≔t =-tp rv 8.8 in Effective Panel Thickness

≔Wtp ⋅wc tp Panel Wt. (psf)
≔Pweight =⋅⋅⎛⎝ -⎛⎝ ⋅ws ht⎞⎠ ⎛⎝ +⋅hto1 wo1 ⋅hto2 wo2⎞⎠⎞⎠ tp 150 pcf 112.3 k

Relative Panel Leg Stiffnesses ( )ws Amrhein/Yellow book method
≔Cranecheck if ⎛⎝ ,,<Pweight 125 k “OK” “Verify Higher Crane Capacity”⎞⎠

≔BClega Boundary Condition: Fixed-Fixed Leg A & B boundary conditions
= 1 for fixed-fixedBCleg

= 4 for fixed-pinnedBCleg

=Cranecheck “OK”

≔BClegb Boundary Condition: Fixed-Fixed NTE - The yellow book method calculates relative leg stiffness coefficients 
based on leg boundary conditions and leg aspect ratios. See snip from Yellow 
Book below.  Only use the Amrhein for stiffness comparisons within a single 
panel NOT for comparisons between separate panels; use RISA for full panel 
relative stiffness comparisons.

≔BClegc Boundary Condition: Fixed-Fixed

≔hdratioa =――
hto1
lega

1.48 Leg A aspect ratio

≔hdratiob =―――――
max ⎛⎝ ,hto1 hto2⎞⎠

legb
1.46 Leg B aspect ratio

≔hdratioc =――
hto2
legc

5 Leg C aspect ratio

≔Pk 100000 lb ≔tk 1 in ≔Ek 1000000 psi

≔Δka ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClega ⎛⎝hdratioa⎞⎠

3 ⋅3 ⎛⎝hdratioa⎞⎠⎞⎠

≔Δkb ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClegb ⎛⎝hdratiob⎞⎠

3 ⋅3 ⎛⎝hdratiob⎞⎠⎞⎠

≔Δkc ⋅――
Pk

⋅Ek tk
⎛⎝ +⋅BClegc ⎛⎝hdratioc⎞⎠

3 ⋅3 ⎛⎝hdratioc⎞⎠⎞⎠

≔Rka ――
1

Δka

≔Rkb ――
1
Δkb

≔Rkc ――
1
Δkc

≔ka =―――――
Rka

++Rka Rkb Rkc

0.481 Leg A Relative Stiffness

≔kb =―――――
Rkb

++Rka Rkb Rkc

0.493 Leg B Relative Stiffness
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔kc =―――――
Rkc

++Rka Rkb Rkc

0.026 Leg B Relative Stiffness
≔ktemp

ka
kb
kc

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

≔Stiffness if ⎛⎝ ,,>|| -1.0 ⎛⎝ ++ka kb kc⎞⎠|| 0.0001 “Check” “OK”⎞⎠ =Stiffness “OK” NTE - Sometimes the stiffness check mistakenly returns 'CHECK' as a 
result due to rounding errors. Adjust tolerance as necessaryAdjacent Panel Input ( )w1 Adjacent Panel Input ( )w2

≔w1 ws ≔w2 ws Adjacent Panel Width

≔hp1 hp ≔hp2 hp Parapet Height

≔hroof1 hroof ≔hroof2 hroof Height of Roof Above FF

≔hftg1 hftg ≔hftg2 hftg FF to T/FTG Height

Total Panel Height (T/FTG to T/
PARAPET)

≔ht1 =++hp1 hroof1 hftg1 40.8 ft ≔ht2 =++hp2 hroof2 hftg2 40.8 ft

≔tp1 tp ≔tp2 tp Panel Thickness

≔Ao1 ⋅⋅⋅⋅2 10 ft 9 ft ≔Ao2 ⋅⋅⋅⋅2 10 ft 9 ft Area of Openings

Loading:
Seismic (1.0 )Qe

The roof shear and floor shear values should NOT 
include rho in it. If your base shear calculations have 
it, divide by rho to have the shear without the 
redundancy factor. 

Rho is incorporated into the overturning equations 
and shear demand/capacity checks below.

≔Vroof ⋅15.72 k Seismic Shear @ Roof - not includedρ

≔Vfloor ⋅0 k Seismic Shear @ Floor

≔Vwall ⋅⋅⎛⎝ -⋅⎛⎝ -ht hftg⎞⎠ ws ⎛⎝ +⋅hto1 wo1 ⋅hto2 wo2⎞⎠⎞⎠ Wtp Cs Seismic Shear due to Wall Panel Mass

≔Vtot =++Vroof Vwall Vfloor 32.1 k Total Seismic Shear

≔Mot_roof ⋅Vroof hroof Overturning Moment due to Roof Shear

≔Mot_floor ⋅Vfloor h1st Overturning Moment due to Floor Shear

≔Mot_wall ⋅Vwall ――――
⎛⎝ -ht hftg⎞⎠

2
Overturning Moment Due to Panel Mass

≔Mot =++Mot_roof Mot_floor Mot_wall 853.9 ⋅k ft Total Overturning Moment @ Wall Panel
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PROJECT NAME Structural Calculation:

Shear Wall Design

Gravity:
Shear Panel ( ):ws

≔lroof_trib ⋅―
60
2

ft Length of Roof Tributary to Panel

≔lfloor_trib ⋅―
0
2

ft Length of Floor Tributary to Panel

≔SL 0.6 klf (Construction LL) Roof snow load tributary to panel Snow load and live load needed for Pu and Mpr calculation 

≔LL 0.0 klf Floor live load tributary to panel

≔Proof ⋅⋅DLsei lroof_trib ws Roof DL

≔Pfloor ⋅⋅DLflr lfloor_trib ws Floor DL

≔Pwall ⋅⎛⎝ -⋅ht ws ⎛⎝ +⋅hto1 wo1 ⋅hto2 wo2⎞⎠⎞⎠ Wtp Wall Panel DL

Slab-on-Grade DL (assumes 8' width of slab 
over width of panel available to resist OT)

≔Pslab ⋅⋅⋅⋅wc tSOG 8 ft ws

Total DL (without slab @ wall 
considered)

≔Ptot =++Proof Pfloor Pwall 120.8 k

Panel ( ):w1

≔Proof1 Proof Roof DL

≔Pfloor1 Pfloor Floor DL

≔Pwall1 ⋅⋅⎛⎝ -⋅w1 ht1 Ao1⎞⎠ tp1 wc Wall Panel DL

≔Pslab1 ⋅Pslab

⎛
⎜
⎝
―
w1

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot1 =+++Proof1 Pfloor1 Pwall1 Pslab1 131.1 k Total DL (including slab weight)

Panel ( ):w2

≔Proof2 Proof Roof DL

≔Pfloor2 Pfloor Floor DL

≔Pwall2 ⋅⋅⎛⎝ -⋅w2 ht2 Ao2⎞⎠ tp2 wc Wall Panel DL

≔Pslab2 ⋅Pslab

⎛
⎜
⎝
―
w2

ws

⎞
⎟
⎠

Slab-on-Grade DL 

≔Ptot2 =+++Proof2 Pfloor2 Pwall2 Pslab2 131.1 k Total DL (including slab weight)
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PROJECT NAME Structural Calculation:

Shear Wall Design

Resisting Moment:

≔Mresist =⋅⎛⎝ +Ptot Pslab⎞⎠ ―
ws

2
1806.9 ⋅k ft Resisting Moment at Shear Panel

Load Combinations:

ASCE 7-16 2.3.6
LRFD 6: (1.2+0.2Sds)D+1.0ρ + L + 0.2SQe

LRFD 7:  (0.9 - 0.2Sds)D + 1.0ρ (Resisting Moment of Slab-on-Grade)Qe

IBC 2021 1605.2 - Foundations
ASD 16-5: D + L + S + E/1.4 (Foundation Bearing) 
ASD 16-6: 0.9D + E/1.4 (Foundation Uplift/Weight. Ev = 0 for fdn size, Ev included for holdowns) 

Panel Hold Down - IBC 2021 1605.2 - Alternative Load Combination ASD 16-6

≔Mot_IBC ⋅ρ ――
Mot

1.4
ASD Overturning Moment

≔LHD5

0
0
8

12
16
20
24
30
34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in
≔Mres_IBC ⋅

⎛
⎜
⎝

-0.9 ―――
⋅0.2 Sds

1.4

⎞
⎟
⎠
Mresist ASD Resisting Moment

≔Nohd #5 Rebar Size No.

≔Nhd 2 Number of Bars in Hold Down

Notes to Engineers (NTE)
NTE on Lhd - This distance will depend on the size of the hold 
down plate required, which will depend on the number of bars 
required based on the table from the Structural Standard detail 
19/S5.80, below. We call for the edge of the PL to be 1'-0" from 
the edge of panel, and then add ~1/2 of the PL width ("L" in the 
table below) to approximate the centroid of hold down steel. 
Additionally, this hold down section only allows for hold downs 
w/ #5 or #6 bars, as this covers the majority of cases for 
Mackenzie projects, and is consistent with the Mackenzie 
standard hold down detail 19/S5.80. The combo box for No.hd 
and L.hd 'IF' statement MUST be adjusted if using a different size 
for hold down reinforcement.

≔Lhd =if ⎛
⎜⎝

,,＝Nohd0
0.31 in 2 LHD5Nhd

LHD6Nhd

⎞
⎟⎠

8 in Length of Hold Down

≔Ashd ⋅Nohd0
Nhd Area of Steel in Hold Down

≔Thd =―――――――
-Mot_IBC Mres_IBC

-ws ⎛⎝ +⋅1 ft ⋅0.5 Lhd⎞⎠
-32.4 k ASD Tension at Hold Down

≔Ashdreq =―――――

⎛
⎜
⎝
――――

Thd

ELasd_factor

⎞
⎟
⎠

⋅ϕt fy
-0.86 in 2 Required Area of Steel

≔DCRhd ―――
Ashdreq

Ashd

=DCRhd -1.4
≔hd_Results |

|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRhd 1.0
‖
‖ “REDESIGN HOLDOWNS”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

<Thd 0
‖
‖ “NO HOLDOWNS REQD”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝Nhd⎞⎠ “) #” num2str ⎛
⎜⎝
Nohd1

⎞
⎟⎠

“ BARS AT HOLDOWNS”⎞
⎟⎠

=hd_Results “NO HOLDOWNS REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔hd_Results |

|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRhd 1.0
‖
‖ “REDESIGN HOLDOWNS”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

<Thd 0
‖
‖ “NO HOLDOWNS REQD”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝Nhd⎞⎠ “) #” num2str ⎛
⎜⎝
Nohd1

⎞
⎟⎠

“ BARS AT HOLDOWNS”⎞
⎟⎠

Footing Uplift and Seismic Bearing Checks

≔lf ―
ws

2
Length of Footing

≔wf ⋅2.5 ft Width of Footing

Depth of Footing (Use 2'-0" Min 
@ hold down, see footing calcs)

≔df ⋅1 ft

≔Pftg ⋅⋅⋅wc lf wf df Footing Weight

Required Footing Weight - Load Combination ASD 16-6

Factored Resisting Moment (Including 
contribution of slab & adjacent panel)

≔Mres_uplift +Mres_IBC

⎛
⎜
⎝

⋅0.9
⎛
⎜
⎝

⋅min
⎛
⎜
⎝

,――
Ptot1

2
――
Ptot2

2

⎞
⎟
⎠
ws

⎞
⎟
⎠

⎞
⎟
⎠

=Mres_uplift 2943.01 ⋅k ft

≔Wtftg_uplift ―――――――
⎛⎝ -Mot_IBC Mres_uplift⎞⎠

-ws ⎛⎝ +1 ft ⋅0.5 Lhd⎞⎠
Required Footing Weight

=Wtftg_uplift -94.58 k

≔flagw if ⎛⎝ ,,≤Wtftg_uplift Pftg “OK” “NG!!!”⎞⎠ =flagw “OK”

------------------------ VERIFY SECTION BELOW APPLIES------------------------
Maximum Seismic Bearing, PAD Footing Condition - Load Combination ASD 16-6 Delete pad footing check if not applicable.

Check continuous footings by hand.
Factored Axial Compression Force 
due to Overturning

≔Cot_comp ―――
Mot_IBC

ws

≔Pgrav_comp ⋅0.5 ⎛⎝Ptot⎞⎠

=Pgrav_comp 60.4 k Factored Axial Gravity Force for 1/2 of panel

≔Aftg ⋅lf wf Footing Area

≔Aftg_reqd =―――――――
+Cot_comp Pgrav_comp

qsei
25.16 ft 2 Required Footing Area

≔flagA if ⎛⎝ ,,≤Aftg_reqd Aftg “OK” “NG!!!”⎞⎠ =flagA “OK”

≔qs =―――――――
+Cot_comp Pgrav_comp

Aftg

2580.2 psf Seismic Bearing Pressure

≔flagB if ⎛⎝ ,,<qs qsei “OK” “NG!!!”⎞⎠ =flagB “OK”
---------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design

Check Wall Segment Above/Below Opening

Browse for Image...

Wall Shear Design
Factored Wall Axial Forces (for Mpr calculation)

≔Pu1c =+⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +0.5 SL LL)) ws 173 k ASCE 7-16 12.2.3.6 Eq. 6

≔Pu2c =⋅⎛⎝ -0.9 0.2 Sds⎞⎠ Ptot 88.35 k ASCE 7-16 12.2.3.6 Eq. 7

≔Mpr ⋅16000 k ft Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0≔Mu =⋅ρ Mot 854 ⋅k ft

≔Vu =⋅ρ Vtot 32.1 k Ultimate Panel Shear (ρ )Qe

Height of wall measured from critical 
section to parapet (see NTE diagram)

≔hwcs 35.75 ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met. Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

This is the distance from the cross section being designed (critical 
section) up to the extreme top or bottom of wall. (shaded 'top of 
wall' shown in figure above)

≔Check1 if
⎛
⎜
⎝

,,≤―
ws

tp
6 “Pier” “Segment”

⎞
⎟
⎠

≔PierCheck if
⎛
⎜
⎝

,,≥――
hwcs
ws

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Design Shear Force - ACI 318-19 18.10.3

≔storieswcs 1 Number of Stories above Critical Section

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ――
hwcs
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

<――
hwcs
ws

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mprratio ――
Mpr

Mu
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤――
hwcs
ws

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

Shear Overstrength factor, ACI 318-19 18.10.3.1.2
=Ωv 1

≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 1

≔Ve ⋅Vratio Vu

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>―
ws

t
2.5 ⋅Vu Ωo “N/A”

⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――
Mpr

hroof
min

⎛
⎜
⎝

,――
Mpr

hroof
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force,
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1

=Ve 32.1 k

Browse for Image...

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t ws 2730 in 2 Gross Area of Concrete Section

≔Vmin ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Shear Strength to determine ρmin

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅t (( ⋅12 in)) ρmin Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Browse for Image...
Shear Strength to Determine Required 
Number of Layers

≔Vreinf ⋅⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if
⎛
⎜
⎝

,,∨>Vu Vreinf ≥―
ht
ws

2 “(2) CURTAINS REQD” “(1) CURTAIN REQD”
⎞
⎟
⎠

=Reinforcing “(1) CURTAIN REQD”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅18 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2

≔Avs ⋅⋅NL ―――
⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

≔αc =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else

≤―
ht
ws

1.5

‖
‖ 3.0

≥―
ht
ws

2.0

‖
‖ 2.0

‖
‖
‖
‖
‖

+2 ―――

-2.0 ―
ht
ws

0.5

2.87

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅8
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”
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PROJECT NAME Structural Calculation:

Shear Wall Design

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠ =check “OK”

≔DCRv ――――――
Ve

min ⎛⎝ ,ϕVn ϕVnmax⎞⎠
=DCRv 0.06 ≔Flagv |

|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #4 BARS AT 18"OC HORIZ MIN”

Flexural Steel - ACI 318-19 18.10.6

≔Nof #5 Longitudinal Reinforcement Bar Size

≔AsNof Nof0
≔dNof Nof1

Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2) at Each End

≔NLf 2 Section still applicable. Use SP col? Or revise section to determine actual amount 
of flexural steel required, instead of checking that OOP steel provided is sufficient 
for in-plane flexural steel.

Number of Longitudinal Reinforcement Bars per 
Layer at Each End

≔Nf 8

≔dsolve =⋅0.8 ws 20.8 ft Depth of Lever Arm Input Nf as # bars required for OOP loading at each end of panel. For panels 
with typical steel entire width of panel, calculate actual number of bars 
within 0.4*(panel width)

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.76 in 2 Required Area of Flexural Steel

Concentration of vertical bars in fully solid is generally only needed for OOP 
girder loading and not specifically for wall overturning. See NTE below.

≔As_long =⋅⋅Nf NLf AsNof 4.96 in 2 Area of Flexural Steel

≔DCRf ―――
Asreq_flex

As_long

=DCRf 0.15 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Asreq_flex As_long
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (16) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

------------------------ VERIFY SECTION BELOW APPLIES. IT IS NOT A REQUIREMENT FOR 
PRECAST WALLS OR TILT UP PANELS PER ACI 318-19 18.11.2.1------------------------

Req'd Long Reinf at Wall Ends- ACI 318-19 18.10.2.4 The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

If wall section hw/lw >2, requirements of ACI 318-19 18.10.2.4 must be met. 

