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Executive Summary 
 

The following design report was submitted for the City of Maquoketa’s Green Space 
Redevelopment project. This project aimed to transform the northeast corner of South Main 
Street and East Pleasant Street in Maquoketa, IA, into a place for the community to gather for 
concerts and other events. Working on behalf of the University of Iowa Department of Civil and 
Environmental Engineering are fourth year civil engineering students Jamie Trentz, Jackson 
Stephens, Jacob Murphy, and Amanda Guerra. Throughout our time at the University, we have 
studied both the structural and architectural aspects of civil engineering. In addition to our 
studies, our team has gained an assortment of experience working with major engineering 
companies like Shive-Hattery Architecture and Engineering, Kimley-Horn, and Sevan Multi- 
Site Solutions. We have combined our experiences and worked alongside professional civil, 
environmental, and structural engineers to design a new green space for the city of Maquoketa 
that will bring more activity to its downtown. 

 

Figure 1.1. Southwest view of the existing site during a typical event 
Taken by Sarah Jones, 2022. Concert Showing sun and shade from west side Buildings. 

Used with permission. 
 

The existing green space is already home to a variety of events with turnouts reaching anywhere 
from 50 to 2,000 people. During these events, a temporary stage platform is set up and the 
community gathers around the performer, sitting on blankets, lawn chairs, and surrounding 
picnic benches. 

 
For larger events at this space, the city must order portable restrooms. Due to the frequency of 
events held in the space, this rental is an unnecessary reoccurring cost. 

 
Maquoketa aims to take this empty plot of land and transform it into a more defined space. We 
have implemented a restroom structure and a permanent stage into our design that will match the 
downtown's red brick aesthetic while also bringing in a contemporary aesthetic through the 
incorporation of exposed steel beams. 

 
Summer performances are typically scheduled in the space during late afternoons and evenings, 
which subjects the audience to harsh summer sun from the west. Consequently, crowds tend to 
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gather in the small strip of shade provided from the buildings across South Main Street. This is a 
major issue as it creates a lot of empty space between the audience and performer, making the 
overall experience for both parties less enjoyable. It is also important to note that the space exists 
due to a fire that burned down several storefronts located on the site. Therefore, the city would 
like to have this history recognized in the design. Our team has proposed painting a mural along 
the south side of the restroom structure that commemorates the storefronts that used to belong on 
this corner. Not only does this satisfy the need for historic remembrance, but it creates an 
opportunity for more community engagement. We strongly suggest Maquoketa turns to its own 
residents for mural ideas; creating a historical mural contest would get the whole community 
invested, informed, and involved in the project. 

 
Storage is another substantial issue for the site and items related to the entertainment events held 
here. We have designated 450-square feet of the restroom building to storage. 

 
Having a permanent stage, restroom structure, adequate shade, and storage are all high priority 
requests. Just as important is incorporating lighting and a sidewalk network to provide more 
accessibility and safety at night. Thus, we have incorporated lighting bollards into our design to 
provide adequate lighting for the sidewalk connecting the existing parking lot to the stage, 
restroom, and surrounding sidewalks. More features requested but not considered top priority 
were solar panels, a concession stand, and a gathering space. 

 
There was not a budget given for the Maquoketa Green Space Redevelopment. Instead, the city 
of Maquoketa wanted to take a rendering-based approach where they could present the designs 
and gather appropriate funding. For that reason, we split the project into three phases in order to 
spread the overall cost into smaller, more manageable increments. This also provides down time 
between construction to apply for more funding to continue construction of the subsequent 
phase. We have designed the phasing so that Phase 1 contains all top priority features and can 
stand alone if more funding isn’t available for the project. In the case that there is sufficient 
funding, Phases 2 and 3 can be implemented as additions to the previous phases. These phases 
integrate the more expensive secondary features into the design, which will in turn elevate the 
overall atmosphere of the site. 

 
Phase 1 is the foundation for both phases that follow. This initial design contains the essential 
items requested by the client: a permanent stage on the east side of the parcel, a concrete pad in 
front of the stage, a public restroom at the south end of the parcel with built in storage, shade 
from the west, lighting for the site, a sidewalk that connects the parking lot to the restrooms, 
water fountains, an informational kiosk, and landscaping. This phase was designed to 
accommodate all future phases, meaning all structural elements will support the loads of all 
future phases to avoid having to resize members or perform unnecessary and costly demolitions. 

 
Phase 2 contains all elements from its previous phase, with the addition of an ADA compliant 
ramp and railing system to transform the roof of the restroom structure into an usable space. 



3𝐽𝐴 Engineering  

3 
 
 

Figure 1.2. Proposed green space for Phase Three 
 

Phase 3 is comprised of all previously mentioned elements, along with the addition of a 
permanent steel roof covering, shading the entirety of the roof. This covering is designed to be 
able to withstand the load of an array of solar panels that span the length of the roof covering. 
Additionally, a concession stand is integrated into the storage room through the addition of a 
partition wall dividing the spaces. 

 
The overall total cost for design, administration, and construction of the project if built straight 
to completion (Phase 3) has been estimated as $1,153,500. The estimated cost break-down for 
Phases 1, 2, and 3 are $774,500, $276,000, and $103,000, respectively. 

 
The deliverables of the Maquoketa Green Space Redevelopment project include a written report, 
construction drawings of the proposed site and structures, project poster with renderings of the 
site, as well as a phasing plan and a construction cost estimate breakdown. Although we have 
designed Phase 1 to be able to exist on its own, our team strongly encourages the city of 
Maquoketa to follow through with the construction of both subsequent phases. In the end, the 
proposed structures will not only complement the aesthetic of downtown, but they will also 
complement the community-based nature of the city of Maquoketa. The roof overlooking the 
green space will likely bring new interest in the space that might attract families to gather even 
on days where there are no events planned for the space. We believe that by generating this 
excitement, more people will be drawn into the green space. This will further build Maquoketa’s 
community feel, educate people on the site’s history, and increase overall event attendance. 
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SECTION II 
Organization Qualifications and Experience 

 
Organization Location and Contact Information 
103 S. Capitol St. Iowa City, IA 52242 

 

Project Manager: Jamie Trentz 
 
Organization and Design Team Description 
The team is a group of students who participated in the senior design class required of all final 
semester students within the Department of Civil and Environmental Engineering at the 
University of Iowa. Jamie Trentz is a Civil Engineering major with a focus in structures. He was 
the project manager and ensured all deadlines were met and that we were working effectively 
during all portions of the project. Jacob Murphy is a Civil Engineering major with a focus in 
structures. He was the text editor and revised documents so they could be read with ease. 
Amanda Guerra is a Civil Engineering major with a focus in architecture. She was the graphics 
editor and performed renderings for designs. She also assisted in the creation of the graphics 
used in reports and presentations. Jackson Stephens is a Civil Engineering major with a focus in 
structures. His role was technology support and he created and edited presentations that can be 
easily followed and communicated the proper information. All members contributed to the 
calculation methods needed for all structures. All members also used knowledge learned from 
previous design classes to ensure all building and city codes were followed and were 
documented throughout the process. 

 
• Description of Experience with Similar Projects 

Jamie Trentz has taken courses at the University of Iowa such as Principles of Structures, Civil 
Engineering Materials, Design of Wood Structures, Foundations of Structures, Design of Steel 
Structures, and Design Optimization. Jamie has also worked as a structural engineering intern 
with Shive-Hattery Engineering and Architecture for two summers. During his time there, Jamie 
has helped produce structural construction documents, using Revit for industrial platforms, new 
buildings, building additions, and a pedestrian bridge. Jamie also worked in the structural 
reference detail library, refining the details used across all the Shive-Hattery locations. He also 
has experience in structural analysis programs and designing steel connections. 

 
Jacob Murphy has had internships with the Iowa DOT and Shive-Hattery Engineering and 
Architecture. The Iowa DOT internship gave Jacob the skills to navigate through specification 
books, interpret engineering plans, and document progress throughout a project. The Shive- 
Hattery internship gave him the experience of performing structural calculations for buildings 
and platform systems in RISA 3D. Jacob also evaluated results by performing hand 
calculations and produced structural drawings in Revit. Many courses at the University of Iowa 
prepared Jacob for those internships and this project. Some of those courses were Design of 
Steel Structures, Design of Concrete Structures, Foundations of Structures, Civil Engineering 
Materials, and Principles of Transportation Engineering. 
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Amanda Guerra has taken structural courses as well as design-intensive courses at the University 
of Iowa. Amanda’s design courses allowed her to familiarize herself with the software package 
Autodesk 3dsMax. Using this program, she was able to design and produce high quality 
renderings of a library, pavilion, and a bus stop shelter. This past summer, Amanda worked as a 
solar engineering intern with Kimley-Horn. Through this internship, she gained experience 
drafting solar field layouts and preparing construction documents using AutoCAD Civil3D. To 
accomplish these tasks, Amanda had to read and follow county the solar zoning ordinances, and 
import utility line, road network, property line, FEMA, and wetland data into Civil 3D drawings. 

 
Jackson Stephens has taken various structural engineering courses at the University of Iowa to 
prepare him for this project. Some of those include Design of Steel Structures, Design of Wood 
Structures, Design of Concrete Structures, Foundations of Structures, Civil Engineering 
Materials, and Resilient Infrastructure. These classes helped Jackson to learn how to use design 
manuals and software like Revit and Civil3D to assist him in the project. For the latter half of 
2022, Jackson worked as a project management intern with Sevan Multi-Site Solutions. He 
worked with the Walgreens team and assisted in the construction process of the parking lot, roof, 
and LED efficiency teams. This exposed him to the bidding process and overall budgeting of 
projects. He became familiar with Smartsheet, PowerPoint, and Excel during his time. 

 
SECTION III 
Design Services 

 
1. Project Scope 
Our design will redevelop the Maquoketa Green Space into a place that can host a variety of 
events in addition to daily use. Some of these events include the Summer Concert Series, 
Maqtoberfest, Fireball, Art in the Park, and the Farmer’s Market. The city of Maquoketa wishes 
to use this space to further expand community involvement. With the inclusion of the following 
aspects, the city hopes the structures provide a strong foundation for overall growth in the 
community. At the utmost importance, these gatherings require a permanent stage that 
accommodates lighting and sound equipment, public restrooms, storage, shade, site lighting, 
sidewalks, as well as landscaping. Additional features to be included in budget permitting design 
renders include a water fountain with bottle filling ability, a dog-level water fountain, an 
informational kiosk, a historical marker, and low maintenance plantings. All high priority and 
inexpensive features were incorporated in Phase One while the expensive secondary features 
were incorporated into the other two phases accordingly. 

 
For the three phases, the following items will be presented: project report, construction drawings, 
3D rendering of the site, and a design summary poster. 
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2. Work Plan 
The schedule for our design team is shown in Figures 3.1-3.7. 

 
 
 

Figure 3.1. Project kickoff and data collection Gantt chart 
 
 

Figure 3.2. Field assessment and initial concept development Gantt chart 
 
 

Figure 3.3. Design concept development Gantt chart 
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Figure 3.4. Design Gantt chart part 1 
 
 

Figure 3.5. Design Gantt chart part 2 
 
 

Figure 3.6. On campus presentation Gantt chart 
 
 

Figure 3.7. Client presentation and final product Gantt chart 



3𝐽𝐴 Engineering  

8 
 

SECTION IV 
Constraints, Challenges, and Impacts 

 
1. Constraints 

 
The Maquoketa Green Space Redevelopment needed to match the existing aesthetic of the 
downtown area. The buildings in the area are built out of a mixture of brick, concrete, and 
limestone. Wood was avoided for construction of the stage or bathroom in order to decrease the 
amount of eventual maintenance. The stage needed to stand three-feet or higher off the ground to 
allow for a good line of sight from the audience. The stage was designed to maintain a line of 
sight from Main Street due to the events that flow over into the downtown area. This restricted 
stage placements to either the north or east side of the parcel. The existing north sidewalk must 
remain. Shade must be provided from the west due to events occurring mostly in the late 
afternoon. If any seating was provided, it must also be removable. Lastly, the project was limited 
to the current parcel area; no land acquisitions were possible. Budget was not a constraint for 
this project. 

 
2. Challenges 

 
The Maquoketa Green Space only has five inches of topsoil due to existing basements being 
filled with limestone. This creates challenges to either plantings or foundation installation. 
Foundations need to be installed by excavating existing limestone and replacing it with soil fill. 
Another challenge was creating a line of sight for the crowd that allows people in the back to see 
the stage with ease but also allows the people towards the front to not strain their necks. 

 
3. Societal Impact within the Community and/or State of Iowa 

 
The societal impact of this project was notable. Activities that will be held on this site will 
greatly impact the City of Maquoketa for the better. The overall look of the site will be enhanced 
and will allow for the history and aesthetic of the town to be improved. Events will bring more 
people from the area to Maquoketa. This influx of visitors will allow local businesses to prosper 
from more people. The new structures and new layout of the site will allow for more daily 
activities to be held on the site. This allows people to be outside more during the warm weather, 
which in turn leads to better health, wellness, and happiness. The additions will provide greater 
accessibility, lowering the risk of health and safety concerns. New bathrooms will allows 
residents to have cleaner and more accessible locations for their use, improving community 
needs and sanitation. This addition means there is no need for public portable restrooms, 
lowering community costs for each event and allowing for the downtown to have a more natural 
feel and appeal. 
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SECTION V 
Phasing of Alternatives 

 
We are proposing three designs for the Green Space Redevelopment Project in the form of three 
phases. Phase One incorporates all important baseline features the City of Maquoketa expects to 
be included in every design alternative. The subsequent two phases are meant to be constructed 
as additions to the previous phase. Phases Two and Three both incorporate secondary features 
the city requested but noted were not as high priority as the features in Phase One. 

 
Using phasing reduces the initial cost by not immediately incorporating expensive lower priority 
features. All phases were designed to be able to withstand the load of the subsequent phase so 
there will be no major demolition or replacement of structural members needed when 
construction of the next phase begins. Every phase can be constructed at Maquoketa’s 
discretion, which provides extra time during the funding process for each update. 

 
1. Phase One - Site Layout and Proposed Structures 

SITE LAYOUT: 
Phase One of the Green Space Redevelopment is 
displayed in Figure 5.1. This schematic outlines 
the location of the proposed structures and 
sidewalk network on the parcel. The green path is 
the proposed sidewalk that connects the restroom 
entrance, storage entrance, stage, and northeast 
parking lot to the existing surrounding sidewalks. 

 
The permanent stage, shown in orange, has been 
placed on the east side of the parcel and faces 
west. This stage orientation proved to be the most 
optimal arrangement as it keeps the audience in 
closer proximity to the performers, while 
simultaneously providing more lines of sight 
along the length of the parcel. Occasionally, 
South Main Street gets blocked off for larger 
events, so having the stage face west results in 
optimal performance visibility. 

 

In contrast, East Pleasant Street does not get shut 
down; therefore, we believe it was most 
appropriate to locate the restroom structure (in 
blue) on the south end, closer to existing water 
hookups. 

Figure 5.1. Phase One schematic design 

Also depicted in the graphic above is the relocation of the informational kiosk as well as the 
locations of proposed trees that will provide shade on the site. Additionally, the picnic benches 
and sculpture shown in the aerial are subject to relocation prior to construction. 
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Figure 5.2. Stage design for all phases 
 

STAGE DESIGN: 
As shown in Figure 5.2, our team has proposed a permanent stage composed mainly of CMU 
blocks with a red brick façade. The brick in combination with the exposed steel beams, metal 
deck roof, and concrete slab performance area all work together to compliment the aesthetic of 
Maquoketa’s downtown architecture. Additionally, this model features an ADA compliant ramp, 
as well as a staircase leading up to the stage. Both entrance points have north access locations. 
This configuration provides the most direct route to the parking lot, which is essential for loading 
and unloading heavy equipment. Other features of the design include approximately 735 square-
feet of performance space, three box trusses for lighting, and sound equipment. Due to the green 
space’s vital need for a permanent performance area, the stage was designed to its fullest 
potential in Phase One and will remain unchanged in the subsequent phases. 

 

RESTROOM STRUCTURE DESIGN: 
 

Figure 5.3. Phase One restroom building design – view from S Main St 
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Figure 5.4. Phase One restroom building floor plan 
 

Like our proposed stage design, the restroom (pictured in Figure 13) is comprised of a masonry 
interior with a brick façade exterior. The front and back wall feature six columns that 
aesthetically add a sense of depth to the building. More importantly, they are required to be able 
to structurally withstand the loads of the following phases. The garage door entrance to the 
storage room, as well as the entrance to the men and women’s restrooms, are located on the 
north facing wall to allow for the most direct access to people occupying the green space. 
The east wall, (left-most wall in Figure 5.4), features a secondary entrance to the storage area 
and a concession garage window. Although these features are not essential for Phase One, it is 
more cost efficient to incorporate them prematurely rather than performing a demolition in later 
phases when these features become a necessity. Furthermore, assuming there will be longer 
bathroom lines during bigger events, the design features a four-foot front overhang to protect 
from rain and provide additional shading. 

 
From left to right, the floorplan in Figure 5.4 exhibits the 450-square foot storage area, men’s 
restroom, and women’s restroom. Both restrooms are equipped with two sinks, two hand dryers, 
and two ADA compliant stalls. Additionally, the women’s restroom features four standard stalls, 
while the men’s features one standard stall and four urinals. Stall amounts were calculated 
assuming an average event attendance of 390 people. 
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2. Phase Two - Site Layout and Proposed Structures 
 

SITE LAYOUT: 
For this phase, the sidewalk network and 
permanent stage location remain the same as 
Phase One. The restroom structure, however, 
increases in width by 13-feet to accommodate 
a ramp into the design. 

 
STAGE DESIGN: 
Remains the same as shown in Phase One (See 
Figure 5.2). 

 
RESTROOM STRUCTURE DESIGN: 
To further create more lines of sight to the stage, 
we have proposed that Phase Two will include an 
occupiable roof. This is possible through the 
addition of an ADA compliant ramp and railing 
system. The ramp entrance was strategically 
placed facing east where food trucks tend to park 
during major green space events. This allows for 
fast access to rooftop picnic bench seating, 
subsequently minimizing overall foot traffic on 
the site. Since shading is a major issue 
for the site, our team strongly encourages the use Figure 5.5. Phase two schematic design 
of picnic table umbrellas as a cost efficient and 
temporary solution to provide shade during the 
transition period between Phase Two and Three. 

 
 

Figure 5.6. Phase Two ramp and occupiable roof design 
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3. Phase Three - Site Layout and Proposed Structures 
 

SITE LAYOUT: 
All major changes in this phase happen within 
the bounds of the previous phase’s site layout. 
Therefore, the Phase Three layout remains the 
same with the only exception being the 
division of storage area into two separate 
spaces. Figure 5.7 exhibits this division. 

 
 

STAGE DESIGN: 
Remains the same as shown in Phase One 
(See Figure 5.2). 

 
 

RESTROOM STRUCTURE DESIGN: 
The main upgrade for this phase is the 
construction of a permanent metal deck roof 
for the occupiable roof that is held up by 
exposed steel beams. Overtop, we are 
proposing solar panels along the length of the 
permanent roof. The east to west panel 
placement allows them to experience the 
longest duration of direct sunlight possible. 

Figure 5.7. Phase Three schematic design 
 

On the interior, a partition wall is proposed 
to divide the storage room to accommodate a 
concession stand on the far east end of the 
building. Of course, this room will also have 
water and electricity hookups readily 
available for all necessary appliances. 

 
 

Figure 5.8. Phase Three permanent roof restroom structure 
 

All things considered, although each phase can stand without its subsequent phases, our team 
encourages following through to the construction of Phase Three. Due to this phase's 
incorporation of solar energy, the design will require a significant initial capital expenditure but 
will result in reduced costs in terms of energy and maintenance expenses over time. 
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SECTION VI 
Final Design Details 

 
SITE DESIGN 

 

The design was based off the site’s most up to date Lidar scans and was done using 
Civil3D. Both the bathroom and stage structures were set at an even elevation of 
707.5 ft. This allowed for the most effective grading and allowed the sidewalk network to 
best meet ADA requirements. Grading goes from west to east, with the stage being used 
as a divider, grading away from the stage to reduce ponding. This follows the previous 
grading of the site, with most of the flow heading to the northeast and southeast corners 
of the parcel. The sidewalk network follows the perimeter of the stage and restroom 
structures, with a larger pad being inserted at the front and east of the stage and another at 
the west end of the bathroom structure. Connections were made to existing sidewalk 
networks on the southwest, southeast, and northeast ends of the parcel. Fill will be 
needed for the site to accommodate the raised elevation of the stage. Cut will be needed 
for the bathroom structure. The existing structure and pavement on the south side of the 
parcel will be removed, along with the existing kiosk being moved to the north end 
concrete pad. An overall site layout plan is located on sheet C2.01. 

 
STAGE DESIGN 

 

Design Loads: 
Wind and roof snow loads were calculated using ASCE 7-22. The wind loads were 
calculated assuming the Main Wind Force Resisting System (MWFRS) and using the 
Directional Procedure (Minimum Designs, Chapter 26 and 27). The snow loads were 
using the horizontal projection of the roof. The ground snow load was found to be 25 psf. 
and the sloped roof snow load on the roof was found (Minimum Designs, Chapter 7). All 
final design loads were calculated using Load and Resistance Factor equations (Minimum 
Designs, Chapter 2). 

 
Layout: 
The layout of the stage was thoroughly analyzed. Shading, line-of-sight, dimension 
constraints, and access were all factors for the layout of the stage. The stage is placed on 
the east side of the parcel so that the audience does not get blinded or overheated by the 
setting sun. The stage was elevated about 4 feet off grade due to no elevation of seating. 
The stage was also placed on the east side so people can watch performances from Main 
St. The required dimensions of the stage were 24 feet wide and 20 feet deep. An ADA 
ramp was required for access to the stage, and it provides an easy way to roll equipment 
onto the stage. The ramp has a slope of 1/12 which is the maximum allowed and the 
width is 5 feet (ADA). The ramp is orientated to the north for easy access from the 
parking lot. 

 
Roof: 
The roof was designed using a Nucor Vulcraft metal deck. The use of wood and shingle 
materials were not considered in the roof design due to the required maintenance over the 
years. Concrete on top of the metal deck was not needed for strength or added weight to 
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resist uplift, but this alternative was considered. The metal deck was required to hold a 
gravity load of 29.21 psf., an uplift load of 9.605 psf., and a span length of 6 ft. The metal 
deck chosen was a 22 Gage 1.5B-36 Grade 50 with a 36/4 connection pattern using #12 
screws. The metal deck has a fire rating of 1.5 hours per International Building Code 
(IBC). The metal deck is topped with a metal standing seam sheet that provides drainage 
of water to the east. The quantity of these two roofing materials is 880 sf. The roof can be 
seen on the elevation views of the drawing set. These views are on sheet S1.04. 

 
Box Truss: 
The box trusses span horizontally between beams in the roof framing. This means the box 
trusses span 6 ft. The desired box truss size was an 8 in. x 8 in. truss. The truss was 
designed to support a load of lights, speakers, banners, etc. A 10 ft, 8 in. x 8 in. box truss 
can support a distributed load of 90 lb./ft. or a point load of 600 lb. at mid span per 
Applied Truss and Electronics (8 in. x 8 in.). Our span is only 6 ft, so these numbers are 
conservative. This truss provides more than enough strength for the intended use. The 
stage design requires 12 8 in. x 8 in. x 6 ft. box trusses. 

 
Beams: 
Standard steel ASTM A992 grade 50 wide-flange hot-rolled shapes were used for the 
beams. Loads from the dead load of the roof and box trusses, wind load, and snow load 
were all accounted for in the design of the roof beam. The roof beam was designed 
against shear, flexure, and deflection. Capacities were found in the AISC Steel 
Construction Manual as well as the International Building Code. The beam shape 
selected for the roof was a W10x12. Five W10x12 beams with a length of 33 ft. and 9 in. 
are required for the stage design. These beams are cantilevered over the front of the stage 
to allow for a good line-of-sight from all directions around the front of the stage. All 
analysis was done in Robot Structural Analysis Professional 2023. The beam connecting 
the two masonry walls above the entrance of the stage was designed to be a W8x10 that 
is 24 ft long. This beam is not load-bearing and is purely for aesthetics. Therefore, no 
calculations were performed. The beams are shown on the stage framing plan, located on 
sheet S1.03. 

 
Moment Frame: 
Standard steel ASTM A992 grade 50 wide-flange hot-rolled shapes were used for the 
girder and columns in the moment frame. The moment frame was designed to resist 
lateral loads as well as all the loads coming down through the roof beams. The span of 
the girder is 24 ft. and was sized as a W12x40. The columns are W12x40 and are at a 
height of 14 ft. and 6 in. The girder was designed based on strength and deflection and 
the column was designed based on strength and story drift. Combined axial load and 
moment was also checked. Capacities were found in the AISC Steel Construction Manual 
as well as the International Building Code. One girder and two columns are needed for 
the stage design. A design detail of the moment frame is located on sheet S1.03 as well as 
a general elevation view located on sheet S1.04. 
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Slab on Grade: 
The slab covers the entire stage surface as well as the ramp. It was designed to be the 
same throughout since there is a 150 psf live load for stage floors (Minimum Designs, 
Chapter 4). The slab was designed using a resource called Industrial Slabs on Grade. 
After using a load factor, the design load was 240 psf. The stage and ramp slab are both 6 
inches. Portland Cement Concrete (PCC) slabs that have one layer of reinforcement 2 
inches from the top of the slab. The layer of reinforcement is a 6x6 6/6 welded wire 
fabric. The quantity of reinforced PCC is 20 cy. The concrete slab on grade detail is 
located on sheet S1.01. 

 
Cast-in-Place Stairs: 
This component of the stage is placed on the north side of the stage. The stairs are 
designed to access the stage while maintaining a 5 ft clearance. The stairs will be 
designed for strength and deflection. A detailed section of the stairs is located on sheet 
S1.05. 

 
Railing: 
The stage utilizes a railing called a pipe guardrail. The length of the railing on the ramp is 
74 lf. This aluminum railing is located on sheet S1.05. 

 
Brick Veneer: 
The brick veneer is a typical 4 in. nominal red brick masonry unit. These units are purely 
architectural and supported wall ties that are spaced at 16 in. on center. A detail of a 
typical wall section is located on page S1.02. 

 
Concrete Masonry Unit (CMU) Wall Design for Cantilever Retaining Wall: 
The masonry wall was designed with 8 in. CMU blocks. This wall retains 7 ft. 1 in. in the 
most critical location of the stage boundary. Based off table 2 in section 15-7 B of 
National Concrete Masonry Association TEK, the wall needs vertical reinforcement of 
size No. 4 rebar @ 16 in. on center. The CMU reinforcement design detail is on sheet 
S1.05. 

 
Concrete Masonry Unit (CMU) Wall Design for East Stage Walls: 
These walls were designed to resist combined axial load and moment. The critical 
location is at the stage level right before the soil pressure aid to support the wall laterally. 
The reinforcement was designed using the National Concrete Masonry Association TEK. 
The details of the wall section are located on sheet S1.05. 

 
Strip Footing Design for all CMU Walls: 
The retaining wall footing was designed as a continuous footing with a width of 3 ft. 6 in. 
The footing was checked to satisfy a factor of safety (F.S.) of 1.5 for sliding and 
overturning, a F.S of 3 for bearing, and a maximum settlement of 0.5 in. Terzaghi’s 
Bearing Capacity equation was used for bearing failure and Boussinesq’s Simple Elastic 
Settlement Method was used for settlement failure. The quantity of reinforced PCC for 
the footings is 24 cy. Sheets S1.01 and S1.05 of the drawing set contain all strip footings 
with various foundation walls. 
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CMU Column: 
A CMU column was required for axial support underneath the W-shape steel columns. 
The column is concentrically loaded and is required to be a 12 in x 16 in column to fit the 
size of a W12x26. The strength is more than adequate which is shown in Table 2 of 17- 
03A of National Concrete Masonry Association TEK. The required vertical 
reinforcement is four No. 4 bars, and the horizontal reinforcement is shown in Figure 2 of 
the same resource. The CMU column is shown on sheet S1.05. 

 
Isolated Footing for Columns: 
The CMU column footing was designed as an isolated footing with a width of 3 ft. 6 in. 
and a length of 3 ft. 6 in. The footing was checked to satisfy a factor of safety (F.S.) of 
1.5 for sliding and overturning, a F.S of 3 for bearing, and a maximum settlement of 0.5 
in. Vesic’s Bearing Capacity equation was used for bearing failure and Boussinesq’s 
Simple Elastic Settlement Method was used for settlement failure. There are two isolated 
footings required for the design of the stage and the detailed drawing of the footing is 
located on sheet S1.05. 

 
PHASE ONE RESTROOM STRUCTURE DESIGN 

 

Overall Structure Dimensions: 
The first assumption made when designing the Phase One restroom structure was 
assuming the client is going to implement all three phases of this project. This means 
specifying a building length that will completely contain Phase Two length of the ramp 
within the building walls. This is further discussed in the section: Phase Two Restroom 
Design. A building length of 78 ft. was determined for a ten ft tall building. We decided 
on a concrete masonry unit (CMU) structure, to minimize cost, with 8 in. x 8 in. x 16 in. 
blocks. This is a typical CMU block size. The length of the wall needed to be in a 
multiple of 8 in., and 78 ft. satisfies this constraint. The minimum clear height needed for 
a bathroom, in accordance with the 2012 International Building Code (IBC) section 
1207.2, is 7 ft. For the occupiable rooftop, we set our clear height at 10 ft. to enhance the 
lines of to the stage and account for the thickness of the roof slab, insulation, and 
mechanical, electrical, and plumbing (MEP) equipment. Ten ft. is also a multiple of 8 in., 
which is the height of the CMU blocks. A plan view of the Phase One restroom is located 
on sheet A1.01. Interior elevations and exterior elevations are located on sheets A1.01 
and A1.02 of the drawing set, respectively. 

 
Room Partitions: 
We categorized the site as an auditorium without permanent seating and designed the 
restroom for 390 people in accordance with IBC table 2902.1. Traditional events at this 
green space host between 300 and 400 people. For 390 people, these are the conditions 
that need to be met for a female restroom: 6 water closets and 2 lavatories. These 
conditions need to be met for a male restroom: 3 water closets and 2 lavatories. We 
decided on 4 urinals in the men’s restroom as well for convenience. Two ADA accessible 
water closets are provided in each restroom to exceed the ADA water closet 
requirements. 
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ADA required water closet dimensions and typical water closet dimensions dictated the 
length of each restroom. We determined the dimensions of each restroom to be roughly 
16’-8” from outside wall face to outside wall face and roughly 21 ft. in length from inside 
face of wall to inside face of wall. This left roughly 30 ft. for Phase One storage. We 
designed the structure to contain all openings which included two restroom doors, a door 
to the storage, a garage door to the storage, and a window to the Phase Three concession 
stand. All openings were included in Phase One to minimize future phase costs. A plan 
view of the Phase One restroom and interior elevations are located on sheet A1.01. 

 
Design Loads: 
Wind and roof snow loads were calculated using ASCE 7-16 and ASCE 7-22. The wind 
loads were calculated assuming the Main Wind Force Resisting System (MWFRS) and 
using the Directional Procedure (Chapter 26 and 27). We assumed the roof as flat, so the 
snow load found did not have to be projected (Chapter 7). All final design loads were 
calculated using Load and Resistance Factor equations (LRFD) (Chapter 2). The load 
calculations can be found in Appendix D. 

 
Occupiable Roof: 
The roof was designed using a Nucor Vulcraft composite deck. This style of deck was 
chosen because of its ability to perform under large loads, such as the live load. The 
composite deck was required to hold a superimposed dead load of 18.5 psf., a live load of 
100 psf., a balanced snow load of 36 psf., a negligible positive wind load, and a wind 
uplift force of 14 psf., and accommodate a span length of 16 ft. The slab acts as a one- 
way slab, spanning between North and South walls, because the length of the slab is 
much larger than the width. The slab was modeled as a simply supported beam in Robot 
and load combinations were applied. Max shear, positive moment, negative moment, and 
reaction forces were checked. A special load case of live load only applied to the four- 
foot overhang was checked to make sure the negative moment did not exceed the 
capacity. All checks were satisfied, and there was no net uplift at the reactions. 
Deflection was not a concern because the span table conditions were satisfied. The metal 
deck chosen was a 16 Gage 3VLI-36 Grade 50 and the concrete used was a normal 
weight (145 pcf.) with 4D 65/60BG Bekaert Dramix Fibers, 15 pcy. There was an 
additional layer of concrete on top of the composite deck for sloping purposes. This layer 
was also a normal weight concrete (145 psf.). The concrete layer is 1 in. thick at the 
South edge of the roof and 0 in. thick at the north edge of the roof, resulting in a 0.4% 
slope. In addition, a clear waterproofing membrane adhesive was applied to the top 
surface of the concrete. 

 
The high-performance deck slab diaphragm strength tool was used to determine how 
many shear studs were required along the walls of the structure. The calculations for the 
roof composite deck are shown in Appendix D. Details of the occupiable roof are located 
on sheet A1.03. 

 
Occupiable Roof/Wall Connection: 
A continuous A36 plate was placed along the entire length of the walls to weld the shear 
studs to the wall. This plate was not treated as a bearing plate because the floor load is 
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distributed along the entire length of the plate. Thus, there was not a significant load for 
the plate to act as a bearing plate. The compressive strength of the CMU block and the 
A36 steel plate are far greater than the distributive reaction force. An anchor screw, to 
connect the base plate to the wall, was chosen from the Simpson Strong Tie website. The 
TNTW25134TF Anchor Screw was picked. The screws don’t resist tension since there 
was no net uplift. In plane and out of plane shear were checked for. The calculations for 
this connection are shown in Appendix D. Details of this connection are located on sheets 
A1.03 and S1.08. 

 
Concrete Masonry Unit (CMU) Wall Design for Simply Supported Condition: 
The masonry wall was designed with 8 in. CMU blocks, which are a standard size. The 
10 ft. wall resists a 155 ft-lb/ft moment and a 735-kip axial force. The walls for the 
restroom structure are treated as simply supported at the slab and at the roof diaphragm. 
Based on figure 1 in section 14-11B of National Concrete Masonry Association (NCMA) 
TEK, the wall needed vertical reinforcement of size No. 4 @ 16 in. and lateral 
reinforcement was provided for the serviceability limit state. This was to prevent 
cracking of the CMU. The lateral reinforcement selected was a 220 Ladder-Mesh from 
Hohmann and Barnard Inc. website. It is recommended to be spaced between each CMU 
brick vertically and specified as Galvanized Steel. The calculations for the walls are 
shown in Appendix D. Details of the wall are located on sheets A1.03 and S1.08. 

 
Partition Walls: 
The partition walls are non-loadbearing. Expansion layers are provided at the ends of the 
walls to prevent transfer of force, and a gap was left at the top of the wall to enable MEP 
to be run from room to room. Sections of the partition walls are located on sheet A1.03. 

 
Lintel: 
A precast lintel size 8 in. x 16 in. was chosen to adequately support the moment and shear 
experienced due to the loading above the lintels. The lintel was designed for the longest 
span, and the same one was used for each opening. One #6 reinforcement bar was placed 
at the bottom of the lintel to resist moment. This lintel was sized using table 4 in NCMA 
Tek 17-02A. Lintel calculations are shown in Appendix D. A section cut of the lintel will 
be located on sheet S1.08. 

 
CMU Column: 
A CMU column is required for axial support underneath the W-shape steel columns from 
the future Phase Three roof. The column is concentrically loaded, and the column was 
sized using Table 2 of 17-03A of the NCMA TEK. The required vertical reinforcement is 
8 No.4 bars, and the horizontal reinforcement is 0.25 in. diameter ties every 8 in. The 
calculations for the column are shown in Appendix D. A section view of the CMU 
column is shown on sheet S1.08. 

 
Brick Veneer: 
The brick veneer is a typical 4 in. red brick masonry unit. These units are purely 
architectural and are supported by wall ties 16 in. x 16 in. on center. The Hohmann and 
Barnard Inc. website recommends an embedment of 3 in. for a Concrete 2-Seal Tie for an 
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insulation thickness of 3 in. NCMA Tek 16-01A figure 1 recommends a maximum 
vertical and horizontal tie spacing of 16 in. on center for adjustable ties, which is what we 
chose. Our cavity width is 4 in. and the maximum cavity width for this condition is 4.5 
in. Control joints are spaced every 15 ft. and under stress concentrations in the brick 
veneer to prevent cracking of the veneer. This is specified in NCMA Tek 10-04. The 
calculations for the walls are shown in Appendix D. Brick veneer details are located on 
sheets A1.03 and A2.02. 

 
Insulation: 
Closed cell spray foam insulation was chosen for the roof insulation because it must 
adhere to the roof. The roof slab was treated as a mass floor slab in climate zone 5, so an 
R value of 14.6 was needed, as specified in the 2018 International Energy Conservation 
Code in table C402.1. A thickness of 2.5 in. closed cell insulation was determined. For 
the wall insulation, a mass wall was determined and an R value of 11.4 was needed. An 
insulation board was chosen, and a thickness of 3 in. was determined. The calculations 
for the insulation are shown in Appendix D. Cross sections of the insulation are located 
on sheet A1.03. 

 
Slab on Grade: 
The slab covers the area of the restroom structure from outside face of wall to outside 
face of wall. It was designed to be the same throughout since there is a 60 psf live load 
for public restrooms (Chapter 4). The slab was designed using a resource called Industrial 
Slabs on Grade. After using a load factor, the design load was 96 psf. The slab is 5 in. 
Portland Cement Concrete (PCC) slab and has one layer of reinforcement 2 in from the 
bottom of the slab. The layer of reinforcement is a 6 in. x 6 in. 6/6 welded wire fabric. A 
slab on grade detail is located on sheet S1.07. 

 
Strip Footing Design for all CMU Walls: 
The wall footing was designed as a continuous footing with a width of 3 ft. 0 in. The 
footing was checked to satisfy a factor of safety (F.S.) of 1.5 for sliding and overturning, 
a F.S of 3 for bearing, and a maximum settlement of 0.5 in. Terzaghi’s Bearing Capacity 
equation was used for bearing failure and Boussinesq’s Simple Elastic Settlement 
Method was used for settlement failure. Sheet S1.07 of the drawing set contains the detail 
for this footing. The calculations for the wall footing are shown in Appendix D. 

 
Isolated Footing for Columns: 
The CMU column footing was designed as an isolated footing with a width of 4 ft. 4 in. 
and a length of 5 ft. The footing was checked to satisfy a factor of safety (F.S.) of 1.5 for 
sliding and overturning, a F.S of 3 for bearing, and a maximum settlement of 0.5 in. 
Vesic’s Bearing Capacity equation was used for bearing failure and Boussinesq’s Simple 
Elastic Settlement Method was used for settlement failure. There are 12 isolated footings 
required for the design of the restroom structure and the detailed drawing of the footing is 
located on sheet S1.07. The calculations for the isolated column footings are shown in 
Appendix D. 
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PHASE TWO RESTROOM STRUCTURE DESIGN 
 

Ramp Dimensions: 
The maximum grade of a ramp, in accordance with the 2010 Americans with Disabilities 
Act (ADA) section 405.6, to have a maximum ramp rise of 30 in. is 1:12. Once there is a 
rise of 30 in. and a run of 30 ft., there is a need for a 6 ft. long landing according to ADA 
section 405.7.3. We set the clear height of the building at 10 ft from the top of floor slab 
to the top of the roof slab. To climb a vertical distance of 10 ft., four runs of ramp and 
four landings are required. This results in a ramp of length of 144 ft. This exceeds the 
width of the site, so we decided upon a double-back ramp resulting in a ramp length of 72 
ft. Therefore, the 72 ft. Phase Two ramp is contained within the entire 78 ft. length of the 
building. A plan view, elevations views, and a section cut are located on sheet A2.02. 

 
Design Loads: 
Wind and roof snow loads were calculated using ASCE 7-16 and ASCE 7-22. The wind 
loads on the ramp walls were calculated assuming the Main Wind Force Resisting 
System (MWFRS) and using the Directional Procedure (Chapter 26 and 27). The snow 
load was projected onto the horizontal (Chapter 7). All final design loads were calculated 
using Load and Resistance Factor equations (LRFD) (Chapter 2). The load calculations 
can be found in Appendix E. 

 
Concrete Masonry Unit (CMU) Wall Design for Cantilever Wall: 
The masonry wall was designed with 8 in. CMU blocks. Based off table 2 in section 15- 
7B of NCMA TEK, the wall needs vertical reinforcement of size No. 5 @ 16 in. The 
calculations for the walls will be shown in Appendix E. A plan view of the walls and a 
section cut are located on sheets S2.01 and A2.02, respectively. 

 
Strip Footing Design for CMU Walls: 
The wall footing was designed as a continuous footing with a width of 3 ft. 8 in. The 
footing was checked to satisfy a factor of safety (F.S.) of 1.5 for sliding and overturning, 
a F.S of 3 for bearing, and a maximum settlement of 0.5 in. Terzaghi’s Bearing Capacity 
equation was used for bearing failure and Boussinesq’s Simple Elastic Settlement 
Method was used for settlement failure. Sheet S2.01 of the drawing set contains the detail 
for this footing. The calculations for the wall footing are shown in Appendix E. 

 
Composite Floor Slab: 
The roof was designed using a Nucor Vulcraft composite deck. This style of deck was 
chosen because of its ability to perform under large loads, such as the live load. The 
composite deck was required to accommodate a span length of 5 ft. The slab acts as a 
one-way slab, spanning between north and south ramp walls, because the length of the 
slab is much larger than the width. The metal deck chosen was a 3VLI-36 Grade 50 and 
the concrete used was a normal weight (145 pcf.) with 4D 65/60BG Bekaert Dramix 
Fibers, 45 pcy. The calculations for the composite floor slab will be shown in Appendix 
E. A detail of the composite floor slab and connections is located on sheet S2.01. 
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Railing: 
The stage utilizes a railing called a pipe guardrail. The length of the railing is 135 ft. An 
elevation and section cut of the railing is located on sheet A2.01. A plan view of the 
railing is located on sheet A2.01 as well. 

 
 

PHASE THREE RESTROOM STRUCTURE DESIGN 
 

Design Loads: 
Wind and roof snow loads were calculated using ASCE 7-16 and ASCE 7-22. The wind 
loads were calculated assuming the MWFRS and Directional Procedure (Chapter 26 and 
27). The snow loads were using the horizontal projection on the roof. The ground snow 
load was found to be 25 psf. and the snow load acting on the roof was found to be 19 psf. 
Design loads were calculated using LRFD equations (Chapter 2). The calculations for the 
design loads are shown in Appendix F. 
 
Metal Deck: 
The metal decking on the roof was designed using Nucor Vulcraft metal deck. The use of 
other materials was not considered in this design. The metal deck was designed to 
support metal sheets, to provide water runoff, and solar panels. Uplift was calculated 
ignoring the weight of solar panels and was found to be 4.369 psf. The metal deck must 
also support a gravity load of 45.45 psf. An 18 gage 1.5B-36 Grade 50 deck with 36/4 
connection pattern of #12 screws was chosen for a span of 8 ft. The metal deck connects 
to the joists. The metal deck in total covers an area of 1575 sf. The calculations for the 
metal deck are shown in Appendix F. Metal deck details are shown on sheet S3.01. 

 
Joists: 
Standard ASTM A992 grade 50 wide-flange hot-rolled shapes were used for the joists. 
The only load the joists will be supporting is that of the metal deck, so they were 
designed using 45.45 psf. The joist was designed against flexure and deflection. 
Capacitates were found using AISC Steel Manual and the IBC. The size of the joist was 
decided at W10x12 with a length of 14 ft 9 in. The joists are located at each column, as 
well as halfway between column spans, with the largest being 8 feet. The joists that are 
spaced halfway between columns are connected to the girders and are singly coped at the 
top side of the joist. A cope of 4.5 in. long and 2 in. deep was used during calculations 
and was the coped size that was used. The calculations for the joists are shown in 
Appendix F. Joist details and elevations are shown on sheet S3.01. 

 
Girders: 
Standard ASTM A992 grade 50 wide-flange hot-rolled shapers were used for the girders. 
The girders support the single coped joists and were designed against flexure and 
deflection. Capacitates were found using AISC Steel Manual and the IBC. The loads that 
the girder supports come from the ends of the joists at the midspan of the girder. The size 
of the girder was determined to be W12x14. The size was decided to have adequate 
connections within the web. Girders span between columns, with the longest being 16 ft. 
The calculations for the girders are shown in Appendix F. Girder details and elevations 
are shown on sheet S3.01. 
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Columns: 
Standard ASTM A992 grade 50 wide-flange hot-rolled shapes were used for the columns. 
The columns support the girders within the flanges and the joists within the web. Exterior 
columns support one girder and one joist, while interior columns support two girders and 
one joist. The columns were designed against flexure and deflection. Capacitates were 
found using AISC Steel Manual and the IBC. The column size was found to be W12x14. 
The columns were spaced throughout the length of the occupiable roof, with the longest 
span being 16 ft. The north side columns have a length of 9.5 ft, while the south side 
columns have a length of 8.5 ft. The columns are anchored to the deck, with an 8 by 12- 
inch section being cut from the bathroom structures composite roof deck and filled with 
normal weight concrete. The calculations for the columns are shown in Appendix F. 
Girder details and elevations are shown on sheet S3.01. 
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SECTION VII 
Engineer’s Cost Estimate 
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Appendix B: Design Renderings and Models 
 

PHASE ONE 
 

Figure 8B.1. Phase One overall site design – S Main St view 
 

Figure 8B.2. Phase One overall site design – Person point of view 
 

Figure 8B.3. Phase One overall site design with trees omitted. 
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Figure 8B.4. Stage design for all phases – Angled view 
 

Figure 8B.5. Stage design for all phases – Front view 
 

Figure 8B.6. Stage design for all phases – Side view 
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Figure 8B.7. Phase One restroom structure – Front view 
 

Figure 8B.8. Phase One restroom structure – Side view 
 

Figure 8B.9. Phase One restroom structure – Back view 
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PHASE TWO 
 

Figure 8B.10. Phase Two overall site design with trees omitted 
 

Figure 8B.11. Phase Two restroom structure – Front angled view 
 

Figure 8B.12. Phase Two restroom structure – Back side view 
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PHASE THREE 
 

Figure 8B.13. Phase Three overall site design – S Main St and E Pleasant St intersection view 
 

Figure 8B.14. Phase Three overall site design with trees omitted 
 

Figure 8B.15. Phase Three overall site design – Back aerial view from E Pleasant St 
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Figure 8B.16. Phase Three restroom structure – Front view 
 

Figure 8B.17. Phase Three restroom structure – Front angled view 
 

Figure 8B.18. Phase Three restroom structure – Back angled view 
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Figure 8B.19. Phase Three restroom structure – Occupiable roof view 
 

Figure 8B.20. Phase Three restroom structure – Concession stand view 
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PHASE THREE AT NIGHT 
 

Figure 8B.21. Nighttime Phase Three overall site design – S Main St view 
 

Figure 8B.22. Nighttime Phase Three overall site design – From north looking south view 
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Figure 8B.23. Nighttime Phase Three overall site design – Northeast parking lot view 
 

Figure 8B.24. Nighttime Phase Three restroom structure – Occupiable roof view 
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FLOORPLAN MODELS 
 

Figure 8B.25. Phase One floorplan 
 

Figure 8B.26. Phase Two floorplan 
 

Figure 8B.27. Phase Three floorplan 
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MAQUOKETA GREENSPACE REDEVELOPMENT STAGE CALCULATION REPORT: 
 
 

WIND LOAD CALCULATIONS: 
 
 
 

Wind Load Parameters:  

Exposure Category: B 
 

(ASCE 7-22: Section 26.7.3) 

Risk Category: II 
 

(ASCE 7-22: Table 1.5-1) 

Importance Factor: I ≔ 1 
 

(ASCE 7-22: Table 1.5-2 ) 

Basic Wind Speed: V ≔ 108 mph 
 

(ASCE 7-22: Figure 26.5-1B) 

Wind Directionality Factor: Kd ≔ 0.85 
 

(ASCE 7-22: Figure 26.6-1) 

Topographic Factor: Kzt ≔ 1 
 

(ASCE 7-22: Section 26.8.1) 

Ground Elevation Factor: Ke ≔ 1 
 

(ASCE 7-22: Table 26.9-1) 

Gust Effect Factor: G ≔ 0.85 
 

(ASCE 7-22: Section 26.11.1) 

Enclosure Classification: Building Open 
 

(ASCE 7-22: Section 26.2) 
 
 

MWFRS DESIGN WIND PRESSURES FOR THE ROOF 
 

Mean Roof Height: 

1 ⎛ 3 h ≔ ⋅ 20 ft + 

 
in + 17 ft + 2 in + 9 

 

⎞ in  = 18.638 ft (Height Modeled on Revit) 

2 
⎜ 

4 
⎟ 

16 ⎠ 
 

Velocity Pressure Exposure Coefficient: Kh ≔ 0.61 (ASCE 7-22: Table 26.10-1) 
 
 

Velocity Pressure: 

qh ≔ 0.00256 
psf 

mph 2 

 

• Kh ⋅ Kzt ⋅ Kd ⋅ V2 ⋅ I = 15.4823 psf (ASCE 7-22: Equation 26.10-1) 

 
 
 

Wind from the east: 
 

γ ≔ 180 
 

Since angle is <7.5%, use values for 0%... which means wind loads will be a horizontal projection 
 

CN ≔ 1.2 Net pressure coefficient (ASCE 7-22: Figure 27.3-4) 

 
p1 ≔ qh ⋅ Kd ⋅ G ⋅ CN = 13.4232 psf 

 
 

Wind from the west: 
 

γ ≔ 0 
 

Since angle is <7.5%, use values for 0%... which means wind loads will be a horizontal projection 
 

CN ≔-1.1 Net pressure coefficient (ASCE 7-22: Figure 27.3-4) 

 
p2 ≔ qh ⋅ Kd ⋅ G ⋅ CN =-12.3046 psf 

 
 

Gravity wind load: 
 

p1 = 13.4232 psf 
 

Uplift wind load: 
 

p2 =-12.3046 psf 

Appendix C: Stage Design Calculations 
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MWFRS DESIGN WIND PRESSURES FOR THE WALLS: 
 

z ≔ FIF “16' 1-1/2” = 16.125 ft 
 

Velocity Pressure Exposure Coefficient: Kz ≔ 0.58 (ASCE 7-22: Table 26.10-1) 
 
 

Velocity Pressure: 

qz ≔ 0.00256 
psf 

mph 2 

 
 
• Kz ⋅ Kzt ⋅ Kd ⋅ V2 ⋅ I = 14.7209 psf 

 
 
 

(ASCE 7-22: Equation 26.10-1) 

qi ≔ qz 
 
 

Lateral Loads EW: 
 

Internal Pressure Coefficients 
 

Wall Pressure Coefficients 

GCpi_1 ≔ 0.18 
 

Cp_WW ≔ 0.8 

GCpi_2 ≔-0.18 
 

Cp_SW ≔-0.7 

(ASCE 7-22: Section 26.13; Table 26.13-1) 

 
L ≔ 3.25 ft 

Cp_LW ≔-0.5 

 
B ≔ 32.5 ft 

L 
= 0.1 

B 

 

p ≔ qz ⋅ Kd ⋅ G ⋅ Cp - qi ⋅ Kd ⋅ ⎛⎝GCpi⎞⎠ 
 

(ASCE 7-22: Table 27.3-1) 

 
pWW1 ≔ qz ⋅ Kd ⋅ G ⋅ Cp_WW - qi ⋅ Kd ⋅ ⎛⎝GCpi_1⎠⎞ = 6.2564 psf 

pLW1 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_LW - qi ⋅ Kd ⋅ ⎛⎝GCpi_1⎠⎞ =-7.8453 psf 

pSW1 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_SW - qi ⋅ Kd ⋅ ⎛⎝GCpi_1⎠⎞ =-10.0825 psf 

 

pWW2 ≔ qz ⋅ Kd ⋅ G ⋅ Cp_WW - qi ⋅ Kd ⋅ ⎛⎝GCpi_2⎠⎞ = 10.761 psf 

pLW2 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_LW - qi ⋅ Kd ⋅ ⎛⎝GCpi_2⎠⎞ =-3.3407 psf 

pSW2 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_SW - qi ⋅ Kd ⋅ ⎛⎝GCpi_2⎠⎞ =-5.5779 psf 

 
ppositive ≔ pWW2 = 10.761 psf pnegative ≔ pSW1 =-10.0825 psf 

 
 

Lateral Loads NS: 
 

Internal Pressure Coefficients 
 

Wall Pressure Coefficients 

GCpi_1 ≔ 0.18 
 

Cp_WW ≔ 0.8 

GCpi_2 ≔-0.18 
 

Cp_SW ≔-0.7 

 
L ≔ 32.5 ft 

Cp_LW ≔-0.2 

 
B ≔ 3.25 ft 

L 
= 10 

B 

 
 

p ≔ qz ⋅ Kd ⋅ G ⋅ Cp - qi ⋅ Kd ⋅ ⎛⎝GCpi⎞⎠ 
 
 

pWW1 ≔ qz ⋅ Kd ⋅ G ⋅ Cp_WW - qi ⋅ Kd ⋅ ⎛⎝GCpi_1⎠⎞ = 6.2564 psf 

pLW1 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_LW - qi ⋅ Kd ⋅ ⎛⎝GCpi_1⎠⎞ =-4.4895 psf 

pSW1 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_SW - qi ⋅ Kd ⋅ ⎛⎝GCpi_1⎠⎞ =-10.0825 psf 

 

pWW2 ≔ qz ⋅ Kd ⋅ G ⋅ Cp_WW - qi ⋅ Kd ⋅ ⎛⎝GCpi_2⎠⎞ = 10.761 psf 

pLW2 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_LW - qi ⋅ Kd ⋅ ⎛⎝GCpi_2⎠⎞ = 0.0151 psf 

pSW2 ≔ qh ⋅ Kd ⋅ G ⋅ Cp_SW - qi ⋅ Kd ⋅ ⎛⎝GCpi_2⎠⎞ =-5.5779 psf 

 
ppositive ≔ pWW2 = 10.761 psf pnegative ≔ pSW1 =-10.0825 psf 
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ROOF SNOW LOAD CALCULATIONS: 
 

For snow load: use the horizontal projection 
 

horizontal area: L ≔ 33.9271 ft W ≔ 26 ft A ≔ L ⋅ W = 882.1046 ft 2 
 

pg ≔ 25 psf ground snow load 
 

Snow Load Parameters: 
 

Exposure Category: Fully Exposed (ASCE 7-22: Table 7.3-1 footnotes) 
 

Surface Roughness: B (ASCE 7-22: Section 26.7.2) 
 

Exposure Factor: 

Thermal Factor: 

Slope Factor 

Ce ≔ 0.9 
 

Ct ≔ 1.2 
 

Cs ≔ 1 

(ASCE 7-22: Table 7.3-1) 
 
 

(ASCE 7-22: Table 7.3-2) 
 
 

(ASCE 7-22: Table 7.4-1c) 

Risk Category: II (ASCE 7-22: Table 1.5-1) 

Minimum Snow Load: pm_max ≔ 30 psf (ASCE 7-22: Table 7.3-4) 

pm ≔ min ⎛⎝pg , pm_max⎞⎠ = 25 psf (ASCE 7-22: Section 7.3.3) 

pf ≔ 0.7 ⋅ Ce ⋅ Ct ⋅ pm = 18.9 psf (flat roof snow load) (ASCE 7-22: EQ 7.3-1) 

psnow ≔ Cs ⋅ pf = 18.9 psf (sloped roof snow load) (ASCE 7-22: EQ 7.4-1) 
 
 
 
 
 
 
 
 

METAL DECK: 
 

Inward Uniform Load: 
 

qd ≔ 3 psf 
 

qs ≔ psnow = 18.9 psf 

qw ≔ p1 = 13.4232 psf 

 
Load Combinations 

 
 

W1 ≔ 1.2 ⋅ qd + qs + 0.5 ⋅ qw = 29.2116 psf 

W2 ≔ 1.2 ⋅ qd + qw + 0.3 ⋅ qs = 22.6932 psf 

 

W ≔max ⎛⎝W1 , W2⎠⎞ = 29.21 psf Required strength 
 
 

Deflection controls 
ϕWn_Inward ≔ 130 psf OK 

 
 
 

Uplift Uniform Load: 
p2 =-12.3046 psf 

 
W ≔ 0.9 ⋅ qd + p2 =-9.605 psf 

ϕWn_Uplift ≔-76 psf OK 

Required strength 
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SLAB ON GRADE: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LLstagefloors ≔ 150 psf 
 

q ≔ 1.6 ⋅ LLstagefloors = 240 psf 

(ASCE 7-22: Table 4.3-1) 

 
 

A 6" PCC slab is required for the stage floor as well as the ramp. One layer of 6x6 6/6 welded wire fabric will be used for reinforcement 
placed 2 " from the top of the slab. 