≔WallEndCheck if
⎛
⎜
⎝

,,≥――
hroof
ws

2 “Provide Req'd Reinf at Wall End” “Not Applicable”
⎞
⎟
⎠

=WallEndCheck “Not Applicable”

Browse for Image...

The amount of reinforcement required for 
leg in-plane moment is usually lower than 
the 400/fy ratio stated in 18.10.6.5 (OOP 
demands typically govern for these bars) 
and the minimum spacing requirements in 
Table 18.10.6.5b should not need to be 
met in that case. 

Browse for Image...

---------------------------------------------------------------------------------------------------------------

Transverse Reinforcement Requirements - ACI 318-19 18.10.6.5

Assumes 0.2*Panel Width for N.A. depth. Input 
leg into SP Column if req'd to refine results.

≔As_check ⋅⋅―――
400

60000
⎛⎝ ⋅0.2 ws⎞⎠ t

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Ve Vcheck “PROVIDE HOOKED HORIZ BARS OR HOOPED ENDS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3 If basic check is allowed and DCR is satisfactory, can delete 
boundary check below

≔Ig ―――
⋅⎛⎝ws⎞⎠

3 t

12
≔Ag ――

⋅ws t

2
≔Sg ――

⋅t ws
2

6

Factored Axial Load - ASCE 7-16 2.3.6 
Load Combo 6

≔Pu1 =Pu1c 173.1 k

≔σu +――
Mu

Sg
――
Pu1

Ag

Combined Stress @ Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.25

≔BasicCheck if ⎛⎝ ,,>DCRσ 1 “Perform Alternate Analysis” “Okay”⎞⎠ =BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ ≥ 2.ws

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

also if

else

∧≥――
hwcs
ws

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

If cracked, modify stiffness distribution and very lateral load 
distribution across wall elevation=AlternateCheck “Not Applicable”

Verify Section Is Uncracked

≔yt ―
ws

2
Neutral Axis of Gross Section Delete alternate boundary element check section if it is not applicable

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design - Leg

User can now pick and choose which panel leg to design.
≔Labelleg A

≔leg =legtempLabelleg
4.83 ft ≔kleg =ktempLabelleg

0.48

≔wo =wtempLabelleg
3.33 ft ≔hto =httempLabelleg

7.17 ft

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.2 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

42.1 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

22.1 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅978 k ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

Browse for Image...

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Segment”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”

Panel 15 - Leg A (4'-10") Design
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PROJECT NAME Structural Calculation:

Shear Wall Design

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 15.41 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 35.75 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

Browse for Image...

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mu =⋅⋅Vu BCpier hto 55.2 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 17.71 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 46.2 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepiera “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠
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PROJECT NAME Structural Calculation:

Shear Wall Design

=CheckVe18.10.8.1 “Not applicable, proceed with design”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 507.5 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

1.57

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2.87

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅10
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

Browse for Image...≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 124.78 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.37 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

78.3 k
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PROJECT NAME Structural Calculation:

Shear Wall Design

Flexural Steel - ACI 318-19 18.10.6

Browse for Image...

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 10 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 6.2 in 2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 55.2 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 3.87 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.27 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.65 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 1.18 in 2

≔DCRf =――
Astot

As_leg

0.19 =DCRf 0.19 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Astot As_leg
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (20) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Browse for Image...

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.36

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

Browse for Image...

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Pier Shear Reinforcing - ACI 318-19 18.10.8 - This section applies where the wall segment 
is a pier and does not meet the exceptions listed in the code.

=PierCheck “Segment”

ACI 318-19 18.10.8.2 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening. Minimum shear requirement 

check per ACI 318-19 
18.10.8.2

=VCheck_18.10.8.2 “n/a”
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PROJECT NAME Structural Calculation:

Shear Wall Design

--------------------------------------------------------------------------------- NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel 
length for dowel checks.  Slab dowel checks for other legs should be deleted, only one 
check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Browse for Image...

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #5 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 4 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 1.24 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 15.41 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.58

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design

Panel 15 - Leg B (6'-10") Design

Wall Shear Design - Leg

User can now pick and choose which panel leg to design.
≔Labelleg B

≔leg =legtempLabelleg
6.83 ft ≔kleg =ktempLabelleg

0.49

≔wo =wtempLabelleg
12.33 ft ≔hto =httempLabelleg

10 ft

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.2 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

84.2 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

44.2 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅2360 k ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

Browse for Image...

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Segment”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Segment”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 15.79 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 35.75 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

Browse for Image...

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mu =⋅⋅Vu BCpier hto 78.9 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 29.89 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 47.4 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepiera “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠
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PROJECT NAME Structural Calculation:

Shear Wall DesignDesign Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepiera “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠

=CheckVe18.10.8.1 “Not applicable, proceed with design”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 717.5 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #4 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅12 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design
≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

1.57

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2.87

≔ϕVn ⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅10
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

Browse for Image...≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 176.42 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.27 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #4 BARS AT 12"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

122 k
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PROJECT NAME Structural Calculation:

Shear Wall Design≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

122 k

Flexural Steel - ACI 318-19 18.10.6

Browse for Image...

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 18 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 11.16 in 2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 78.9 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 5.47 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.27 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.65 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 1.18 in 2

≔DCRf =――
Astot

As_leg

0.11 =DCRf 0.11 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Astot As_leg
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (36) #5 BARS EACH END MIN”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5
This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Browse for Image...

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.33

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws
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PROJECT NAME Structural Calculation:

Shear Wall Design

Browse for Image...

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Pier Shear Reinforcing - ACI 318-19 18.10.8 - This section applies where the wall segment 
is a pier and does not meet the exceptions listed in the code.

=PierCheck “Segment”

ACI 318-19 18.10.8.2 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening. Minimum shear requirement 

check per ACI 318-19 
18.10.8.2

=VCheck_18.10.8.2 “n/a”
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PROJECT NAME Structural Calculation:

Shear Wall Design

--------------------------------------------------------------------------------- NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel 
length for dowel checks.  Slab dowel checks for other legs should be deleted, only one 
check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Browse for Image...

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #5 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 4 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 1.24 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 15.41 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.58

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------
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PROJECT NAME Structural Calculation:

Shear Wall Design

Wall Shear Design - Leg

User can now pick and choose which panel leg to design.
≔Labelleg C

≔leg =legtempLabelleg
2 ft ≔kleg =ktempLabelleg

0.03

≔wo =wtempLabelleg
9 ft ≔hto =httempLabelleg

10 ft

Leg axial force assumes equal leg loading (and no girder loading). 
Modify if this is not the case

≔Pu1 =⎛⎝ +⋅⎛⎝ +1.2 ⋅0.2 Sds⎞⎠ Ptot (( +⋅0.5 SL LL)) ws⎞⎠

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

43.3 k ASCE 7-16 12.2.3.6 Eq 6

≔Pu2 =⎛⎝ -0.9 ⋅0.2 Sds⎞⎠ Ptot

⎛
⎜
⎜
⎜⎝
―――

+leg ―
wo

2
ws

⎞
⎟
⎟
⎟⎠

22.1 k ASCE 7-16 12.2.3.6 Eq 7

Calculate the probable flexural strength of the concrete section 
per ACI with steel tensile stress of  1.25*Fy and Φ = 1.0. Calculate 
the ultimate axial load with the load combination producing the 
largest value of Mpr and thus the largest value of Ωv per 
R18.10.3.1

Largest probable flexural strength of the 
section from SP Column assuming tensile stress 
of 1.25*Fy and Φ = 1.0

≔Mpr ⋅297 k ft

Pier Check - ACI 318-19 Table R18.10.1

If wall section is a pier, requirements of ACI 318-19 18.10.8 or 18.14 must be met 
Boundary Condition Pier Factor

= 0.5 for fixed-fixed,BCpier
= 1.0 for fixed-pinnedBCpier

set to 1.0 as default for conservatism in BCpier
worst case leg moment≔BCpier Boundary condition: Fixed-Fixed

Browse for Image...

≔Check1 if
⎛
⎜
⎝

,,≤――
leg
tp

6 “Pier” “Segment”
⎞
⎟
⎠

=Check1 “Pier”

≔PierCheck if
⎛
⎜
⎝

,,≥――
hto
leg

2 Check1 “Segment”
⎞
⎟
⎠

=PierCheck “Pier”

Panel 15 - Leg C (2'-0") Design
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PROJECT NAME Structural Calculation:

Shear Wall Design

Design Shear Force - ACI 318-19 18.10.3

≔Vu =⋅⋅ρ Vtot kleg 0.85 k Ultimate Leg Shear (ρ )Qe
Confirm the correct critical section location and the height 
of the wall (including parapet) above it.

Critical section taken as bottom of opening leg.

≔hwcsleg =hroof 35.75 ft Height of panel leg above critical section

≔storieswcs 1 Number of Stories above Critical Section

Browse for Image...

≔ns max
⎛
⎜
⎝

,storieswcs ⋅0.007 ―――
hwcsleg
in

⎞
⎟
⎠

≔ωv =
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<―――
hwcsleg
leg

2

‖
‖ 1.0

≤ns 6.0
‖
‖
‖‖

+0.9 ―
ns

10

‖
‖
‖‖
min

⎛
⎜
⎝

,+1.3 ―
ns

30
1.8

⎞
⎟
⎠

1.2 Dynamic shear amplification factor, 
ACI 318-19 18.10.3.1.3

≔Mu =⋅⋅Vu BCpier hto 4.2 ⋅k ft

≔Mprratio ――
Mpr

Mu

≔Ωv if
⎛
⎜
⎝

,,≤―――
hwcsleg
leg

1.5 1.0 max ⎛⎝ ,Mprratio 1.5⎞⎠
⎞
⎟
⎠

=Ωv 70 Overstrength factor, ACI 318-19 18.10.3.1.2
If pier and alternate Ve is used, consider BC be included in Ve 
calculation? (included here for conservatism)≔Vratio =min ⎛⎝ ,⋅ωv Ωv 3⎞⎠ 3

Alternate Ve if pier aspect ratio met
ACI 318-19 18.10.8.1a

≔Vepiera if
⎛
⎜
⎝

,,>――
leg
t

2.5 ⋅Vu Ωo “N/A”
⎞
⎟
⎠

If the section is considered a pier and the Ve is unreasonably high,
Vu*Ωo can be used instead if lw/bw > 2.5 per the 18.10.8.1 
alternates a) thru f)

≔Ve if
⎛
⎜
⎝

,,＝PierCheck “Pier” if
⎛
⎜
⎝

,,＝Vepiera “N/A” ――――
Mpr

⋅BCpier hto
min

⎛
⎜
⎝

,――――
Mpr

⋅BCpier hto
Vepiera

⎞
⎟
⎠

⎞
⎟
⎠

⋅Vratio Vu

⎞
⎟
⎠

Design Shear Force, 
For Segments: ACI 318-19 18.10.3.1
For Piers: ACI 318-19 18.7.6.1 or 18.10.8.1

=Ve 1.7 k
≔CheckVe18.10.8.1 if ⎛⎝ ,,＝Ve Vepiera “Refer to 18.10.8.1 for additional transverse reinforcement requirements” “Not applicable, proceed with design”⎞⎠
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PROJECT NAME Structural Calculation:

Shear Wall Design

=CheckVe18.10.8.1 “Refer to 18.10.8.1 for additional transverse reinforcement requirements”

ACI 318-19 18.10.8.1 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening.

Shear Steel Requirements - ACI 318-19 18.10.2.1/11.6.1

≔Acv =⋅t leg 210 in 2 Gross Area of Concrete Section

Shear Strength to determine -ρmin

ACI 318-19 18.10.2.1
≔Vmin ⋅⋅⋅λ

‾‾‾‾
――
fc
psi

psi Acv

≔ρmin =if ⎛⎝ ,,<Vu Vmin 0.002 0.0025⎞⎠ 0.002

≔Av_min ⋅⋅((t)) (( ⋅12 in)) ⎛⎝ρmin⎞⎠ Minimum area of Shear Steel per Foot

Determine number of curtains of shear steel - ACI 318-19 18.10.2.2

Shear Strength to Determine
Required Number of Layers

≔Vreinf ⋅⋅⋅2 λ
‾‾‾‾
――
fc
psi

psi Acv

≔Reinforcing if ⎛⎝ ,,>Vu Vreinf “(2) CURTAINS REQD” “(1) CURTAIN REQD”⎞⎠

=Reinforcing “(1) CURTAIN REQD”

Define Shear Steel:

≔Nov #3 Shear Reinforcement Bar Size

≔AsNov Nov0
≔dsv Nov1

Area of Shear Reinforcement Bar

≔S ⋅6 in Shear Reinforcement Spacing (12" max, typical)

Number of Layers 
(CL = 1, EF = 2)

≔NL 2
Increase spacing as required if boundary element criteria 
is triggered below≔Avs ⋅⋅NL ―――

⋅12 in
S

AsNov Area of Shear Reinforcement per Foot

≔ρt ――――
Avs

⋅(( ⋅12 in)) ((t))

≔Av_min_check if ⎛⎝ ,,≤Av_min Avs “OK” “REVISE!”⎞⎠ =Av_min_check “OK”

≔Check if ⎛⎝ ,,∧>Vu Vreinf ＝NL 1 “REVISE REINF” “OK”⎞⎠ =Check “OK”
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PROJECT NAME Structural Calculation:

Shear Wall Design

Shear Wall Strength - ACI 318-19 Eq. 18.10.4.1

ACI 318-19 18.10.4.2 - Ratio for the greatest of 
wall or segment needs to be considered

≔hw_max =max
⎛
⎜
⎝

,―
ht
ws

――
hto
leg

⎞
⎟
⎠

5

≔αc =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|

if

else if

else

<hw_max 1.5
‖
‖ 3.0

≥hw_max 2.0
‖
‖ 2.0

‖
‖
‖‖

+2 ――――
-2.0 hw_max

0.5

2

≔ϕVn =⋅ϕvE

⎛
⎜
⎜⎝

⋅Acv

⎛
⎜
⎜⎝

+⋅⋅αc λ
⎛
⎜
⎜⎝

⋅
‾‾‾‾
――
fc
psi

psi
⎞
⎟
⎟⎠

⋅ρt fy
⎞
⎟
⎟⎠

⎞
⎟
⎟⎠

47.62 k ACI 318-19 Eq. 18.10.4.1

Define Shear Strength Max - ACI 318-19 18.10.4.4

≔ϕVnmax ⋅ϕvE

⎛
⎜
⎜⎝

⋅⋅⋅10
‾‾‾‾
――
fc
psi

psi Acv

⎞
⎟
⎟⎠

ACI 318-19 Eq. 18.10.4.4

Browse for Image...≔check if ⎛⎝ ,,≤Ve ϕVnmax “Proceed with Design” “Revise!”⎞⎠ =check “Proceed with Design”

≔check if ⎛⎝ ,,≤ϕVn ϕVnmax “OK” “Vn MAX exceeded, reduce reinforcement”⎞⎠

=check “OK”

≔ϕVn =min ⎛⎝ ,ϕVn ϕVnmax⎞⎠ 47.62 k

≔DCRv ――
Ve

ϕVn

=DCRv 0.04 ≔Flagv |
|
|
|
|
|
|
|
|
|
|
||

if

else

>DCRv 1.0
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

≠Av_min_check “OK”
‖
‖ “REVISE REINFORCEMENT”

‖
‖
‖‖

concat
⎛
⎜
⎝

,,,,,,“USE (” num2str ⎛⎝NL⎞⎠ “) LAYER /S OF #” num2str ⎛
⎜⎝
Nov2

⎞
⎟⎠

“ BARS AT ” num2str
⎛
⎜
⎝
―
S
in

⎞
⎟
⎠

“"OC HORIZ MIN”
⎞
⎟
⎠

=Flagv “USE (2) LAYER /S OF #3 BARS AT 6"OC HORIZ MIN”

Leg Compression Force: Per Load Case ASCE 7-16 12.2.3.6.  Default is for outer legs receiving half of 
total panel load in addition to seismic. 

≔Puleg =+Pu1 ――――
⋅ρ Mot

-ws
⎛
⎜
⎝
――
leg
2

⎞
⎟
⎠

77.4 k
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PROJECT NAME Structural Calculation:

Shear Wall Design

Flexural Steel - ACI 318-19 18.10.6

Browse for Image...

≔Nof #5 Longitudinal Reinforcement Bar Size

Area of Flexural Reinforcement Bar
≔AsNof Nof0

≔dNof Nof1 Diameter of Flexural Reinforcement Bar

≔NLf 2 Number of Layers of Longitudinal Reinforcement 
(CL = 1, EF = 2)

≔Nf 8 Number of Longitudinal Reinforcement Bars per 
Layer

≔As_leg =⋅⋅Nf NLf AsNof 4.96 in 2 Total Area of Steel Provided in Leg

≔Mu =⋅⋅Vu BCpier hto 4.2 ⋅k ft Ultimate Overturning Moment (ρ )Qe

≔dsolve =⋅0.8 leg 1.6 ft Depth of Lever Arm, use variables from above 
where possible

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅ϕf Asreq fy
⎛
⎜
⎝

-dsolve ――――
⋅Asreq fy

⋅⋅⋅0.85 fc t 2

⎞
⎟
⎠

Mu 0

≔Asreq_flex Find ⎛⎝Asreq⎞⎠

Leg dimensions for determining concrete shear strength contribution. This "d" is 
just an approximation. ACI 318-14 11.5.4.2 was removed from 318-19. 