 
 
 
 
 

FIRE RATING FOR ROOF: 
 

Metal deck fire rating: 1.5 hours 

Required fire rating: none 

 
 

BOX TRUSS: 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.appliednn.com/ 
products/8x8-ultra-lite-box/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Provides more than enough strength for intended use. 
 

weight of stage lights: 10 lbs spaced at 1 ft is 60 lbs or 10 lbs/ft 
 

weight of stage speaker: 55 spaced at 2 ft or stacked is 335 lb or 55 lbs/ft 
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ft 

BEAM DESIGN: 
 

(design for flexure, deflection, and shear at supports) 
 

btrib ≔ 6 ft qroof ≔ 3 psf 
 
 

Beam Section: W10x12 

W ≔ 12 
lbf 
ft 3 

 
 
A ≔ 3.54 in 2 

 
 

I ≔ 53.8 in 4 

 
 

E ≔ 29000 ksi 

 
 

Fy ≔ 50 ksi 

 

Zx ≔ 12.6 in 3 

 

wbeam ≔ A ⋅ W = 0.295 lbf 
ft 

 
wd ≔ qroof ⋅ btrib + wbeam = 18.295 lbf 

ft 
 

psnow = 18.9 psf 
 

qwind ≔ 15.8 psf 

ws ≔ psnow ⋅ btrib = 113.4 
lbf 
ft 

 
ww ≔ qwind ⋅ btrib = 94.8 

lbf 
ft 

 

PLoadedTruss ≔ 15 lbf + 500 lbf = 515 ft ⋅ lbf 
ft 

 
LRFD Load Combinations: 

 
 
 
 
 
 
 
 

w1 ≔ 1.4 ⋅ wd = 25.613 
lbf 
ft 

w2 ≔ 1.2 ⋅ wd + ws + 0.5 ⋅ ww = 182.754 lbf 
ft 

w3 ≔ 1.2 ⋅ wd + ww + 0.3 ⋅ ws = 150.774 
lbf 
ft 

 

w ≔max ⎛⎝w1 , w2 , w3⎞⎠ = 182.754 
lbf 

 

P ≔ 1.2 ⋅ PLoadedTruss = 618 lbf 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Loading diagram with reactions for an interior roof beam (lbf.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moment diagram for an interior roof beam (lbf.*ft.) 
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Shear diagram for an interior roof beam (lbf.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Deflection diagram for an interior roof beam (in.) 
 
 
 

Strength parameters for a W10x12 beam: 
 

Flexural Strength due to yielding: LTB doesn't apply because Lb ≤ Lp 

ϕb ≔ 0.9 

ϕbMallowable ≔ ϕb ⋅ Fy ⋅ Zx = 47.25 kip ⋅ ft Mmax ≔ 18 kip ⋅ ft OK 
 
 

Allowable deflection: 
 

Δallowable ≔ 
L 

240 

 
= 1.6964 in 

 
Δmax ≔ 1.36 in OK 

 
 

Shear strength: 
 

ϕvVn ≔ 56.3 kip from table below Vmax ≔ 5.8 kip OK 
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MOMENT FRAME DESIGN: 
 

Loads on moment frame: 
 

Gravity loads: 
 

Pint 

 
≔ Vmax 

 
= 5.8 kip 

 
Pext 

≔ 
Vmax = 2.9 kip 
2 

 
 

Lateral loads NS: bf ≔ 6.49 in troof ≔ 
13 ft 
12 

ppositive ≔ pWW2 = 10.761 psf 

wpos ≔ ppositive ⋅ bf = 0.0058 
kip 
ft 

pnegative ≔ pSW1 =-10.0825 psf 

wneg ≔ pnegative ⋅ bf =-0.0055 
kip 
ft 

 

Proof_pos ≔ 
1 

⋅ troof ⋅ L ⋅ ppositive = 0.1978 kip 
2 

Proof_neg ≔ 
1 

⋅ troof ⋅ L ⋅ pnegative =-0.1853 kip 
2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GIRDER DESIGN CAPACITIES: 
 

E ≔ 29000 ksi Fy ≔ 50 ksi L ≔ 24 ft ϕb ≔ 0.9 Lb ≔ 6 ft 
 
 
 
 

GIRDER SIZE: W10x12 
 

Properties: 
 

c ≔ 1 

 
 

Cb ≔ 1 

 
 

bf ≔ 8.01 in 

 
 

ry ≔ 1.94 in 

 
 

ho ≔ 11.4 in 

 
 

J ≔ 0.906 in 4 

 

Cw ≔ 1440 in 6 
 
 

Ix ≔ 307 in 4 Iy ≔ 44.1 in 4 Zx ≔ 57 in 3 Sx ≔ 51.5 in 3 Lb ≔ 6 ft 
 
 
 

Lp ≔ 1.76 ⋅ ry ⋅ 
E 

= 6.8525 ft 
Fy 

 
 
 

rts ≔ 
Iy ⋅ Cw 
Sx 

 
= 2.2121 in 

E J ⋅ c ⎛ J ⋅ c ⎞2
 ⎛ 0.7 ⋅ Fy ⎞2

 

Lr ≔ 1.95 ⋅ rts ⋅ 
0.7 ⋅ F 

⋅ + S ⋅ h 
⎜ S ⋅ h ⎟ + 6.76 ⋅ ⎜ 

E
 

⎟ = 21.1445 ft 
y x o ⎝ x o ⎠ ⎝ ⎠ 
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Flexural Stre 
 

ϕbMn_g ≔ if 

ngth: 
 
Lb ≤ Lp 

‖ ϕ ⋅ F ⋅ Z 
‖ b y x 

   
 

|= 213.75 
| 
| 
| 

 
 
kip ⋅ ft 

    

e 
 
 

e 

lse if Lp < Lb ≤ 
‖ ⎛ 
‖ Cb ⋅ ⎜Fy ⋅ Zx - 
‖ ⎝ 
lse 
‖ 2 

Lr 

⎛⎝Fy ⋅ Zx - 0.7 ⋅ F 
⎛ Lb - L 

y ⋅ Sx⎞⎠ ⋅ ⎜ 
⎝ Lr - L 

 
2 

| 
p ⎞⎞ | 
⎟⎟ | 

p ⎠⎠ | 
| 
| 

     

 ‖ Cb ⋅ π  ⋅ E 
⋅
 

‖ ⎛ L ⎞2 
‖ ⎜ b ⎟ 
‖ ⎝ rts ⎠ 

1 + 0.078 ⋅ 
J ⋅

 
Sx ⋅ 

c  
⋅ 
⎛ Lb ⎞ 

h 
⎜ 

r  
⎟ 

o  ⎝ ts ⎠ 

| 
| 
| 
| 
| 

     

 ϕbMn_g = 213.75 kip ⋅ ft          

 
 
Maximum de 

 
 
flection: 

Δallowable_g ≔ 
L 

= 1.2 in 
240 

         

  

          

          

          

          

          

          

 

Axial Strengt 
 

ϕtPn g ≔ 5 

 

h: 
 
27 kip 

        

          

Shear Strengt 
 

ϕvVn_g ≔ 1 

h 
 
05 kip 
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STEEL COLUMN DESIGN CAPACITIES (A3 and C3): 
 
 

E ≔ 29000 ksi Fy ≔ 50 ksi G ≔ 11200 ksi L ≔ 14.5 ft ϕb ≔ 0.9 ϕ ≔ 0.9 
 
 

max story drift 

L 
500 

 
= 0.348 in 

 
 
 

COLUMN SIZE: W12x26 
 

A ≔ 11.7 in 2 
 

Ix ≔ 307 in 4 
 

J ≔ 0.906 in 4 

 
bf ≔ 8.01 in 

Iy ≔ 44.1 in 4 

Cw ≔ 1440 in 6 

 
tw ≔ 0.295 in 

Sx ≔ 51.5 in 3 

 
tf ≔ 0.515 in 

Zx ≔ 57 in 3 

 
d ≔ 11.9 in 

rx ≔ 5.13 in 

ybar ≔ 
d

 
2 

ry ≔ 1.94 in 

 
 
 
 
 

Buckling strength: 
 

Lex ≔ 0.8 L 
π2 ⋅ E 

Fex ≔ 
⎛ L

 
⎜ 

ex ⎞
2
 

⎟ 

= 388.7353 ksi 

⎝ rx ⎠ 
 
 

Ley ≔ 0.8 L 
π2 ⋅ E 

Fey ≔ 
⎛ L

 
⎜ 

ey ⎞
2
 

⎟ 

= 55.5933 ksi 

⎝ ry ⎠ 
 
 

Lez ≔ 0.8 ⋅ L 

xo ≔ 0 in 

 
 

yo ≔ ybar 

r ≔ 
Ix + Iy + x 2 + y 2 = 8.0877 in 

o A o o 
 

Fez ≔ 
1
 

⎛ π2 ⋅ E ⋅ Cw 
• ⎜ 

⎞ 
+ G ⋅ J⎟ = 41.0526 ksi 

A ⋅ ro2 ⎝ Lez
2 

⎠ 
 

Fe ≔ min ⎛⎝Fex , Fey , Fez⎠⎞ = 41.0526 ksi 
 
 
 

Pallowable_c ≔ Fe ⋅ A = 480.3149 kip Maximum axial load 
 
 
 
 
 
 

Shear Strength: 
 

ϕvVn_c ≔ ϕvVn_g 

 
 
 
 

Maximum Story Drift: 
 

 
δallowable_c ≔ 

 
L 

500 

 
= 0.348 in 
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⎜ 
| 

‖ b 

r 

2 

| 

ϕbMn_c = 190.791 kip ⋅ ft 

Flexural Strength of column: 
 

Lb ≔ L = 14.5 ft 

Lp ≔ 1.76 ⋅ ry ⋅ 
E 
Fy 

 
 
= 6.8525 ft 

 
 

rts ≔ 
Iy ⋅ Cw 
Sx 

 
= 2.2121 in 

 
⎛ ⎞2 ⎛ 0.7 ⋅ F ⎞2

 

Lr ≔ 1.95 ⋅ rts ⋅ 
E 

⋅ J ⋅ c 
+
 J ⋅ c 

⎜ ⎟ + 6.76 ⋅ ⎜ y ⎟ = 21.1445 ft 
0.7 ⋅ Fy Sx ⋅ ho ⎝ Sx ⋅ ho ⎠ ⎝ E ⎠ 

 
 

ϕbMn_c ≔ if Lb ≤ Lp |= 190.791 kip ⋅ ft 
‖ ϕ ⋅ F ⋅ Z 

|
 

‖ b y x | 
else if Lp < Lb ≤ Lr | 

‖ ⎛ ‖ C ⋅ ⎜F ⋅ Z  - ⎛F ⋅ Z  - 0.7 ⋅ F • S ⎞ ⋅ 
⎛ Lb

 
| 

- Lp ⎞⎞ | ⎟⎟ 

‖ 
b 

⎝ 
y 

else 

x ⎝ y x y x⎠ 
⎝ Lr - Lp ⎠⎠ 

|
 
| 

‖ 
C ⋅ π2 ⋅ E • 

 1 + 0.078 ⋅ 
 

J ⋅ c 
| • ⎛ Lb ⎞ | 

‖ ⎛ L 
‖ ⎜ b ⎞

2 
⎟ Sx ⋅ ho 

⎜ ⎟ | 
⎝ ts ⎠ | 

‖ ⎝ rts ⎠ 
|
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Required Strengths: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Axial force diagram for the moment frame 
 

ϕtPn g = 527 kip OK 
 

Pallowable_c = 480.3149 kip OK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shear force diagram for the moment frame 
 

ϕvVn_g = 105 kip OK 
 

ϕvVn_c = 105 kip OK 
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Bending moment diagram for the moment frame 
 

ϕbMn_g = 213.75 kip ⋅ ft OK 
 

ϕbMn_c = 190.791 kip ⋅ ft OK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Deflection diagram for the moment frame 
 
 

Δallowable_g = 1.2 in OK 
 

δallowable_c = 0.348 in OK 
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M 

M 

Combined axial load and moment check (NOT INCLUDING OUT-OF-PLAIN MOMENT): 
 
 
 
 
 
 
 
 
 
 
 
 

Pc ≔ Pallowable_c 

Mc ≔ ϕbMn_c 

Pr ≔ 11.67 kip 

Mr ≔ 33 kip ⋅ ft 

Pr = 0.0243 Use (b) 
Pc 

 Pr  +
⎛ Mr ⎞ = 0.1851 OK 
⎜ ⎟ 

2 ⋅ Pc ⎝ c ⎠ 
 
 
 
 
 

Pc ≔ ϕtPn  g Pr ≔ 2 kip 
 

Mc ≔ ϕbMn_g Mr ≔ 36 kip ⋅ ft 
 

Pr = 0.0038 Use (b) 
Pc 

 Pr  +
⎛ Mr ⎞ = 0.1703 OK 
⎜ ⎟ 

2 ⋅ Pc ⎝ c ⎠ 
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Cantilever Retaining Wall Footing Design in Exterior Stage Walls/Ramp Walls: 
 
 

Design criteria: 
 

Wall thickness: tcmu ≔ FIF  “8” tbrick ≔ FIF  “4” tair ≔ FIF  “1” 
USE SOLID GROUT 

Unit weight: γfill ≔ 120 pcf γbrick ≔ 120 pcf γcmu ≔ 130 pcf γconc ≔ 150 pcf 
 

Factor of safety: FSoverturning ≔ 1.5 FSsliding ≔ 1.5 FSbearing ≔ 3 

Height of wall: Htotal ≔ FIF “7' ”  Hwall ≔ FIF “4' ” Need an extra 3 ft of height due to frost line 

Thickness of footing/ tf ≔ FIF “1' 8"” ts ≔ 6 in 
slab: 

 

Width of footing: B ≔ FIF  “3' 8” 
 

Depth of Footing: Df ≔ 3 ft + tf DUE TO FROST LINE AT 4 ft. 
 
 

Active Earth Pressure: 
2 

ϕ' ≔ 
π K ≔tan

⎛ π 
- 

ϕ' ⎞ 
= 0.3333 

6 a ⎜ 
4 2 

⎟
 

⎝ ⎠ 
 

1 kip 
Pa ≔ ⋅ γfill ⋅ ⎛⎝Htotal + tf⎞⎠ 2 ⋅ Ka = 1.5022 

2 ft 
 
 

Overturning Moment: 
 

⎛⎝Htotal + tf⎞⎠ kip ⋅ ft 
Moverturning ≔ Pa ⋅ 3 

= 4.3398  
ft 

 
Resisting Moment: 

 
component weights: moment arms: 

masonry: Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎞⎠ = 0.5067 
kip rm ≔ 

B 
= 1.8333 ft 

ft 2 
 

⎞ ⎛ ⎞ 
earth: W ≔

⎛ B 
- ⎛0.5 ⋅ ⎛t + t ⎞⎞ ⋅ H ⋅ γ = 1.12 

kip r ≔ B - 0.5 B 
- 0.5 ⎛t + t ⎞ = 3 ft 

e ⎜ 
2 ⎝ ⎝ cmu brick⎠⎠⎟ total fill ft e ⎜ 

2 ⎝ cmu brick⎠⎟ 
⎝ ⎠ ⎝ ⎠ 

foundation wall: Wwall ≔ ⎛⎝tbrick + tcmu + tair + 1 in ⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.525 
kip rwall ≔ 

B 
= 1.8333 ft 

ft 2 
 

footing: Wf ≔ tf ⋅ B ⋅ γconc = 0.9167 
kip rf ≔ 

B 
= 1.8333 ft 

ft 2 
 
 

Mresisting ≔ Wm ⋅ rm + We ⋅ re + Wf ⋅ rf + Wwall ⋅ rwall = 6.9319 
kip ⋅ ft 

ft 
 

Check factor of safety: 
 

Overturning: 

Mresisting 
FSactual ≔ 

M 
= 1.5973 FSoverturning = 1.5 

overturning 
 

FSactual > FSoverturning OK 

 

Sliding: 

ΣW ≔ Wm + We + Wf + Wwall = 3.0683 
kip 
ft 

2 

K ≔tan
⎛ π 

+ 
ϕ' ⎞ 

= 3 P ≔ 
1 

⋅ γ ⋅ ⎛H - H + t ⎞2 ⋅ K = 3.92 kip 
p ⎜ 

4 2 
⎟ p 2 fill ⎝  total wall f⎠ p ft ⎝ ⎠ 

ΣW ⋅ tan ϕ' + Pp 
FSactual ≔ 

P 
= 3.7887 FSsliding = 1.5 

a 

FSactual > FSsliding OK 
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Bearing Pressure: 
 

LL ≔ 250 psf 
⎛ B tcmu ⎞ 

ΣW + LL ⋅ ⎜ 
2 

- 
2 

⎟ 
qgross ≔ 

⎝ ⎠ 
= 939.0909 psf 

B 
 

Bearing capacity: 
 

Terzaghi's continuous foundation equation: 
 

c' ≔ 0 psf ϕ ⋅ 180 = 51.5662 B = 3.6667 ft γ' ≔ γfill = 120 pcf 
π 

Nc ≔ 37.2 Nq ≔ 22.5 Nγ ≔ 20.1 
 

σ'zD ≔ Df ⋅ γfill = 560 psf 

qult ≔ c' ⋅ Nc + σ'zD ⋅ Nq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ = 17022 psf 

qult FS ≔ = 18.126 
qgross 

 
FSactual > FSbearing OK 

 
 

Check for Settlement Failure: Boussinesq's Simple Elastic Settlement method 

L ≔ FIF “20' 0” B = 3.6667 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) Es ≔ 750 
tonf δall ≔ 0.5 in 
ft 2 

L' ≔ 
L 

= 10 ft B' ≔ 
B 

= 1.8333 ft 
2 2 

 
M ≔ 

L' 
= 5.4545 N ≔ 

H 
B'  B' 

 
Influence Factors: 

 
1  

⎛ ⎛ ⎛
1 + M2 + 1

⎞ 
⋅ M2 + N2 

⎞ ⎛ ⎛M + M2 + 1
⎞ 
⋅ 1 + N2 

⎞⎞
 

I1 ≔ ⋅ ⎜M ⋅ ln⎜ ⎝ ⎠ ⎟ +ln⎜ 
⎝ ⎠ ⎟⎟ = 0.7624 

π  ⎜ ⎜ ⎛ 2 2 ⎞ ⎟ ⎜ 2 2 ⎟⎟ 
⎝ ⎝ M ⋅ ⎝1 + M  + N  + 1⎠ ⎠ ⎝ M + M  + N  + 1 ⎠⎠ 

I ≔ 
N  

⋅ atan
⎛ M ⎞ 

= 0.0759 
2 2 ⋅ π ⎜ 

N ⋅ M2 + N2 + 1 
⎟
 

⎝ ⎠ 

 
Shape Correction Factor: 

⎛ 1 - 2 ⋅ μs ⎞ 
Is ≔ I1 +⎜ 

1 - μ 
⎟ ⋅ I2 = 0.8057 

⎝ s  ⎠ 
 
 

Fox Depth Correction Factor, If: 
 

β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠
2
 

 
r ≔ 2 ⋅ Df = 9.3333 ft 

 

r1 ≔ L2 + r2 = 22.0706 ft r2 ≔ B2 + r2 = 10.0277 ft r3 ≔ L2 + B2 + r2 = 22.3731 ft r4 ≔ L2 + B2 = 20.3333 ft 

 
⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 

Y1 ≔ L ⋅ ln⎜ 
L 

⎟ + B ⋅ ln⎜ 
B 

⎟ - 
3 ⋅ L ⋅ B 

= 10.8141 ft 
⎝ ⎠ ⎝ ⎠ 
⎛ r + B ⎞ ⎛ r + L ⎞ r 3 - r 3 - r 3 + r3 

Y2 ≔ L ⋅ ln⎜ 3 ⎟ + B ⋅ ln⎜ 3 ⎟ - 3 2 1 = 7.4426 ft 
⎝ r1 ⎠ ⎝ r2 ⎠ 3 ⋅ L ⋅ B 

r2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 
Y3 ≔ 

L 
⋅ ln⎜ 

⎛B + r ⎞ ⋅ r 
⎟ + 

B 
⋅ ln⎜ 

⎛L + r ⎞ ⋅ r 
⎟ = 2.4843 ft 

⎝ ⎝ 3⎠ ⎠ ⎝ ⎝ 3⎠ ⎠ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
Y4 ≔ 

L ⋅ B 
= 0.4655 ft 
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Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 3.1522 ft 
5 ⎜ ⎟ 

⎝ r ⋅ r3 ⎠ 

β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 

   

If ≔ 
⎛⎝β + β ⋅ Y 

1 2⎞⎠ 1 

 

Bearing Pressure: 

      

qgross = 939.0909 psf 
 

σ'zo ≔ ⎛⎝Df⎞⎠ ⋅ γfill = 560 psf 

qnet ≔ qgross - σ'zo = 379.091 psf 

   

 
 

Foundation Settlement: 
 

⎛ q ⋅ ⎛⎝1 - μ 2 ⎞⎠ ⎞ 

   

δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 
net s

 

⎝ Es 

δflexible = 0.012 in 
 

δrigid ≔ 0.93 ⋅ δflexible = 0.011 in 

⎟ ⋅ B' 
⎠ 

 
 
 
 
 
OK 

    

 
δall = 0.5 in 

 
 

Cantilever Retaining Wall Vertical Reinforcement Design in Exterior Stage Walls/Ramp Walls: 

   

 
 

Wall Reinforcement: 

   

wsoil ≔ Ka ⋅ γfill = 40 pcf 
 

Reinforcement: No. 4 @ 16in 
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Cantilever Retaining Wall Footing Design for Stage Solid Backwall (East side - grid 5): 
 

Design criteria: 
 

Wall thickness: tcmu ≔ FIF  “8” tbrick ≔ FIF  “8” tair ≔ FIF  “1” 
USE SOLID GROUT 

Unit weight: γfill ≔ 120 pcf γbrick ≔ 120 pcf γcmu ≔ 130 pcf γconc ≔ 150 pcf 
 

Factor of safety: FSoverturning ≔ 1.5 FSsliding ≔ 1.5 FSbearing ≔ 3 
 

Height of wall: Hwall ≔ FIF “16' ” Htotal ≔ FIF “3'” + Hwall Hs ≔ FIF “6' 4” Need an extra 3 ft of 
height due to frost line 

Thickness of footing/ tf ≔ FIF “1' 8"” ts ≔ 6 in 
slab: 

Width of footing: B ≔ FIF  “3' 8” 

Depth of Footing: Df ≔ 3 ft + tf  DUE TO FROST LINE AT 4 ft. 

Beams Loads: P ≔ 2.65 kip Pbeam ≔  
P  

= 0.4417 
kip 

btrib ft 
 
 

Lateral Loads: 
 

Active Earth Pressure: 
2 

ϕ' ≔ 
π K ≔tan

⎛ π 
- 

ϕ' ⎞ 
= 0.3333 

6 a ⎜ 
4 2 

⎟
 

⎝ ⎠ 
 

1 kip 
Pa ≔ ⋅ γfill ⋅ ⎛⎝Hs + tf⎞⎠ 2 ⋅ Ka = 1.28 

2 ft 
 

Wind: 

Pwind ≔ ⎛⎝ppositive - pnegative⎠⎞ ⋅ ⎛⎝Htotal - Hs - ts⎞⎠ = 0.2536 
kip

 
ft 

 
 

Overturning Moment: 

⎛⎝Hs + tf⎞⎠ ⎛ Htotal - Hs - ts ⎞ kip ⋅ ft 
Moverturning ≔ Pa ⋅ 

3 
+ Pwind ⋅ ⎜ 

2 
+ ts + Hs + tf⎟ = 7.1116 

ft
 

⎝ ⎠ 

 

Resisting Moment: 
 

component weights: moment arms: 

masonry: Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝2 ⋅ tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎞⎠ = 3.9467 
kip rm ≔ 

B 
= 1.8333 ft 

ft 2 

⎛ B tcmu ⎞ kip ⎛ B tcmu ⎞ B 
earth: We ≔⎜ 

2 
- 

2 
- tbrick⎟ ⋅ Hs ⋅ γfill = 0.6333 

ft 
re ≔ 0.5 ⎜ 

2 
- 

2 
- tbrick⎟ + 

2 
= 2.25 ft 

⎝ ⎠ ⎝ ⎠ 

foundation wall: Wwall ≔ ⎛⎝2 ⋅ tbrick + tcmu + 2 ⋅ tair⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.975 
kip rwall ≔ 

B 
= 1.8333 ft 

ft 2 
 

footing: Wf ≔ tf ⋅ B ⋅ γconc = 0.9167 
kip rf ≔ 

B 
= 1.8333 ft 

ft 2 
 

beam: Wb ≔ Pbeam rb ≔ 
B 

= 1.8333 ft 
2 

Mresisting ≔ Wm ⋅ rm + We ⋅ re + Wf ⋅ rf + Wb ⋅ rb + Wwall ⋅ rwall = 12.9383 
kip ⋅ ft 

ft 
 
 

Check factor of safety: 
 

Overturning: 
Mresisting 

FSactual ≔ 
M 

= 1.8193 FSoverturning = 1.5 
overturning 

 
FSactual > FSoverturning OK 
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Sliding: 

ΣW ≔ Wm + We + Wf + Wb + Wwall = 6.9133 
kip 
ft 

 

FSactual ≔ 
ΣW ⋅ tan ϕ'  

= 3.1183 FSsliding = 1.5 
Pa 

FSactual > FSsliding OK 
 

Bearing Pressure: 
 

LL ≔ 250 psf 
⎛ B tcmu ⎞ 

ΣW + LL ⋅ ⎛⎝B - tcmu - 2 tbrick - 2 ⋅ tair⎠⎞ + ⎛⎝Htotal - Hwall⎞⎠ ⋅ ⎜ 2 
- 

2 
- tbrick - tair⎟ ⋅ γfill 

qgross ≔ 
⎝ ⎠ 

= 2061.3636 psf 
B 

 
Bearing capacity: 

 
Terzaghi's continuous foundation equation: 

 

c' ≔ 0 psf ϕ ⋅ 180 = 51.5662 B = 3.6667 ft γ' ≔ γfill = 120 pcf 
π 

Nc ≔ 37.2 Nq ≔ 22.5 Nγ ≔ 20.1 
 

σ'zD ≔ Df ⋅ γfill = 560 psf 

qult ≔ c' ⋅ Nc + σ'zD ⋅ Nq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ = 17022 psf 

qult FS ≔ = 8.2576 
qgross 

 
FSactual > FSbearing OK 

 

Check for Settlement Failure: 

 
L ≔ FIF “32' 5” B = 3.6667 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) Es ≔ 750 

tonf δall ≔ 0.5 in 
ft 2 

L' ≔ 
L 

= 16.2083 ft B' ≔ 
B 

= 1.8333 ft 
2 2 

 
M ≔ 

L' 
= 8.8409 N ≔ 

H 
B'  B' 

 
 

Influence Factors: 
 

1 
⎛ ⎛ ⎛ 2 ⎞ 2 2 ⎞ ⎛ ⎛ 2 ⎞ 2 ⎞⎞ 

I1 ≔ ⋅ ⎜M ⋅ ln⎜ ⎝1 + M + 1⎠ ⋅ M + N  ⎟ +ln⎜ ⎝
M + M + 1⎠ ⋅ 1 + N  ⎟⎟ = 0.7697 

π  ⎜ ⎜ ⎛ 2 2 ⎞ ⎟ ⎜ 2 2 ⎟⎟ 
⎝ ⎝ M ⋅ ⎝1 + M  + N  + 1⎠ ⎠ ⎝ M + M  + N  + 1 ⎠⎠ 

I ≔ 
N  

⋅ atan
⎛ M ⎞ 

= 0.105 
2 2 ⋅ π ⎜ 

N ⋅ M2 + N2 + 1 
⎟
 ⎝ ⎠ 

 
 

Shape Correction Factor: 
⎛ 1 - 2 ⋅ μs ⎞ Is ≔ I1 +⎜ ⎟ ⋅ I2 = 0.8297 

⎝ 1 - μs ⎠ 

 
Fox Depth Correction Factor, If: 

 
β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠

2
 

 
r ≔ 2 ⋅ Df = 9.3333 ft 

r1 ≔ L2 + r2 = 33.7335 ft r2 ≔ B2 + r2 = 10.0277 ft r3 ≔ L2 + B2 + r2 = 33.9322 ft r4 ≔ L2 + B2 = 32.6234 ft 

⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 
Y1 ≔ L ⋅ ln⎜ 

L 
⎟ + B ⋅ ln⎜ 

B 
⎟ - 

3 ⋅ L ⋅ B 
= 12.5023 ft 

⎝ ⎠ ⎝ ⎠ 
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⎝ 

2 

⎠ 

⎛ r3 + B ⎞ ⎛ r3 + L ⎞ r33 - r23 - r13 + r3 
Y2 ≔ L ⋅ ln⎜ 

r 
⎟ + B ⋅ ln⎜ 

r 
⎟ - 3 ⋅ L ⋅ B = 9.0793 ft 

⎝ 1 ⎠ ⎝ 2 ⎠ 

r2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 
Y3 ≔ 

L 
⋅ ln⎜ 

⎛B + r ⎞ ⋅ r 
⎟ + 

B 
⋅ ln⎜ 

⎛L + r ⎞ ⋅ r 
⎟ = 2.3724 ft 

⎝ ⎝ 3⎠ ⎠ ⎝ ⎝ 3⎠ ⎠ 

 
Y4 ≔ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
L ⋅ B 

 
= 0.3633 ft 

 

Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 3.3511 ft 
5 ⎜ r ⋅ r3 

⎟
 

 

I ≔ 
β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 

= 0.7811
 

f ⎛⎝β1 + β2⎞⎠ ⋅ Y1 
 
 

Bearing Pressure: 
 

qgross = 2061.3636 psf 

σ'zo ≔ ⎛⎝Df⎞⎠ ⋅ γfill = 560 psf 

qnet ≔ qgross - σ'zo = 1501.364 psf 
 

Foundation Settlement: 
 

⎛ qnet ⋅ ⎛⎝1 - μs 
2 ⎞⎠ ⎞ 

δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 
⎝ 

⎟ ⋅ B' 
Es ⎠ 

δflexible = 0.052 in 
 

δrigid ≔ 0.93 ⋅ δflexible = 0.048 in OK 
 

δall = 0.5 in 
 
 
 

Cantilever Retaining Wall Vertical Reinforcement Design for Stage Solid Backwall (East side - grid 5): 
 
 

ppositive = 10.761 psf 
 

Mmax ≔ ⎛⎝ppositive - pnegative⎞⎠ ⋅ 
FIF “12' 8”

 

2 

• 8 in = 13376.8717 lbf ⋅ in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No. 4 bars @ 16 in. oc will be sufficient. Since we are designing a vertical wall as a beam, we will need bars on both sides for moment in both directions. 
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ft 

ft 

ft 

ft 

Cantilever Retaining Wall Footing Design for Stage Split Backwalls (East side - grid 4): 
 

Design criteria: 
 

Wall thickness: 

Unit weight: 

Factor of safety: 

tcmu ≔ FIF “8” 

γfill ≔ 120 pcf 

FSoverturning ≔ 1.5 

tbrick ≔ FIF “4” 

γbrick ≔ 120 pcf 

FSsliding ≔ 1.5 

tair ≔ FIF “1” 
USE SOLID GROUT 
γcmu ≔ 130 pcf 

FSbearing ≔ 3 

 
 

γconc ≔ 150 pcf 

Height of wall: 
 

Thickness of footing/ 
slab: 

Hwall ≔ FIF “16' ” 
 

tf ≔ FIF “1' 10"” 

Htotal ≔ FIF “3'” 
 

ts ≔ 6 in 

+ Hwall Hs ≔ FIF “6' 4” Need an extra 3 ft of 
height due to frost line 

Width of footing: B ≔ FIF  “3' 8” Overdesigned for consistent footing size 
 

Depth of Footing: Df ≔ 3 ft + tf DUE TO FROST LINE AT 4 ft. 
 
 

Lateral Loads: 
 

Active Earth Pressure: 
2 

ϕ' ≔ 
π K ≔tan

⎛ π 
- 

ϕ' ⎞
 = 0.3333 

6 a 

a 
1 

fill  ⎛  s 

⎜ 
⎝ 

 
f⎞⎠

2 
a 

⎟ 
⎠ 

 
kip 

P ≔ ⋅ γ 
2 

• ⎝H + t • K = 1.3339 
ft 

 
 

Wind: 

Pwind ≔ ⎛⎝ppositive - pnegative⎠⎞ ⋅ ⎛⎝Htotal - Hs - ts⎞⎠ = 0.2536 
kip

 
 
 
 

Overturning Moment: 
 M ≔ P • 

⎛⎝Hs + tf⎞⎠ + P • 
⎛ Htotal - Hs - ts ⎞ kip ⋅ ft 

overturning a 3 wind  ⎜ 
⎝ 2 

+ Hs + tf⎟ = 7.2449 
⎠ ft 

Resisting Moment: 

component weights: moment arms: 
 

masonry: 
 
 

earth: 
 
 

foundation wall: 
 
 

footing: 

Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝2 ⋅ tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎞⎠ = 2.6667 
kip 

We ≔ ⎛⎝B - tcmu - 2 ⋅ tbrick - 2 ⋅ tair⎞⎠ ⋅ Hs ⋅ γfill = 1.6467 
kip 

Wwall ≔ ⎛⎝2 ⋅ tbrick + tcmu + 2 ⋅ tair⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.675 
kip

 

 
Wf ≔ tf ⋅ B ⋅ γconc = 1.0083 

kip 
ft 

rm ≔ 
B 

= 1.8333 ft 
2 

 
re ≔ 

B 
= 1.8333 ft 

2 
 

rwall ≔ 
B 

= 1.8333 ft 
2 

 
rf ≔ 

B 
= 1.8333 ft 

2 
 
 

2 
K ≔tan

⎛ π 
+ 

ϕ' ⎞ 
= 3 

 
 
 

Passive Pressure 

p ⎜ 
⎝ 

 
1 P ≔ ⋅ γ 

⎟ 
⎠ 

 
• ⎛⎝H + t ⎞⎠ 2 ⋅ K 

 
= 12.005 

kip 

 
r ≔ 

Hs + tf = 2.7222 ft 
p 2 fill s f p ft p 3 

Mresisting ≔ Wm ⋅ rm + We ⋅ re + Wf ⋅ rf + Pp ⋅ rp = 42.4367 
kip ⋅ ft 

ft 

Check factor of safety: 

Overturning: 

FSactual ≔ 
Mresisting 

Moverturning 

= 5.8575 FSoverturning = 1.5 

FSactual > FSoverturning OK 

4 2 

4 2 
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Sliding: 

ΣW ≔ Wm + We + Wf + Wwall = 5.9967 
kip 
ft 

 
ΣW ⋅ tan ϕ' + Pp 

FSactual ≔ 
P 

= 11.5956 FSsliding = 1.5 
a 

 

FSactual > FSsliding OK 
 
 

Bearing Pressure: 
 

LL ≔ 250 psf 

 
ΣW + LL ⋅ ⎛⎝B - tcmu + 2 tbrick⎞⎠ 

qgross ≔ 
B 

= 1885.4545 psf 

 
Bearing capacity: 

 
Terzaghi's continuous foundation equation: 

 
c' ≔ 0 psf ϕ ⋅ 180 = 51.5662 B = 3.6667 ft γ' ≔ γfill = 120 pcf 

π 

Nc ≔ 37.2 Nq ≔ 22.5 Nγ ≔ 20.1 

 
σ'zD ≔ Df ⋅ γfill = 580 psf 

qult ≔ c' ⋅ Nc + σ'zD ⋅ Nq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ = 17472 psf 

qult FS ≔ = 9.2667 
qgross 

 
FSactual > FSbearing OK 

 

Check for Settlement Failure: 
 
 

L ≔ FIF  “8'” B = 3.6667 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) Es ≔ 750 
tonf δall ≔ 0.5 in 
ft 2 

L' ≔ 
L 

= 4 ft B' ≔ 
B 

= 1.8333 ft 
2 2 

 
M ≔ 

L' 
= 2.1818 N ≔ 

H 
B' B' 

 
 
 

Influence Factors: 
 

1  
⎛ ⎛ ⎛

1 + M2 + 1
⎞ 
⋅ M2 + N2 

⎞ ⎛ ⎛M + M2 + 1
⎞ 
⋅ 1 + N2 

⎞⎞
 

I1 ≔ ⋅ ⎜M ⋅ ln⎜ ⎝ ⎠ ⎟ +ln⎜ 
⎝ ⎠ ⎟⎟ = 0.6563 

π  ⎜ ⎜ ⎛ 2 2 ⎞ ⎟ ⎜ 2 2 ⎟⎟ 
⎝ ⎝ M ⋅ ⎝1 + M  + N  + 1⎠ ⎠ ⎝ M + M  + N  + 1 ⎠⎠ 

I ≔ 
N  

⋅ atan
⎛ M ⎞ 

= 0.0338 
2 2 ⋅ π ⎜ 

N ⋅ M2 + N2 + 1 
⎟
 

⎝ ⎠ 

 
Shape Correction Factor: 

⎛ 1 - 2 ⋅ μs ⎞ 
Is ≔ I1 +⎜ 

1 - μ 
⎟ ⋅ I2 = 0.6756 

⎝ s  ⎠ 
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⎝ 

2 

⎠ 

Fox Depth Correction Factor, If: 
 

β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠
2
 

 

r ≔ 2 ⋅ Df = 9.6667 ft 
 

r1 ≔ L2 + r2 = 12.5477 ft r2 ≔ B2 + r2 = 10.3387 ft r3 ≔ L2 + B2 + r2 = 13.0724 ft r4 ≔ L2 + B2 = 8.8003 ft 
 

⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 Y1 ≔ L ⋅ ln⎜ 
L 

⎟ + B ⋅ ln⎜ 
B 

⎟ - 
3 ⋅ L ⋅ B = 7.7639 ft 

⎝ ⎠ ⎝ ⎠ 
 

⎛ r3 + B ⎞ ⎛ r3 + L ⎞ r33 - r23 - r13 + r3 
Y2 ≔ L ⋅ ln⎜ 

r 
⎟ + B ⋅ ln⎜ 

r 
⎟ - 3 ⋅ L ⋅ B = 4.2737 ft 

⎝ 1 ⎠ ⎝ 2 ⎠ 

r2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 
Y3 ≔ 

L 
⋅ ln⎜ 

⎛B + r ⎞ ⋅ r 
⎟ + 

B 
⋅ ln⎜ 

⎛L + r ⎞ ⋅ r 
⎟ = 2.0344 ft 

⎝ ⎝ 3⎠ ⎠ ⎝ ⎝ 3⎠ ⎠ 

 
Y4 ≔ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
L ⋅ B 

 
= 0.4692 ft 

 

Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 2.2049 ft 
5 ⎜ r ⋅ r3 

⎟
 

 

I ≔ 
β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 

= 0.6704
 

f ⎛⎝β1 + β2⎞⎠ ⋅ Y1 
 
 

Bearing Pressure: 
 

qgross = 1885.4545 psf 

σ'zo = 560 psf 

qnet ≔ qgross - σ'zo = 1325.455 psf 
 
 

Foundation Settlement: 
 

⎛ qnet ⋅ ⎛⎝1 - μs 
2 ⎞⎠ ⎞ 

δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 
⎝ 

⎟ ⋅ B' 
Es ⎠ 

δflexible = 0.032 in 
 

δrigid ≔ 0.93 ⋅ δflexible = 0.03 in OK 
 

δall = 0.5 in 
 
 

Cantilever Retaining Wall Vertical Reinforcement Design for Stage Split Backwalls (East side - grid 4): 
 

ppositive = 10.761 psf 
 

Mmax ≔ ⎛⎝ppositive - pnegative⎞⎠ ⋅ 
FIF “12' 8”

 

2 

• 8 in = 13376.8717 lbf ⋅ in 
 
 
 
 
 
 
 
 
 
 
 
 
 

No. 4 bars @ 16 in. oc will be sufficient. Since we are designing a vertical wall as a beam, we will need bars on both sides for moment in both directions. 
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Design of Masonry Columns for Steel Columns to Transfer Load into foundation: 
 
 
 

Paxial ≔ 11.6 kip 
 

Due to beam depth being 12 in., 12 
x 16 masonry column is required. 

 
Hwall ≔ Hs = 6.3333 ft 

 
Number of bars: 4 

Bar Size: No. 4 
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Column Isolated Footing Design (B3 and C3): 
 

Define Design Parameters: 
 

B ≔ FIF “3' 8” H ≔ 3 ft Bcol ≔ FIF “1' 4” tf ≔ FIF “1' 8” Pdes ≔ 11 kip 

Df ≔ 3 ft + tf 

Htotal ≔ H + tf = 4.6667 ft 
 

Check for Bearing Failure: 
 

FSq ≔ 3 

 
Vesic's Equation for Bearing Capacity: 

 
qult＝c' ⋅ Nc ⋅ sc ⋅ dc ⋅ ic ⋅ bc ⋅ gc + σ'z ⋅ Nq ⋅ sq ⋅ dq ⋅ iq ⋅ bq ⋅ gq + 0.5 ⋅ γbackfill ⋅ B' ⋅ Nγ ⋅ sγ ⋅ dγ ⋅ iγ ⋅ bγ ⋅ gγ 

 
Bearing Capacity Factors: 
From table of bearing capacity factors for ϕ' = 30 degrees and using Vesic's Equation: 

 
Nq ≔ 18.4 Nγ ≔ 22.4 

 
Ground Inclination Factors: 

 
Assume level ground, therefore, ground inclination factors are equal to 1: 

 
gq ≔ 1 gγ ≔ 1 

 
Load Inclination Factors: 

 
iq ≔ 1 iγ ≔ 1 

 
Base Inclination Factors: 
The base is not inclined, therefore the base inclination factors are equal to 1: 

 
bq ≔ 1 bγ ≔ 1 

 
 
 
 
 

Shape Factors: 

   
In line with continuous footing 

 
sq ≔ 1 sγ ≔ 1 

 
Depth Factors: 

d ≔ 1 + 2 ⋅ 
Df ⋅ tan ϕ' ⋅ 1 - sin ϕ' 2 = 1.3674 

q B 

 
Effective Unit Weight: 

 
dγ ≔ 1 

  

 
γ ≔ γ' 

 
γ' = 120 pcf 

 
Vertical Effective Stress: 

 
σ'zD ≔ ⎛⎝Htotal ⋅ γ'⎞⎠ = 560 psf 

 
Since c' is 0, the first part of the equation is cancelled, left with: 

 
qult ≔ σ'zD ⋅ Nq ⋅ sq ⋅ dq ⋅ iq ⋅ bq ⋅ gq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ ⋅ sγ ⋅ dγ ⋅ iγ ⋅ bγ ⋅ gγ = 19017.738 psf 

 
Bearing Pressure: 

q ≔ 
Pdes + γ ⋅ t  + 2 ⋅ ⎛γ ⋅ H⎞ = 1788.1818 psf 

gross B ⋅ B 
⎛⎝ conc f⎞⎠ ⎝ fill ⎠ 

 
FS ≔ 

qult  = 10.6352 FS > FS 
actual qgross 

actual bearing 

  
 

OK 
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⎠ 

⎝ 

⎠ ⎝ ⎠⎠ 

⎠ 

Check for Settlement Failure: 
 

L ≔ B B = 3.6667 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) δall ≔ 0.5 in 
 

L' ≔ 
L 

= 1.8333 ft 
2 

B' ≔ 
B 

= 1.8333 ft 
2 

M ≔ 
L' 

= 1 
B' 

N ≔ 
H 
B' 

 
 
 

Influence Factors: 
 

1  
⎛ ⎛ ⎛ 2 ⎞ 2 2 ⎞ ⎛ ⎛ 2 ⎞ 2 ⎞⎞ 

I1 ≔ • ⎜M ⋅ ln⎜ ⎝1 + M  + 1⎠ ⋅ M + N ⎟ +ln⎜ 
⎝M +

 M  + 1⎠ ⋅ 1 + N ⎟⎟ = 0.4979 
⎜ ⎜ ⎛ 
⎝ ⎝ M ⋅ ⎝1 + M2 + N2 + 1

⎞ ⎟
 ⎜ M + M2 + N2 + 1 

⎟⎟
 

 
I ≔ 

N • atan
⎛
 

M ⎞ 
= 0.0158 

2 2 ⋅ π ⎜ 
⎝ N ⋅ 

⎟ 
M2 + N2 + 1 ⎠ 

 
 

Shape Correction Factor: 
 
 I ≔ I +

⎛ 1 - 2 ⋅ μs ⎞ 
⋅ I

  = 0.5069 
s 1 ⎜ 

⎝ 
⎟ 2 

1 - μs ⎠ 
 
 
 

Fox Depth Correction Factor, If: 
 

β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠
2
 

 
 

r ≔ 2 ⋅ Df = 9.3333 ft 
 

r1 ≔ 

r2 ≔ 

r3 ≔ 

r4 ≔ 

L2 + r2 = 10.0277 ft 

B2 + r2 = 10.0277 ft 

L2 + B2 + r2 = 10.6771 ft 

L2 + B2 = 5.1854 ft 

⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 Y1 ≔ L ⋅ ln⎜ 
L 

⎟ + B ⋅ ln⎜ 
B 

⎟ - 
3 ⋅ L ⋅ B = 5.4509 ft 

⎝ ⎠ ⎝ ⎠ 
 

⎛ r3 + B ⎞ ⎛ r3 + L ⎞ r33 - r23 - r13 + r3 
Y2 ≔ L ⋅ ln⎜ 

r 
⎟ + B ⋅ ln⎜ 

r 
⎟ - 3 ⋅ L ⋅ B = 2.2895 ft 

⎝ 1 ⎠ ⎝ 2 ⎠ 

r2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 
Y3 ≔ 

L 
⋅ ln⎜ 

⎛B + r ⎞ ⋅ r 
⎟ + 

B 
⋅ ln⎜ 

⎛L + r ⎞ ⋅ r 
⎟ = 1.2086 ft 

⎝ ⎝ 3⎠ ⎠ ⎝ ⎝ 3⎠ ⎠ 

 
Y4 ≔ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
L ⋅ B 

 
= 0.292 ft 

 

Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 1.2516 ft 
5 ⎜ r ⋅ r3 

⎟
 

 

I ≔ 
β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 

= 0.6146
 

f ⎛⎝β1 + β2⎞⎠ ⋅ Y1 
Bearing Pressure: 

q ≔ 
Pdes + ⎛⎝γ • t ⎞⎠ + 2 ⋅ ⎛⎝γ • H⎞⎠ = 5468.1818 psf 

gross B ⋅ B conc f fill 

qnet ≔ qgross - σ'zo = 4908.182 psf 
 
 

Foundation Settlement: 
⎛ qnet ⋅ ⎛⎝1 - μs 

2 ⎞⎠ ⎞ 
δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 

⎝ 
⎟ ⋅ B' 

Es ⎠ 

δflexible = 0.082 in 
 

δrigid4 ≔ 0.93 ⋅ δflexible = 0.076 in OK 
 

δall = 0.5 in 

π 
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Design of Rebar in Continuous Foundation For Stage and Ramp Retaining Walls: 

 
 

Design criteria: 
 

Wall thickness: tcmu ≔ FIF  “8” tbrick ≔ FIF  “4” tair ≔ FIF  “1” Bwall ≔ 8 in 
USE SOLID GROUT 

Unit weight: γfill ≔ 120 pcf γbrick ≔ 120 pcf γcmu ≔ 130 pcf γconc ≔ 150 pcf 
 

Factor of safety: FSoverturning ≔ 1.5 FSsliding ≔ 1.5 FSbearing ≔ 3 

Height of wall: Htotal ≔ FIF “7' 1” Hwall ≔ FIF “4' 1” Need an extra 3 ft of height due to frost line 

Thickness of footing/ tf ≔ FIF “1' 8"” 
slab: 
Width of footing: B ≔ FIF  “3' 8” 

 
Depth of Footing: Df ≔ 3 ft + tf DUE TO FROST LINE AT 4 ft. 

 
Strength of f'c ≔ 4000 psi fy ≔ 60 ksi 
concrete and steel: 

 
 
 

 
 
 

Check One-Way Shear Strength: 
 

Effective depth of footing: 
 

For continuous footings, effective depth d is measured from the top of the footing to the center of the lateral bars. 
Longitudinal bars are designed separately: 

 

Assume a 3in clear cover, #6 rebars: 
 

cc ≔ 3 in D#6 ≔ 0.75 in 

cover ≔ c + 
D#6 = 3.375 in 

c 2 

d ≔ tf - cover = 16.625 in 

 
Bearing Pressure: 

masonry: Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎠⎞ = 0.5172 
kip

 
ft 

earth: W ≔
⎛ B 

- ⎛0.5 ⋅ ⎛t + t 
⎞ 
⋅ H ⋅ γ = 1.1333 

kip 
e ⎜ 

2 ⎝ ⎝ cmu brick⎞⎠⎞⎠⎟ total fill 
⎝ ⎠ ft 

foundation wall: Wwall ≔ ⎛⎝tbrick + tcmu + tair⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.4875 
kip 
ft 

 
footing: Wf ≔ tf ⋅ B ⋅ γconc = 0.9167 

kip 
ft 

ΣW ≔ Wm + We + Wf + Wwall = 3.0547 
kip 
ft 

 
LL ≔ 250 psf 

⎛ B t ⎞ 
ΣW + LL ⋅ ⎜ - cmu ⎟ 

W ≔  
⎝ 2 2 ⎠ 

= 935.3788 psf 
B 
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qu ≔ 
W 
B 

L1 ≔ 1 ft (Long dimension. Use 1 ft analysis strip) 
 

L2 ≔ B (short dimension) 
 

c ≔ Bwall (width of wall) 
 

Pu ≔ Wm + Wwall = 1.0047 klf 

 
V ≔ P ⋅ 

⎛ B - c - 2 ⋅ d ⎞ 
= 0.0628 klf 

uOneWay u ⎜ ⎟ 
⎝ B ⎠ 

λ ≔ 1 
0.75 ⋅ ⎛2 ⋅ λ ⋅ f' ⋅ psi ⋅ L ⋅ d⎞ 

ϕVcOneWay ≔ 
⎝ c 2 ⎠ 

= 69.3962 klf 
1 ft 

 
check ≔ if VuOneWay < ϕVcOneWay | 

‖“The footing has adequate shear strength” 
|
 

‖ | 
else | 
‖ ” 

| 
‖“The footing has inadequate shear strength | 

 
check =“The footing has adequate shear strength” 

 
 
 

Check Flexural Strength: 

B - c 
l ≔ 

2 
= 1.6667 ft 

2 
 

Pu ⋅ l
2 kip ⋅ ft 

Mu ≔ 
2 ⋅ B  

= 0.381 
ft 

(required flexural resistance) 

 
ρmin ≔ 0.0018 

 
12 in in 2 

AsMin ≔ ρmin ⋅ d ⋅ 
1 ⋅ ft 

= 0.3591  
ft

 

 
Try 1 #6 Rebars: A#6 ≔ 0.44 in 2 

 
As ≔ 1 ⋅ A#6 = 0.44 in 2 1 #6 bar is adequate 

 
 
 
 

Bar spacing: 

BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 

 
BarSpace ≔ 

1 ft 
= 12 in Need one bar every foot 

1 

 
 

Compute flexural strength of a singly reinforced rectangular section: 

cover ≔ c + 
D#6 = 3.375 in 1 c 
2 

depth ≔ tf ys1 ≔ cover1 As = 0.44 in 2 b ≔ B 
 

dt ≔ depth - ys1 = 16.625 in 

 
β1 ≔ if f'c ≤ 4000 psi | 

‖ 0.85 
|
 

‖ | else | 
‖ ⎛ f' - 4000 psi ⎞ 

|
 

‖ max⎜0.65 , 0.85 - 0.05 ⋅ c ⎟ 
|
 

‖ ⎝ 1000 psi ⎠ | 
| 
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β1 = 0.85 

A ≔ 
β1 ⋅ 0.85 ⋅ f'c ⋅ b 

⋅ 
3 ⋅ dt = 13.2127 in 2 The design is tension controlled A ≤ A 

sTensionControlled fy 8 s s_TC 

 
 

Depth of Concrete Compression block: 
 

a ≔ 
As ⋅ fy = 0.1765 in 

0.85 ⋅ f'c ⋅ b 
 

Mu = 0.3806 
kip ⋅ ft 

ft 
 

M ≔ A ⋅ f ⋅ 
⎛
d - a ⎞ 

= 36.3809 kip ⋅ ft 
n s y  ⎜ ⎟ 

⎝ 2 ⎠ 

ϕM ≔ 
0.9 ⋅ Mn = 32.7428 

kip ⋅ ft 
(flexural strength) 

n 1 ft ft 
 

check ≔ if Mu < ϕMn | 
‖“The footing has adequate flexural strength” 

|
 

‖ | 
else | 
‖ ”

| 
‖“The footing has inadequate flexural strength | 

check =“The footing has adequate flexural strength” 
 
 
 

Check Development Length of Flexural 180 degree Hooked Rebars: 
 

As conservative assumptions: 

ψ ≔ 1.0 ψ ≔ 1.0 ψ ≔ 1.0 ψ ≔ 0.6 + 
f'c = 0.8667 d ≔ D 

e r o c 15000 psi bar #6 

 
⎛ ⎛ ψe ⋅ ψr ⋅ ψo ⋅ ψc ⋅ fy ⎞ ⎛ dbar ⎞1.5⎞ 

ldhook ≔max⎜6 in , 8 ⋅ dbar , ⎜ ⎟ ⋅ 1 in ⋅ ⎜ ⎟ ⎟ = 9.7096 in 
⎝ ⎝ 55 ⋅ λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ ⎝ in ⎠ ⎝ c ⎠ ⎠ ⎠ 

 
Length of bars from the critical ⎛⎝B - Bwall⎞⎠

 
bending section: - cc = 15 in 

2 

check ≔ if l < 
⎛⎝B - Bwall⎞⎠ |

 
dhook 2 

| 
| 

‖ | 
‖“There is adequate room to develop the hooked bars” 

|
 

else | ‖ 
‖“There is inadequate room to develop the hooked bars”| 

check =“There is adequate room to develop the hooked bars” 

 
Design the Longitudinal Steel: 

 
ρmin ≔ 0.0018 A#6 ≔ 0.44 in 2 D#6 ≔ 0.75 in 

AsMin ≔ ρmin ⋅ B ⋅ d = 1.3167 in 2 
 

Try 3 #6 Rebars: 
 

As ≔ 3 ⋅ A#6 = 1.32 in 2 3 #6 bars is adequate 
 

Bar spacing: 
 

BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 

BarSpace ≔ 
B - 2 cc = 19 in use 12 in spacing to be conservative 

2 
 

Check to make sure footing is thick enough to accommodate development length: 

 
r ≔ 

dbar ⋅ 6 = 2.25 in (radius of dowel bar bend) 
2 
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depthFlexuralHooks ≔ ⎛⎝⎛⎝D#6 ⋅ 6⎠⎞ + ⎛⎝2 ⋅ D#6⎞⎠⎞⎠ + D#6 = 6.75 in 

H ≔ dbar + r = 3 in (distance required for hook) 

hmin ≔ depthFlexuralHooks = 6.75 in 
 

check ≔ if hmin < tf | 
‖“The footing thickness is adequate to accomodate the hooked bar” 

|
 

‖ | 
else | 
‖“The footing thickness is not adequate to accomodate the hooked bar”

|
 

‖ | 

 
check =“The footing thickness is adequate to accomodate the hooked bar” 

 
 
 
 

Check Bearing Capacity of Column at Base: 
 

Lwall ≔ 1 ft h ≔ tf 
 

A1 ≔ Bwall ⋅ Lwall = 96 in 2 

l ≔ min ⎛⎝Lwall , ⎛⎝ 2 ⋅ h + Bwall + 2 ⋅ h ⎠⎞⎠⎞ = 1 ft 

A2 ≔ l2 = 144 in 2 

N1 ≔ 0.65 ⋅ ⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ = 212.16 kip 

 
⎛⎛ A2 

⎞ ⎞ 
N2 ≔ 0.65 ⋅ min ⎜⎜⎛⎝0.85 ⋅ f'c ⋅ A1⎞⎠ ⋅ A 

⎟ , ⎛⎝2 ⋅ 0.85 ⋅ f'c ⋅ A1⎞⎠⎟ = 259.8419 kip 
⎝⎝ 1 ⎠ ⎠ 

min ⎛⎝N1 , N2⎞⎠ 
ϕPBaseBearing ≔ 

1 ft 
= 212.16 klf 

 
check ≔ if Pu < ϕPBaseBearing | 

‖“The footing has adequate bearing strength at the base” 
|
 

‖ | 
else | 
‖“The footing has inadequate bearing strength at the base”

|
 

‖ | 

check =“The footing has adequate bearing strength at the base” 
 
 
 

Check 90 Degree Hooked Dowel Bars in Column: 

 
1 in 2 

ρmin ≔ 0.005 ⋅ A1 ⋅ 
1 ⋅ ft 

= 0.48 
ft

 

Try 2 #5 dowels A#5 ≔ 0.310 in 2 
 

AsDowel ≔ 2 ⋅ A#5 = 0.62 in 2 (two dowels per 1 ft is adequate) 

Development Length: 
 

D#5 ≔ 0.625 in 
 

ddowel ≔ D#5 

 
l  ≔max

⎛
8 in , 

0.02 ⋅ fy ⋅ ddowel , 
0.0003 

⋅ f ⋅ d 
⎞ 
= 11.8585 in 

dc ⎜ y dowel⎟ 
⎝ λ ⋅ min ⎛100 psi , f'c ⋅ psi ⎞ psi ⎠ ⎝ ⎠ 

ldc ≔ 12 in (round up to get an appropriate constructible dimension) 
 

Lextension ≔ 12 ⋅ ddowel = 7.5 in 
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‖ 

⎝ c ⎠ 

| 

⎝ 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
ddowel ⋅ 6 = 1.875 in (radius of dowel bar bend) 

2 
 

H ≔ ddowel + r = 2.5 in (distance required for hook) 
 
 

hmin ≔ ldc + 2 ⋅ H + cc = 20 in 
 
 

check ≔ if hmin ≤ h | 
‖“The footing thickness is adequate” 

|
 

else | 
‖“The footing thickness is inadequate” 

|
 

‖ | 
 

check =“The footing thickness is adequate” 
 
 
 
 

Check Rebars in Wall: 
 

D#4 ≔ 0.5 in dbar ≔ D#4 column bars are #4 
 

Development Length: 
 

⎛ l ≔max 8 in , 0.02 ⋅ fy ⋅ dbar , 
0.0003 

⋅ f ⋅ d ⎞ = 9.4868 in 
dcCol ⎜ 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ psi y bar⎟ 
⎠ 

 
 

Splice length for rebars in compression: 
 

αs ≔ 1 
 

⎛ l ≔max 12 in , l , 
0.0005 

⋅ f ⋅ d ⎞ • α  = 15 in (round up to a 24in (2ft) splice) 
splice ⎜ 

⎝ 
dcCol psi 

y bar s⎟ 
⎠ 
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ft 

2 

ft 

⎝ ⎠ 

Design of Rebar in Continuous Foundation For Stage Back Walls: 
 
 

Design criteria: 
 

Wall thickness: 

Unit weight: 

tcmu ≔ FIF “8” 
 

γfill ≔ 120 pcf 

tbrick ≔ FIF “8” 
 

γbrick ≔ 120 pcf 

tair ≔ FIF “1” 
USE SOLID GROUT 
γcmu ≔ 130 pcf 

Bwall ≔ 8 in 
 

γconc ≔ 150 pcf 

Height of wall: 
 

Thickness of footing/ 
slab: 

Width of footing: 

Hwall ≔ FIF “16' ” 
 

tf ≔ FIF “1' 8"” 
 

B ≔ FIF “3' 8” 

Htotal ≔ FIF “3'” 
 

ts ≔ 6 in 

+ Hwall Hs ≔ FIF “6' 4” Need an extra 3 ft of 
height due to frost line 

 

Depth of Footing: Df ≔ 3 ft + tf DUE TO FROST LINE AT 4 ft. 