=Asreq_flex 0.05 in 2 Required Area of Flexural Steel

≔Asreq_ten =―――――――
⋅ρ Mot

⋅⋅ϕf ⎛⎝ -ws ⋅1.5 ft⎞⎠ fy
0.65 in 2 Required Area of Steel to Resist Panel Overturning

Required Area of Steel for Leg Flexure and Panel 
Overturning

≔Astot =+⋅Asreq_flex 2 Asreq_ten 0.74 in 2

≔DCRf =――
Astot

As_leg

0.15 =DCRf 0.15 ≔Flagf |
|
|
|
|
|
|
|
|
|
|
|

if

else

>DCRf 1.0
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|

if

else

>Astot As_leg
‖
‖ “REVISE FLEXURAL REINFORCEMENT”

‖
‖
‖

concat ⎛
⎜⎝

,,,,“USE (” num2str ⎛⎝ ⋅NLf Nf⎞⎠ “) #” num2str ⎛
⎜⎝
Nof2

⎞
⎟⎠

“ BARS EACH END MIN”⎞
⎟⎠

=Flagf “USE (16) #5 BARS EACH END MIN”

Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5
Engineer: XXX__________

Job #: __________XXXXXXX.XX

Date: __________XX/XX/XXXX
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.26_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 Two Openings.mcdxSheet #: 06.31906.320



PROJECT NAME Structural Calculation:

Shear Wall Design
Transverse Reinforcement Requirements- ACI 318-19 18.10.6.5

This is only an approximation and must be reviewed by the designer for 
specific reinforcing conditionsAssumes 0.2*leg for N.A. depth. Input leg into SP 

Column if req'd to refine results.
≔As_check ⋅⋅――

400

――
fy
psi

(( ⋅0.2 leg)) t

The amount of reinforcement required for leg in-plane moment is usually 
lower than the 400/fy ratio stated in 18.10.6.5 (OOP demands typically 
govern for these bars) and the minimum spacing requirements in Table 
18.10.6.5b should not need to be met in that case. 

If this method is taken, delete this section and indicate in calculation 
package.

Consult with EOR if needed.

≔Vcheck ⋅⋅⋅λ
‾‾‾‾
――
fc
psi

psi Acv Check shear against 18.10.6.5a

≔Check18.10.6.5a if ⎛⎝ ,,>Vu Vcheck “PROVIDE HOOKED HORIZ BARS OR CLOSED HOOPS” “OK”⎞⎠

=Check18.10.6.5a “OK”

≔Check18.10.6.5b if ⎛⎝ ,,>Asreq_flex As_check “PROVIDE CONFINING HOOPS @ 5" O.C. MAX per 18.10.6.5” “OK”⎞⎠

=Check18.10.6.5b “OK”

Browse for Image...

Basic Boundary Element Check w/ Gross Section Properties - ACI 318-19 18.10.6.3

≔Ig ―――
⋅leg3 t

12
≔Ag ⋅leg t ≔Sg ―――

⋅t leg2

6

Factored Axial Load - Load Combination 
ASCE 7-16 12.2.3.6 Eq. 6

≔Pu Puleg

≔σu +――
Mu

Sg
――
Puleg

Ag Combined Stress at Extreme Fiber

≔Fc ⋅0.2 fc

≔DCRσ ―
σu

Fc

=DCRσ 0.54

≔BasicCheck if ⎛⎝ ,,>Fc σu “Okay” “Perform Alternate Analysis”⎞⎠

=BasicCheck “Okay”

If Wall does not meet basic boundary element check, provide boundary elements or perform 
Alternate check per ACI 318-19 18.10.6.2 ONLY if hwcs/ > 2.ws

Engineer: XXX__________

Job #: __________XXXXXXX.XX

Date: __________XX/XX/XXXX
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.26_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 Two Openings.mcdxSheet #: 06.32006.321



PROJECT NAME Structural Calculation:

Shear Wall Design

Browse for Image...

≔AlternateCheck
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
||

if

also if

else

∧≥―――
hwcsleg
leg

2 ＝BasicCheck “Perform Alternate Analysis”

‖
‖ “Proceed”

＝BasicCheck “Okay”
‖
‖ “Not Applicable”

‖
‖ “Boundary Element Necessary - Alternate Check Not Allowed”

=AlternateCheck “Not Applicable”

Verify Section Uncracked

≔yt ――
leg
2

Neutral Axis of Gross Section

Cracking Moment - ACI 318-19 19.2.3.1 Eq 
19.2.3.1, 24.2.3.5 Eq 24.2.3.5

≔Mcr ―――――――

⋅⋅⋅⋅7.5 λ
‾‾‾‾
――
fc
psi

psi Ig

yt

≔Ma ⋅Mu ELasd_factor Service Moment

≔McrCheck if ⎛⎝ ,,<Mcr Ma “Cracked; If necessary adjust relative stiffness and evaluate load” “Uncracked”⎞⎠

=McrCheck “Uncracked”

------------------------ VERIFY SECTION BELOW APPLIES------------------------
Pier Shear Reinforcing - ACI 318-19 18.10.8 - This section applies where the wall segment 
is a pier and does not meet the exceptions listed in the code.

=PierCheck “Pier”

ACI 318-19 18.10.8.2 - Transverse reinforcement with seismic hooks shall be provided to resist shear 
determined per 18.7.6.1.1. Transverse reinf. spacing 6" max OC. Extend reinf. minimum 12" above/
below opening. Minimum shear requirement 

check per ACI 318-19 
18.10.8.2

=VCheck_18.10.8.2 “PROVIDE 180-DEGREE HOOKS AT 6" MAX o.c.”

=Mpr 297 ⋅k ft Per SP Column

Shear associated with Mpr≔Vepier =――――
Mpr

⋅hto BCpier

59.4 k

≔Flag if ⎛⎝ ,,>ϕVn Ve “OK” “Revise Reinf”⎞⎠ =Flag “OK”

---------------------------------------------------------------------------------

Engineer: XXX__________

Job #: __________XXXXXXX.XX

Date: __________XX/XX/XXXX
H:\Projects\222029000\Production\Calcs\Structural\06_Concrete Walls\2023.05.26_Fortress Puyallup - ACI 318-19 Update_Concrete Shear Wall_2021 Two Openings.mcdxSheet #: 06.32106.322



PROJECT NAME Structural Calculation:

Shear Wall Design

NTE - If dock high or punched opening condition, modify 'Leg' section to use full panel 
length for dowel checks.  Slab dowel checks for other legs should be deleted, only one 
check necessary.
- Change L.dowel to w.s
- Change V.u to V.tot so that they are compatible checks.

------------------------ VERIFY SECTION BELOW APPLIES------------------------

Slab Shear Dowel Bars (Leg A) - Shear Friction per ACI 318-19 22.9.4

≔μ 0.6 Coefficient of Friction - ACI 318-19 22.9.4.2

Browse for Image...

Length of wall including dowels (leg length at 
storefront condition)

≔Ldowel leg

≔Nodowel #5 Dowel Reinforcement Bar Size

≔AsNodowel Nodowel

≔Ndowel 4 Number of Dowels per Leg - (4) Min

≔Avf =⋅AsNodowel Ndowel 1.24 in2 Area of Shear Friction Steel Across Panel

≔ϕVvf_n ⋅ϕvE ⎛⎝ ⋅⋅μ Avf fy⎞⎠ Allowable Shear Capacity - ACI 318-19 
22.9.4.2

≔Vu =⋅⋅ρ Vtot ka 15.41 k Ultimate Panel Shear (ρ )Qe

Shear into slab diaphragm only considers 
Vu and not Ve(?)

May be too conservative to use Ve for slab 
dowels...

≔DCRvf ―――
Vu

ϕVvf_n

=DCRvf 0.58

≔flag if ⎛⎝ ,,≥ϕVvf_n Vu “OK” “NG!”⎞⎠ =flag “OK”
---------------------------------------------------------------------------------

Engineer: XXX__________

Job #: __________XXXXXXX.XX

Date: __________XX/XX/XXXX
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PROJECT NAME XXX

X/X/2023

XXXXXX.XX

1 XX

STOREFRONT PANEL LEG

P29:

disp = 0.36 in

Induced demand:
Pu = 171.3 k
Vu = 46.9 k
Mu = 515.9 k-ft

lw = 4.75 ft = 57 in
bw = 9.5 in (NO REVEAL)
hw = 12 ft

hw/lw = 12 ft / 4.75 ft - 2.53
lw/bw = 57 in / 9.5 in = 6 SEGMENT

ac = 2

Vc = 2 sqrt(f'c)Acv = 2 sqrt(4000 psi) * (54 in x 9.5 in) = 64.9 k

Vs = 2*0.11 in2 * 60 ksi * 54 in / 6 in = 118.8 k

phi*Vn = 0.6*(64.9 k + 118.8 k) = 110.2 k

DCR =
46.9 k

= 0.42
110.2 k

See result from SpCol attached below



Company : June 13, 2023
11:37 AMDesigner :

Job Number : Checked By:_____
Model Name : WP1

CRITERIA

Code : ACI 318-19

Design Rule : Typical                         

Loc of r/f : Each Face

Outer Bars : Vertical

Vert Bar Size : #5       

Horz Bar Size : #4

Transfer In? : No

Transfer Out? : No

Group Wall? : No

MATERIALS

Material Set : Conc4000NW                      

Concrete f'c : 4 ksi

Concrete E : 3644 ksi

Concrete G : 1584 ksi

Conc Density : 0.15 k/ft^3

Lambda : 1

Conc Str Blk : Rectangular

Vert Bar Fy : 60 ksi

Horz Bar Fy : 60 ksi

Steel E : 29000 ksi

GEOMETRY

Total Height : 40.5 ft

Total Length : 26.5 ft

Thickness : 9.5 in

Int Cover (-z) : 0.75 in

Ext Cover (+z) : 1.5 in

Cover Open/Edge: 2 in

K : 1

Use Cracked? : Yes

In Icr Factor : 0.7

R3R4 R5

R6

R7

R8

R9R10

R11

R12

L1

L2

N1                              N2                              

N4                              N3                              

26.5 ft

RISA-2D Version 19.0.0      Page 1 [H:\...\...\Production\Calcs\Structural\05_Lateral\RISA\Storefront Panels.r2d] 
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Company : June 13, 2023
12:59 PMDesigner :

Job Number : Checked By:_____
Model Name : WP1 : R9 (In-Plane)

CRITERIA

Code : ACI 318-19

Design Rule : Typical                         

Loc of r/f : Each Face

Outer Bars : Vertical

Vert Bar Size : #5       

Horz Bar Size : #4

Vert Bar Spac : 10 in

Horz Bar Spac : 18 in

Group Wall? : No

MATERIALS

Material Set : Conc4000NW                      

Concrete f'c : 4 ksi

Concrete E : 3644 ksi

Concrete G : 1584 ksi

Conc Density : 0.15 k/ft^3

Lambda : 1

Conc Str Blk : Rectangular

Vert Bar Fy : 60 ksi

Horz Bar Fy : 60 ksi

Steel E : 29000 ksi

GEOMETRY

Total Height : 12 ft

Total Length : 4.75 ft

Thickness : 9.5 in

Int Cover (-z) : 0.75 in

Ext Cover (+z) : 1.5 in

Cover Open/Edge: 2 in

K : 1

Use Cracked? : Yes

Icr Factor : 0.7

ENVELOPE DIAGRAMS

Max: 171.3 at 0 ft

Min: 162.0 at 12 ft

P

k

Max: -45.733 at 12 ft

Min: -46.874 at 0 ft

V

k

Max: 515.9 at 0 ft

Min: -39.686 at 12 ft

M

k-ft

ACI 318-19 Code Check

AXIAL/BENDING DETAILS

UC Max : 0.581

Location : 0 ft

Gov Pu : 171.288 k

phi*Pn : 294.877 k

Gov Mu : 515.906 k-ft

phi*Mn : 888.144 k-ft

phi eff. : 0.9

Gov LC : 6

SHEAR DETAILS

UC Max : 0.437

Location : 0 ft

Gov Vu : -46.874 k

phi*Vn : 107.331 k

Vnmax : 273.98 k

Vc : 68.495 k

Vs : 74.613 k

Gov LC : 6

DEFLECTION DETAILS

Delta max : 0.121 in

Deflection Ratio : H/100

Location : 40.5 ft

Gov LC : 6

RISA-2D Version 19.0.0      Page 1 [H:\...\...\Production\Calcs\Structural\05_Lateral\RISA\Storefront Panels.r2d] 
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Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied 
as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to 
the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error free the program is 
not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, 
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with 
the use of the spColumn program. Licensed to: Mackenzie. License ID: 76230-1083116-4-2552E-26D2A
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Licensed to: Mackenzie. License ID: 76230-1083116-4-2552E-26D2A 6/13/2023
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1. General Information 
File Name H:\Projects\222029000\Production\

...\P29 Leg.colx
Project ---
Column ---
Engineer ---
Code ACI 318-19
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis Y - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Moment capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εty 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Rectangular
Width 57 in
Depth 9.5 in
Ag 541.5 in2

Ix 4072.53 in4

Iy 146611 in4

rx 2.74241 in
ry 16.4545 in
Xo 0 in
Yo 0 in

06.32806.329
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3.2. Section Figure 

Rectangular 57 x 9.5 in 1.83% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65

4.3. Arrangement 
Pattern Sides different
Bar layout Rectangular
Cover to Longitudal bars
Clear cover ---
Bars ---

Total steel area, As 9.92 in2

Rho 1.83 %
Minimum clear spacing 2.93 in

4.4. Bars Provided 
Bars Clear cover

in
Top 16 #5 1.5
Bottom 16 #5 0.75
Left 0 #5 1.5
Right 0 #5 1.5

y

x

06.32906.330
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Muy ɸPn ɸMny NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 171.30 515.90 171.30 1201.45 16.41 0.00709 0.900 0.43

06.33006.331
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PROJECT NAME XXX

X/X/2023

XXXXXX.XX

1 XX

STOREFRONT PANEL COUPLING BEAM

P29:
disp = 0.36 in

Induced demand:
Pu = 1.74 k
Vu = 31.8 k
Mu = 245.0 k-ft

d = 33.8125 in
bw = 9.5 in - 0.75 in = 8.75 in

Vc = 2 sqrt(f'c)Acv = 2 sqrt(4000 psi) * (33.8 in x 8.75 in) =
37.4 k

Vs = 2*0.11 in2 * 60 ksi * 33.8 in / 15 in = 29.8 k

phi*Vn = 0.6*(37.4 k + 29.8 k) = 40.3 k

DCR =
31.8 k

= 0.78
40.3 k

See result from SpCol attached below



Company : June 13, 2023
1:01 PMDesigner :

Job Number : Checked By:_____
Model Name : WP1 : L2 (In-Plane)

CRITERIA

Code : ACI 318-19

Design Rule : Typical                         

Loc of r/f : Each Face

Outer Bars : Vertical

Vert Bar Size : #5       

Horz Bar Size : #4

MATERIALS

Material Set : Conc4000NW                      

Concrete f'c : 4 ksi

Concrete E : 3644 ksi

Concrete G : 1584 ksi

Conc Density : 0.15 k/ft^3

Lambda : 1

Conc Str Blk : Rectangular

Vert Bar Fy : 60 ksi

Horz Bar Fy : 60 ksi

Steel E : 29000 ksi

GEOMETRY

Total Length : 17 ft

Thickness : 9.5 in

Int Cover (-z) : 0.75 in

Ext Cover (+z) : 1.5 in

Cover Open/Edge: 2 in

ENVELOPE DIAGRAMS

Max: -0.722 at 17 ft

Min: -1.743 at 0 ft

A k

Max: -23.541 at 0 ft

Min: -31.83 at 17 ft

V k

Max: 224.735 at 0 ft

Min: -245.895 at 17 ft

M k-ft

Note: Lintel design is not currently available for concrete wall panel openings.

RISA-2D Version 19.0.0      Page 1 [H:\...\...\Production\Calcs\Structural\05_Lateral\RISA\Storefront Panels.r2d] 
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Licensee stated below acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied 
as input for processing by the spColumn computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to 
the correctness of the output prepared by the spColumn program. Although STRUCTUREPOINT has endeavored to produce spColumn error free the program is 
not and cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, 
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with 
the use of the spColumn program. Licensed to: Mackenzie. License ID: 76230-1083116-4-2552E-26D2A
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1. General Information 
File Name H:\Projects\222029000\P...\P29 

Coupling Beam.colx
Project ---
Column ---
Engineer ---
Code ACI 318-19
Bar Set ASTM A615
Units English
Run Option Investigation
Run Axis Y - axis
Slenderness Not Considered
Column Type Structural
Capacity Method Moment capacity

2. Material Properties 
2.1. Concrete 
Type Standard
f'c 4 ksi
Ec 3605 ksi
fc 3.4 ksi
εu 0.003 in/in
β1 0.85

2.2. Steel 
Type Standard
fy 60 ksi
Es 29000 ksi
εty 0.00206897 in/in

3. Section 
3.1. Shape and Properties 
Type Rectangular
Width 36 in
Depth 8.75 in
Ag 315 in2

Ix 2009.77 in4

Iy 34020 in4

rx 2.52591 in
ry 10.3923 in
Xo 0 in
Yo 0 in

06.33506.336
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3.2. Section Figure 

Rectangular 36 x 8.75 in 1.18% reinf.

Figure 1: Column section

4. Reinforcement 
4.1. Bar Set: ASTM A615 

Bar Diameter Area Bar Diameter Area Bar Diameter Area
in in2 in in2 in in2

#3 0.38 0.11 #4 0.50 0.20 #5 0.63 0.31
#6 0.75 0.44 #7 0.88 0.60 #8 1.00 0.79
#9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56

#14 1.69 2.25 #18 2.26 4.00

4.2. Confinement and Factors 
Confinement type Tied
For #10 bars or less #3 ties
For larger bars #4 ties

Capacity Reduction Factors
Axial compression, (a) 0.8
Tension controlled ɸ, (b) 0.9
Compression controlled ɸ, (c) 0.65

4.3. Arrangement 
Pattern Sides different
Bar layout Rectangular
Cover to Transverse bars
Clear cover ---
Bars ---

Total steel area, As 3.72 in2

Rho 1.18 %
Minimum clear spacing 1.93 in

4.4. Bars Provided 
Bars Clear cover

in
Top 5 #5 1.5
Bottom 5 #5 0.75
Left 1 #5 1.5
Right 1 #5 1.5

y

x

06.33606.337
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5. Factored Loads and Moments with Corresponding Capacity Ratios 
NOTE: Calculations are based on "Moment Capacity" Method.

No. Demand Capacity Parameters at Capacity Capacity
Pu Muy ɸPn ɸMny NA Depth εt ɸ Ratio
kip k-ft kip k-ft in

1 0.00 245.00 0.00 265.47 4.96 0.01746 0.900 0.92

06.33706.338
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CANOPY DESIGN (EAST ELEVATION):
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A5.10

13
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A5.10

20

A5.10

4'-0"

9'-8"

13'-4"

8'-6"

96.3 psf

39.9 psf

112.0 psf

84.7 psf

DECK DESIGN (20 GA PLB-36):

Sf = 0.230 in3/ft
Fy = 50 ksi

Mn = 0.230 in3/ft x 50 ksi = 11.5 k-in/ft
Mn/Omega = 11.5 k-in/ft / 1.67 = 6.9 k-in/ft => 578 lb-ft/ft

Ma = 453 lb-ft/ft

DCR = 0.78 OKAY



 

www.mcknze.com

Portland, OR
503.224.9560

Vancouver, WA
360.695.7879

Seattle, WA
206.749.9993 

By

Date

Job#

Sht.   of
©202  Mackenzie. All rights reserved.

ARCHITECTURE  · INTERIORS  · STRUCTURAL 
ENGINEERING  ·  CIVIL ENGINEERING  ·  LAND 
USE PLANNING  ·  TRANSPORTATION PLANNING
LANDSCAPE ARCHITECTURE

WA
93 

09.4

wu @ HSS

15.00°

4' - 0"

19

A5.10

A5.10

15

A5.10

20

4'-0"

9'-8"

13'-4"

8'-6"

96.3 psf

39.9 psf

112.0 psf

84.7 psf

DESIGN OF HSS SPANNING ACROSS
RECCESS ENTRY

wa @ HSS

CANOPY DESIGN (EAST ELEVATION):

FORTRESS PUYALLUP SHA

6/15/2023
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15.00°

4' - 0"

19

A5.10

A5.10

15

A5.10

20

4'-0"

9'-8"

13'-4"

8'-6"

96.3 psf

39.9 psf

112.0 psf

84.7 psf

DESIGN OF HSS SPANNING ACROSS
RECCESS ENTRY

HSS10x5x5/16 PASSES BOTH STRENGTH AND
DEFLECTION CHECKS

CONN DESIGN:
Vu = 10.1 k

phiRn = 2 x 1.392(4)(5 in)(1.5) = 83.5 k

15.00°

4' - 0"

19

A5.10

15

A5.10

20

H
S

S
10x5x5/16

H
S

S
10x5x5/16

CANTILEVERING HSS DESIGN (4'-0" PROJECTION)

HSS5x5x1/4 PASSES BOTH STRENGTH AND
DEFLECTION CHECKS

CONN DESIGN:
Vu = 3.4 k
Mu = 12.6 k-ft
C = T = 12.6 k-ft / 5 in = 30.2 k
phiRn = 2 x 1.392(4)(3 in)(1.5) = 50.1 k 
phiTn = 0.9(36 ksi)(3 in)(0.375 in) = 36.5 k

OKAY

CANOPY DESIGN (EAST ELEVATION):

FORTRESS PUYALLUP SHA

6/15/2023

2220290.00

1 XX
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HSS WITH COL AT MID SPAN

LOAD FROM OTHER SIDE OF STEEL (FROM
CHANNEL AND HSS):

DL = 4 PSF x 200 ft^2 / 31.75 ft + 34 plf = 59.2 plf

VDL = 59.2 plf * 31.75 ft / 2 = 940 lb

OKAY

15.00°
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S
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S
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4' - 0"E
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Q

E
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Q

E
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20

A5.10

200.06 sf

31'-9"

HSS5x5x1/4 PASSES BOTH STRENGTH AND
DEFLECTION CHECKS

CONN DESIGN:
Vu = 3.3 k
phiRn = 2 x 1.392(4)(3 in) = 33.4 k

HSS COLUMN DESIGN:

Pu = 7.83 k
H = 17 ft 

phiPn = 85.5 k

FDN DESIGN:
Pa = 5.65 k

q = 2.5 ksf

Areqd = 2.26 ft^2 => 1.75 ft x 1.75 ft = 3.0625 ft^2

CANOPY DESIGN (EAST ELEVATION):

FORTRESS PUYALLUP SHA

6/15/2023

2220290.00

1 XX
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E
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A5.10

200.06 sf

31'-9"

LATERAL LOAD TRANSFER:

Wdrag = 200 ft2 x 4 psf + 10 ft x 18 ft x 12 psf / 2 + 34 plf x 31.75 ft =
2209 lb
Fp,drag = (0.674)(2290 lb) = 1490 lb

OmegaFp,drag = (2.5)(1490 lb) = 3725 lb of drag load

C15x33.9 can act as drag element. Has enough capacity

Wcanopy = 145 ft2 x 7.5 psf + 2 x 29 plf x 22.5 ft  + 34 plf X 22.5 ft=
3160 lb
Fp,canopy = 0.674 x 3160 lb = 2130 lb

M = 2130 lb / 2 x 7 ft = 7500 lb
C = T = 7500 lb / 21.5 ft = 350 lb 

Vtot = 0.674(220 ft2 x 7.5 psf + 29 plf x 53 ft + 29 plf x 22.5 ft + 34 plf x
22.5 ft) +  1490 lb = 4.6 k 

phi*Rn = 6 x 1.392 x 4 x 5 = 167 k

Fw = (18.7 psf + 15.3 psf)x(10 ft x 18 ft) / 2 = 3060 lb -> Seismic
governs

15.00°

4' - 0"

19

A5.10

13

A5.10

15

A5.10

20

A5.10

H
S

S
10x5x5/16

H
S

S
10x5x5/16

HSS5x5x1/4

HSS5x5x1/4

C
15

C15X33.9

1

A101

74 sf142.61 sf

design embeds at ends including
axial from "racking"

total shear through the
continuous HSS along the face
of the panel. resolved via horiz
weld along embed

CANOPY DESIGN (EAST ELEVATION):

Lateral Load Path:
The HSS on the face of the panel will directly transfer shear into
the panels. The force from the portion of the canopy without a
diaphragm will be dragged into the metal diaphragm through the
channel element. Since the direct shear only occurs along the
HSS at the face, the eccentricity in the diaphragm support will be
resolved in a "racking" mechanism at the HSS outriggers on the
ends of the metal deck.

FORTRESS PUYALLUP SHA

6/15/2023

2220290.00

1 XX
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CANOPY DESIGN WEST ELEVATION:

wu @ HSS

DESIGN OF HSS SPANNING ACROSS
RECCESS ENTRY

wa @ HSS

1
7

' 
- 

0
"

4' - 0"

4'-0"
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1
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4' - 0"

4'-0"

5'-4 1/2"

9'-4 1/2"

8'-1 3/4"

53.1 psf

93.0 psf

79.7 psf

39.9 psf

CANOPY DESIGN:

DESIGN OF HSS SPANNING ACROSS
RECCESS ENTRY

HSS10x5x5/16 PASSES BOTH STRENGTH AND
DEFLECTION CHECKS

CONN DESIGN:
Vu = 7.24 k

phiRn = 2 x 1.392(4)(5 in)(1.5) = 83.5 k

FORTRESS PUYALLUP SHA

6/15/2023

2220290.00

1 XX
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CANOPY DESIGN:

LOAD FROM OTHER SIDE OF STEEL (FROM
CHANNEL AND HSS):

DL = 4 PSF x 70 ft^2 / 21 ft + 34 plf = 47.3 plf

VDL = 47.3 plf * 21 ft / 2 =497 lb

CANTILEVERING HSS DESIGN (5'-6" PROJECTION)

HSS5x5x1/4 PASSES BOTH STRENGTH AND
DEFLECTION CHECKS

CONN DESIGN:
Vu = 5.2 k

phi*Rn = 2*1.392*(4)(3 in) = 33.4 k OKAY

2
' 
- 

1
0

"
4

7
' 
- 

9
 1

/2
"

5
0

' 
- 

7
 1

/2
"

1
7

' 
- 

0
"

4' - 0"

7' - 0"
E

Q
E

Q
E

Q
E

Q

133.4 sf

FORTRESS PUYALLUP SHA

6/15/2023

2220290.00

1 XX



PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading
Protected Area

Purpose Statement: Snow drift calculations for Lower Roofs, Adjacent Structures, Rooftop 
Projections and Parapets. Calculates snow drift only. Ground snow load and 
minimum roof snow load to be determined outside of this program.

Referenced Standards: 2021 IBC
ASCE 7-16 

Basic Input

Basic ground snow load for use with snow drift calculations
Note that this is not the same as the minimum roof snow load. The minimum 
roof snow load is calculated outside of this program

≔pg 20 psf

Snow exposure factor as defined in ASCE 7-16, Table 7.3-1

≔Surface_Roughness_Category B Terrain (exposure) category as defined in ASCE 7-16, Ch. 26.7

≔Exposure_of_Roof Partially Exposed
Protected Area

=Ce 1
Thermal factor as defined in ASCE 7-16, Table 7.3-2

≔Ct Unheated and open air structures =Ct 1.2

Importance factor ASCE 7-16, Table 1.5-2

≔Is Occupancy category II =Is 1

Sloped roof factor (If applicable) ASCE 7-16, Figure 7.4-1

≔Cs 1.0

Calculated flat roof snow load (ASCE 7-16, Eq. 7.3-1)

≔pf ⋅⋅⋅⋅0.7 Ce Ct Is pg =pf 16.8 psf

Balanced roof snow load (ASCE 7-16, Eq. 7.4-1)

≔ps ⋅Cs pf =ps 16.8 psf

Density of snow (ASCE 7-16, Eq. 7.7-1)

≔γ min
⎛
⎜
⎝

,⋅30 pcf +⋅――
0.13
ft

pg ⋅14.0 pcf
⎞
⎟
⎠

=γ 16.6 pcf

Height of calculated minimum snow load ASCE 7-16, 7.7.1

≔hb ―
ps
γ

=hb 1.01 ft

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
H:\Projects\222029000\Production\Calcs\Structural\01_Loading\Snow Drift Geometry and Loading - Canopy.mcdx Sheet #: 09.11



PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 9.67 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 5.8 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.48 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 5.80 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 5.80 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 23.21 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 9.67 ft

Canopy on the East Side (9'-8" Projection)

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 113.11 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 96.31 psf

Canopy on the East Side (4'-0" Projection) Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
H:\Projects\222029000\Production\Calcs\Structural\01_Loading\Snow Drift Geometry and Loading - Canopy.mcdx Sheet #: 09.13



PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Canopy on the East Side (4'-0" Projection)

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 4 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 2.4 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.07 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 2.40 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 2.40 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 9.60 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 4.00 ft

Engineer: SHA

Job #: __________2220290.00
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 56.64 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 39.84 psf

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Canopy on the East Side (13'-3" Projection)

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 13.25 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 6.75 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.66 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 6.75 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 6.75 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 26.98 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 13.25 ft

Engineer: SHA

Job #: __________2220290.00
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 128.77 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 111.97 psf

Canopy on the East Side (8'-6" Projection) Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Canopy on the East Side (8'-6" Projection)

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 8.5 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 5.1 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.42 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 5.10 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 5.10 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 20.40 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 8.50 ft

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 101.46 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 84.66 psf

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Canopy on the West Side (5'-4" Projection)

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 5.33 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 3.2 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.19 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 3.20 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 3.20 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 12.79 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 5.33 ft

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 69.89 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 53.09 psf

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Canopy on the West Side (9'-4" Projection)

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 9.33 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 5.6 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.46 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 5.60 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 5.60 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 22.39 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 9.33 ft

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 109.73 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 92.93 psf

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Canopy on the West Side (8'-0" Projection)

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu 550 ft Horizontal length of upper roof

≔ll 8.0 ft Horizontal length of lower roof

≔hr 28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 550 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 4.8 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.38 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 4.80 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 4.80 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 19.20 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 8.00 ft

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 96.48 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 79.68 psf

Canopy on the North Side (3'-9" Projection) Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

CASE I:  DRIFT LOAD FOR LOWER ROOF (ASCE 7-16 Section 7.7.1 and Figure 7.7-2)

≔lu ⋅240 ft Horizontal length of upper roof

≔ll ⋅3.75 ft Horizontal length of lower roof

≔hr ⋅28.5 ft Difference in height between upper and lower roofs

Adjusted difference in roof heights (Removes height of flat roof snow load)

≔hc -hr hb =hc 27.49 ft

≔Check7.7.1a =if
⎛
⎜
⎝

,,<―
hc
hb

0.2 “Drift does not apply” “Drift applies”
⎞
⎟
⎠

“Drift applies” If snow drift does not apply, delete the calculations that follow this check.

Minimum length of roof upwind

≔lu if ⎛⎝ ,,≥lu ⋅20 ft lu 20 ft⎞⎠ =lu 240 ft

Leeward drift height

≔hdl min
⎛
⎜
⎜⎝

,⋅⋅‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
lu
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft ⋅0.6 ll

⎞
⎟
⎟⎠

(ASCE 7-16 Fig. 7.6-1)
=hdl 2.25 ft

Windward drift height

≔hdw ⋅⋅⋅―
3
4

‾‾Is
⎛
⎜
⎜⎝

-⋅⋅0.43
‾‾‾3
―
ll
ft

‾‾‾‾‾‾‾4
+――

pg
psf

10 1.5
⎞
⎟
⎟⎠
ft (ASCE 7-16 7.7.1) =hdw 0.05 ft

Controlling drift height

≔h'd max ⎛⎝ ,hdl hdw⎞⎠ =h'd 2.25 ft

Check drift height against hc

≔hd if ⎛⎝ ,,≤h'd hc h'd hc⎞⎠ Drift height =hd 2.25 ft

Calculate drift width

≔w1 if
⎛
⎜
⎜⎝

,,≤hd hc ⋅4 hd ⋅4 ――
hd

2

hc

⎞
⎟
⎟⎠

=w1 9.00 ft

≔w min ⎛⎝ ,,w1 ⋅8 hc ll⎞⎠ Drift width =w 3.75 ft

Canopy on the North Side (3'-9" Projection)

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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PROJECT NAME Structural Calculation:

Snow Drift Geometry and Loading

Maximum intensity of snow load

≔pm +⋅⎛⎝hd⎞⎠ γ pf =pm 54.15 psf This surcharge is in addition to the flat roof / sloped roof snow load. Although the code does not require 
that this be superimposed on the minimum roof snow load, Mackenzie typically reports this surcharge in 
addition to the minimum roof snow load. Minimum roof snow load to be determined outside of this 
program.