 
Beams Loads: 

 
P ≔ 2.65 kip 

 
btrib ≔ 6 ft 

 
Pbeam ≔ 

P 
btrib 

= 0.4417 
kip 
ft 

 
 
 
 
 

Check One-Way Shear Strength: 
 

Effective depth of footing: 
 

For continuous footings, effective depth d is measured from the top of the footing to the center of the lateral bars. 
Longitudinal bars are designed separately: 

 

Assume a 3in clear cover, #6 rebars: 
 

cc ≔ 3 in 

cover ≔ cc 

D#6 ≔ 0.75 in 

+ 
D#6 = 3.375 in 
2 

d ≔ tf - cover = 16.625 in 
 
 

Bearing Pressure: 

masonry: 

 
Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎠⎞ = 2.6667 

kip
 

 earth: W ≔
⎛ B 

- ⎛0.5 ⋅ ⎛t + t ⎞ ⎞⎞ ⋅ H • γ = 2.66 
kip 

e ⎜ ⎝ 
⎝ 

⎝ cmu brick⎠⎠⎟ 
⎠ 

total fill ft 
 
 

foundation wall: Wwall ≔ ⎛⎝tbrick + tcmu + tair⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.6375 
kip

 
 
 

footing: 
 
 
 
 

LL ≔ 250 psf 

Wf ≔ tf ⋅ B ⋅ γconc = 0.9167 
kip 
ft 

 
ΣW ≔ Wm + We + Wf + Wwall = 6.8808 

kip 
ft 

 
ΣW + LL ⋅ 

⎛ B 
- 

tcmu ⎞ 
⎜ 

W ≔ 
⎝
 

B 

⎟ 
2 ⎠ 

= 1978.8636 psf qu ≔ 
W 
B 

 
L1 ≔ 1 ft (Long dimension. Use 1 ft analysis strip) 

 
L2 ≔ B (short dimension) 

 
c ≔ Bwall (width of wall) 

 
Pu ≔ Wm + Wwall + Pbeam = 3.7458 klf 

 

V ≔ P ⋅ 
⎛ B - c - 2 ⋅ d ⎞ 

= 0.2341 klf 
uOneWay u ⎜ ⎟ 

⎝ B ⎠ 

λ ≔ 1 
 

ϕVcOneWay ≔ 
0.75 ⋅ ⎛2 ⋅ λ ⋅ f'c 

1 ft 
• psi ⋅ L2 • d

⎞ 
= 69.3962 klf 

2 
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check ≔ if VuOneWay < ϕVcOneWay | 

‖“The footing has adequate shear strength” 
|
 

‖ | 
else | 
‖ ” 

| 
‖“The footing has inadequate shear strength | 

 
check =“The footing has adequate shear strength” 

 
 
 

Check Flexural Strength: 

B - c 
l ≔ 

2 
= 1.6667 ft 

2 
 

Pu ⋅ l
2 kip ⋅ ft 

Mu ≔ 
2 ⋅ B  

= 1.419 
ft 

(required flexural resistance) 

 
ρmin ≔ 0.0018 

 
12 in in 2 

AsMin ≔ ρmin ⋅ d ⋅ 
1 ⋅ ft 

= 0.3591 
ft

 

 
Try 1 #6 Rebars: A#6 ≔ 0.44 in 2 

 
As ≔ 1 ⋅ A#6 = 0.44 in 2 1 #6 bar is adequate 

 
 

Bar spacing: 
 

BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 

BarSpace ≔ 
1 ft 

= 12 in Need one bar every foot 
1 

 
 

Compute flexural strength of a singly reinforced rectangular section: 

cover ≔ c + 
D#6 = 3.375 in 

1 c 2 

depth ≔ tf ys1 ≔ cover1 As = 0.44 in 2 b ≔ B 

dt ≔ depth - ys1 = 16.625 in 
 

β1 ≔ if f'c ≤ 4000 psi | 
‖ 0.85 

|
 

‖ | 
else | 
‖ ⎛ f' - 4000 psi ⎞ 

|
 

‖ max⎜0.65 , 0.85 - 0.05 ⋅ c ⎟ 
|
 

‖ ⎝ 1000 psi ⎠ | 
| 

β1 = 0.85 

A ≔ 
β1 ⋅ 0.85 ⋅ f'c ⋅ b 

⋅ 
3 ⋅ dt = 13.2127 in 2 The design is tension controlled A ≤ A 

sTensionControlled fy 8 s s_TC 

Depth of Concrete Compression block: 
 

a ≔ 
As ⋅ fy = 0.1765 in 

0.85 ⋅ f'c ⋅ b 

Mu = 1.4189 
kip ⋅ ft 

ft 
 

M ≔ A ⋅ f ⋅ 
⎛
d - a ⎞ 

= 36.3809 kip ⋅ ft n s y  ⎜ ⎟ 
⎝ 2 ⎠ 

ϕM ≔ 
0.9 ⋅ Mn = 32.7428 

kip ⋅ ft 
(flexural strength) 

n 1 ft ft 
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‖ 

‖ ” 

⎝ ⎠ ⎠ 

‖ 

| 

| 

2 

| 

check ≔ if Mu < ϕMn | 
‖“The footing has adequate flexural strength” 

|
 

else | 
‖“The footing has inadequate flexural strength 

|
 

check =“The footing has adequate flexural strength” 
 
 
 

Check Development Length of Flexural 180 degree Hooked Rebars: 
 

As conservative assumptions:  
f'c 

ψe ≔ 1.0 ψr ≔ 1.0 ψo ≔ 1.0 ψc ≔ 0.6 + 
15000 psi 

= 0.8667 dbar ≔ D#6 

 

⎛ ⎛ ψe ⋅ ψr ⋅ ψo ⋅ ψc ⋅ fy ⎞ ⎛ dbar ⎞
1.5⎞ 

ldhook ≔max⎜6 in , 8 ⋅ dbar , ⎜ ⎟ ⋅ 1 in ⋅ ⎜ ⎟ ⎟ = 9.7096 in 

⎝ ⎝ 55 ⋅ λ ⋅ min ⎛100 psi , f'c • psi ⎞ ⎝ in ⎠ ⎠ 

 
 

Length of bars from the critical 
bending section: 

 
 

⎛⎝B - Bwall⎞⎠ 

⎛⎝B - Bwall⎞⎠ 
2 

 
- cc = 15 in 

 
| 

check ≔ if ldhook < | 
| ‖ | 

‖“There is adequate room to develop the hooked bars” 
| 

else | ‖ 
‖“There is inadequate room to develop the hooked bars”| 

check =“There is adequate room to develop the hooked bars” 
 
 
 

Design the Longitudinal Steel: 
 

ρmin ≔ 0.0018 A#6 ≔ 0.44 in 2 D#6 ≔ 0.75 in 
 

AsMin ≔ ρmin ⋅ B ⋅ d = 1.3167 in 2 
 

Try 3 #6 Rebars: 
 

As ≔ 3 ⋅ A#6 = 1.32 in 2 3 #6 bars is adequate 

Bar spacing: 

BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 
 
 

BarSpace ≔ 
B - 2 cc 

2 

 
= 19 in use 12 in spacing to be conservative 

 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
dbar ⋅ 6 

2 

 
= 2.25 in (radius of dowel bar bend) 

depthFlexuralHooks ≔ ⎛⎝⎛⎝D#6 ⋅ 6⎠⎞ + ⎛⎝2 ⋅ D#6⎞⎠⎞⎠ + D#6 = 6.75 in 

H ≔ dbar + r = 3 in (distance required for hook) 

hmin ≔ depthFlexuralHooks = 6.75 in 
 
 

check ≔ if hmin < tf | 
‖“The footing thickness is adequate to accomodate the hooked bar” 

|
 

else | 
‖ ”

| 
‖“The footing thickness is not adequate to accomodate the hooked bar | 

 
check =“The footing thickness is adequate to accomodate the hooked bar” 
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‖ 

‖ 

| 

| 

Check Bearing Capacity of Column at Base: 
 

Lwall ≔ 1 ft 
 

A1 ≔ Bwall ⋅ Lwall = 96 in 2 

h ≔ tf 

 

l ≔ min ⎛⎝Lwall , ⎛⎝ 2 ⋅ h 

A2 ≔ l2 = 144 in 2 

+ Bwall + 2 ⋅ h ⎠⎞⎠⎞ = 1 ft 

N1 ≔ 0.65 ⋅ ⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ = 212.16 kip 
 

⎛⎛ A2 
⎞ ⎞ 

N2 ≔ 0.65 ⋅ min ⎜⎜⎛⎝0.85 ⋅ f'c ⋅ A1⎞⎠ ⋅ A 
⎟ , ⎛⎝2 ⋅ 0.85 ⋅ f'c ⋅ A1⎞⎠⎟ = 259.8419 kip 

⎝⎝ 1 ⎠ ⎠ 

 
ϕPBaseBearing ≔ 

min ⎛⎝N1 , N2⎞⎠ = 212.16 klf 
1 ft 

 
check ≔ if Pu < ϕPBaseBearing | 

‖“The footing has adequate bearing strength at the base” 
|
 

else | 
‖“The footing has inadequate bearing strength at the base”

|
 

‖ | 
 

check =“The footing has adequate bearing strength at the base” 
 
 
 

Check 90 Degree Hooked Dowel Bars in Column: 
 

ρmin ≔ 0.005 ⋅ A1 ⋅ 
1 

= 0.48 
1 ⋅ ft 

in 2 
ft 

 
Try 2 #5 dowels A#5 ≔ 0.310 in 2 

 

AsDowel ≔ 2 ⋅ A#5 = 0.62 in 2 (two dowels per 1 ft is adequate) 

 
Development Length: 

 
D#5 ≔ 0.625 in 

 
ddowel ≔ D#5 

 
⎛ 0.02 ⋅ fy ⋅ ddowel 0.0003 ⎞ ldc ≔max⎜8 in , 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 
,
 psi • fy ⋅ ddowel⎟ = 11.8585 in 

⎝ ⎝ c ⎠ ⎠ 
 

ldc ≔ 12 in (round up to get an appropriate constructible dimension) 
 
 

Lextension ≔ 12 ⋅ ddowel = 7.5 in 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
ddowel ⋅ 6 = 1.875 in (radius of dowel bar bend) 

2 
 

H ≔ ddowel + r = 2.5 in (distance required for hook) 

depthFlexuralHooks ≔ ⎛⎝⎛⎝dbar ⋅ 6⎠⎞ + ⎛⎝2 ⋅ dbar⎠⎞⎠⎞ = 6 in 

hmin ≔ ldc + 2 ⋅ H + cc = 20 in 

 

check ≔ if hmin ≤ h | 
‖“The footing thickness is adequate” 

|
 

else | 
‖“The footing thickness is inadequate” 

|
 

‖ | 
 

check =“The footing thickness is adequate” 
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⎝ ⎠ 

‖ | 

Check Rebars in Wall: 
 

D#4 ≔ 0.5 in dbar ≔ D#4 column bars are #4 
 

Development Length: 
 

l 
⎛ 0.02 ⋅ fy ⋅ dbar 0.0003 ⎞ 

dcCol 
≔max⎜8 in , 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 
,
 psi • fy ⋅ dbar⎟ = 9.4868 in 

⎝ ⎝ c ⎠ ⎠ 
 
 

Splice length for rebars in compression: 
 

αs ≔ 1 

 
l 

⎛ 

 
 

0.0005 ⎞ 
splice ≔max⎜12 in , ldcCol , 

⎝ psi 
• fy ⋅ dbar ⋅ αs⎟ = 15 in (round up to a 24in (2ft) splice) 

⎠ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design of Rebar in Isolated Footing: 
 
 

Check One-Way Shear Strength: 
 

B ≔ FIF “3' 8” H ≔ FIF “3'” Bcol1 ≔ FIF “1' 4” Bcol2 ≔ FIF “1'” tf ≔ FIF “1' 10” h ≔ tf 

Pdes ≔ 11.6 kip γconc ≔ 150 pcf γbackfill ≔ 120 pcf f'c ≔ 4000 psi fy ≔ 60 ksi   

 
 

Effective depth of footing: 
 

Assume a 3in clear cover, #6 rebars and bars in both directions: 
 

cc ≔ 3 in D#6 ≔ 0.750 in 
 

cover1 
 
≔ cc + 

D#6 = 3.375 in 
2 

 
cover2 

 
≔ cc 

 
+ D#6 + 

D#6 = 4.125 in 
2 

 

 
cover 

 
 
Avg ≔ 

cover1 + cover2 
= 3.75 in

 
2 

 

d ≔ h - coverAvg = 18.25 in 
 

Bearing Pressure: 

q ≔ 
Pdes + ⎛⎝γ • t ⎞⎠ + 2 ⋅ ⎛⎝γ • H⎠⎞ + 

2 γconc ⋅ FIF “1' 10” • 1 ft ⋅ 3 ft  = 1980.5372 psf 
u B ⋅ B conc f backfill B ⋅ B 

 
L1 ≔ B L2 ≔ B c1 ≔ Bcol1 c2 ≔ Bcol2 λ ≔ 1 

 
 V ≔ q • 

L ⋅ 
⎛ L1 - c1 ⎞ 

uOneWay u 2 ⎜ 
⎝ 2 

- d⎟ =-2.5719 kip 
⎠ 

 

ϕVcOneWay ≔ 0.75 ⋅ ⎛2 ⋅ λ ⋅ f'c • psi ⋅ L2 • d
⎞ = 76.1793 kip 

 

check ≔ if VuOneWay < ϕVcOneWay | 
‖“The footing has adequate shear strength” 

|
 

else | 
‖“The footing has inadequate shear strength” 

|
 

‖ | 

check =“The footing has adequate shear strength” 
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‖ 

‖ 

⎠ 

| 

| 

| 

Check Punching Shear Strength: 
 
 

VuPunching ≔ qu ⋅ ⎛⎝L1 ⋅ L2 - ⎛⎝c1 + d⎞⎠ ⋅ ⎛⎝c2 + d⎠⎞⎠⎞ = 12.3775 kip 
 

β ≔ 
Bcol1 

Bcol2 

 
= 1.3333 αs ≔ 30 bo ≔ 2 ⎛⎝c1 + d⎞⎠ + 2 ⋅ ⎛⎝c2 + d⎞⎠ = 10.75 ft 

⎛ ⎛ 4 ⎞ ⎛ αs ⋅ d ⎞⎞ 
ϕVcPunching ≔ 0.75 ⋅ min ⎜4 , ⎜2 + ⎟ , ⎜2 + ⎟⎟ ⋅ λ ⋅ f'c ⋅ psi ⋅ bo ⋅ d = 446.6875 kip 

⎝ ⎝ β ⎠ ⎝ bo  ⎠⎠ 
 

check ≔ if VuPunching < ϕVcPunching | 
‖“The footing has adequate punching shear strength” 

|
 

else | 
‖“The footing has inadequate punching shear strength”

|
 

‖ | 
 

check =“The footing has adequate punching shear strength” 
 
 

Check Flexural Strength: 
 

⎛ L1 - c1 ⎞ ⎛ L1 - c1 ⎞ 
Mu ≔ qu ⋅ L2 ⋅ ⎜ ⎟ ⋅ ⎜ ⎟ = 4.9422 kip ⋅ ft (required flexural resistance) 

⎝ 2 ⎠ ⎝ 4 ⎠ 
 

ρmin ≔ 0.0018 
 

AsMin ≔ ρmin ⋅ B ⋅ h = 1.7424 in 2 
 
 
 

Try 4 #6 Rebars: A#6 ≔ 0.440 in 2 
 

As ≔ 4 ⋅ A#6 = 1.76 in 2 4 #6 bars is adequate 
 

Bar spacing: 
 

BarSpacemax ≔ min 3 ⋅ h , 18 in = 18 in 
 
 

BarSpace ≔ 
B - 2 ⋅ cc 

3 

 
= 12.6667 in 

 
 
 

Compute flexural strength of a singly reinforced rectangular section: 
 
 

depth ≔ h ys1 ≔ cover1 As = 1.76 in 2 b ≔ B 
 
 

dt ≔ depth - ys1 = 18.625 in 
 
 

β1 ≔ if f'c ≤ 4000 psi | 
‖ 0.85 

|
 

else | 
‖ ⎛ f' - 4000 psi ⎞ 

|
 

‖ max⎜0.65 , 0.85 - 0.05 ⋅ c ⎟ 
|
 

‖ ⎝ 1000 psi | 
 

β1 = 0.85 
 

AsTensionControlled ≔ 

 
β1 ⋅ 0.85 ⋅ f'c ⋅ b 

fy 

 
• 3 ⋅ dt 

8 

 
 
= 14.8022 in 2 

 

The design is tension controlled 
 

Depth of Concrete Compression block: 
 

a ≔ 
As ⋅ fy 

0.85 ⋅ f'c ⋅ b 

⎛ 

 
= 0.7059 in 

 
a ⎞ 

Mu = 4.9422 kip ⋅ ft 

Mn ≔ As ⋅ fy ⋅ ⎜d - 
⎝ 

⎟ = 157.4941 kip ⋅ ft 
⎠ 2 
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‖ 

‖ 

‖ 

‖ 

| 

| 

| 

| 

ϕMn ≔ 0.9 ⋅ Mn = 141.7447 kip ⋅ ft (flexural strength) 
 
 

check ≔ if Mu < ϕMn | 
‖“The footing has adequate flexural strength” 

|
 

else | 
‖“The footing has inadequate flexural strength”

|
 

‖ | 
 

check =“The footing has adequate flexural strength” 
 
 
 
 

Check Development Length of Flexural 180 degree Hooked Rebars: 
 

As conservative assumptions: f'c 
ψe ≔ 1.0 ψr ≔ 1.0 ψo ≔ 1.0 ψc ≔ 0.6 + 

15000 psi 
= 0.8667 dbar ≔ D#6 

 

⎛ ⎛ ψe ⋅ ψr ⋅ ψo ⋅ ψc ⋅ fy ⎞ ⎛ dbar ⎞
1.5⎞ 

ldhook ≔max⎜6 in , 8 ⋅ dbar , ⎜ ⎛
 ⎞ 

⎟ ⋅ 1 in ⋅ ⎜ 
in 

⎟ ⎟ = 9.7096 in 

⎝ 
 

ldhook ≔ 10 in 

⎝ 55 ⋅ λ ⋅ min ⎝100 psi , f'c ⋅ psi ⎠ ⎠ ⎝ ⎠ ⎠ 

 

Length of bars from the critical 
bending section: 
⎛⎝B - Bcol1⎞⎠ = 14 in 

2 
 

 
check ≔ if ldhook < 

⎛⎝B - Bcol1⎞⎠ | 
2 | 

‖“There is adequate room to develop the hooked bars” | 

else 
|
 

‖“There is inadequate room to develop the hooked bars”| 

check =“There is adequate room to develop the hooked bars” 
 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
dbar ⋅ 6 = 2.25 in (radius of dowel bar bend) 

2 
 

depthFlexuralHooks ≔ ⎛⎝⎛⎝dbar ⋅ 6⎠⎞ + ⎛⎝2 ⋅ dbar⎠⎞⎠⎞ = 6 in 

Lextension ≔max ⎛⎝4 ⋅ dbar , 2.5 in⎠⎞ = 3 in 

H ≔ dbar + r = 3 in (distance required for hook) 
 

hmin ≔ depthFlexuralHooks = 6 in 
 
 
 
 
 
 

Check Bearing Capacity of Column at Base: 
 

A1 ≔ Bcol1 ⋅ Bcol2 = 192 in 2 
 

A2 ≔ l2 = 1936 in 2 

L ≔ B = 3.6667 ft l ≔ min ⎛⎝L , ⎛⎝ 2 ⋅ h 

 
⎛⎛ 

+ Bcol1 + 2 ⋅ h ⎠⎞⎞⎠ = 3.6667 ft 

 
A2 

⎞ ⎞ 
N1 ≔ 0.65 ⋅ ⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ = 424.32 kip N2 ≔ 0.65 ⋅ min ⎜⎜⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ ⋅ A 

⎟ , ⎛⎝2 ⋅ 0.85 ⋅ f'c ⋅ A1⎞⎠⎟ = 848.64 kip 

ϕPBaseBearing ≔ min ⎛⎝N1 , N2⎠⎞ = 424.32 kip 

check ≔ if Pdes < ϕPBaseBearing 

⎝⎝ 1 ⎠ ⎠ 
 
 

| 

‖“The footing has adequate bearing strength at the base” 
|
 

else | 
‖“The footing has inadequate bearing strength at the base”

|
 

‖ | 
 

check =“The footing has adequate bearing strength at the base” 
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Check 90 Degree Hooked Dowel Bars in Column: 

 
Minimum Steel Ratio: 

 
ρmin ≔ 0.005 ⋅ A1 = 0.96 in 2 

 
Use 4 #5 dowels A#5 ≔ 0.310 in 2 D#5 ≔ 0.625 in 

 
AsDowel ≔ 4 ⋅ A#5 = 1.24 in 2 

 
 

Development Length: 
 

ddowel ≔ D#5 

l  ≔max
⎛
8 in , 

0.02 ⋅ fy ⋅ ddowel , 
0.0003 

⋅ f ⋅ d 
⎞ 
= 11.8585 in 

dc ⎜ y dowel⎟ 
⎝ λ ⋅ min ⎛100 psi , f'c ⋅ psi ⎞ psi ⎠ ⎝ ⎠ 

 
ldc ≔ 12 in (round up to get an appropriate constructible dimension) 

 
 

Check to make sure footing is thick enough to accommodate development length: 
 

ddowel ⋅ 6 
r ≔ = 1.875 in (radius of dowel bar bend) 

2 

Lextension ≔ 12 ⋅ ddowel = 7.5 in 
 

H ≔ ddowel + r = 2.5 in  (distance required for hook) 
 

hmin ≔ ldc + 2 ⋅ H + cc + D#6 = 20.75 in 
 

check ≔ if hmin ≤ h | 
‖“There footing thickness is adequate” 

|
 

‖ | 
else | 
‖“There footing thickness is inadequate” 

|
 

‖ | 

check =“There footing thickness is adequate” 

Check Rebars in Column: 

dbar ≔ D#4 column bars are #4 

Development Length: 
 

⎛ 0.02 ⋅ fy ⋅ dbar 0.0003 ⎞ 
ldcCol ≔max⎜8 in , , ⋅ fy ⋅ dbar⎟ = 9.4868 in 

⎝ λ ⋅ min ⎛100 psi , f'c ⋅ psi ⎞ psi ⎠ ⎝ ⎠ 

 
Splice length for rebars in compression: 

 
αs ≔ 1 

l ≔max
⎛
12 in , l , 

0.0005 
⋅ f ⋅ d ⋅ α 

⎞ 
= 15 in (round up to a 24in (2ft) splice) 

splice ⎜ dcCol psi y bar s⎟ 
⎝ ⎠ 
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Design of Beam Bearing on the Back Stage Wall (Masonry): 

Design of Anchor Bolt in Back wall: 

qd ≔ 3 psf p2 ≔-12.3 psf 
 

W ≔|0.9 ⋅ qd + p2|= 9.6 psf 

w ≔ W ⋅ 6 ft = 57.6 lbf L ≔ FIF “33' 9” 
ft 

Ptension_max ≔ 0.5 W ⋅ 6 ft ⋅ L = 972 lbf 
 
 

 
 

A 3.5 in. embedment of a 1/4 in. headed bolt is sufficient 

 

Design of Bearing plate on Back wall: 
 

Ru ≔ 2650 lbf B ≔ 6 in N ≔ 7 in Fy ≔ 36 ksi f'c ≔ 1.5 ksi e ≔ 0 in d ≔ 10 in 
 

masonry 

A1 ≔ N ⋅ B = 42 in 2 A2 ≔ B + 2 e ⋅ N + 2 e = 42 in 2 
 

⎛ A2 
⎞ 

ϕcPp ≔ 0.65 ⋅ min ⎜0.85 ⋅ f'c ⋅ A1 ⋅ 
A 

, 1.7 ⋅ f'c ⋅ A1⎟ = 34.8075 kip OK 
⎝ 1 ⎠ 

 
k1 ≔ 

9 in 
16 

l ≔ 
B 

- k1 = 2.4375 in 
2 

 

Design of Plate Thickness: 

2 ⋅ Ru ⋅ l2 
tmin ≔ 

0.9 ⋅ B ⋅ N ⋅ F  
= 0.1521 in Round up to 1/2 in plate tp ≔ 0.5 ft 

y 

d = 10 in tw ≔ 0.19 in tf ≔ 0.21 in E ≔ 29000 ksi Fyw ≔ 50 ksi 
 
 

Local Web yielding: 

k ≔ 0.51 in 
 

1 ⋅ 2.5 ⋅ k + N ⋅ Fyw ⋅ tw = 78.6125 kip OK 
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Local Web Crippling: 
 

N 
= 0.7 

d 

 
 

⎛ ⎛ 4 ⋅ N 

 
 

⎞ ⎛ tw ⎞
1.5⎞ 

 
 
 

E ⋅ Fyw ⋅ tf 
ϕRn ≔ 0.75 ⋅ 0.4 ⋅ tw2 ⋅ ⎜1 +⎜ - 0.2⎟ ⋅ ⎜ ⎟ ⎟ ⋅ = 44.3878 kip OK 

⎝ ⎝ d ⎠ ⎝ tf ⎠ ⎠ tw 
 
 
 
 

Design of Weld: 
 

wmax ≔ min ⎛⎝tp , tf⎠⎞ = 0.21 in Try 

 
w ≔ 

3
 

16 

 
 
in = 0.1875 in 

 

Lmin ≔ 4 ⋅ w = 0.75 in 
 
 

L ≔ 5 in 

L 
= 26.6667 

w 
 

Le ≔ L 
 
 

Based on the base metal yielding and fracture along the weld base: 
 

t ≔ tf Fy ≔ 50 ksi Fu ≔ 65 ksi 
 
 

ϕRn_BM ≔ min ⎛⎝1 ⋅ 0.6 ⋅ Fy ⋅ t ⋅ L , 0.75 ⋅ 0.6 ⋅ Fu ⋅ t ⋅ L⎞⎠ = 30.7125 kip OK 

 
Based on weld fracture along effective throat dimension: 

 
θ ≔ 0 FEXX ≔ 70 ksi 

 F ≔ 0.6 ⋅ F ⎛ 1.5⎞ • 1 + 0.5 ⋅ sin θ 
w EXX  ⎝ ⎠ 

 

ϕRn_weld ≔ 0.75 ⋅ 0.707 ⋅ w • Le ⋅ Fw = 20.8786 kip OK 
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Design of Column Base Plate and Anchor Bolts: 

 
 

Pcol ≔ 11.6 kip Fy ≔ 36 ksi A36 Steel 
 

B ≔ 10 in N ≔ 14 in 
 

f'c ≔ 4 ksi Pu ≔ Pcol = 11.6 kip 

A1 ≔ N ⋅ B = 140 in 2 

e ≔ 1 in 
 

A2 ≔ B + 2 e ⋅ N + 2 e = 192 in 2 

 
⎛ A2 

⎞ 
ϕcPp ≔ 0.65 ⋅ 0.85 ⋅ f'c ⋅ A2 ⋅ min ⎜2 , 

A 
⎟ = 496.9127 kip 

⎝ 1 ⎠ 
 
 

Plate thickness: 
 

f ≔ 
Pu  = 82.8571 psi 

p N ⋅ B 

 
d ≔ 12 in bf ≔ 8 in 

 
m ≔ 

N - 0.95 ⋅ d 
= 1.3 in n ≔ 

B - 0.8 ⋅ bf = 1.8 in 
2 2 

⎛ B - 0.8 ⋅ bf 1 ⎞ 
l ≔max⎜m , 

2 
, 
4 

⋅ d ⋅ bf⎟ = 2.4495 in 
⎝ ⎠ 

 

t ≔ l ⋅ 
2 ⋅ fp = 0.1752 in Round up to 1/2 in. thickness grout underneath plate = 1 in. 