≔pd -pm pf Maximum drift surcharge load =pd 37.35 psf

Engineer: SHA

Job #: __________2220290.00

Date: __________06/15/2023
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Company: Date: 6/15/2023

Engineer: Page: 1/5

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: 
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-14
Units: Imperial units

Anchor Information:
Anchor type: Cast-in-place
Material: AWS Type A
Diameter (inch): 0.625
Effective Embedment depth, hef (inch): 6.000
Anchor category: -
Anchor ductility: Yes
hmin (inch): 7.38
Cmin (inch): 1.38
Smin (inch): 2.50

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 9.50
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: B tension, B shear
Supplemental reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Ignore 6do requirement: No
Build-up grout pad: No

Base Plate
Length x Width x Thickness (inch): 8.00 x 8.00 x 0.38

Recommended Anchor
Anchor Name: Headed Stud - 5/8"Ø AWS Type A Headed Stud

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Company: Date: 6/15/2023

Engineer: Page: 2/5

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: No
Anchors subjected to sustained tension: Not applicable
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: No

Strength level loads:

Nua [lb]: 0
Vuax [lb]: 2430
Vuay [lb]: 0
Mux [ft-lb]: 0
Muy [ft-lb]: 8500
Muz [ft-lb]: 0

<Figure 1>

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Company: Date: 6/15/2023

Engineer: Page: 3/5

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

<Figure 2>

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Company: Date: 6/15/2023

Engineer: Page: 4/5

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

Shear load y,
Vuay (lb)

Anchor Tension load,
Nua (lb)

3. Resulting Anchor Forces

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

Shear load x,
Vuax (lb)

0.01 607.5 607.50.0

0.02 607.5 607.50.0

8219.63 607.5 607.50.0

8219.64 607.5 607.50.0

2430.0 0.0Sum 16439.2 2430.0

Maximum concrete compression strain (‰): 0.40
Maximum concrete compression stress (psi): 1722
Resultant tension force (lb): 16439
Resultant compression force (lb): 16439
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

<Figure 3>

4. Steel Strength of Anchor in Tension (Sec. 17.4.1)

Nsa (lb) f fNsa (lb)

18715 0.75 14036

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.4.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.4.2.2a)

kc la f’c (psi) hef (in) Nb (lb)

24.0 1.00 4000 6.000 22308

fNcbg =f (ANc / ANco)Yec,NYed,NYc,NYcp,NNb (Sec. 17.3.1 & Eq. 17.4.2.1b)

ANc (in2) ANco (in2) ca,min (in) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fNcbg (lb)

432.00 324.00 - 1.000 1.000 1.00 1.000 22308 0.70 20821

6. Pullout Strength of Anchor in Tension (Sec. 17.4.3)

fNpn = fYc,PNp = fYc,P8Abrgf’c (Sec. 17.3.1, Eq. 17.4.3.1 & 17.4.3.4)

Yc,P Abrg (in2) f’c (psi) f fNpn (lb)

1.0 0.92 4000 0.70 20608

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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8. Steel Strength of Anchor in Shear (Sec. 17.5.1)

Vsa (lb) fgrout f fgroutfVsa (lb)

18715 1.0 0.65 12165

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.5.3)

fVcpg = fkcpNcbg = fkcp(ANc / ANco)Yec,NYed,NYc,NYcp,NNb
 (Sec. 17.3.1 & Eq. 17.5.3.1b)

kcp ANc (in2) ANco (in2) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fVcpg (lb)

2.0 576.00 324.00 1.000 1.000 1.000 1.000 22308 0.70 55523

11. Results

Interaction of Tensile and Shear Forces (Sec. 17.6.)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 8220 14036 0.59 Pass

Concrete breakout 16439 20821 0.79 Pass (Governs)

Pullout 8220 20608 0.40 Pass

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 608 12165 0.05 Pass (Governs)

Pryout 2430 55523 0.04 Pass

Interaction check Nua/fNn Vua/fVn Combined Ratio Permissible Status

Sec. 17.6..1 0.79 0.00 79.0% 1.0 Pass

5/8"Ø AWS Type A Headed Stud with hef = 6.000 inch meets the selected design criteria.

12. Warnings

- Designer must exercise own judgement to determine if this design is suitable.

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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1.Project information

Customer company: 
Customer contact name: 
Customer e-mail: 
Comment: 

Project description: 
Location: 
Fastening description: 

2. Input Data & Anchor Parameters

General
Design method:ACI 318-14
Units: Imperial units

Anchor Information:
Anchor type: Cast-in-place
Material: AWS Type A
Diameter (inch): 0.625
Effective Embedment depth, hef (inch): 6.000
Anchor category: -
Anchor ductility: Yes
hmin (inch): 7.38
Cmin (inch): 1.38
Smin (inch): 2.50

Base Material
Concrete: Normal-weight
Concrete thickness, h (inch): 9.50
State: Cracked
Compressive strength, f’c (psi): 4000
Ψc,V: 1.0
Reinforcement condition: B tension, B shear
Supplemental reinforcement: Not applicable
Reinforcement provided at corners: No
Ignore concrete breakout in tension: No
Ignore concrete breakout in shear: No
Ignore 6do requirement: No
Build-up grout pad: No

Base Plate
Length x Width x Thickness (inch): 6.00 x 12.00 x 0.38

Recommended Anchor
Anchor Name: Headed Stud - 5/8"Ø AWS Type A Headed Stud

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.
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Load and Geometry
Load factor source: ACI 318 Section 5.3
Load combination: not set
Seismic design: No
Anchors subjected to sustained tension: Not applicable
Apply entire shear load at front row: No
Anchors only resisting wind and/or seismic loads: No

Strength level loads:

Nua [lb]: 0
Vuax [lb]: 0
Vuay [lb]: 10160
Mux [ft-lb]: -2200
Muy [ft-lb]: 0
Muz [ft-lb]: 0

<Figure 1>

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.
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<Figure 2>

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.

Input data and results must be checked for agreement with the existing circumstances, the standards and guidelines must be checked for plausibility.

09.35



Company: Date: 6/15/2023

Engineer: Page: 4/5

Project:

Address:

Phone:

E-mail:

Anchor Designer™
Software
Version 3.0.7947.1

Shear load y,
Vuay (lb)

Anchor Tension load,
Nua (lb)

3. Resulting Anchor Forces

Shear load  combined,
√(Vuax)²+(Vuay)² (lb)

Shear load x,
Vuax (lb)

1342.71 0.0 2540.02540.0

0.02 0.0 2540.02540.0

0.03 0.0 2540.02540.0

1342.74 0.0 2540.02540.0

0.0 10160.0Sum 2685.4 10160.0

Maximum concrete compression strain (‰): 0.06
Maximum concrete compression stress (psi): 255
Resultant tension force (lb): 2685
Resultant compression force (lb): 2685
Eccentricity of resultant tension forces in x-axis, e'Nx (inch): 0.00
Eccentricity of resultant tension forces in y-axis, e'Ny (inch): 0.00
Eccentricity of resultant shear forces in x-axis, e'Vx (inch): 0.00
Eccentricity of resultant shear forces in y-axis, e'Vy (inch): 0.00

<Figure 3>

4. Steel Strength of Anchor in Tension (Sec. 17.4.1)

Nsa (lb) f fNsa (lb)

18715 0.75 14036

5. Concrete Breakout Strength of Anchor in Tension (Sec. 17.4.2)

Nb = kclaÖf’chef
1.5 (Eq. 17.4.2.2a)

kc la f’c (psi) hef (in) Nb (lb)

24.0 1.00 4000 6.000 22308

fNcbg =f (ANc / ANco)Yec,NYed,NYc,NYcp,NNb (Sec. 17.3.1 & Eq. 17.4.2.1b)

ANc (in2) ANco (in2) ca,min (in) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fNcbg (lb)

396.00 324.00 - 1.000 1.000 1.00 1.000 22308 0.70 19086

6. Pullout Strength of Anchor in Tension (Sec. 17.4.3)

fNpn = fYc,PNp = fYc,P8Abrgf’c (Sec. 17.3.1, Eq. 17.4.3.1 & 17.4.3.4)

Yc,P Abrg (in2) f’c (psi) f fNpn (lb)

1.0 0.92 4000 0.70 20608

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.
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8. Steel Strength of Anchor in Shear (Sec. 17.5.1)

Vsa (lb) fgrout f fgroutfVsa (lb)

18715 1.0 0.65 12165

10. Concrete Pryout Strength of Anchor in Shear (Sec. 17.5.3)

fVcpg = fkcpNcbg = fkcp(ANc / ANco)Yec,NYed,NYc,NYcp,NNb
 (Sec. 17.3.1 & Eq. 17.5.3.1b)

kcp ANc (in2) ANco (in2) Yec,N Yed,N Yc,N Ycp,N Nb (lb) f fVcpg (lb)

2.0 616.00 324.00 1.000 1.000 1.000 1.000 22308 0.70 59379

11. Results

Interaction of Tensile and Shear Forces (Sec. 17.6.)

Tension Factored Load, Nua (lb) Design Strength, øNn (lb) Ratio Status

Steel 1343 14036 0.10 Pass

Concrete breakout 2685 19086 0.14 Pass (Governs)

Pullout 1343 20608 0.07 Pass

Shear Factored Load, Vua (lb) Design Strength, øVn (lb) Ratio Status

Steel 2540 12165 0.21 Pass (Governs)

Pryout 10160 59379 0.17 Pass

Interaction check Nua/fNn Vua/fVn Combined Ratio Permissible Status

Sec. 17.6..2 0.00 0.21 20.9% 1.0 Pass

5/8"Ø AWS Type A Headed Stud with hef = 6.000 inch meets the selected design criteria.

12. Warnings

- Designer must exercise own judgement to determine if this design is suitable.

5956 W. Las Positas Boulevard  Pleasanton, CA 94588  Phone: 925.560.9000  Fax: 925.847.3871  www.strongtie.comSimpson Strong-Tie Company Inc.
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ATT

TOP OF VESTIBULE = 27'

BOTTOM OF UPPER STOREFRONT = 15'

TOP OF LOWER STOREFRONT = 12'

V = 97 MPH

WIND COMPONENTS AND CLADDING

qh = (0.00256)(Kz)(Kzt)(Kd)(Ke)(V2)

qh = (0.00256)(0.74)(1.0)(1.0)(0.85)(972) = 21.3 PSF

MAXIMUM BEAM SPAN = 17'

EFFECTIVE WIND AREA = (17')(17'/3) = 96.33 FT2

GCp = +0.8, -1.05
GCpi = +/-0.18

Notes 

1. Vertical scale denotes (GCp)

(GCp)

to be used with qh. 
2. Horizontal scale denotes effective wind area, in ft2 (m2). 
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively. 
4. Each component shall be designed for maximum positive and negative pressures. 
5. Values of for walls shall be reduced by 10% when θ ≤ 10°. 

External Pressure Coefficient, (GCp) - Walls 

p = (qh)(GCp - GCpi)

p = (15.2 PSF)(-1.05 - 0.18) = 18.8 PSF

DETERMINE SEISMIC LOADING

Fp =
(0.4)(ap)(Sds)(Wp)

Rp
Ip

(1 + 2 (z/h))

(0.4)(1)(1.0)(15 PSF)

Exterior nonstructural wall elements and
connectionsb

Wall element 1 2½ NA
Body of wall panel connections 1 2½ NA
Fasteners of the connecting system 1¼ 1 1

Table 13.5-1 Coefficients for Architectural Components

Architectural Component ap
a Rp Ω0

b

2.5
1.0

(1 + 2 (0.5))Fp =

Fp = 4.8 PSF << 18.8 PSF

WIND C&C LOAD GOVERNS

2210438.00

ENTRY VESTIBULE FRAMING
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(5)(0.085 KLF)(17')4(1728)

(384)(29,000 KSI)(Iy)
δ = = 1.13", Iy = 4.9 in4 (L/180)

Iy = 21.5 in4 (L/360) 

HSS6x5x5/16 (22.3 in4)

VERTICAL DEFLECTION (STOREFRONT):

(15')(15 PSF) = 225 PLF

(5)(0.225 KLF)(17')4(1728)

(384)(29,000 KSI)(Ix)
δ = = 0.57", Ix = 25.7 in4 (L/360)

INCLUDE MEMBER SELF WEIGHT, ~21 PLF, LIMIT TO 1/2" DEFLECTION, TRY  HSS6x5x5/16 (90.1 in4)

(5)(0.246 KLF)(17')4(1728)

(384)(29,000 KSI)(29.6 in4)
δ = = 0.54", (L/1275)

DESIGN FOR BIAXIAL BENDING, WIND + GRAVITY LOADING 1.2D + 1.0W

Mux = (1.2)(0.246 KLF)(17')2/8 = 10.8 k-ft

Sx = 9.85 in3

(18.8 PSF)(7.5') = 141 KLF

Muy = (0.141 KLF)(17')2/8 = 5.1 k-ft

Sy = 8.91 in3

σ1 = (10.8 k-ft)(12 in/ft)/9.85 in3 = 13.2 KSI

σ2 = (5.1 k-ft)(12 in/ft)/8.91 in3 = 6.9 KSI

σTOTAL = 13.2 KSI + 6.9 KSI = 20 KSI

σALLOW = (0.9)(46 KSI) = 41.4 KSI > 20 KSI, OK

LOWER MID STOREFRONT TRIB WIDTH = (12'/2) + (3'/2) = 7.5'

(7.5')(18.8 PSF)(0.6) = 85 PLF 

DETERMINE DEFLECTION OOP



 

www.mcknze.com

Portland, OR
503.224.9560

Vancouver, WA
360.695.7879

Seattle, WA
206.749.9993 

By

Date

Job#

Sht.   of
©2021 Mackenzie. All rights reserved.

ARCHITECTURE  · INTERIORS  · STRUCTURAL 
ENGINEERING  ·  CIVIL ENGINEERING  ·  LAND 
USE PLANNING  ·  TRANSPORTATION PLANNING
LANDSCAPE ARCHITECTURE

09.40

(5)(0.085 KLF)(17')4(1728)

(384)(29,000 KSI)(Iy)
δ = = 1.13", Iy = 4.18 in4 (L/180)

VERTICAL DEFLECTION (STOREFRONT):

(15')(15 PSF) +150 PLF = 375 PLF

(5)(0.405 KLF)(17')4(1728)

(384)(29,000 KSI)(Ix)
δ = = 0.5", Ix = 52.5 in4 TRY HSS10x5x5/16

DESIGN FOR BIAXIAL BENDING, WIND + GRAVITY LOADING 1.2D + 1.6L + 0.5W

Mux = ((1.2)(0.255 KLF)+0.246 KLF)(17')2/8 = 19.9 k-ft

Sx = 20.8 in3

(0.5 x 18.8  PSF)(7.5') = 70.5 KLF

Muy = (0.0705 KLF)(17')2/8 = 2.55 k-ft

Sy = 14.1 in3

σ1 = (19.9 k-ft)(12 in/ft)/20.8 in3 = 11.5 KSI

σ2 = (2.55 k-ft)(12 in/ft)/14.1 in3 = 2.1 KSI

σTOTAL = 11.5 KSI + 2.1 KSI = 13.6 KSI

σALLOW = (0.9)(46 KSI) = 41.4 KSI > 13.6 KSI, OK

UPPER STOREFRONT TRIB WIDTH = (12'/2) + (3'/2) = 7.5'

(7.5')(18.8 PSF)(0.6) = 85 PLF

DETERMINE DEFLECTION
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CHECK TIEBACK TO CONCRETE PANEL

(18.8 PSF)(17'/2)(27'/2) = 2.1 k FROM WIND

LOAD DUE TO GRAVITY:

(15')(15 PSF)(4'/2) = 450 LB

1.2(D) = (1.2)(450 LB) = 540 LB

TOTAL DEMAND ON WELD FROM SHEAR/AXIAL:

sqrt((2.1 k)2 + (0.6k)2) = 2.3 k

WELD PROVIDED:

(1.392)(4)(8") = 44.5k >> 2.3 k, OK

SEE HILTI FOR EMBED DESIGN

BEAM TO POST CONNECTION

Pu = (0.552 klf)(17')/2 = 4.7 k

Mu = (4.7 k)(3") = 14.1 k-in

P1 = 14.1 k-in / 3" = 4.7 k T/C

3"

3"

P1
Mu

Pu

FORCE FROM WIND = (18.8 PSF)(27'/2)(17'/2) = 2.2 k

3 WELDS TO POST: 2.2 k/3 = 0.73 k

COMBINED TENSION/SHEAR ON WELD:

sqrt((4.7 k)2 + (0.73 k)2) = 4.8 k

(1.392)(4)(3) = 16.7k > 4.8 k, OK
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WIND/SEISMIC FOR IN PLANE KICKER FORCE

(0.4)(1)(1.0)(15 PSF)

2.5
1.0

(1 + 2 (0.5))Fp =

Fp = 4.8 PSF

AREA OF ENTRY FRAMING TRIB TO KICKER

(17' + 2' + 2')(27'/2) = 284 FT2

(4.8 PSF)(284 FT2) = 1.4 k

DETERMINE WIND FORCE, EFFECTIVE WIND AREA:

(27'/2)(2') = 27 FT2

Notes 

1. Vertical scale denotes (GCp)

(GCp)

to be used with qh. 
2. Horizontal scale denotes effective wind area, in ft2 (m2). 
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively. 
4. Each component shall be designed for maximum positive and negative pressures. 
5. Values of for walls shall be reduced by 10% when θ ≤ 10°. 

External Pressure Coefficient, (GCp) - Walls 

GCp = 0.92, -1.25
GCpi = +/-0.18

WINDWARD:

p = (15.2 PSF)(0.92 + 0.18) = 16.8 PSF

LEEWARD:

p = (15.2 PSF)(-1.25 - 0.18) = 21.7 PSF

TOTAL FORCE:

(16.8 PSF + 21.7 PSF)(4'/2)(27'/2) = 1.0 k

KICKER AT 50 DEGREES

1.0 k/cos(50) = 1.5k

4'-6 1/4"

1.6k

2.5k

50.09°
4" WELD LENGTH

(1.392)(4)(4) = 22.2k >> 1.5k, OK

FORCE NORMAL TO WALL FACE

1.0k(sin(50)) = 3 k

0'-10 1/2"

SEE HILTI FOR EMBED PLATE CHECK
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  Hex Head ASTM F 1554 GR. 36 1/2

 Item number:  not available

 Effective embedment depth:  hef = 6.000 in.

 Material:  ASTM F 1554

 Evaluation Service Report:  Hilti Technical Data

 Issued I Valid:  - | -

 Proof:  Design Method ACI 318-14 / CIP

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.500 in.

 Anchor plateR :  lx x ly x t = 12.000 in. x 12.000 in. x 0.500 in.; (Recommended plate thickness: not calculated)

 Profile:  Rectangular HSS (AISC), HSS10X4X.3125; (L x W x T) = 10.000 in. x 4.000 in. x 0.312 in.

 Base material:  cracked concrete, 4000, fc' = 4,000 psi; h = 10.500 in.

 Reinforcement:  tension: condition B, shear: condition B;

 edge reinforcement: none or < No. 4 bar

R - The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]

09.43

EMBED DESIGN FROM ANOTHER PROJECT w/ MORE
LOAD. OKAY FOR THIS PROJECT
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 4,000; Vx = 600; Vy = 0;
Mx = 0; My = 0; Mz = 0;

no 17

Tension

1 2

3 4

x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 1,000 150 150 0
2 1,000 150 150 0
3 1,000 150 150 0
4 1,000 150 150 0

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 4,000 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 1,000 6,177 17 OK

 Pullout Strength* 1,000 6,518 16 OK

 Concrete Breakout Failure** 4,000 32,581 13 OK

 Concrete Side-Face Blowout, direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = Ase,N futa            ACI 318-14 Eq. (17.4.1.2)
f  Nsa ³ Nua            ACI 318-14 Table 17.3.1.1

Variables

Ase,N [in.2] futa [psi]
0.14 58,000

Calculations

Nsa [lb]
8,236

Results

Nsa [lb] f steel f  Nsa [lb] Nua [lb]
8,236 0.750 6,177 1,000

3.2 Pullout Strength

NpN = y c,p Np            ACI 318-14 Eq. (17.4.3.1)
Np = 8 Abrg f

'
c            ACI 318-14 Eq. (17.4.3.4)

f  NpN ³ Nua            ACI 318-14 Table 17.3.1.1

Variables
y c,p Abrg [in.2] l a f'c [psi]

1.000 0.29 1.000 4,000

Calculations

Np [lb]
9,312

Results

Npn [lb] f concrete f  Npn [lb] Nua [lb]
9,312 0.700 6,518 1,000
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3.3 Concrete Breakout Failure

Ncbg = (ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb            ACI 318-14 Eq. (17.4.2.1b)

f  Ncbg ³ Nua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-14 Eq. (17.4.2.2a)

Variables

hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.] y c,N

6.000 0.000 0.000 ∞ 1.000

cac [in.] kc l a f'c [psi]
- 24 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
676.00 324.00 1.000 1.000 1.000 1.000 22,308

Results

Ncbg [lb] f concrete f  Ncbg [lb] Nua [lb]
46,545 0.700 32,581 4,000
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 150 3,212 5 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 600 65,162 1 OK

 Concrete edge failure in direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa = 0.6 Ase,V futa            ACI 318-14 Eq. (17.5.1.2b)
f  Vsteel ³ Vua            ACI 318-14 Table 17.3.1.1

Variables

Ase,V [in.2] futa [psi]
0.14 58,000

Calculations

Vsa [lb]
4,942

Results

Vsa [lb] f steel f  Vsa,eq [lb] Vua [lb]
4,942 0.650 3,212 150
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4.2 Pryout Strength

Vcpg = kcp [(ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb ]            ACI 318-14 Eq. (17.5.3.1b)

f  Vcpg ³ Vua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-14 Eq. (17.4.2.2a)

Variables

kcp hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.]
2 6.000 0.000 0.000 ∞

y c,N cac [in.] kc l a f'c [psi]
1.000 ∞ 24 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
676.00 324.00 1.000 1.000 1.000 1.000 22,308

Results

Vcpg [lb] f concrete f  Vcpg [lb] Vua [lb]
93,089 0.700 65,162 600

5 Combined tension and shear loads

bN bV z Utilization bN,V [%] Status
0.162 0.047 5/3 6 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2021, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  For additional information about ACI 318 strength design provisions, please go to https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

Fastening meets the design criteria!
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Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 -4.000 -4.000 - - - -
2 4.000 -4.000 - - - -
3 -4.000 4.000 - - - -
4 4.000 4.000 - - - -

7 Installation data
 Anchor type and diameter: Hex Head ASTM F 1554 GR.
 36 1/2

 Profile: Rectangular HSS (AISC), HSS10X4X.3125; (L x W x T) = 10.000 in. x
 4.000 in. x 0.312 in.

 Item number: not available 

 Hole diameter in the fixture: df = 0.562 in.  Maximum installation torque: -
 Plate thickness (input): 0.500 in.  Hole diameter in the base material: - in.
 Recommended plate thickness: not calculated  Hole depth in the base material: 6.000 in.

 Minimum thickness of the base material: 6.844 in.

 Hilti Hex Head headed stud anchor with 6 in embedment, 1/2, Steel galvanized, installation per instruction for use

1 2

3 4

x

y
6.000 6.000

2.000 8.000 2.000

2.
00

0
8.

00
0

2.
00

0

6.
00

0
6.

00
0
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8 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put in.
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.
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Specifier's comments: 

1 Input data

 Anchor type and diameter:  Hex Head ASTM F 1554 GR. 36 1/2

 Item number:  not available

 Effective embedment depth:  hef = 4.724 in.

 Material:  ASTM F 1554

 Evaluation Service Report:  Hilti Technical Data

 Issued I Valid:  - | -

 Proof:  Design Method ACI 318-14 / CIP

 Stand-off installation:  eb = 0.000 in. (no stand-off); t = 0.375 in.

 Anchor plateR :  lx x ly x t = 10.000 in. x 10.000 in. x 0.375 in.; (Recommended plate thickness: not calculated)

 Profile:  no profile

 Base material:  cracked concrete, 4000, fc' = 4,000 psi; h = 10.000 in.

 Reinforcement:  tension: condition B, shear: condition B;

 edge reinforcement: none or < No. 4 bar
 Seismic loads (cat. C, D, E, or F)  Tension load: yes (17.2.3.4.3 (d))

 Shear load: yes (17.2.3.5.3 (c))

R - The anchor calculation is based on a rigid anchor plate assumption.

Geometry [in.] & Loading [lb, in.lb]
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1.1 Design results
Case  Description Forces [lb] / Moments [in.lb] Seismic Max. Util. Anchor [%]

1  Combination 1 N = 4,000; Vx = 0; Vy = 3,200;
Mx = 0; My = 0; Mz = 0;

yes 50

Tension

1 2

3 4

x

y2 Load case/Resulting anchor forces

Anchor reactions [lb]
Tension force: (+Tension, -Compression)

Anchor Tension force Shear force Shear force x Shear force y
1 1,000 800 0 800
2 1,000 800 0 800
3 1,000 800 0 800
4 1,000 800 0 800

max. concrete compressive strain: - [‰]
max. concrete compressive stress: - [psi]
resulting tension force in (x/y)=(0.000/0.000): 4,000 [lb]
resulting compression force in (x/y)=(0.000/0.000): 0 [lb]

 Anchor forces are calculated based on the assumption of a rigid anchor plate.

3 Tension load

Load Nua [lb] Capacity f Nn [lb] Utilization bN = Nua/f Nn Status
 Steel Strength* 1,000 6,177 17 OK

 Pullout Strength* 1,000 4,889 21 OK

 Concrete Breakout Failure** 4,000 14,112 29 OK

 Concrete Side-Face Blowout, direction ** N/A N/A N/A N/A

 * highest loaded anchor    **anchor group (anchors in tension)
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3.1 Steel Strength

Nsa = Ase,N futa            ACI 318-14 Eq. (17.4.1.2)
f  Nsa ³ Nua            ACI 318-14 Table 17.3.1.1

Variables

Ase,N [in.2] futa [psi]
0.14 58,000

Calculations

Nsa [lb]
8,236

Results

Nsa [lb] f steel f  Nsa [lb] Nua [lb]
8,236 0.750 6,177 1,000

3.2 Pullout Strength

NpN = y c,p Np            ACI 318-14 Eq. (17.4.3.1)
Np = 8 Abrg f

'
c            ACI 318-14 Eq. (17.4.3.4)

f  NpN ³ Nua            ACI 318-14 Table 17.3.1.1

Variables
y c,p Abrg [in.2] l a f'c [psi]

1.000 0.29 1.000 4,000

Calculations

Np [lb]
9,312

Results

Npn [lb] f concrete f seismic f nonductile f  Npn [lb] Nua [lb]
9,312 0.700 0.750 1.000 4,889 1,000
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3.3 Concrete Breakout Failure

Ncbg = (ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb            ACI 318-14 Eq. (17.4.2.1b)

f  Ncbg ³ Nua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-14 Eq. (17.4.2.2a)

Variables

hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.] y c,N

4.724 0.000 0.000 6.000 1.000

cac [in.] kc l a f'c [psi]
- 24 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
363.12 200.88 1.000 1.000 0.954 1.000 15,587

Results

Ncbg [lb] f concrete f seismic f nonductile f  Ncbg [lb] Nua [lb]
26,879 0.700 0.750 1.000 14,112 4,000
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4 Shear load

Load Vua [lb] Capacity f Vn [lb] Utilization bV = Vua/f Vn Status
 Steel Strength* 800 3,212 25 OK

 Steel failure (with lever arm)* N/A N/A N/A N/A

 Pryout Strength** 3,200 37,631 9 OK

 Concrete edge failure in direction y+** 3,200 6,509 50 OK

 * highest loaded anchor    **anchor group (relevant anchors)

4.1 Steel Strength

Vsa = 0.6 Ase,V futa            ACI 318-14 Eq. (17.5.1.2b)
f  Vsteel ³ Vua            ACI 318-14 Table 17.3.1.1

Variables

Ase,V [in.2] futa [psi]
0.14 58,000

Calculations

Vsa [lb]
4,942

Results

Vsa [lb] f steel f  Vsa,eq [lb] Vua [lb]
4,942 0.650 3,212 800
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4.2 Pryout Strength

Vcpg = kcp [(ANc
ANc0

) y ec,N y ed,N y c,N y cp,N Nb ]            ACI 318-14 Eq. (17.5.3.1b)

f  Vcpg ³ Vua            ACI 318-14 Table 17.3.1.1
ANc see ACI 318-14, Section 17.4.2.1, Fig. R 17.4.2.1(b)
ANc0 = 9 h2

ef            ACI 318-14 Eq. (17.4.2.1c)

y ec,N = ( 1

1 + 
2 e'

N
3 hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.4)

y ed,N = 0.7 + 0.3 ( ca,min
1.5hef

) £ 1.0            ACI 318-14 Eq. (17.4.2.5b)

y cp,N = MAX(ca,min
cac

, 
1.5hef

cac
) £ 1.0            ACI 318-14 Eq. (17.4.2.7b)

Nb = kc l a √f'c h
1.5
ef            ACI 318-14 Eq. (17.4.2.2a)

Variables

kcp hef [in.] ec1,N [in.] ec2,N [in.] ca,min [in.]
2 4.724 0.000 0.000 6.000

y c,N cac [in.] kc l a f'c [psi]
1.000 ∞ 24 1.000 4,000

Calculations

ANc [in.2] ANc0 [in.2] y ec1,N y ec2,N y ed,N y cp,N Nb [lb]
363.12 200.88 1.000 1.000 0.954 1.000 15,587

Results

Vcpg [lb] f concrete f seismic f nonductile f  Vcpg [lb] Vua [lb]
53,759 0.700 1.000 1.000 37,631 3,200
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4.3 Concrete edge failure in direction y+

Vcbg = (AVc
AVc0

) y ec,V y ed,V y c,V y h,V y parallel,V Vb            ACI 318-14 Eq. (17.5.2.1b)

f  Vcbg ³ Vua            ACI 318-14 Table 17.3.1.1
AVc see ACI 318-14, Section 17.5.2.1, Fig. R 17.5.2.1(b)
AVc0 = 4.5 c2

a1            ACI 318-14 Eq. (17.5.2.1c)

y ec,V = ( 1

1 + 
2e'

v
3ca1

) £ 1.0            ACI 318-14 Eq. (17.5.2.5)

y ed,V = 0.7 + 0.3( ca2
1.5ca1

) £ 1.0            ACI 318-14 Eq. (17.5.2.6b)

y h,V = √1.5ca1
ha

³ 1.0            ACI 318-14 Eq. (17.5.2.8)

Vb = (7 ( le
da
)

0.2

√da) l a √f'c c
1.5
a1            ACI 318-14 Eq. (17.5.2.2a)

Variables

ca1 [in.] ca2 [in.] ecV [in.] y c,V ha [in.]
6.000 - 0.000 1.000 10.000

le [in.] l a da [in.] f'c [psi] y parallel,V

4.000 1.000 0.500 4,000 1.000

Calculations

AVc [in.2] AVc0 [in.2] y ec,V y ed,V y h,V Vb [lb]
216.00 162.00 1.000 1.000 1.000 6,974

Results

Vcbg [lb] f concrete f seismic f nonductile f  Vcbg [lb] Vua [lb]
9,298 0.700 1.000 1.000 6,509 3,200

5 Combined tension and shear loads

bN bV z Utilization bN,V [%] Status
0.283 0.492 5/3 43 OK

bNV = bz 
N + bz 

V <= 1
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6 Warnings
•  The anchor design methods in PROFIS Engineering require rigid anchor plates per current regulations (AS 5216:2021, ETAG 001/Annex C,

 EOTA TR029 etc.). This means load re-distribution on the anchors due to elastic deformations of the anchor plate are not considered - the
 anchor plate is assumed to be sufficiently stiff, in order not to be deformed when subjected to the design loading. PROFIS Engineering calculates
 the minimum required anchor plate thickness with CBFEM to limit the stress of the anchor plate based on the assumptions explained above. The
 proof if the rigid anchor plate assumption is valid is not carried out by PROFIS Engineering. Input data and results must be checked for
 agreement with the existing conditions and for plausibility!

•  Condition A applies where the potential concrete failure surfaces are crossed by supplementary reinforcement proportioned to tie the potential
 concrete failure prism into the structural member. Condition B applies where such supplementary reinforcement is not provided, or where pullout
 or pryout strength governs.

•  For additional information about ACI 318 strength design provisions, please go to https://submittals.us.hilti.com/PROFISAnchorDesignGuide/

•  An anchor design approach for structures assigned to Seismic Design Category C, D, E or F is given in ACI 318-14, Chapter 17, Section
 17.2.3.4.3 (a) that requires the governing design strength of an anchor or group of anchors be limited by ductile steel failure. If this is NOT the
 case, the connection design (tension) shall satisfy the provisions of Section 17.2.3.4.3 (b), Section 17.2.3.4.3 (c), or Section 17.2.3.4.3 (d). The
 connection design (shear) shall satisfy the provisions of Section 17.2.3.5.3 (a), Section 17.2.3.5.3 (b), or Section 17.2.3.5.3 (c).

•  Section 17.2.3.4.3 (b) / Section 17.2.3.5.3 (a) require the attachment the anchors are connecting to the structure be designed to undergo ductile
 yielding at a load level corresponding to anchor forces no greater than the controlling design strength. Section 17.2.3.4.3 (c) / Section 17.2.3.5.3
 (b) waive the ductility requirements and require the anchors to be designed for the maximum tension / shear that can be transmitted to the
 anchors by a non-yielding attachment. Section 17.2.3.4.3 (d) / Section 17.2.3.5.3 (c) waive the ductility requirements and require the design
 strength of the anchors to equal or exceed the maximum tension / shear obtained from design load combinations that include E, with E increased
 by w0.

Fastening meets the design criteria!
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Coordinates Anchor [in.]

Anchor x y c-x c+x c-y c+y

1 -3.000 -3.000 - - 6.000 12.000
2 3.000 -3.000 - - 6.000 12.000
3 -3.000 3.000 - - 12.000 6.000
4 3.000 3.000 - - 12.000 6.000

7 Installation data
 Anchor type and diameter: Hex Head ASTM F 1554 GR.
 36 1/2

 Profile: no profile  Item number: not available 
 Hole diameter in the fixture: df = 0.562 in.  Maximum installation torque: -
 Plate thickness (input): 0.375 in.  Hole diameter in the base material: - in.
 Recommended plate thickness: not calculated  Hole depth in the base material: 4.724 in.

 Minimum thickness of the base material: 5.568 in.

 Hilti Hex Head headed stud anchor with 4.724409 in embedment, 1/2, Steel galvanized, installation per instruction for use

1 2

3 4

x

y
5.000 5.000

2.000 6.000 2.000

2.
00
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0
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00
0
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8 Remarks; Your Cooperation Duties
•  Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the principles, formulas and

 security regulations in accordance with Hilti's technical directions and operating, mounting and assembly instructions, etc., that must be strictly
 complied with by the user. All figures contained therein are average figures, and therefore use-specific tests are to be conducted prior to using
 the relevant Hilti product. The results of the calculations carried out by means of the Software are based essentially on the data you put in.
 Therefore, you bear the sole responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you.
 Moreover, you bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
 compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an aid to interpret norms
 and permits without any guarantee as to the absence of errors, the correctness and the relevance of the results or suitability for a specific
 application.