min 0.9 ⋅ Fy 

 
Anchor Bolts: 

 
Start with 3/4 in. 
4 anchors 

Pu = 11.6 kip db ≔ 
3 in Le ≔ 12 ⋅ db = 9 in troof ≔ 3 in + 10 in ppositive ≔ 10.761 psf 
4 

kip Ledge ≔max ⎛⎝4 in , 5 ⋅ db⎞⎠ = 4 in 
w ≔ ppositive ⋅ bf = 0.0072 

 
h ≔ 14.5 ft 

 
L ≔ 24 ft 

ft 
 

Proof ≔ 
1 

⋅ troof ⋅ L ⋅ ppositive = 0.1399 kip 
2 

w ⋅ h2 
Mo ≔ 

2 
+ Proof ⋅ h = 2.7826 kip ⋅ ft 

T ≔ 
Mo = 0.1159 kip 
L 

PD ≔ 1.6 kip 
 

Tu ≔ 0.9 ⋅ PD - T = 1.3241 kip 

Fu_rod ≔ 58 ksi 

n ≔ 4 # of bolts 
⎛ Tu ⎞ kip ⋅ ft 

Mu ≔⎜ ⎟ = 0.1655 
⎝ 2 n ⎠ ft 

t ≔ 
2 ⋅ Tu = 0.1429 in 

min 0.9 ⋅ n ⋅ Fy 

Tensile strength of anchor rod: 

ϕR ≔ 0.75 ⋅ 0.75 ⋅ F ⋅ 
⎛ π 

⋅ d 2 
⎞ 
= 14.4133 kip greater than T = 1.3241 kip 

n u_rod ⎜ 4 b ⎟ u 
⎝ ⎠ 
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Pull-out strength: 
 

eh ≔ 3 ⋅ db = 2.25 in ψ4 ≔ 1.4 
 

ϕRn ≔ 0.7 ⋅ ψ4 ⋅ ⎛⎝0.9 ⋅ f'c ⋅ eh ⋅ db⎞⎠ = 5.9535 kip greater than Tu = 1.3241 kip 

 
Anchor rods have enough strength, design is OK 

 
 
 
 
 
 
 
 
 
 
 
 

Design of Girder Moment Connection into Column: 
 
 

Design loads and properties: 
A325N bolts 

M ≔ 33 kip ⋅ ft V ≔ 8.5 kip E ≔ 29000 ksi Fu_Bolt ≔ 120 ksi 

Fy_plate ≔ 36 ksi Fu_plate ≔ 58 ksi Fy ≔ 50 ksi Fu ≔ 65 ksi 

db ≔ 
7 in Ab ≔ 

π 
⋅ db2 = 0.6013 in 2 dh ≔ db + 

2 in = 1 in 
8 4 16 

 
 

Girder: W12x40 A992 steel 
 
 

dg ≔ 11.9 in bfg ≔ 8.01 in twg ≔ 0.295 in tfg ≔ 0.515 in Sxg ≔ 51.5 in 3 

 
Column: W12x40 A992 steel 

 
 

dc ≔ 11.9 in bfc ≔ 8.01 in twc ≔ 0.295 in tfc ≔ 0.515 in 
 
 

Selection of flange plate dimensions: 

Pu ≔ 
M 

= 33.2773 kip force carried by each flange plate 
dg 

 
Le ≔ 1.75 in s ≔ 3 in g ≔ 3.5 in 

bp_min ≔ g + 2 ⋅ Le = 7 in bp ≔ 7.5 in 

 
Pu 

Ap ≔ = 1.0271 in 2 minimum area required 
⎛⎝0.9 ⋅ Fy_plate⎞⎠ 

 
tf_plate ≔ 0.5 in 

 
Ap ≔ bp ⋅ tf_plate = 3.75 in 2 OK 

 
 
 
 

Bolt shear strength: 

Fnv ≔ 0.4 ⋅ Fu_Bolt = 48 ksi 
 
 

Bolt in single shear: 

 
ϕRnShear ≔ 0.75 ⋅ Fnv ⋅ Ab = 21.6475 kip 
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Number of bolts needed: 
 

nneeded ≔ 
Pu 

ϕRnShear 

 
= 1.5372 need two bolts Provide two rows of two bolts to be conservative 

 
 

Lp_min ≔ 2 ⋅ Le + s = 6.5 in add 1/2 in setback 
 
 

Lp ≔ Lp_min + 0.5 in = 7 in 
 
 
 
 

Bolt bearing in Beam Flange: 
 

tf_plate ⋅ Fu_plate = 29 
kip

 
in 

tfg ⋅ Fu = 33.475 
kip 
in 

 
t ≔ tf_plate bearing critical in flange plate 

 
 

Lc1 ≔ Le - 
dh = 1.25 in 
2 

 
 
 

Bearing strength for end bolt: 
 

ϕRnEndBearing ≔ 0.75 ⋅ min ⎛⎝1.2 ⋅ Lc1 ⋅ t ⋅ Fu , 2.4 ⋅ db ⋅ t ⋅ Fu⎞⎠ = 36.5625 kip 

ϕRnEndBolt ≔ min ⎛⎝ϕRnShear , ϕRnEndBearing⎞⎠ = 21.6475 kip 

 
Lc2 ≔ s - dh = 2 in 

 
ϕRnIntBearing ≔ 0.75 ⋅ min ⎛⎝1.2 ⋅ Lc2 ⋅ t ⋅ Fu , 2.4 ⋅ db ⋅ t ⋅ Fu⎞⎠ = 51.1875 kip 

ϕRnIntBolt ≔ min ⎛⎝ϕRnShear , ϕRnIntBearing⎞⎠ = 21.6475 kip 

 
 

ϕRnBolts ≔ 4 ⋅ ϕRnEndBolt = 86.5901 kip > Pu = 33.2773 kip OK 
 
 
 
 
 

Tensile Strength in Flange: 
 

Ap = 3.75 in 2 
 

Strength in tension yielding: 
 

ϕRnTensionYielding ≔ 0.9 ⋅ Fy_plate ⋅ Ap = 121.5 kip 
 
 

An ≔ Ap - 2 ⋅ dh ⋅ tf_plate = 2.75 in 2 Net area with two bolts in fracture path 

 
 

Strength in Tension Fracture: 
 

ϕRnTensionFracture ≔ 0.75 ⋅ Fu_plate ⋅ An = 119.625 kip 
 
 

ϕRplate ≔ min ⎛⎝ϕRnTensionYielding , ϕRnTensionFracture⎠⎞ = 119.625 kip > Pu = 33.2773 kip OK 
 
 
 
 
 

Block shear failure of the plate between two lines of bolts: 
 

Agv ≔ 2 ⋅ tf_plate ⋅ ⎛⎝s + Le⎠⎞ = 4.75 in 2 

Anv ≔ Agv - 2 ⋅ 1.5 ⋅ dh ⋅ tf_plate = 3.25 in 2 
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r 

Agt ≔ g ⋅ tf_plate = 1.75 in 2 
 

Ant ≔ Agt - dh ⋅ tf_plate = 1.25 in 2 
 

U ≔ 1 
 
 

Block shear strength of angle: 
 

ϕRnBlockShearAngle ≔ 0.75 ⋅ ⎛⎝min ⎛⎝0.6 ⋅ Fu_plate ⋅ Anv , 0.6 ⋅ Fy_plate ⋅ Agv⎠⎞ + U ⋅ Fu_plate ⋅ Ant⎠⎞ = 131.325 kip > 

 
 

Pu = 33.2773 kip OK 

 
 
 
 
 
 

Block shear failure of the plate Outside lines of bolts:  

Agv ≔ 2 ⋅ tf_plate ⋅ ⎛⎝s + Le⎠⎞ = 4.75 in 2 

Anv ≔ Agv - 2 ⋅ 1.5 ⋅ dh ⋅ tf_plate = 3.25 in 2 

   

Ant ≔ ⎛⎝bp - g - dh⎞⎠ tf_plate = 1.5 in 2 
   

 
U ≔ 1 

   

 
Block shear strength of angle: 

   

ϕRnBlockShearAngle ≔ 0.75 ⋅ ⎛⎝min ⎛⎝0.6 ⋅ Fu_plate ⋅ Anv , 0.6 ⋅ Fy_plate ⋅ Agv⎠⎞ + U ⋅ Fu_plate ⋅ Ant⎠⎞ = 142.2 kip 
 
 > Pu = 33.2773 kip OK 

 
 
 
 
 
 

Block shear failure of the beam flange Outside lines of bolts: 
 
 

Agv ≔ 2 ⋅ tfg ⋅ ⎛⎝s + Le⎞⎠ = 4.8925 in 2 

Anv ≔ Agv - 2 ⋅ 1.5 ⋅ dh ⋅ tf_plate = 3.3925 in 2 
 
 

Ant ≔ ⎛⎝bfg - g - dh⎞⎠ tfg = 1.8077 in 2 
 
 

U ≔ 1 
 
 

Block shear strength of angle: 
 

ϕRnBlockShearAngle ≔ 0.75 ⋅ ⎛⎝min ⎛⎝0.6 ⋅ Fu ⋅ Anv , 0.6 ⋅ Fy ⋅ Agv⎞⎠ + U ⋅ Fu_plate ⋅ Ant⎠⎞ = 177.8634 kip > 

 
 

Pu = 33.2773 kip OK 
 
 
 
 
 
 
 
 

Flange Plate on the Compression side: 
 
 

Local Plate Buckling: 
 

L ≔max ⎛⎝s , Le + 0.5 in⎞⎠ = 3 in 

Ip ≔ 
1
 

12 
• ⎛⎝bp⎞⎠ ⋅ tf_plate3 = 0.0781 in 4 

 

rp ≔ 
Ip 

= 0.1443 in 
Ap 

 

π2 ⋅ E 
Fe ≔ 

⎛ L ⎞2
 

 
= 662.5429 ksi 

⎜ ⎟ 
⎝ p ⎠ 



Non-Commercial Use Only  

Fy_plate = 0.0543 

Fe 
 
 

Fcr ≔ 0.6580.024149 ⋅ Fy_plate = 35.638 ksi 

 
L 

= 20.7846 < 25 OK 
rp 

 
 

ϕPn ≔ 0.9 ⋅ Fcr ⋅ Ap = 120.2781 kip > Pu = 33.2773 kip OK 
 
 
 
 
 

Flange Plate welded connection to the column flange: 
 

FEEX ≔ 70 ksi L ≔ bp clear  w 
 

ϕRn ≔ 0.75 ⋅ 0.707 w ⋅ L ⋅ ⎛⎝0.9 ⋅ FEXX⎞⎠ ⋅ in 
 

solve , w 0.13282069074683148061 ⋅ kip 
Pu＝0.75 ⋅ 0.707 w ⋅ L ⋅ ⎛⎝0.9 ⋅ FEXX⎞⎠ ⋅ in ―― → w ≔ 0.133 in 

in2 ⋅ ksi 
 

Try 1/4 in weld on each side for a total weld thickness of 0.5 in. w ≔ 0.25 This is adequate 

Shear Plate Connection: 
 

Try tw_plate ≔ 0.25 in 
 

d 1 
tw_plate = 0.25 in 

b + in = 0.5 in > OK 
2 16 twg = 0.295 in 

 
wmin ≔ 

5 
⋅ tw_plate = 0.1563 in provide w ≔ 

3
 

8 16 
 
 

Bolted connection of the plate to the web: 

ϕRnShear = 21.6475 kip 
 
 

Bolt bearing strength in the beam web: 

ϕRn_BearingWeb ≔ 0.75 ⋅ 2.4 ⋅ db ⋅ twg ⋅ Fu = 30.2006 kip 
 

bolt shear governs 
Bolt bearing strength in the shear plate: 

ϕRn_ShearPlate ≔ 0.75 ⋅ 2.4 ⋅ db ⋅ tw_plate ⋅ Fu_plate = 22.8375 kip 
 
 

Required number of bolts: 

n ≔ 
V 

= 0.3927 require two bolts to be conservative n ≔ 2 
ϕRnShear 

 
s ≔ 3 in Le ≔ 1.5 in 

Lp ≔ 2 ⋅ Le + s = 6 in < dg - tfg = 11.385 in OK 
 

bp ≔ s + Le = 4.5 in 
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Shear failure mode of shear tab: 
 

Agv ≔ tw_plate ⋅ Lp = 1.5 in 2 
 

Anv ≔ Agv - 2 ⋅ dh ⋅ tw_plate = 1 in 2 

ϕRnPlateShear ≔ min ⎛⎝1 ⋅ 0.6 ⋅ Fy_plate ⋅ Agv , 0.75 ⋅ 0.6 ⋅ Fu_plate ⋅ Anv⎠⎞ = 26.1 kip 

 
 
 
 
 
 

> V = 8.5 kip OK 
 
 
 

Block shear strength: 
 

Agv ≔ tw_plate ⋅ ⎛⎝Le + 

 
 
n - 1 

 

• s⎠⎞ = 1.125 in 2 
 

Anv ≔ Agv - n - 1 + 0.5 • dh ⋅ tw_plate = 0.75 in 2 
 

U ≔ 1 
 

ϕRnBloackShear ≔ 0.75 ⋅ ⎛⎝min ⎛⎝0.6 ⋅ Fu_plate ⋅ Anv , 0.6 ⋅ Fy_plate ⋅ Agv⎠⎞ + U ⋅ Fu_plate ⋅ Ant⎠⎞ = 96.8578 kip 

 
 

> V = 8.5 kip OK 
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Phase One Restroom Roof Dead Loads 
 
 
 

From top down: 
 

Liquid Applied Waterproofing Membrane 
 

Clear Waterproofing Membrane 
 

Link to Website: https://waterstop.com.au/product/clear-waterproofing-membrane-10l/ 
 

Link to Datasheet: https://waterstop.com.au/wp-content/uploads/2021/06/Data-Sheet- 
Clear-Waterproofing-Membrane-RV2-2.pdf 

 
 

ASCE 7-22 Table C3.1-1a Minimum 
Design Dead Loads (psf) 

 
 

DeadMembrane ≔ 1 psf 
 
 
 
 

Composite Roof Deck 
 

1.5VLR-36 COMPOSITE DECK-SLAB Light Weight Concrete - 22 gage - 3.5" total depth - 
2" topping 

 
Link to Website: https://vulcraft.com/Products/Deck#composite-deck 

 
Link to Datasheet:https://vulcraft.com/catalogs/Deck/CompositeDeck/ 
ASD-1.5VLR-36_Composite_Deck-Slab.pdf 

 
DeadCompositeDeck ≔ 63.9 psf + 0.5 in ⋅ 110 pcf = 68.483 psf 

 

Additional 1 inch of concrete for roof sloping averaged over the entire span 

Appendix D: Restroom Phase One Design Calculations 
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DeadRoofInsulation ≔ Density ⋅ 2.5 in = 0.365 psf 

 

Roof Insulation 
 

HANDI-FOAM® E84 CLASS 1(A) LOW PRESSURE SPRAY FOAM 
 

Link to Wesbite: https://www.energyefficientsolutions.com/Fire_Rated.asp? 
item=FOAM605E84&gclid=EAIaIQobChMI3LfOk- 
j1_QIVyv_jBx19aQAPEAQYAyABEgK6K_D_BwE 

 
Link to Datasheet: https://www.energyefficientsolutions.com/data%20sheets/ 
SprayFoamE84-105-205-605.pdf 

 

Density ≔ 1.75 
lbf 
ft 3 

 

 
 
 

Mechanical/Electrical/Plumbing DeadMEP ≔ 5 psf 
 

Typical 
 
 
 

Total Roof Dead Load 
 

DeadRoof ≔ DeadMembrane + DeadCompositeDeck + DeadRoofInsulation + DeadMEP = 74.848 psf 
 

The dead load for the roof is approximately 75 psf 
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Phase One Restroom Snow Load Calcs 
Balanced Snow Load Used ASCE 7-16 

because it is simpler 
Exposure Coefficient 

 
 
 
 
 
 

Ce ≔ 1.0 
Surface Roughness B/Partially Exposed... 
because we're in downtown Maquoketa 

ASCE 7-16 Table 7.3-1 Exposure Coefficient, Ce 
 
 
 
 
 
 
 
 
 
 
 
 

Thermal Factor 
 

Heated closed structure 

Ct ≔ 1.0 
All structures except as 
indicated below 

without a ventilated roof ASCE 7-16 Table 7.3-2 Thermal Factor, Ct 
 

Didn't use ASCE 7-22 
because C_t is requires 
known material properties 
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Importance Factor 

 
 
 
 

Is ≔ 1.0 
 

Risk Category 2 
ASCE 7-16 Table 1.5-2 

 
 
 
 
 
 
 
 
 

Ground Snow Load 
 
 
 
 
 
 

ASCE Hazard Tool 
 

pg ≔ 51 psf 
 

No other snow load 
indicated in the Maquoketa 
Code of Ordinances 
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Sloped Roof Factor Cs ≔ 1 Essentially a flat roof 
 
 
 

Sloped Roof Snow Load ps ≔ 0.7 ⋅ Cs ⋅ Ce ⋅ Ct ⋅ Is ⋅ pg = 35.7 psf 
 
 

BalancedSnowLoad ≔ ps = 35.7 psf 
 
 

The balanced snow load is 35.7 psf 
 
 

Phase One Restroom Live Load Calculations 
Used ASCE 7-22 
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LiveLoad ≔ 100 psf For roof area used for 
assembly purposes 

 
 

Since the roof won't be occupied at the same time as 
snowstorm, use the larger number load (snow or live load). 

 

LiveLoad = 100 psf >> BalancedSnowLoad = 35.7 psf 
 
 

Regardless, we will test each load combination for sufficient strength of members 
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MWFRS DESIGN WIND PRESSURES FOR WALLS AND ROOF - PHASE 1 

 

Determining Wind Load Parameters: 
 

Exposure Category: 

Risk Category: 

Importance Factor: 

Basic Wind Speed: 

B 

II 

I ≔ 1.0 

 
V ≔ 108 mph 

(ASCE 7-22: Section 26.7.3) 
 
 
(ASCE 7-22: Table 1.5-1) 

 
 
(ASCE 7-22: Table 1.5-2 ) 

 
 
(ASCE 7-22: Figure 26.5-1B) 

Wind Directionality Factor: Kd ≔ 0.85 MWFRS system 
 
(ASCE 7-22: Figure 26.6-1) 

Topographic Factor: Kzt ≔ 1  No ridges or hills near this site 
 
(ASCE 7-22: Section 26.8.1) 

Ground Elevation Factor: Ke ≔ 1 Conservative approximation 
 
(ASCE 7-22: Table 26.9-1) 

Gust Effect Factor: G ≔ 0.85 Rigid Building 
 
(ASCE 7-22: Section 26.11.1) 

Enclosure Classification: Building Enclosed 
 
(ASCE 7-22: Section 26.2) 

Internal Pressure Coefficient: GCpi ≔ 0.18 
 
(ASCE 7-22: Table 26.13-1) 

 
 
 

Velocity Pressure Exposure Coefficient: Kz ≔ 0.57 (ASCE 7-22: Table 26.10-1) 

Using directional procedure so not 0.7 
 
 

Velocity Pressure: 

qz ≔ 0.00256 
psf 

mph 2 

 
 
• Kz ⋅ Kzt ⋅ Kd ⋅ V2 ⋅ I = 14.467 psf 

 
 
 

qi ≔ qz 

 
 
 

(ASCE 7-22: Equation 26.10-1) 

 
 
 

Mean Roof Height: h ≔ 
10 ft + 9.583333 ft = 9.792 ft (Height Modeled on Revit) 

Based on 5" roof deck .. 
2

3.5" concrete, 1.5" metal decking 
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DIAGRAMS FOR WIND PRESSURE CALCULATIONS: 

TOP VIEW: OF PHASE 1 RESTROOM STRUCTURE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PROFILE VIEWS: OF PHASE 1 RESTROOM STRUCTURE 
 

Building Dimensions: 
LA ≔ 76 ft 

BA ≔ 16 ft + 8 in 

 
Overhang Dimensions: 

lEW.OH ≔ 2 ft 
lNS.OH ≔ 4 ft 

 
Equivalent Dimensions: 

LC ≔ LA 

LB ≔ BA 

LD ≔ LB 

BC ≔ BA 

BB ≔ LA 

BD ≔ BB 
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NORTH WIND CALCULATIONS  (WIND DIRECTION A) 

 

Wall Pressures Coefficients: L ≔ LA = 76 ft B ≔ BA = 16.667 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 4.56 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.2 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pN1ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pN1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN1plus ≔ pN1ext + pN1int = 12.442 psf 

pN1minus ≔ pN1ext - pN1int = 7.234 psf 

 
pN2ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pN2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN2plus ≔ pN2ext + pN2int = -6.004 psf 

pN2minus ≔ pN2ext - pN2int = -11.212 psf 

 
pN3ext ≔ qz ⋅ G ⋅ CpLW = -2.46 psf (leeward) 
pN3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN3plus ≔ pN3ext + pN3int = 0.145 psf 
pN3minus ≔ pN3ext - pN3int = -5.063 psf 

 
pN4ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pN4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN4plus ≔ pN4ext + pN4int = -6.004 psf 

pN4minus ≔ pN4ext - pN4int = -11.212 psf 

 
Roof Pressures Coefficients: 

 
L ≔ LA + lEW.OH = 78 ft 

Included Overhang 

B ≔ BA + lNS.OH = 20.667 ft 
 
 

Variables Needed for Table: 
h 

= 0.1255 
L 

h 
= 4.9 ft 

2 

 
h = 9.8 ft 

 
2 h = 19.6 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 

Using Conservative Pressure Coefficients 

Roof Pressures: p ≔ piext +/- piint 

Surface 5: pN5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 
pN5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pN5plus1 ≔ pN5ext1 + pN5int1 = -8.463 psf 
pN5minus1 ≔ pN5ext1 - pN5int1 = -13.671 psf 

pN5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pN5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pN5plus2 ≔ pN5ext2 + pN5int2 = 0.391 psf 
pN5minus2 ≔ pN5ext2 - pN5int2 = -4.818 psf 

 

Overhang Pressures: pNoh ≔ qz ⋅ G ⋅ Cp1 = -11.067 psf 
IMPORTANT NOTE: poh Must be added to the positive external pressure on windward faces with overhang (surface 1)) 
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EAST WIND CALCULATIONS (WIND DIRECTION B) 

 

Wall Pressures Coefficients: L ≔ LB = 16.667 ft B ≔ BB = 76 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 0.219 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.5 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pE1ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE1plus ≔ pE1ext + pE1int = -6.004 psf 

pE1minus ≔ pE1ext - pE1int = -11.212 psf 

 
pE2ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pE2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE2plus ≔ pE2ext + pE2int = 12.442 psf 

pE2minus ≔ pE2ext - pE2int = 7.234 psf 

 
pE3ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE3plus ≔ pE3ext + pE3int = -6.004 psf 

pE3minus ≔ pE3ext - pE3int = -11.212 psf 

 
pE4ext ≔ qz ⋅ G ⋅ CpLW = -6.15 psf (leeward) 
pE4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE4plus ≔ pE4ext + pE4int = -3.544 psf 

pE4minus ≔ pE4ext - pE4int = -8.753 psf 
 

Roof Pressures Coefficients: L ≔ LB + lNS.OH = 20.667 ft B ≔ BB + lEW.OH = 78 ft 
 
 

Variables Needed for Table: 
h 

= 0.4738 
L 

h 
= 4.9 ft 

2 

 
h = 9.8 ft 

 
2 h = 19.6 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 

Surface 5: pE5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 
pE5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pE5plus1 ≔ pE5ext1 + pE5int1 = -8.463 psf 
pE5minus1 ≔ pE5ext1 - pE5int1 = -13.671 psf 

pE5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pE5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pE5plus2 ≔ pE5ext2 + pE5int2 = 0.391 psf 
pE5minus2 ≔ pE5ext2 - pE5int2 = -4.818 psf 

 

Overhang Pressures: pEoh ≔ qz ⋅ G ⋅ Cp1 = -11.067 psf 
IMPORTANT NOTE: poh Must be added to the positive external pressure on windward faces with overhang (surface 2)) 



Non-Commercial Use Only  

 
SOUTH WIND CALCULATIONS  (WIND DIRECTION C) 

 

Wall Pressures Coefficients: L ≔ LC = 76 ft B ≔ BC = 16.667 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 4.56 

B 
 
CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.2 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 
Surface 1: 

 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pS1ext ≔ qz ⋅ G ⋅ CpLW = -2.46 psf (leeward) 
pS1int ≔ qi ⋅ ⎛⎝GC p i⎞⎠  = 2.6 psf 

pS1plus ≔ pS1ext + pS1int = 0.145 psf 
pS1minus ≔ pS1ext - pS1int = -5.063 psf 

 
pS2ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pS2int ≔ qi ⋅ ⎛⎝GCp i⎞⎠ = 2.6 psf 

pS2plus ≔ pS2ext + pS2int = -6.004 psf 

pS2minus ≔ pS2ext - pS2int = -11.212 psf 

 
pS3ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pS3int ≔ qi ⋅ ⎛⎝GCp i⎞⎠ = 2.6 psf 

pS3plus ≔ pS3ext + pS3int = 12.442 psf 

pS3minus ≔ pS3ext - pS3int = 7.234 psf 

 
pS4ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pS4int ≔ qi ⋅ ⎛⎝GCp i⎞⎠ = 2.6 psf 

pS4plus ≔ pS4ext + pS4int = -6.004 psf 

pS4minus ≔ pS4ext - pS4int = -11.212 psf 
 

Roof Pressures Coefficients: L ≔ LC + lEW.OH = 78 ft B ≔ BC + lNS.OH = 20.667 ft 
 
 

Variables Needed for Table: 
h 

= 0.1255 
L 

h 
= 4.9 ft 

2 

 
h = 9.8 ft 

 
2 h = 19.6 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 
Surface 5: pS5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 

pS5int1 ≔ qi ⋅ ⎛⎝GCp i⎠⎞  = 2.6 psf 

pS5plus1 ≔ pS5ext1 + pS5int1 = -8.463 psf 

pS5minus1 ≔ pS5ext1 - pS5int1 = -13.671 psf 

pS5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pS5int2 ≔ qi ⋅ ⎛⎝GCp i⎠⎞  = 2.6 psf 

pS5plus2 ≔ pS5ext2 + pS5int2 = 0.391 psf 

pS5minus2 ≔ pS5ext2 - pS5int2 = -4.818 psf 
 

Overhang Pressures: 
Note: No overhang on windward facing wall so overhang pressure does not need to be added. 