•  You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you must arrange for the
 regular backup of programs and data and, if applicable, carry out the updates of the Software offered by Hilti on a regular basis. If you do not use
 the AutoUpdate function of the Software, you must ensure that you are using the current and thus up-to-date version of the Software in each
 case by carrying out manual updates via the Hilti Website. Hilti will not be liable for consequences, such as the recovery of lost or damaged data
 or programs, arising from a culpable breach of duty by you.
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall
Protected Area

Purpose Statement: The purpose of this calculation is to design a cantilevered Concrete 
Masonry wall for Out-Of-Plane Forces and Continuous Footing

Referenced Standards: IBC 2018
ASCE 7-16
ACI 318-19

Inputs
Verify
Outputs

General

Dimensions: 

≔htw ⋅9 ft Height of wall to top of footing

≔t 5.5 in Wall Thickness

≔htdrive 5.5 ft Height from top of footing to upper driveway

≔L1 4 ft Length to inside face of wall

≔dftg 1 ft Thickness of the footing

≔W ⋅6 ft Total width of the wall footing

≔hapron 15 in Height to middle of apron from top of footing

Material Parameters:

≔f'c 3 ksi Concrete strength

≔fy 60 ksi Rebar Strength

≔soil 125 pcf Soil unit weight

≔qbearing ⋅2500 psf Allowable Soil Bearing Pressure

≔qincrease ―
4
3

Short term lateral load bearing increase

≔qallow =⋅qbearing qincrease 3333.3 psf

Lateral Load Parameters:

≔SDS 0.843 Design Short Term Spectral Response 
Acceleration Coefficient

Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining WallDesign Short Term Spectral Response 
Acceleration Coefficient

Loading/Force Parameters:

Horizontal force onto wall due to Live Load per Unit Length 
(250 PSF*4')≔HLL 1000 lb

≔Hsoil ⋅⋅⋅0.5 35 pcf ⎛⎝htdrive⎞⎠
2 1 ft

=Hsoil 529.4 lb Horizontal force due to Soil Load per Unit Length*

≔MOTLL =⋅HLL ⎛⎝ -htdrive hapron⎞⎠ 4250 ⋅lb ft Unfactored Overturning Moment due to Live Load 
per Unit Length*

≔MOTSOIL =⋅Hsoil ―――――
-htdrive hapron
2

1124.9 ⋅lb ft Unfactored Overturning Moment due to Soil Load 
per Unit Length*

≔R 1.25 ≔I 1.0 Parameters per Table 15.4-2 (Cantilevered Walls)

≔Wp =⋅⋅t 150 pcf ⎛⎝ -htdrive hapron⎞⎠ 292.2 plf

≔Cs ――
SDS

⎛
⎜
⎝
―
R
I

⎞
⎟
⎠

≔Eh1 =⋅⋅Cs Wp 1 ft 197.1 lb Base Shear per Unit Length from Wall OOP (Eq 12.8-1)

≔Eh2 =⋅⋅8
⎛
⎜
⎝
―――
htdrive
ft

⎞
⎟
⎠

2

lb 242 lb Force due to Soil Seismic*

≔MEQ1 =⋅Eh1 ――――
-htw hapron

2
763.6 ⋅ft lb Moment due to Wall OOP per Unit Length

≔MEQ2 =⋅Eh2 ―――――
-htdrive hapron
2

514.3 ⋅lb ft Moment due to soil seismic effect*

≔MOTEQ =+MEQ1 MEQ2 1277.8 ⋅lb ft Unfactored Overturning Moment due to Total Seismic

*Equations to calculate these values will vary based on formulas given by the 
geotechnical engineer. Calculate externally then plug in above

Check DL + LL Load Combination
Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall
Check DL + LL Load Combination

≔Ww =⋅⋅⋅t 150 pcf htw 1 ft 618.8 lb

≔Wftg =⋅⋅⋅150 pcf W dftg 1 ft 900 lb

≔Wsoil =⋅⋅⋅soil htdrive L1 1 ft 2750 lb

≔Sx =―――
⋅1 ft W2

6
6 ft 3 Section Modulus per Unit Length

≔σgravity =――――――
++Ww Wftg Wsoil

⋅1 ft W
711.5 psf

≔MRES =⋅Ww
⎛
⎜
⎝

+L1 ―
t
2

⎞
⎟
⎠

2616.8 ⋅lb ft Restoring Moment

≔MOTnet =-+MOTLL MOTSOIL MRES 2758.1 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

459.7 psf

≔Check1 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check2 =if ⎛⎝ ,,<+σnet σgravity qbearing “OK” “NG”⎞⎠ “OK”

Check DL + 0.7E Load Combination

≔DL =++Ww Wftg Wsoil 4268.8 lb

≔Ev =⋅⋅0.2 SDS DL 719.7 lb Seismic Vertical Component

≔Eh =+Eh1 Eh2 439.1 lb Seismic Horizontal Component

≔R =+0.7 Eh Hsoil 836.7 lb Reaction from Lower Truck Apron

≔σgravity =―――――
-DL ⎛⎝0.7 Ev⎞⎠

⋅1 ft W
627.5 psf

≔MOT =+MOTSOIL 0.7 MOTEQ 2019.4 ⋅lb ft Overturning Moment

≔MRES =⋅R hapron 1045.9 ⋅lb ft Restoring Moment

≔MOTnet =-MOT MRES 973.5 ⋅lb ft Net Overturning Moment Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall

≔MOTnet =-MOT MRES 973.5 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

162.3 psf

≔Check3 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check4 =if ⎛⎝ ,,<+σnet σgravity qallow “OK” “NG”⎞⎠ “OK”

Check DL + 0.525E + 0.75LL Load Combination

≔σgravity =――――――
-DL ⎛⎝0.525 Ev⎞⎠

⋅1 ft W
648.5 psf

≔MOT =++MOTSOIL 0.525 MOTEQ 0.75 MOTLL 4983.3 ⋅lb ft Overturning Moment

≔R =++0.525 Eh Hsoil 0.75 HLL 1509.9 lbf Reaction from Lower Truck Apron

≔MRES =⋅R hapron 1887.3 ⋅lb ft Restoring Moment

≔MOTnet =-MOT MRES 3095.9 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

516 psf

≔Check5 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check6 =if ⎛⎝ ,,<+σnet σgravity qallow “OK” “NG”⎞⎠ “OK”

Check Alternate IBC Load Combination [0.9-(0.2)(Sds)]DL + E/1.4

≔σgravity =―――――――
⋅⎛⎝ -0.9 ⎛⎝0.2 SDS⎞⎠⎞⎠ DL

⋅1 ft W
520.4 psf

≔R =+――
Eh

1.4
0.9 Hsoil 790 lb Reaction from Lower Truck Apron

≔MOT =+0.9 MOTSOIL ―――
MOTEQ

1.4
1925.2 ⋅lb ft Overturning Moment

≔MRES =⋅R hapron 987.6 ⋅lb ft Restoring Moment

≔MOTnet =-MOT MRES 937.6 ⋅lb ft Net Overturning Moment Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall≔MRES =⋅R hapron 987.6 ⋅lb ft

≔MOTnet =-MOT MRES 937.6 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

156.3 psf

≔Check7 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check8 =if ⎛⎝ ,,<+σnet σgravity qallow “OK” “NG”⎞⎠ “OK”

Design Footing

1.6H + 1.6L

≔Mu1 =1.6 ⎛⎝ +MOTSOIL MOTLL⎞⎠ 8.6 ⋅k ft

≔R1 =1.6 ⎛⎝ +HLL Hsoil⎞⎠ 2447 lbf

≔MRES1 =⋅R1 hapron 3.1 ⋅k ft

≔Muf1 =-Mu1 MRES1 5.5 ⋅k ft

1.6H + 1.0Eh + 1.0L

≔Mu2 =+++⋅1.6 ⎛⎝MOTSOIL⎞⎠ MEQ1 MEQ2 MOTLL 7.3 ⋅k ft

≔R2 =+++⋅1.6 Hsoil Eh1 Eh2 HLL 2286.1 lbf

≔MRES2 =⋅R2 hapron 2.9 ⋅k ft

≔Muf2 =-Mu2 MRES2 4.5 ⋅k ft

≔Muftg =max ⎛⎝ ,Muf1 Muf2⎞⎠ 5.5 ⋅k ft

≔σMot =――
Muftg
Sx

923.5 psf

≔Pu =+1.2 ⎛⎝ ⋅⎛⎝ +⋅t htw ⋅W dftg⎞⎠ 150 pcf 1 ft⎞⎠ 1.0 ⎛⎝ ⋅⋅⋅htdrive L1 1 ft soil⎞⎠ 4.6 k

≔σPu =―――
Pu

⋅W 1 ft
762.1 psf

≔Muftg =⋅⋅⎛⎝ +σMot σPu⎞⎠ 1 ft ―――――
⎛⎝ --W t L1⎞⎠

2

2
2 ⋅k ft

≔Asftg =Reinforcement size: #5 0.31 in 2 Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall≔Muftg =⋅⋅⎛⎝ +σMot σPu⎞⎠ 1 ft ―――――
⎛⎝ --W t L1⎞⎠

2

2
2 ⋅k ft

≔Asftg =Reinforcement size: #5 0.31 in 2

≔spftg 12 in

≔d =--dftg 3 in ⎛⎝ ⋅1.5 bardiaftg⎞⎠ 8.1 in

Flexure (per 1' width) - ACI 318-14 13.2.6.4, 13.2.7.1

≔f ⎛⎝Asreq⎞⎠ -⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dftg ――――――
⋅Asreq fy

⋅⋅⋅.85 f'c (( ⋅1 ft)) 2

⎞
⎟
⎠

.9 Muftg Find required area of steel

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dftg ―――――
⋅Asreq fy

⋅⋅⋅.85 f'c 1 ft 2

⎞
⎟
⎠

.9 Muftg 0

≔Asreq Find ⎛⎝Asreq⎞⎠ =Asreq 0.04 in 2 Required area of steel for footing flexure

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.12 in 2 Min flexural reinforcement per ACI 
318-14 8.6.1.1

≔As =――――
⋅Asftg ((1 ft))

spftg
0.31 in 2 Area of reinforcement provided per foot of width

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.12 in 2 =――
Asreq

As

0.4

≔Flagf if ⎛⎝ ,,≥As Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Design Wall

1.6H + 1.0Eh + 1.0L

≔Muwall =+++⋅1.6 ⎛⎝MOTSOIL⎞⎠ MEQ1 MEQ2 MOTLL 7.3 ⋅k ft

≔Asw =Reinforcement size: #6 0.44 in 2

≔sp 6 in

≔dw =---t 1.5 in 0.625 in ⎛⎝ ⋅0.5 bardiaw⎞⎠ 3 in Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall

≔dw =---t 1.5 in 0.625 in ⎛⎝ ⋅0.5 bardiaw⎞⎠ 3 in

Flexure (per 1' width) - ACI 318-14 13.2.6.4, 13.2.7.1

≔f ⎛⎝Asreq⎞⎠ -⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dw ――――――
⋅Asreq fy

⋅⋅⋅.85 f'c (( ⋅1 ft)) 2

⎞
⎟
⎠

.9 Muwall Find required area of steel

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dw ―――――
⋅Asreq fy

⋅⋅⋅.85 f'c 1 ft 2

⎞
⎟
⎠

.9 Muwall 0

≔Asreq Find ⎛⎝Asreq⎞⎠ =Asreq 0.71 in 2 Required area of steel for footing flexure

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.12 in 2 Min flexural reinforcement per ACI 
318-14 8.6.1.1

≔As =――――
⋅Asw ((1 ft))

sp
0.88 in 2 Area of reinforcement provided per foot of width

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.71 in 2 =――
Asreq

As

0.8

≔Flagf if ⎛⎝ ,,≥As Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall
Protected Area

Purpose Statement: The purpose of this calculation is to design a cantilevered Concrete 
Masonry wall for Out-Of-Plane Forces and Continuous Footing

Referenced Standards: IBC 2018
ASCE 7-16
ACI 318-19

Inputs
Verify
Outputs

General

Dimensions: 

≔htw ⋅6 ft Height of wall to top of footing

≔t 5.5 in Wall Thickness

≔htdrive 4 ft Height from top of footing to upper driveway

≔L1 2 ft Length to inside face of wall

≔dftg 1 ft Thickness of the footing

≔W ⋅4 ft Total width of the wall footing

≔hapron 15 in Height to middle of apron from top of footing

Material Parameters:

≔f'c 3 ksi Concrete strength

≔fy 60 ksi Rebar Strength

≔soil 125 pcf Soil unit weight

≔qbearing ⋅2500 psf Allowable Soil Bearing Pressure

≔qincrease ―
4
3

Short term lateral load bearing increase

≔qallow =⋅qbearing qincrease 3333.3 psf

Lateral Load Parameters:

≔SDS 0.843 Design Short Term Spectral Response 
Acceleration Coefficient

Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining WallDesign Short Term Spectral Response 
Acceleration Coefficient

Loading/Force Parameters:

Horizontal force onto wall due to Live Load per Unit Length 
(250 PSF*2.5')≔HLL 625 lb

≔Hsoil ⋅⋅⋅0.5 35 pcf ⎛⎝htdrive⎞⎠
2 1 ft

=Hsoil 280 lb Horizontal force due to Soil Load per Unit Length*

≔MOTLL =⋅HLL ⎛⎝ -htdrive hapron⎞⎠ 1718.8 ⋅lb ft Unfactored Overturning Moment due to Live Load 
per Unit Length*

≔MOTSOIL =⋅Hsoil ―――――
-htdrive hapron
2

385 ⋅lb ft Unfactored Overturning Moment due to Soil Load 
per Unit Length*

≔R 1.25 ≔I 1.0 Parameters per Table 15.4-2 (Cantilevered Walls)

≔Wp =⋅⋅t 150 pcf ⎛⎝ -htdrive hapron⎞⎠ 189.1 plf

≔Cs ――
SDS

⎛
⎜
⎝
―
R
I

⎞
⎟
⎠

≔Eh1 =⋅⋅Cs Wp 1 ft 127.5 lb Base Shear per Unit Length from Wall OOP (Eq 12.8-1)

≔Eh2 =⋅⋅8
⎛
⎜
⎝
―――
htdrive
ft

⎞
⎟
⎠

2

lb 128 lb Force due to Soil Seismic*

≔MEQ1 =⋅Eh1 ――――
-htw hapron

2
302.8 ⋅ft lb Moment due to Wall OOP per Unit Length

≔MEQ2 =⋅Eh2 ―――――
-htdrive hapron
2

176 ⋅lb ft Moment due to soil seismic effect*

≔MOTEQ =+MEQ1 MEQ2 478.8 ⋅lb ft Unfactored Overturning Moment due to Total Seismic

*Equations to calculate these values will vary based on formulas given by the 
geotechnical engineer. Calculate externally then plug in above

Check DL + LL Load Combination
Engineer: __________ATT
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall
Check DL + LL Load Combination

≔Ww =⋅⋅⋅t 150 pcf htw 1 ft 412.5 lb

≔Wftg =⋅⋅⋅150 pcf W dftg 1 ft 600 lb

≔Wsoil =⋅⋅⋅soil htdrive L1 1 ft 1000 lb

≔Sx =―――
⋅1 ft W2

6
2.67 ft 3 Section Modulus per Unit Length

≔σgravity =――――――
++Ww Wftg Wsoil

⋅1 ft W
503.1 psf

≔MRES =⋅Ww
⎛
⎜
⎝

+L1 ―
t
2

⎞
⎟
⎠

919.5 ⋅lb ft Restoring Moment

≔MOTnet =-+MOTLL MOTSOIL MRES 1184.2 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

444.1 psf

≔Check1 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check2 =if ⎛⎝ ,,<+σnet σgravity qbearing “OK” “NG”⎞⎠ “OK”

Check DL + 0.7E Load Combination

≔DL =++Ww Wftg Wsoil 2012.5 lb

≔Ev =⋅⋅0.2 SDS DL 339.3 lb Seismic Vertical Component

≔Eh =+Eh1 Eh2 255.5 lb Seismic Horizontal Component

≔R =+0.7 Eh Hsoil 458.9 lb Reaction from Lower Truck Apron

≔σgravity =―――――
-DL ⎛⎝0.7 Ev⎞⎠

⋅1 ft W
443.7 psf

≔MOT =+MOTSOIL 0.7 MOTEQ 720.2 ⋅lb ft Overturning Moment

≔MRES =⋅R hapron 573.6 ⋅lb ft Restoring Moment

≔MOTnet =-MOT MRES 146.6 ⋅lb ft Net Overturning Moment Engineer: __________ATT

Job #: __________2200290.02
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall

≔MOTnet =-MOT MRES 146.6 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

55 psf

≔Check3 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check4 =if ⎛⎝ ,,<+σnet σgravity qallow “OK” “NG”⎞⎠ “OK”

Check DL + 0.525E + 0.75LL Load Combination

≔σgravity =――――――
-DL ⎛⎝0.525 Ev⎞⎠

⋅1 ft W
458.6 psf

≔MOT =++MOTSOIL 0.525 MOTEQ 0.75 MOTLL 1925.4 ⋅lb ft Overturning Moment

≔R =++0.525 Eh Hsoil 0.75 HLL 882.9 lbf Reaction from Lower Truck Apron

≔MRES =⋅R hapron 1103.6 ⋅lb ft Restoring Moment

≔MOTnet =-MOT MRES 821.8 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

308.2 psf

≔Check5 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check6 =if ⎛⎝ ,,<+σnet σgravity qallow “OK” “NG”⎞⎠ “OK”