Non-Commercial Use Only  

 
WEST WIND CALCULATIONS (WIND DIRECTION D) 

 

Wall Pressures Coefficients: L ≔ LD = 16.667 ft B ≔ BD = 76 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 0.219 

B 
 
CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.5 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 
Surface 1: 

 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pW1ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW1plus ≔ pW1ext + pW1int = -6.004 psf 

pW1minus ≔ pW1ext - pW1int = -11.212 psf 

 
pW2ext ≔ qz ⋅ G ⋅ CpLW = -6.15 psf (leeward) 
pW2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW2plus ≔ pW2ext + pW2int = -3.544 psf 

pW2minus ≔ pW2ext - pW2int = -8.753 psf 

 
pW3ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW3plus ≔ pW3ext + pW3int = -6.004 psf 

pW3minus ≔ pW3ext - pW3int = -11.212 psf 

 
pW4ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pW4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW4plus ≔ pW4ext + pW4int = 12.442 psf 

pW4minus ≔ pW4ext - pW4int = 7.234 psf 
 

Roof Pressures Coefficients: L ≔ LD + lNS.OH = 20.667 ft B ≔ BD + lEW.OH = 78 ft 
 
 

Variables Needed for Table: 
h 

= 0.4738 
L 

h 
= 4.9 ft 

2 

 
h = 9.8 ft 

 
2 h = 19.6 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 
Surface 5: pW5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 

pW5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pW5plus1 ≔ pW5ext1 + pW5int1 = -8.463 psf 

pW5minus1 ≔ pW5ext1 - pW5int1 = -13.671 psf 

pW5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pW5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pW5plus2 ≔ pW5ext2 + pW5int2 = 0.391 psf 

pW5minus2 ≔ pW5ext2 - pW5int2 = -4.818 psf 
 

Overhang Pressures: pNoh ≔ qz ⋅ G ⋅ Cp1 = -11.067 psf 
IMPORTANT NOTE: poh Must be added to the positive external pressure on windward faces with overhang (surface 4)) 
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SUMMARY CALCULATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maximum Positive Pressure on each wall and roof surface: 
 

Surface 1: 
Surface 2: 
Surface 3: 
Surface 4: 

 
Surface 5: 

max ⎛⎝pN1plus , pE1plus , pS1plus , pW1plus , pN1minus , pE1minus , pS1minus , pW1minus⎠⎞ = 12.442 psf 
max ⎛⎝pN2plus , pE2plus , pS2plus , pW2plus , pN2minus , pE2minus , pS2minus , pW2minus⎠⎞ = 12.442 psf 
max ⎛⎝pN3plus , pE3plus , pS3plus , pW3plus , pN3minus , pE3minus , pS3minus , pW3minus⎠⎞ = 12.442 psf 
max ⎛⎝pN4plus , pE4plus , pS4plus , pW4plus , pN4minus , pE4minus , pS4minus , pW4minus⎠⎞ = 12.442 psf 

 
max ⎛⎝pN5plus1 , pN5plus2 , pE5plus1 , pE5plus2 , pS5plus1 , pS5plus2 , pW5plus1 , pW5plus2⎠⎞ = 0.391 psf 

 
 

Maximum Negative Pressure on each wall and roof surface: 
 

Surface 1: 
Surface 2: 
Surface 3: 
Surface 4: 

 
Surface 5: 

min ⎛⎝pN1plus , pE1plus , pS1plus , pW1plus , pN1minus , pE1minus , pS1minus , pW1minus⎞⎠ = -11.212 psf 
min ⎛⎝pN2plus , pE2plus , pS2plus , pW2plus , pN2minus , pE2minus , pS2minus , pW2minus⎞⎠ = -11.212 psf 
min ⎛⎝pN3plus , pE3plus , pS3plus , pW3plus , pN3minus , pE3minus , pS3minus , pW3minus⎞⎠ = -11.212 psf 
min ⎛⎝pN4plus , pE4plus , pS4plus , pW4plus , pN4minus , pE4minus , pS4minus , pW4minus⎞⎠ = -11.212 psf 

 
min ⎛⎝pN5minus1 , pN5minus2 , pE5minus1 , pE5minus2 , pS5minus1 , pS5minus2 , pW5minus1 , pW5minus2⎠⎞ = -13.671 psf 

 
 

Overhang Pressures: poh ≔ qz ⋅ G ⋅ Cp1 = -11.067 psf 
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Phase 1 Restroom Composite Deck Slab 
 

**Selected: 3VLI-36 COMPOSITE DECK GRADE 50 STEEL** 
 

Link to Website: https://vulcraft.com/Products/ 
Deck#composite-deck 

 
Link to Datasheet: https://vulcraft.com/catalogs/Deck/ 
CompositeDeck/ 
LRFD-3VLI-36-3VLJ-36-3PLVLI-36_Composite_Deck-Slab.pdf 

 
Slab Makeup: 
Total - 6.5" + 1" concrete sloped 
Topping - 3.5" of normal weight weight concrete (145 pcf) + 1" of normal concrete sloped 
from South to North 
Deck Gauge - 16 

 
Superimposed Load: Based on LRFD Load Combinations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Loads: 
 

DeadMembrane ≔ 1 psf 

DeadRoofInsulation ≔ 0.365 psf 

DeadMEP ≔ 5 psf 

DeadCompositeDeck ≔ 63.9 psf 

D ≔ DeadMembrane + (1 in ⋅ 145 pcf) + DeadRoofInsulation + DeadMEP = 18.448 psf Superimposed 
Additional 1 inch of concrete for roof sloping, specified to installer 

 
L ≔ 100 psf 

 
S ≔ 35.7 psf 
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W ≔ 0.391 psf   

Wuplift ≔-13.671 psf 
 

 
LRFD Load Combos: 

 

1.4 D = 25.828 psf (1) 

1.2 D + 1.6 L + 0.5 S = 199.988 psf (2) 
 

1.2 D + 1.6 S + L = 179.258 psf 
 

(3) Neglect wind load in combo 3 
because it is smaller than L 

1.2 D + W + L + 0.5 S = 140.379 psf (4)  
 

0.9 ⎛⎝D + DeadCompositeDeck⎠⎞ + Wuplift = 60.443 psf (5) Uplift is not an issue 
 
 

MaxLoad ≔ 199.988 psf 
 
 

Allowable Superimposed 

Span: 

At a preliminary span of 15'-4" 
 
 

Allowable ≔ 216 psf 
 
 

MaxLoad = 199.988 psf < Allowable = 216 psf 
 

Sufficient for Allowable Deflection... which is the limiting factor! 
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Allowable Reaction at Supports (Based on LRFD Load Combinations) - for web crippling 

 
Treat as a one way slab since the length is much much longer than the width 

 

16 Deck Gauge 
One Flange Loading 
End bearing is 4"+ 

 
Allowable ≔ 2771 plf 

 
 
 

Actual ≔ MaxLoad ⋅ 8.3333333 ft = ⎛⎝1.667 ⋅ 103 ⎞⎠ plf 
 
 

Actual = ⎛⎝1.667 ⋅ 103 ⎞⎠ plf < Allowable ≔ 2771 plf 
 

Sufficient, web crippling will not be an issue 
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Shear Stud Spacing 

Link: https://vulcraft.com/DesignTools/HighPerformanceDeckSlabDiaphragmStrength 

Required Shear 

WindLoadMax ≔ 12.442 psf 
 
 

ShearDistribRequired ≔ 12.442 psf ⋅ 5 ft = 62.21 plf Round up to 65 plf to be conservative 
Half of building height 

 
 

Input 
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Overhang Analysis - treat as beam with two simple supports 
and an overhang 

Loads 
 
 

TribWidth ≔ 3 ft 1 bearing plate/screw 
anchor every 3 ribs (3 feet) 

 
Extra Concrete 

DeadOverhang ≔ ⎛⎝DeadMembrane + DeadCompositeDeck + 1 in ⋅ 145 pcf ⎠⎞ ⋅ TribWidth = 0.231 klf 
 
 

DeadRoof ≔ ⎛⎝DeadMEP + DeadRoofInsulation + DeadMembrane + DeadCompositeDeck + 1 in ⋅ 145 pcf ⎠⎞ ⋅ TribWidth = 0.247 klf 
 
 

 
Live ≔ L ⋅ TribWidth = 0.3 klf 

Analyze it for the live over the total roof, just the 
overhang, and just over the span between the walls 

 
 
 

Winduplift ≔ Wuplift ⋅ TribWidth =-0.041 klf 
 

***Neglect Positive Wind load because it is so small*** 
 

Snow ≔ S ⋅ TribWidth = 0.107 klf 
Load Definitions 

 
 
 
 
 
 
 

Applied all LRFD Load Combos 
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Uplift 
 

Check all load combos to make sure there is no negative load reaction at supports... if 
there is we have to check make sure the anchor screws are sufficient in tension. 

 
 
 
 
 
 
 
 

0.9D+W produces the lowest reaction force, but it is still positive, 
so there is no need to solve for net tension in anchor screws. 

 
Largest Positive Moment 

 
Check all load combos to solve for the highest moment... this must be lower than the 
largest moment allowed for the roof deck. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.2 D+1.6L(Roof)+0.5S produces the highest moment 
 
 
 
 
 
 
 
 
 
 
 
 
 

MomentAllow ≔ 12.75 kip ⋅ ft ⋅ TribWidth = 38.25 kip ⋅ ft Sufficient 
ft 
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Largest Negative Moment 
 
 
 
 
 
 
 
 
 
 
 

Max negative moment is not given for the deck section, so 
check to see if metal deck is sufficient in negative moment 

 
 
 
 
 
 
 
 
 
 
 
 
 

1.2 D+1.6L(Total)+0.5S produces the highest negative moment 
 

NegativeMomentAllow ≔-3799 lbf ⋅ ft ⋅ TribWidth =-11.397 kip ⋅ ft Sufficient 
ft 
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Largest Shear 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.2 D+1.6L(Total)+0.5S produces the highest shear 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NegativeMomentAllow ≔ 7.97 
kip 

⋅ TribWidth = 23.91 kip 
ft 

 
Sufficient 

 
Deflection will not control with the 4 foot overhang 

 
Therefore the overhang is okay to have and is structurally sound 
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⎝ ⎠ 

Selection of Expansion Anchor Connecting Base Plate to CMU 
 

Link: https://www.strongtie.com/mechanicalanchors_mechanicalanchoringproducts/tnt_screw/ 
p/titen-turbo 

 
Datasheet: http://embed.widencdn.net/pdf/plus/ssttoolbox/5lzzrblyap/C-A-2021-p147-149.pdf 

Designing for the less long wall would result in a higher in plane shear force, so design for the East wall 

 

WallLength ≔ 78 ft 
 

Shear Parallel to Edge 

NumberofScrews ≔
⎛ 16.666 ft ⎞ 

= 12.5 

 
 Round 

 
 NumberofScrews ≔ 13 

⎜ 
16 in ⎟

 
 
 

 

ShearLoadParallel ≔ 

WallLength 
⋅ ShearDistribRequired 

2 

NumberofScrews 

 
 
= 186.63 lbf 

 
Shear Perp. to Edge 

 
ScrewSpacing ≔ 16 in 

 
 

ShearLoadPerp ≔ ScrewSpacing ⋅ ShearDistribRequired = 82.947 lbf 
 

Tension is not required to be accounted for since there is no net uplift 
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Pick 1 1/4" Screw Anchor Diameter 
 
 

max ⎛⎝ShearLoadParallel , ShearLoadPerp⎞⎠ = 186.63 lbf Shearallow ≔ 190 lbf 
 

Required Allowable 
 
 

Sufficient 
 

Length Required 
 
 

EmbedDepth ≔ 1.25 in 
 

BasePlateDepth ≔ 0.5 in 
 

LengthRequired ≔ EmbedDepth + BasePlateDepth = 1.75 in 



Non-Commercial Use Only  

 
Select TNTW25134TF Anchor Screw 

 

NumberofScrews ≔ 
16.66666 ft ⋅ 2 

+ 
78 ft ⋅ 2 

= 77 
16 in 

Walls 
Parallel to 
Deck Span 
Every 16" 

36 in 

Walls Perp 
to Deck 
Span Every 
Third Rib 

 
(SAME NUMBER OF SHEAR STUDS AS ANCHOR SCREWS - 77 EACH) 
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Phase One Restroom Wall Calculations 
 

Link: https://ncma.org/resource/strength-design-of-concrete-masonry-walls-for-axial-flexure/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conditions are met: 
-Walls are fully grouted 
-CMU blocks have a compressive strength of 1500 psi - standard 
-The wall height is 10 feet 
-Grade 60 reinforcement will be used 
-Reinforcement bars will be positioned in the center of the wall 
-Spacing will be between the specified amounts 
-Walls are simply supported... supported by the roof diaphragm at 
the top and the foundations at the bottom 
-Wind load is a uniform lateral load (Uniform wall pressure) 

 
**We can use this document** 
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Solving for Moment: Max Axial Load due Load Combos from Roof Slab 
 

Wx ≔ 12.442 psf 
 

h ≔ 10 ft = 120 in 
 

Pxf ≔ 7350 plf 
 

e ≔ 0 ft 
Assume eccentricity is 0 

Px ≔ 0 
lbf 
ft 

No axial force acts directly on wall, there will be an axial force acting on the masonry 
column 
δx ≔ 0 in The last term is neglected due to P_f being 0 

 
⎛ Wx ⋅ h2 ⎞ ⎛ ⎛ e ⎞⎞ ft ⋅ lbf 

M ≔⎜ ⎟ + ⎜⎛⎝Pxf⎞⎠ ⋅ ⎜ ⎟⎟ + ⎛⎝Px ⋅ δx⎠⎞ = 155.525 
⎝ 8 ⎠ ⎝ ⎝ 2 ⎠⎠ ft 

P ≔ Pxf = ⎛⎝7.35 ⋅ 103 ⎞⎠ plf 
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To size vertical rebar... 
 
 
 
 
 
 
 
 
 
 
 
 
 

Our wall is an 8" CMU section... the moment is very low and the 
structure could qualify to not be reinforced, but we are going to use 
No.4 (M13) vertical reinforcing bars at 36 in spacing (3 feet spacing) 
to reinforce the walls (just being conservative). Professor Stoakes 
said that is the minimum spacing. 
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Phase One CMU Column Calculations 
 

Link: https://ncma.org/resource/allowable-stress-design-of-concrete-masonry-columns/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The walls will need to support major axial point loads from the Phase 3 Roof, so columns are needed. 
 
 
 
 
 
 
 
 
 
 

Our columns will meet this criteria. 
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Th effective height of the column will be roughly 10 feet between the roof diaphragm 
and the floor slab. Our column will be at least 8 inches per side, so 10 ft/8 in = 15 so 
the ratio is for sure satisfied. In addition, we will be sure to concentrically load our 
columns, so eccentricity will not be an issue. 

 
 

For Column Size..... 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Our columns will be concentrically loaded so we can use table 2 
in this guide to size the columns based purely on the axial force 
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The maximum axial load from the column is 70 kip. Therefore, using a 
column size of 16"x16" would satisfy this axial load (due to its capacity of 76 
kip) and conform to the geometry of the wall pretty well. 

 
 

For Reinforcement..... 
 
 
 
 
 
 
 
 
 
 

Vertical reinforcement and lateral ties are needed... for the lateral ties, they 
will be placed in the grout because that results in better performance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Since Grade 60 No. 4 (M13) bars are used for the walls, we are sticking 
with this type of reinforcement. 8 vertical bars are required for a 16"x16" 
column due to a max of 6" clear distance. Additional reinforcement 
requirements are shown below. 
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The lateral tie spacing will be 16 vertical bar diameters. The vertical bars are No. 4 
bars. No. 4 bars have a diameter of 0.5". Therefore, the vertical spacing of the ties 
is 8 inches. The ties are 0.25" in diameter. 
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Phase Three Restroom Wall Calculations 

Link: https://ncma.org/resource/loadbearing-concrete-masonry-wall-design/ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The maximum wall height of the phase 3 ramp is 15 feet, so we can use this guide. 

There will be no axial load on this wall. The moment is as follows 

 

h ≔ 15 ft Max height of ramp wall 
 

Wx ≔ 12.442 psf load from wind 
 
 

⎛ Wx ⋅ h2 ⎞ ft ⋅ lbf 
M ≔⎜ 

⎝ 2 
⎟ = ⎛⎝1.4 ⋅ 103 ⎞⎠ 
⎠ ft 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There is no No. 4 reinforcement spacing that is sufficient for 
the walls, so the reinforcement must be sized up to a No. 5 bar 
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No. 5 vertical reinforcement bars at 8 inch spacing is sufficient for the moment 

Horizontal reinforcement will be the same as specified for the phase one restroom walls 
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Anchoring of Veneer 
 

Link: https://ncma.org/resource/concrete-masonry-veneers/ 
 
 
 
 
 

A 1 inch gap between backing and veneer is appropriate 
 
 

Selecting Wall Ties 
 

Link:  https://www.blok-lok.com/index.php/product/2-seal-concrete-seal-tie/ 

Spec Sheet: https://www.blok-lok.com/wp-content/uploads/2020/04/13CON2SEALTIE.pdf 

Our cavity is 4" (3" insulation and 1" air gap)... 
was tested with a 4.5" gap so it is sufficient 

 
 
 
 
 
 
 
 

3" of insulation for restroom 
structure, so use the 
highlighted tie... for the stage 
walls and the ramp walls, use 
the 5/8" embedded wall tie 
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Selecting Horizontal Reinforcement 

 
Link: https://www.h-b.com/index.php?main_page=product_info&products_id=75 
Spec Sheet: https://www.h-b.com/images/submittal/08220LAPRITEL.pdf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For CMU horizontal reinforcing, 220 Ladder-Mesh to prevent cracking, 
placed every layer 
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SPECIFYING BRICK VENEER CONTROL JOINTS 

 
Link: https://ncma.org/resource/crack-control-for-concrete-brick-and-other-concrete-masonry-veneers/ 

 
 
 
 
 
 
 
 
 
 
 
 
 

Height - 10 feet 
 

Every 15 feet there will be an control joint and also at stress concentrations 
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Determining Lintel Size 
 

Link: https://ncma.org/resource/precast-concrete-lintels-for-concrete-masonry-construction/ 
Link: https://ncma.org/resource/asd-of-concrete-masonry-lintels-2012-ibc-2011-msjc/ 

 
 

Design for the longest span... 
 
 
 
 
 
 
 
 
 
 
 
 

Longest clear span is 8 feet 
 

Length ≔ 5.5 ft + 4 in + 4 in = 6.167 ft 
 

Width ≔ 8 in Width of wythe 

Reinforcement will be needed 

 
 

Need to design for flexure and shear 
 
 
 
 
 
 

Flexure strength 
 
 
 
 
 

Shear strength 
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Use precast lintel chart 
 
 

Loading 
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Loads: 

 
DeadMembrane ≔ 1 psf 

DeadRoofInsulation ≔ 0.365 psf 

DeadMEP ≔ 5 psf 

DeadCompositeDeck ≔ 63.9 psf 

D ≔ DeadMembrane + (1 in ⋅ 145 pcf) + DeadRoofInsulation + DeadMEP + DeadCompositeDeck = 82.348 psf 
Additional 1 inch of concrete for roof sloping, specified to installer 

 
L ≔ 100 psf   

S ≔ 35.7 psf 
 

W ≔ 0.391 psf 
 

Wuplift ≔-13.671 psf 
 

 
LRFD Load Combos: 

 

1.4 D = 115.288 psf (1) 

1.2 D + 1.6 L + 0.5 S = 276.668 psf (2) 
 

1.2 D + 1.6 S + L = 255.938 psf 
 

(3) Neglect wind load in combo 3 
because it is smaller than L 

1.2 D + W + L + 0.5 S = 217.059 psf (4)  

 
0.9 ⎛⎝D + DeadCompositeDeck⎠⎞ + Wuplift = 117.953 psf (5) Uplift is not an issue 

 
 

MaxLoad ≔ 276.668 psf 
 
 

Tributary Area Over the Largest Opening.... 
 

Trib ≔ 
16.6666 ft 

+ 4 ft = 12.333 ft At Overhang 
2 

DeadWall ≔ 125 pcf ⋅ 16 in ⋅ 8 in + 120 pcf ⋅ 4 in ⋅ 16 in = 164.444 plf 
 
 

w ≔ MaxLoad ⋅ Trib + DeadWall ⋅ 1.2 = 3.61 klf Add in factored dead load of wall 
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MMax ≔ 
w ⋅ Length 

8 
= ⎛⎝2.059 ⋅ 105 ⎞⎠ in ⋅ lbf 

 
 

V ≔ w ⋅ Length 
= ⎛⎝1.113 ⋅ 104 ⎞⎠ lbf 

2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Specify a 8x16 lintel with 1 #6 bar for reinforcement and 1.5 inches 
of concrete cover with 4000 psi compressive strength concrete 

2 
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Phase One Restroom Insulation Calcs 
 
 

Link to International Energy Conservation Code: 
https://codes.iccsafe.org/content/IECC2021P2/chapter-4-ce-commercial-energy-efficiency 

 
 

Considering this building a class C - commercial building 
 
 
 
 
 
 
 
 
 
 
 
 

This building is going to comply with the prescriptive compliance... for insulation on 
building we will start off in section C4.02 Building Envelope Requirements 

 
 
 
 
 
 
 
 
 
 
 
 
 

Maquoketa is in 
Climate Zone 5 
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For Roof Insulation 
 
 
 
 
 
 
 
 
 
 
 
 
 

Considering it a mass floor because floor composite deck is over 35 psf... R value needed is R-14.6 ci 
(continuous insulation) 

 
We are going with a closed cell foam insulation product 

 
 
 
 
 
 
 
 

Product: Handi-Foam™ Quick Cure E-84 (Class 1) 
 

https://www.energyefficientsolutions.com/Fire_Rated.asp? 
item=FOAM605E84&gclid=EAIaIQobChMI3LfOk- 
j1_QIVyv_jBx19aQAPEAQYAyABEgK6K_D_BwE 

 
R Value: R-6.2... required thickness of 2.5 inches 

 
 

$750 for 605 board feet = 605 ft^2 at 1 in depth 

Amount of spray foam needed 

76 ft - 16 in 
2.862 ⋅ 103 

• 16 ft + 8 in - 16 in • 2.5 = ⎛⎝2.862 ⋅ 103 ⎞⎠ ft 2 

605 
= 4.731 Units 

Cost: 5 ⋅ 750 = 3.75 ⋅ 103 

$3750 for closed cell spray foam insulation for roof 
Product: Handi-Foam™ Quick Cure E-84 (Class 
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DeadLoad ≔ Density ⋅ 2.5 in = 0.365 psf 

Meets R value requirement 
 

Density ≔ 1.75 
lbf 
ft 3 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Meets air barrier compliance 
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For Floor Slab 
 
 
 
 
 
 

No insulation requirement needed because slab does not sit 24" below grade (unheated slab) 



Non-Commercial Use Only  

For Wall Insulation 
 

Can be considered a mass wall because CMU blocks have a high density which results in a 
weight not less than 35 psf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Considering it a mass wall above grade, the R value is R-11.4ci (continuous insulation) 

We are going with rigid foam board insulation commonly used with masonry walls 

Product: R-Tech 1 1/2 in x 48 in. x 8 ft. R-5.78 EPS Rigid Foam Board Insulation 
 

https://www.homedepot.com/p/R-Tech-1-1-2-in-x-48-in-x-8-ft- 
R-5-78-EPS-Rigid-Foam-Board-Insulation-320817/202532855 
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R-value: 5.78 5.78 ⋅ 2 = 11.56 
Need two layers of this insulation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Double this... 
 

Cost: $2682.88 for 128 units of R-Tech 1 1/2 in x 48 
in. x 8 ft. R-5.78 EPS Rigid Foam Board Insulation 

 
 
 

Weight in psf 
 

Density ≔ 4 
lbf 

8 ft ⋅ 1.5 in ⋅ 48 in 

 
= 1 pcf 

 
 
 

WallInsulation ≔ 3 in ⋅ Density = 0.25 psf 
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Continuous Footing Design for the Restroom: 
 

Design criteria: 
 

Wall thickness: tcmu ≔ FIF “8” tbrick ≔ FIF “4” tair ≔ FIF “1” tinsulation ≔ FIF  “3” 
 

twall ≔ tcmu + tbrick + tair + tinsulation = 16 in 
USE SOLID GROUT 

Unit weight: γfill ≔ 120 pcf γbrick ≔ 120 pcf γcmu ≔ 130 pcf γconc ≔ 150 pcf 
 

Factor of safety: FSoverturning ≔ 1.5 FSsliding ≔ 1.5 FSbearing ≔ 3 

Height of wall: Htotal ≔ FIF “12' 6” Hwall ≔ FIF “9' 6” Need an extra 3 ft of height due to frost line 

Thickness of footing/ tf ≔ FIF “1' 8"” 
slab: 

 

Width of footing: B ≔ FIF  “3'” 
 

Depth of Footing: Df ≔ 3 ft + tf DUE TO FROST LINE AT 4 ft. 
 
 

Active Earth Pressure: 
2 

ϕ' ≔ 
π K ≔tan

⎛ π 
- 

ϕ' ⎞ 
= 0.3333 

6 a ⎜ 
4 2 

⎟
 

⎝ ⎠ 
 

1 kip 
Pa ≔ ⋅ γfill ⋅ ⎛⎝Htotal - Hwall + tf⎞⎠ 2 ⋅ Ka = 0.4356 

2 ft 
 

pwind ≔ 20 psf 

Pw ≔ pwind ⋅ Hwall = 0.19 
kip 
ft 

Overturning Moment: 
 ⎛⎝Htotal - Hwall + tf⎞⎠ ⎛ Hwall ⎞ kip ⋅ ft 

Moverturning ≔ Pa ⋅ 
3 

+ Pw ⋅ ⎜ 
2 

+ 3 ft⎟ = 2.15  
ft

 
⎝ ⎠ 

 
 

Resisting Moment: 
 

component weights: moment arms: 

masonry: Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎠⎞ = 1.2033 
kip rm ≔ 

B 
= 1.5 ft 

ft 2 
 

⎞ 
earth: W ≔ 2 

⎛ B 
- ⎛0.5 ⋅ ⎛t ⎞⎞ ⋅ 3 ft ⋅ γ = 0.6 

kip r ≔ 
B 

= 1.5 ft e ⎜ ⎝ ⎝ wall⎠⎠⎟ fill e 

⎝ 2 ⎠ ft 2 
 

foundation wall: Wwall ≔ ⎛⎝twall⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.6 
kip rwall ≔ 

B 
= 1.5 ft 

ft 2 

footing: Wf ≔ tf ⋅ B ⋅ γconc = 0.75 
kip rf ≔ 

B 
= 1.5 ft 

ft 2 

Load from roof: Wroof ≔ 10 
kip rroof ≔ 

B 
= 1.5 ft 

ft 2 
 

kip ⋅ ft Technically would have a passive 

Mresisting ≔ Wm ⋅ rm + We ⋅ re + Wf ⋅ rf + Wwall ⋅ rwall + Wroof ⋅ rroof = 19.73 
ft 

pressure but is a conservative 
answer 

 
 
 

Check factor of safety: 

Overturning: 
Mresisting 

FSactual ≔ 
M 

= 9.1766 FSoverturning = 1.5 
overturning 

FSactual > FSoverturning OK 
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Sliding: 

ΣW ≔ Wm + We + Wf + Wwall + Wroof = 13.1533 
kip 
ft 

 
 

FSactual ≔ 
ΣW ⋅ tan ϕ'  

= 17.4354 FSsliding = 1.5 Technically would have a passive 
Pa pressure but is a conservative 

FSactual > FSsliding OK answer
 

 
Bearing Pressure: 

 
 

qgross ≔ 
ΣW 

= 4384.4444 psf 
B 

 

Bearing capacity: 
 

Terzaghi's continuous foundation equation: 
 
 

c' ≔ 0 psf B = 3 ft γ' ≔ γfill = 120 pcf 

Nc ≔ 37.2 Nq ≔ 22.5  Nγ ≔ 20.1 

σ'zD ≔ Df ⋅ γfill = 560 psf 

qult ≔ c' ⋅ Nc + σ'zD ⋅ Nq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ = 16218 psf 

qult FS ≔ = 3.699 FSbearing = 3 
qgross 

 
FSactual > FSbearing OK 

 
 

Check for Settlement Failure: Boussinesq's Simple Elastic Settlement method 

L ≔ FIF “14' 0” B = 3 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) Es ≔ 750 
tonf δall ≔ 0.5 in 
ft 2 

L' ≔ 
L 

= 7 ft B' ≔ 
B 

= 1.5 ft 
2 2 

 
M ≔ 

L' 
= 4.6667 N ≔ 

H 
B'  B' 

 
Influence Factors: 

 
1 

⎛ ⎛ ⎛
1 + M2 + 1

⎞ 
⋅ M2 + N2 

⎞ ⎛ ⎛M + M2 + 1
⎞ 
⋅ 1 + N2 

⎞⎞
 

I1 ≔ ⋅ ⎜M ⋅ ln⎜ ⎝ ⎠ ⎟ +ln⎜ 
⎝ ⎠ ⎟⎟ = 0.7531 

π  ⎜ ⎜ ⎛ 2 2 ⎞ ⎟ ⎜ 2 2 ⎟⎟ 
⎝ ⎝ M ⋅ ⎝1 + M  + N  + 1⎠ ⎠ ⎝ M + M  + N  + 1 ⎠⎠ 

 
I ≔ 

N  
⋅ atan

⎛ M ⎞ 
= 0.067 

2 2 ⋅ π ⎜ 
N ⋅ M2 + N2 + 1 

⎟
 ⎝ ⎠ 

 
 
 

Shape Correction Factor: 

⎛ 1 - 2 ⋅ μs ⎞ 
Is ≔ I1 +⎜ 

1 - μ 
⎟ ⋅ I2 = 0.7914 

⎝ s  ⎠ 
 
 

Fox Depth Correction Factor, If: 

β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠
2 

r ≔ 2 ⋅ Df = 9.3333 ft 

r1 ≔ L2 + r2 = 16.8259 ft r2 ≔ B2 + r2 = 9.8036 ft r3 ≔ L2 + B2 + r2 = 17.0913 ft r4 ≔ L2 + B2 = 14.3178 ft 
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1 β2⎞⎠ Y1 

⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 
Y1 ≔ L ⋅ ln⎜ ⎟ + B ⋅ ln⎜ ⎟ - = 8.4093 ft 

⎝ L ⎠ ⎝ B ⎠ 3 ⋅ L ⋅ B 
 

⎛ r3 + B ⎞ ⎛ r3 + L ⎞ r33 - r23 - r13 + r3 
Y2 ≔ L ⋅ ln⎜ ⎟ + B ⋅ ln⎜ ⎟ - = 5.154 ft 

⎝ r1 ⎠ ⎝ r2 ⎠ 3 ⋅ L ⋅ B 
2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 

Y3 ≔ 
r • ln⎜ ⎟ + ⋅ ln⎜ ⎟ = 2.042 ft 
L ⎝ ⎛⎝B + r3⎞⎠ ⋅ r ⎠ B ⎝ ⎛⎝L + r3⎞⎠ ⋅ r ⎠ 

 
Y4 ≔ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
L ⋅ B 

 
= 0.4251 ft 

 

Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 2.4029 ft 
5 ⎜ ⎟ 

⎝ r ⋅ r3 ⎠ 

β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 
If ≔ ⎛⎝β + ⋅ 

= 0.7076 

 
 
 

Bearing Pressure: 
 

qgross = 4384.4444 psf 

σ'zo ≔ ⎛⎝Df⎞⎠ ⋅ γfill = 560 psf 

qnet ≔ qgross - σ'zo = 3824.444 psf 
 

Foundation Settlement: 
 