Check Alternate IBC Load Combination [0.9-(0.2)(Sds)]DL + E/1.4

≔σgravity =―――――――
⋅⎛⎝ -0.9 ⎛⎝0.2 SDS⎞⎠⎞⎠ DL

⋅1 ft W
368 psf

≔R =+――
Eh

1.4
0.9 Hsoil 434.5 lb Reaction from Lower Truck Apron

≔MOT =+0.9 MOTSOIL ―――
MOTEQ

1.4
688.5 ⋅lb ft Overturning Moment

≔MRES =⋅R hapron 543.1 ⋅lb ft Restoring Moment

≔MOTnet =-MOT MRES 145.4 ⋅lb ft Net Overturning Moment Engineer: __________ATT

Job #: __________2200290.02
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall≔MRES =⋅R hapron 543.1 ⋅lb ft

≔MOTnet =-MOT MRES 145.4 ⋅lb ft Net Overturning Moment

Maximum tension/compression in soil from 
overturning≔σnet =―――

MOTnet

Sx

54.5 psf

≔Check7 =if ⎛⎝ ,,<σnet σgravity “NO NET TENSION” “NG”⎞⎠ “NO NET TENSION”

≔Check8 =if ⎛⎝ ,,<+σnet σgravity qallow “OK” “NG”⎞⎠ “OK”

Design Footing

1.6H + 1.6L

≔Mu1 =1.6 ⎛⎝ +MOTSOIL MOTLL⎞⎠ 3.4 ⋅k ft

≔R1 =1.6 ⎛⎝ +HLL Hsoil⎞⎠ 1448 lbf

≔MRES1 =⋅R1 hapron 1.8 ⋅k ft

≔Muf1 =-Mu1 MRES1 1.6 ⋅k ft

1.6H + 1.0Eh + 1.0L

≔Mu2 =+++⋅1.6 ⎛⎝MOTSOIL⎞⎠ MEQ1 MEQ2 MOTLL 2.8 ⋅k ft

≔R2 =+++⋅1.6 Hsoil Eh1 Eh2 HLL 1328.5 lbf

≔MRES2 =⋅R2 hapron 1.7 ⋅k ft

≔Muf2 =-Mu2 MRES2 1.2 ⋅k ft

≔Muftg =max ⎛⎝ ,Muf1 Muf2⎞⎠ 1.6 ⋅k ft

≔σMot =――
Muftg
Sx

583.5 psf

≔Pu =+1.2 ⎛⎝ ⋅⎛⎝ +⋅t htw ⋅W dftg⎞⎠ 150 pcf 1 ft⎞⎠ 1.0 ⎛⎝ ⋅⋅⋅htdrive L1 1 ft soil⎞⎠ 2.2 k

≔σPu =―――
Pu

⋅W 1 ft
553.8 psf

≔Muftg =⋅⋅⎛⎝ +σMot σPu⎞⎠ 1 ft ―――――
⎛⎝ --W t L1⎞⎠

2

2
1.4 ⋅k ft

≔Asftg =Reinforcement size: #5 0.31 in 2 Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall≔Muftg =⋅⋅⎛⎝ +σMot σPu⎞⎠ 1 ft ―――――
⎛⎝ --W t L1⎞⎠

2

2
1.4 ⋅k ft

≔Asftg =Reinforcement size: #5 0.31 in 2

≔spftg 12 in

≔d =--dftg 3 in ⎛⎝ ⋅1.5 bardiaftg⎞⎠ 8.1 in

Flexure (per 1' width) - ACI 318-14 13.2.6.4, 13.2.7.1

≔f ⎛⎝Asreq⎞⎠ -⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dftg ――――――
⋅Asreq fy

⋅⋅⋅.85 f'c (( ⋅1 ft)) 2

⎞
⎟
⎠

.9 Muftg Find required area of steel

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dftg ―――――
⋅Asreq fy

⋅⋅⋅.85 f'c 1 ft 2

⎞
⎟
⎠

.9 Muftg 0

≔Asreq Find ⎛⎝Asreq⎞⎠ =Asreq 0.03 in 2 Required area of steel for footing flexure

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.12 in 2 Min flexural reinforcement per ACI 
318-14 8.6.1.1

≔As =――――
⋅Asftg ((1 ft))

spftg
0.31 in 2 Area of reinforcement provided per foot of width

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.12 in 2 =――
Asreq

As

0.4

≔Flagf if ⎛⎝ ,,≥As Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Design Wall

1.6H + 1.0Eh + 1.0L

≔Muwall =+++⋅1.6 ⎛⎝MOTSOIL⎞⎠ MEQ1 MEQ2 MOTLL 2.8 ⋅k ft

≔Asw =Reinforcement size: #5 0.31 in 2

≔sp 12 in

≔dw =--t 1.5 in ⎛⎝ ⋅1.5 bardiaw⎞⎠ 3.1 in
Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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Fortress Puyallup Structural Calculation:

Dock Retaining Wall
≔dw =--t 1.5 in ⎛⎝ ⋅1.5 bardiaw⎞⎠ 3.1 in

Flexure (per 1' width) - ACI 318-14 13.2.6.4, 13.2.7.1

≔f ⎛⎝Asreq⎞⎠ -⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dw ――――――
⋅Asreq fy

⋅⋅⋅.85 f'c (( ⋅1 ft)) 2

⎞
⎟
⎠

.9 Muwall Find required area of steel

G
ue

ss
 V

al
ue

s
Co

ns
tr

ai
nt

s
So

lv
er

≔Asreq 1 in 2

＝-⋅⋅⋅Asreq fy
⎛
⎜
⎝

-dw ―――――
⋅Asreq fy

⋅⋅⋅.85 f'c 1 ft 2

⎞
⎟
⎠

.9 Muwall 0

≔Asreq Find ⎛⎝Asreq⎞⎠ =Asreq 0.22 in 2 Required area of steel for footing flexure

≔Asmin =⋅⋅0.0018 t ((1 ft)) 0.12 in 2 Min flexural reinforcement per ACI 
318-14 8.6.1.1

≔As =――――
⋅Asw ((1 ft))

sp
0.31 in 2 Area of reinforcement provided per foot of width

≔Asreq =max ⎛⎝ ,Asreq Asmin⎞⎠ 0.22 in 2 =――
Asreq

As

0.71

≔Flagf if ⎛⎝ ,,≥As Asreq “OK” “NG!!”⎞⎠ =Flagf “OK”

Engineer: __________ATT

Job #: __________2200290.02

Date: __________06/21/2023
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22' - 0"

3' - 6" 6' - 0" 3' - 0" 6' - 0" 3' - 6"

1
' -
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"

1
1

' -
 0

"

2
' -

 6
"

6
' -

 0
"

2
' -

 6
"

C
J

CJ

PRE-CAST CONCRETE 
CURB (3 SIDES) W/ REBAR 
DRIVEN THRU PREDRILLED 
HOLES. TYP. 4

FUTURE CONTAINER

CONCRETE FOOTING, 
BELOW

6'-0" GATE, SEE 
DETAIL 

6" CURB

2' - 6"

BOLLARD PER

5

A5.12

S
L

O
P

E
 T

O
 D

R
A

IN

/15 A5.12

A5.12

2

A5.12 3

A5.12

4

1/4" = 1'-0"A5.12

1 TRASH ENCLOSURE PLAN

C
L

R
.

3
"

4' - 0"

1
' -

 0
"

1
' -

 6
"

7
' -

 0
"

3
' -

 6
"

3
' -

 6
"

T/FOOTING

EXTERIOR INTERIOR

/REVEAL

6"

6"

6" CONCRETE CIP WALL

1/2" CHAMFER, TYP

(2) #4 @ TOP  OF PANEL, TYP

#5 @ 9" OC VERT
#5@12" OC HORIZ
ALONG WALL CL

#4 x 2'-0" x 2'-0" @ 4'-0" O.C.

PRE-CAST CONCRETE CURB 
(3 SIDES) W/ REBAR DRIVEN 
THRU PREDRILLED HOLES

6" CONRETE SLAB (3000 psi CONCRETE) 
W/#4 AT 2'-0" O.C. EACH WAY OVER 6" 
CRUSHED ROCK BASE

#5 x 2'-0" x 3'-0" DWL'S 
INTO FOOTING

#5@12" EA WAY 
TOP AND BOTTOM

1/2" = 1'-0"A5.12

5 TRASH ENCLOSURE WALL

TRASH ENCLOSURE DESIGN

ATT

06/08/2023

2220290.02
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09.77

CONTROLLING LOCATION IS AT THE CORNER OF WALL WITH THE GATE

DETERMINE SEISMIC LOADS ON WALL AND GATE:

PER ASCE 7 TABLE 15.4-2, CALCULATE Cs USING 12.8

Ground-supported cantilever walls or fences Sec. 15.6.8 1.25 2 2.5
Nonbuilding Structure Type Detailing Requirementsc R Ω0 Cd

Appendages and ornamentations 2½ 2½ 2

Architectural Component ap
a Rp Ω0

b

CONTROLLING LOCATION IS AT THE CORNER OF WALL WITH THE GATE

DETERMINE SEISMIC LOADS ON WALL AND GATE:

PER ASCE 7 TABLE 15.4-2, CALCULATE Cs USING 12.8

Cs = (Sds)/((R)(Ie)) = (0.843)/((1.25)/(1.0)) = 0.675

MIN Cs = (0.044)(Sds)(Ie) = (0.044)(0.843)(1.0) = 0.037 < 0.675, OK (S1 = 0.435 < 0.6)

V = (Cs)(W) = (0.675)(0.5')(150 PCF) = 50.6 PSF

CALCULATE SEISMIC EFFECT OF GATE SEPARATELY AS AN ARCHITECTURAL
COMPONENT-APPENDAGES AND ORNAMENTATIONS

WEIGHT OF GATE, SAY 5 PSF

(10.5')(6')(5 PSF) = 315 LB

USE EQUATIONS IN CHAPTER 13

Fp =
0.4apSDSWp�

Rp

Ip

�
�
1þ 2

z

h

�
(13.3-1)

Fp is not required to be taken as greater than

Fp = 1.6SDSIpWp (13.3-2)

and Fp shall not be taken as less than

Fp = 0.3SDSIpWp (13.3-3)

Fp = [((0.4)(2.5)(0.843)(315 LB))/((2.5)/(1.0))](1 + 2(0))

Fp = 106.3 LB, FORCE ACTS 4' ABOVE GROUND

OVERTURNING FROM SELF-WEIGHT OF GATE (DEAD LOAD COMPONENT)

MOT = (315 LB)(10.5'/2) = 1654 LB-FT
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OVERTURNING FROM SEISMIC FORCES ON WALL AND GATE

MOT = (50.6 PSF)(7')(7'/2) + (106.3 LB)(4')
MOT = 1239.7 LB-FT + 425.2 LB-FT = 1665 LB-FT

DETERMINE GOVERNING OOP MOMENT INTO WALL BASED ON LOAD COMBINATION

(1.2 + (0.2)(Sds))D + E

(1.2 + (0.2)(0.843))(D) + E

(1.37)(1654 LB-FT) + 1665 LB-FT = 3931 LB-FT

ρ =
(0.85)(f'c)

fy
1 - 1 -

(4)(Mu)

(1.7)(ϕ)(f'c)(b)(d2)

ρ =
(0.85)(4 KSI)

60 KSI
1 - 1 -

(4)(3931 LB-FT)(12 IN/FT)

(1.7)(0.9)(4000 PSI)(12 IN)((2.75 IN)2)

ρ = 0.008

As = (0.0083)(12 IN)(2.75 IN) = 0.26 IN2/FT

@5@12" OC VERT, OK

HORIZ REINF:

(12")(6")(0.0018) = 0.13 IN2/FT MIN FOR SHRINKAGE

USE #4@12" HORIZ CL
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09.79

5'-3"

FpWALL

Wg

7'
-0

"

1'
-0

"
1'

-6
"

4'-0"

FFRICTION

FPASSIVE

FpGATE

3'
-6

"

CHECK SLIDING, TOTAL OF LATERAL FORCES FROM SEISMIC:

FpWALL + FpGATE = (50.6 PSF)(7') + 106.3 LB = 354.2 LB + 106.3 LB = 460.5 LB

HORIZ. EFFECT OF GATE SELFWEIGHT (DL):

((315 LB)(10.5'/2))/(1.5'+1') = 661.5 LB

FpGATE

FpWALL

A-A (PART PLAN)

USING ALTERNATE IBC COMBINATION
(0.9-(0.2)(Sds))(D) + E/1.4

(0.9 - (0.2)(0.843))(661.5 LB) + (460.5 LB)/1.4 = 813 LB OF SLIDING

SAY FOOTING IS 12"x48", BOTT. OF FTG. 24" FROM BOTT. OF
SOG; 2' OVERHANG FROM EDGE OF WALL

TOTAL WEIGHT = (8.5')(0.5')(150 PCF) + (1')(3')(4')(150 PCF) =
637.5 LB + 1800 LB = 2437 LB

TOTAL FRICTION = (2437 LB)(0.35) = 853 LB

FORCE FROM PASSIVE SOIL PRESSURE, 350 PSF FLUID
PRESSURE PER GEOTECH

(2.5' - 1')(300 PSF) = 450 PSF

AREA OF TRIANGLE = (0.5)(1.5')(450 PSF) = 337.5 LB

PASSIVE PRESSURE FROM FOOTING OVERHANG

(0.5')(300 PSF) = 175 PSF

(.5)(175 PSF + 350 PSF)(1')(2') = 525 LB

337.5 LB + 525 LB = 862.5 LB FROM PASSIVE PRESSURE 

(0.9 - (0.2)(0.843))(853 LB + 862.5 LB) = 1254.7 LB > 813 LB OF
TOTAL SLIDING, OK

AA

WGATE 

(INTO SHEET)

MOMENT FROM
GATE WEIGHT
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09.80

CHECK "INTERIOR" PORTION OF WALL AWAY FROM GATE W/ 3' FOOTING

W = (9.5')(0.5')(150 PCF) + (1')(3')(1')(150 PCF) = 1162.5 LB

USING ALTERNATE IBC COMBINATION
(0.9-(0.2)(Sds))(D) + E/1.4

(50.6 PSF)(8')/1.4 = 253 LB OF SLIDING

UNIT WEIGHT PER LINEAR FT:

(8.5')(.5')(150 PCF) + (4')(1')(150 PCF) = 1237 LB

(1237 LB)(0.35) = 433.1 LB

(0.9 + (0.2)(0.843))(433.1 LB) = 316.8 LB > 253 LB, OK

AT INTERIOR, FRICTION ALONE IS ADEQUATE TO RESIST SLIDING, OK

CHECK FOOTING FOR BEARING/REINFORCEMENT:

(4/3)(2500 PSF) = 3333 PSF SHORT TERM BEARING

CONSIDER 1' END OF WALL + GATE AND FOOTING SECTION OVERHANG BELOW

ASD MOT = (1.0 + (0.14)(0.843))(1654 LB-FT) + (0.7)(1665 LB-FT) = 3014.7 LB-FT

DL = (1.0 + (0.14)(0.843))(2437 LB) = 2724.6 LB

e = (3014.7 LB-FT)/2724.6 LB = 1.1' (OUTSIDE KERN = 0.67')

σMAX = 2P/[3(0.5L - e)(B)] = (2)(2724.6 LB)/[(3)((0.5)(4') - 1.1')(3')] = 672.7 PSF << 3333 PSF, OK

CHECK GLOBAL OVERTURNING:

ASD MOT = (0.9 - (0.2)(0.843))(1654 LB-FT) + (1665 LB-FT)/1.4 = 2400 LB-FT

ASD RESTORING MOMENT = [(0.9 - (0.2)(0.843)](1237 LB + (2')(4')(150 PCF))

= (1782 LB)(2') = 3564 LB-FT > 2400 LB-FT, OK FROM WEIGHT ALONE

1'
2'
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CONSIDER CANTILEVERED END OF FOOTING

USE MAXIMUM FACTORED SOIL PRESSURE (CONSERVATIVE)

(4/3)(25000 PSF)(1.6) = 5.33 KSF MAXIMUM ULTIMATE SOIL BEARING PRESSURE

Mu = (5.33 K-FT/FT)(2')(2'/2) = 10.7 K-FT/FT

ρ =
(0.85)(3 KSI)

60 KSI
1 - 1 -

(4)(10700 LB-FT)(12 IN/FT)

(1.7)(0.9)(3000 PSI)(12 IN)((8 IN)2)

ρ = 0.00322 (APPROX SAME AS MINIMAL FLEXURE, OK)

As = (0.00322)(12")(8") = 0.31 IN2/FT

USE #5@12" T&B EACH WAY

CHECK SHEAR PER ACI318-19

Pu = (1.2 + (0.2)(0.843))(2437 LB) = 3336 LB

ULTIMATE MOT = (1.2 + (0.2)(0.843))(1654 LB-FT) + 1665 LB-FT = 3929 LB-FT

e = 3929 LB-FT/3336 LB = 1.18'

σMAX = 2P/[3(0.5L - e)(B)] = (2)(3336 LB)/[(3)((0.5)(4') - 1.18')(3')] = 904 PSF (VERY SMALL, FTG SIZED FOR SLIDING)

Vu = (0.904 KSF)(2' - 0.67') = 1.2 K/FT

ρw = 0.31/(12")(8") = 0.00323

Vc = [8(λs)(λ)(ρw)sqrt(f'c)](b)(d) = [(8)(1.0)(1.0)(0.00323)1/3sqrt(3000 PSI)](8")(12") = 6.2k (NO SHEAR REINF)

ϕVc = (0.6)(6.2k) = 3.7k >> 1.2k, OK
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