⎛ qnet ⋅ ⎛⎝1 - μs 
2 ⎞⎠ ⎞ 

δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 
⎝ 

⎟ ⋅ B' 
Es ⎠ 

δflexible = 0.094 in 
 

δrigid ≔ 0.93 ⋅ δflexible = 0.087 in OK 
 

δall = 0.5 in 
 
 
 

Rebar design: 
 

Strength of 
concrete and steel: 

f'c ≔ 4000 psi fy ≔ 60 ksi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check One-Way Shear Strength: 
 

Effective depth of footing: 
 

For continuous footings, effective depth d is measured from the top of the footing to the center of the lateral bars. 
Longitudinal bars are designed separately: 

 

Assume a 3in clear cover, #6 rebars: 
 

cc ≔ 3 in D#6 ≔ 0.75 in 
D#6 

cover ≔ cc + 
2
 = 3.375 in 

d ≔ tf - cover = 16.625 in 
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bearing pressure: 
 
 

qu ≔ 
ΣW 

= 4384.4444 psf 
B 

L1 ≔ 1 ft (Long dimension. Use 1 ft analysis strip) 
 

L2 ≔ B (short dimension) 
 

c ≔ twall (width of wall) 

Pu ≔ Wm + Wwall + 10 
kip 

= 11.8033 klf 
ft 

 
V ≔ P ⋅ 

⎛ B - c - 2 ⋅ d ⎞ 
=-4.3443 klf 

uOneWay u ⎜ B ⎟ 
⎝ ⎠ 

λ ≔ 1 
0.75 ⋅ ⎛2 ⋅ λ ⋅ f' ⋅ psi ⋅ L ⋅ d⎞ 

ϕVcOneWay ≔ 
⎝ c 2 ⎠ 

= 56.7787 klf 
1 ft 

 
check ≔ if VuOneWay < ϕVcOneWay | 

‖“The footing has adequate shear strength” 
|
 

‖ | 
else | 
‖“The footing has inadequate shear strength” 

|
 

‖ | 

 
check =“The footing has adequate shear strength” 

 
 
 

Check Flexural Strength: 

B - c 
l ≔ 

2 
= 1.1667 ft 

2 
 

Pu ⋅ l
2 kip ⋅ ft 

Mu ≔ 
2 ⋅ B  

= 2.678 
ft 

(required flexural resistance) 

 
ρmin ≔ 0.0018 

12 in in 2 
AsMin ≔ ρmin ⋅ d ⋅ 

1 ⋅ ft 
= 0.3591 

ft
 

 
Try 1 #6 Rebars: A#6 ≔ 0.44 in 2 

 

As ≔ 1 ⋅ A#6 = 0.44 in 2 1 #6 bar is adequate 

 
Bar spacing: 

 
BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 

BarSpace ≔ 
1 ft 

= 12 in Need one bar every foot 
1 

Compute flexural strength of a singly reinforced rectangular section: 
D#6 

cover1 ≔ cc + 
2 

= 3.375 in 

depth ≔ tf ys1 ≔ cover1 As = 0.44 in 2 b ≔ B 

 
dt ≔ depth - ys1 = 16.625 in 

 
β1 ≔ if f'c ≤ 4000 psi | 

‖ 0.85 
|
 

‖ | 
else | 
‖ ⎛ f' - 4000 psi ⎞ 

|
 

‖ max⎜0.65 , 0.85 - 0.05 ⋅ c ⎟ 
|
 

‖ ⎝ 1000 psi ⎠ | 
| 
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β1 = 0.85 

A ≔ 
β1 ⋅ 0.85 ⋅ f'c ⋅ b 

⋅ 
3 ⋅ dt = 10.8104 in 2 The design is tension controlled A ≤ A 

sTensionControlled fy 8 s s_TC 

 
 

Depth of Concrete Compression block: 
 

a ≔ 
As ⋅ fy = 0.2157 in 

0.85 ⋅ f'c ⋅ b 
 

Mu = 2.6776 
kip ⋅ ft 

ft 
 

M ≔ A ⋅ f ⋅ 
⎛
d - a ⎞ 

= 36.3377 kip ⋅ ft 
n s y  ⎜ ⎟ 

⎝ 2 ⎠ 

ϕM  ≔ 
0.9 ⋅ Mn = 32.704 

kip ⋅ ft 
(flexural strength) 

n 1 ft ft 
 

check ≔ if Mu < ϕMn | 
‖“The footing has adequate flexural strength” 

|
 

‖ | 
else | 
‖ ”

| 
‖“The footing has inadequate flexural strength | 

check =“The footing has adequate flexural strength” 
 
 
 
 
 

Check Development Length of Flexural 180 degree Hooked Rebars: 
 

As conservative assumptions: 

ψ ≔ 1.0 ψ ≔ 1.0 ψ ≔ 1.0 ψ ≔ 0.6 + 
f'c = 0.8667 d ≔ D 

e r o c 15000 psi bar #6 

⎛ ⎛ ψe ⋅ ψr ⋅ ψo ⋅ ψc ⋅ fy ⎞ ⎛ dbar ⎞1.5⎞ 
ldhook ≔max⎜6 in , 8 ⋅ dbar , ⎜ ⎟ ⋅ 1 in ⋅ ⎜ ⎟ ⎟ = 9.7096 in 

⎝ ⎝ 55 ⋅ λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ ⎝ in ⎠ 
⎝ c ⎠ ⎠ ⎠ 

 
 

Length of bars from the critical ⎛⎝B - t ⎞⎠
 

bending section: wall - cc = 7 in 
2 

check ≔ if l < 
⎛⎝B - twall⎞⎠ |

 
dhook 2 

| 
| ‖ | 

‖“There is adequate room to develop the hooked bars” 
|
 

else | ‖ 
‖“There is inadequate room to develop the hooked bars”| 

check =“There is adequate room to develop the hooked bars” 

 
 
 
 

Design the Longitudinal Steel: 

ρmin ≔ 0.0018 A#6 ≔ 0.44 in 2 D#6 ≔ 0.75 in 

AsMin ≔ ρmin ⋅ B ⋅ d = 1.0773 in 2 

Try 3 #6 Rebars: 

As ≔ 3 ⋅ A#6 = 1.32 in 2 3 #6 bars is adequate 

Bar spacing: 

BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 

 
BarSpace ≔ 

B - 2 cc = 15 in use 12 in spacing to be conservative 
2 
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‖ 

‖ 

| 

| 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
dbar ⋅ 6 = 2.25 in (radius of dowel bar bend) 

2 

depthFlexuralHooks ≔ ⎛⎝⎛⎝D#6 ⋅ 6⎠⎞ + ⎛⎝2 ⋅ D#6⎞⎠⎞⎠ + D#6 = 6.75 in 

H ≔ dbar + r = 3 in (distance required for hook) 

hmin ≔ depthFlexuralHooks = 6.75 in 
 
 

check ≔ if hmin < tf | 
‖“The footing thickness is adequate to accomodate the hooked bar” 

|
 

else | 
‖“The footing thickness is not adequate to accomodate the hooked bar”

|
 

‖ | 
 

check =“The footing thickness is adequate to accomodate the hooked bar” 
 
 
 
 

Check Bearing Capacity of Column at Base: 
 

Lwall ≔ 1 ft 
 

A1 ≔ 8 in ⋅ Lwall = 96 in 2 

h ≔ tf 

 

l ≔ min ⎛⎝Lwall , ⎛⎝ 2 ⋅ h 

A2 ≔ l2 = 144 in 2 

+ twall + 2 ⋅ h ⎠⎞⎠⎞ = 1 ft 

N1 ≔ 0.65 ⋅ ⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ = 212.16 kip 
 
 
 

⎛⎛ A2 
⎞ ⎞ 

N2 ≔ 0.65 ⋅ min ⎜⎜⎛⎝0.85 ⋅ f'c ⋅ A1⎞⎠ ⋅ A 
⎟ , ⎛⎝2 ⋅ 0.85 ⋅ f'c ⋅ A1⎞⎠⎟ = 259.8419 kip 

⎝⎝ 1 ⎠ ⎠ 

 
ϕPBaseBearing ≔ 

min ⎛⎝N1 , N2⎞⎠ = 212.16 klf 
1 ft 

 
check ≔ if Pu < ϕPBaseBearing | 

‖“The footing has adequate bearing strength at the base” 
|
 

else | 
‖“The footing has inadequate bearing strength at the base”

|
 

‖ | 
 
 
 

check =“The footing has adequate bearing strength at the base” 
 
 
 

Check 90 Degree Hooked Dowel Bars in Column: 
 

ρmin ≔ 0.005 ⋅ A1 ⋅ 
1 

= 0.48 
1 ⋅ ft 

in 2 
ft 

 
Try 2 #5 dowels A#5 ≔ 0.310 in 2 

 

AsDowel ≔ 2 ⋅ A#5 = 0.62 in 2 (two dowels per 1 ft is adequate) 

 
Development Length: 

 
D#5 ≔ 0.625 in 

 
ddowel ≔ D#5 

 
⎛ 0.02 ⋅ fy ⋅ ddowel 0.0003 ⎞ ldc ≔max⎜8 in , 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 
,
 psi • fy ⋅ ddowel⎟ = 11.8585 in 

⎝ ⎝ c ⎠ ⎠ 
 

ldc ≔ 12 in (round up to get an appropriate constructible dimension) 
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‖ 

⎝ c ⎠ 

| 

⎝ 

Lextension ≔ 12 ⋅ ddowel = 7.5 in 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
ddowel ⋅ 6 = 1.875 in (radius of dowel bar bend) 

2 
 

H ≔ ddowel + r = 2.5 in (distance required for hook) 
 
 

hmin ≔ ldc + 2 ⋅ H + cc = 20 in 
 
 

check ≔ if hmin ≤ h | 
‖“The footing thickness is adequate” 

|
 

else | 
‖“The footing thickness is inadequate” 

|
 

‖ | 
 

check =“The footing thickness is adequate” 
 
 
 
 

Check Rebars in Wall: 
 

D#4 ≔ 0.5 in dbar ≔ D#4 column bars are #4 
 

Development Length: 
 

⎛ l ≔max 8 in , 0.02 ⋅ fy ⋅ dbar , 
0.0003 

⋅ f ⋅ d ⎞ = 9.4868 in 
dcCol ⎜ 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ psi y bar⎟ 
⎠ 

 
 

Splice length for rebars in compression: 
 

αs ≔ 1 
 

⎛ l ≔max 12 in , l , 
0.0005 

⋅ f ⋅ d ⎞ • α  = 15 in (round up to a 24in (2ft) splice) 
splice ⎜ 

⎝ 
dcCol psi 

y bar s⎟ 
⎠ 
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ft 

2 

ft 

⎝ 

Continuous Footing Design for the Ramp: 
 

Design criteria: 
 

Wall thickness: tcmu ≔ FIF “8” tbrick ≔ FIF “4” tair ≔ FIF “1” 
 

twall ≔ tcmu + 2 tbrick + 2 tair = 18 in  

USE SOLID GROUT 
Unit weight: 

Factor of safety: 

γfill ≔ 120 pcf 

FSoverturning ≔ 1.5 

γbrick ≔ 120 pcf 

FSsliding ≔ 1.5 

γcmu ≔ 130 pcf 

FSbearing ≔ 3 

γconc ≔ 150 pcf 

Height of wall: 
 

Thickness of footing/ 
slab: 

Htotal ≔ FIF “18'” 
 

tf ≔ FIF “1' 8"” 

Hwall ≔ FIF  “15'” Need an extra 3 ft of height due to frost line 

 
Width of footing: B ≔ FIF “3' 8” 

 

Depth of Footing: Df ≔ 3 ft + tf DUE TO FROST LINE AT 4 ft. 
 
 
 
 

Active Earth Pressure: 
2 

ϕ' ≔ 
π K ≔tan

⎛ π 
- 

ϕ' ⎞
 = 0.3333 

6 
 

a 
1 

fill  ⎛ 

a 
 
 

total 

⎜ 
⎝ 

 
wall 

⎟ 
⎠ 

 
f⎞⎠

2 
a 

 
 

kip 
P ≔ ⋅ γ 

2 
• ⎝H - H + t • K = 0.4356 

ft 
 

pwind ≔ 20 psf 

Pw ≔ pwind ⋅ Hwall = 0.3 
kip 
ft 

Overturning Moment: 
 M ≔ P • 

⎛⎝Htotal - Hwall + tf⎞⎠ + P • 
⎛ Hwall ⎞ kip ⋅ ft 

overturning a 3 w ⎜ 
2
 + 3 ft⎟ = 3.8275 

⎠ ft 

Resisting Moment: 

component weights: moment arms: 

masonry: Wm ≔ ⎛⎝tcmu⎠⎞ ⋅ ⎛⎝Hwall⎞⎠ ⋅ γcmu + ⎛⎝tbrick ⋅ ⎛⎝Hwall⎠⎞ ⋅ γbrick⎠⎞ = 1.9 
kip

 rm ≔ 
B 

= 1.8333 ft 
2 

earth: W ≔ 2 
⎛ B 

- ⎛0.5 ⋅ ⎛t ⎞ ⎞⎞ ⋅ 3 ft ⋅ γ = 0.78 
kip r ≔ 

B 
= 1.8333 ft 

e ⎜ ⎝ 
⎝ 

⎝ wall⎠⎠⎟ 
⎠ 

fill ft e 2 

foundation wall: 

footing: 

Wwall ≔ ⎛⎝twall⎞⎠ ⋅ ⎛⎝Htotal - Hwall⎠⎞ ⋅ γconc = 0.675 
kip 

Wf ≔ tf ⋅ B ⋅ γconc = 0.9167 
kip 

ft 

rwall ≔ 
B 

= 1.8333 ft 
2 

 
rf ≔ 

B 
= 1.8333 ft 

2 
 

 
Mresisting ≔ Wm ⋅ rm + We ⋅ re + Wf ⋅ rf + Wwall ⋅ rwall = 7.8314 

 
kip ⋅ ft 

ft 

 
Technically would have a passive 
pressure but is a conservative 
answer 

 
 
 
 
 

Check factor of safety: 
Overturning: 

 
FSactual ≔ 

Mresisting 

Moverturning 

 
= 2.0461 

 
FSoverturning 

 
= 1.5 

 

FSactual > FSoverturning OK 
 

Sliding: 

ΣW ≔ Wm + We + Wf + Wwall = 4.2717 
kip 
ft 

4 2 
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FSactual ≔ 

ΣW ⋅ tan ϕ'  
= 5.6623 FSsliding = 1.5 Technically would have a passive 

Pa pressure but is a conservative 
FSactual > FSsliding OK answer

 

 
Bearing Pressure: 

 
 

qgross ≔ 
ΣW 

= 1165 psf 
B 

 
Bearing capacity: 

 
Terzaghi's continuous foundation equation: 

 
 

c' ≔ 0 psf B = 3.6667 ft γ' ≔ γfill = 120 pcf 

Nc ≔ 37.2 Nq ≔ 22.5  Nγ ≔ 20.1 

σ'zD ≔ Df ⋅ γfill = 560 psf 

qult ≔ c' ⋅ Nc + σ'zD ⋅ Nq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ = 17022 psf 

qult FS ≔ = 14.6112 FSbearing = 3 
qgross 

 
FSactual > FSbearing OK 

 
 

Check for Settlement Failure: Boussinesq's Simple Elastic Settlement method 

L ≔ FIF “14' 0” B = 3.6667 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) Es ≔ 750 
tonf δall ≔ 0.5 in 
ft 2 

L' ≔ 
L 

= 7 ft B' ≔ 
B 

= 1.8333 ft 
2 2 

 
M ≔ 

L' 
= 3.8182 N ≔ 

H 
B'  B' 

 
 

Influence Factors: 
 

1 
⎛ ⎛ ⎛ 2 ⎞ 2 2 ⎞ ⎛ ⎛ 2 ⎞ 2 ⎞⎞ 

I1 ≔ ⋅ ⎜M ⋅ ln⎜ ⎝1 + M + 1⎠ ⋅ M + N  ⎟ +ln⎜ ⎝
M + M + 1⎠ ⋅ 1 + N  ⎟⎟ = 0.7356 

π  ⎜ ⎜ ⎛ 2 2 ⎞ ⎟ ⎜ 2 2 ⎟⎟ 
⎝ ⎝ M ⋅ ⎝1 + M  + N  + 1⎠ ⎠ ⎝ M + M  + N  + 1 ⎠⎠ 

 
I ≔ 

N  
⋅ atan

⎛ M ⎞ 
= 0.0565 2 ⎜ ⎟ 

2 ⋅ π 
⎝ N ⋅ M2 + N2 + 1 ⎠ 

 
Shape Correction Factor: 

⎛ 1 - 2 ⋅ μs ⎞ 
Is ≔ I1 +⎜ 

1 - μ 
⎟ ⋅ I2 = 0.7679 

⎝ s  ⎠ 
 
 

Fox Depth Correction Factor, If: 

β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠
2 

r ≔ 2 ⋅ Df = 9.3333 ft 

r1 ≔ L2 + r2 = 16.8259 ft r2 ≔ B2 + r2 = 10.0277 ft r3 ≔ L2 + B2 + r2 = 17.2208 ft r4 ≔ L2 + B2 = 14.4722 ft 

 
⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 

Y1 ≔ L ⋅ ln⎜ ⎟ + B ⋅ ln⎜ ⎟ - = 9.597 ft 
⎝ L ⎠ ⎝ B ⎠ 3 ⋅ L ⋅ B 

⎛ r3 + B ⎞ ⎛ r3 + L ⎞ r33 - r23 - r13 + r3 
Y2 ≔ L ⋅ ln⎜ 

r 
⎟ + B ⋅ ln⎜ 

r 
⎟ - 

3 ⋅ L ⋅ B 
= 6.2304 ft 

⎝ 1 ⎠ ⎝ 2 ⎠ 
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⎝ ⎠ 

r2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 
Y3 ≔ 

L 
⋅ ln⎜ 

⎛B + r ⎞ ⋅ r 
⎟ + 

B 
⋅ ln⎜ 

⎛L + r ⎞ ⋅ r 
⎟ = 2.4427 ft 

⎝ ⎝ 3⎠ ⎠ ⎝ ⎝ 3⎠ ⎠ 

 
Y4 ≔ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
L ⋅ B 

 
= 0.5083 ft 

 

Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 2.8853 ft 
5 ⎜ r ⋅ r3 

⎟
 

 

I ≔ 
β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 

= 0.723
 

f ⎛⎝β1 + β2⎞⎠ ⋅ Y1 
 
 

Bearing Pressure: 
 

qgross = 1165 psf 
 

σ'zo ≔ ⎛⎝Df⎞⎠ ⋅ γfill = 560 psf 

qnet ≔ qgross - σ'zo = 605 psf 

 
Foundation Settlement: 

 
⎛ qnet ⋅ ⎛⎝1 - μs 

2 ⎞⎠ ⎞ 
δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 

⎝ 
⎟ ⋅ B' 

Es ⎠ 

δflexible = 0.018 in 
 

δrigid ≔ 0.93 ⋅ δflexible = 0.017 in OK 
 

δall = 0.5 in 
 
 
 
 
 

Rebar design: 
 

Strength of 
concrete and steel: 

f'c ≔ 4000 psi fy ≔ 60 ksi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Check One-Way Shear Strength: 
 

Effective depth of footing: 
 

For continuous footings, effective depth d is measured from the top of the footing to the center of the lateral bars. 
Longitudinal bars are designed separately: 

 

Assume a 3in clear cover, #6 rebars: 
 

cc ≔ 3 in 

cover ≔ cc 

D#6 ≔ 0.75 in 

+ 
D#6 = 3.375 in 
2 

d ≔ tf - cover = 16.625 in 
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bearing pressure: 
 
 

qu ≔ 
ΣW 

= 1165 psf 
B 

L1 ≔ 1 ft (Long dimension. Use 1 ft analysis strip) 
 

L2 ≔ B (short dimension) 
 

c ≔ twall (width of wall) 
 

Pu ≔ Wm + Wwall = 2.575 klf 

 
V ≔ P ⋅ 

⎛ B - c - 2 ⋅ d ⎞ 
=-0.4243 klf 

uOneWay u ⎜ ⎟ 
⎝ B ⎠ 

λ ≔ 1 
0.75 ⋅ ⎛2 ⋅ λ ⋅ f' ⋅ psi ⋅ L ⋅ d⎞ 

ϕVcOneWay ≔ 
⎝ c 2 ⎠ 

= 69.3962 klf 
1 ft 

 
check ≔ if VuOneWay < ϕVcOneWay | 

‖“The footing has adequate shear strength” 
|
 

‖ | 
else | 
‖ ” 

| 
‖“The footing has inadequate shear strength | 

 
check =“The footing has adequate shear strength” 

 
 
 
 

Check Flexural Strength: 

B - c 
l ≔ 

2 
= 1.4583 ft 

2 

 Pu ⋅ l
2 kip ⋅ ft 

Mu ≔ 
2 ⋅ B 

= 0.747 
ft

 

 
ρmin ≔ 0.0018 

(required flexural resistance) 

 
AsMin ≔ ρmin ⋅ d ⋅ 12 in 

= 0.3591 
1 ⋅ ft 

in 2 
ft 

 

Try 1 #6 Rebars: A#6 ≔ 0.44 in 2 
 

As ≔ 1 ⋅ A#6 = 0.44 in 2 1 #6 bar is adequate 

 
 

Bar spacing: 

 BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 
   

  
BarSpace ≔ 

1 ft 
= 12 in 

1 

 
 
Need one bar every foot 

 
Compute flexural strength of a singly reinforced rectangular section: 

cover ≔ c + 
D#6 = 3.375 in 

1 c 2 

 depth ≔ tf ys1 ≔ cover1 

dt ≔ depth - ys1 = 16.625 in 

 As = 0.44 in 2 b ≔ B 
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β1 ≔ if f'c ≤ 4000 psi | 

‖ 0.85 
|
 

‖ | 
else | 
‖ ⎛ f' - 4000 psi ⎞ 

|
 

‖ max⎜0.65 , 0.85 - 0.05 ⋅ c ⎟ 
|
 

‖ ⎝ 1000 psi ⎠ | 
| 

 
 
 
 

β1 = 0.85 

β1 ⋅ 0.85 ⋅ f'c ⋅ b 3 ⋅ dt 
AsTensionControlled ≔  ⋅  = 13.2127 in 2 The design is tension controlled As ≤ As_TC 

fy  8 

 
 

Depth of Concrete Compression block: 
 

As ⋅ fy 
a ≔ = 0.1765 in 

0.85 ⋅ f'c ⋅ b 
 

Mu = 0.7468 
kip ⋅ ft 

ft 
 

M ≔ A ⋅ f ⋅ 
⎛
d - a ⎞ 

= 36.3809 kip ⋅ ft 
n s y  ⎜ 2 

⎟ 
⎝ ⎠ 

0.9 ⋅ Mn kip ⋅ ft 
ϕMn ≔ 

1 ft 
= 32.7428 

ft 
(flexural strength) 

 
check ≔ if Mu < ϕMn | 

‖“The footing has adequate flexural strength” 
|
 

‖ | 
else | 
‖“The footing has inadequate flexural strength”

|
 

‖ | 

check =“The footing has adequate flexural strength” 

 
 
 
 

Check Development Length of Flexural 180 degree Hooked Rebars: 

As conservative assumptions: 

f'c 
ψe ≔ 1.0 ψr ≔ 1.0 ψo ≔ 1.0 ψc ≔ 0.6 + 

15000 psi 
= 0.8667 dbar ≔ D#6 

⎛ ⎛ ψ ⋅ ψ ⋅ ψ ⋅ ψ ⋅ f ⎞ ⎛ d ⎞1.5⎞ 

ldhook ≔max⎜6 in , 8 ⋅ dbar , ⎜ e r o c y ⎟ ⋅ 1 in ⋅ ⎜ bar ⎟ ⎟ = 9.7096 in 
⎝ ⎝ 55 ⋅ λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ ⎝ in ⎠ 

⎝ c ⎠ ⎠ ⎠ 
 
 

Length of bars from the critical ⎛⎝B - t ⎞⎠
 

bending section: wall - cc = 10 in 
2 

⎛⎝B - twall⎞⎠ | 
check ≔ if ldhook < 

2 
| 
| ‖“There is adequate room to develop the hooked bars” | 

‖ | 
else | ‖“There is inadequate room to develop the hooked bars”| ‖ 

check =“There is adequate room to develop the hooked bars” 

 
 
 
 
 

Design the Longitudinal Steel: 

ρmin ≔ 0.0018 A#6 ≔ 0.44 in 2 D#6 ≔ 0.75 in 

AsMin ≔ ρmin ⋅ B ⋅ d = 1.3167 in 2 

Try 3 #6 Rebars: 

As ≔ 3 ⋅ A#6 = 1.32 in 2 3 #6 bars is adequate 

Bar spacing: 
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‖ 

‖ 

| 

| 

BarSpacemax ≔ min ⎛⎝3 ⋅ tf , 18 in⎞⎠ = 18 in 
 
 

BarSpace ≔ 
B - 2 cc 

2 

 
= 19 in use 12 in spacing to be conservative 

 
 
 
 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
dbar ⋅ 6 

2 

 
= 2.25 in (radius of dowel bar bend) 

depthFlexuralHooks ≔ ⎛⎝⎛⎝D#6 ⋅ 6⎠⎞ + ⎛⎝2 ⋅ D#6⎞⎠⎞⎠ + D#6 = 6.75 in 

H ≔ dbar + r = 3 in (distance required for hook) 

hmin ≔ depthFlexuralHooks = 6.75 in 
 
 

check ≔ if hmin < tf | 
‖“The footing thickness is adequate to accomodate the hooked bar” 

|
 

else | 
‖ ”

| 
‖“The footing thickness is not adequate to accomodate the hooked bar | 

 
check =“The footing thickness is adequate to accomodate the hooked bar” 

 
 
 
 

Check Bearing Capacity of Column at Base: 
 

Lwall ≔ 1 ft 
 

A1 ≔ 8 in ⋅ Lwall = 96 in 2 

h ≔ tf 

 

l ≔ min ⎛⎝Lwall , ⎛⎝ 2 ⋅ h 

A2 ≔ l2 = 144 in 2 

+ twall + 2 ⋅ h ⎠⎞⎠⎞ = 1 ft 

N1 ≔ 0.65 ⋅ ⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ = 212.16 kip 
 
 
 

⎛⎛ A2 
⎞ ⎞ 

N2 ≔ 0.65 ⋅ min ⎜⎜⎛⎝0.85 ⋅ f'c ⋅ A1⎞⎠ ⋅ ⎟ , ⎛⎝2 ⋅ 0.85 ⋅ f'c ⋅ A1⎞⎠⎟ = 259.8419 kip 
 
 

ϕPBaseBearing ≔ 

⎝⎝ 

min ⎛⎝N1 , N2⎞⎠ 

1 ft 

A1 ⎠ ⎠ 

 
= 212.16 klf 

 
check ≔ if Pu < ϕPBaseBearing | 

‖“The footing has adequate bearing strength at the base” 
|
 

else | 
‖ ”

| 
‖“The footing has inadequate bearing strength at the base | 

 
 
 

check =“The footing has adequate bearing strength at the base” 
 
 
 
 

Check 90 Degree Hooked Dowel Bars in Column: 
 

ρmin ≔ 0.005 ⋅ A1 ⋅ 
1 

= 0.48 
in 

1 ⋅ ft ft 
 

Try 2 #5 dowels A#5 ≔ 0.310 in 2 
 

AsDowel ≔ 2 ⋅ A#5 = 0.62 in 2 (two dowels per 1 ft is adequate) 

2 
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‖ | 

Development Length: 
 

D#5 ≔ 0.625 in 
 

ddowel ≔ D#5 

 
⎛ 0.02 ⋅ fy ⋅ ddowel 0.0003 ⎞ ldc ≔max⎜8 in , 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 
,
 psi • fy ⋅ ddowel⎟ = 11.8585 in 

⎝ ⎝ c ⎠ ⎠ 
 

ldc ≔ 12 in (round up to get an appropriate constructible dimension) 
 
 
 
 

Lextension ≔ 12 ⋅ ddowel = 7.5 in 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
ddowel ⋅ 6 = 1.875 in (radius of dowel bar bend) 

2 
 

H ≔ ddowel + r = 2.5 in (distance required for hook) 
 
 

hmin ≔ ldc + 2 ⋅ H + cc = 20 in 
 
 

check ≔ if hmin ≤ h | 
‖“The footing thickness is adequate” 

|
 

else | 
‖“The footing thickness is inadequate” 

|
 

‖ | 
 

check =“The footing thickness is adequate” 
 
 
 
 

Check Rebars in Wall: 
 

D#4 ≔ 0.5 in dbar ≔ D#4 column bars are #4 
 

Development Length: 
 

l 
⎛ 0.02 ⋅ fy ⋅ dbar 0.0003 ⎞ 

dcCol 
≔max⎜8 in , 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 
,
 psi • fy ⋅ dbar⎟ = 9.4868 in 

⎝ ⎝ c ⎠ ⎠ 
 
 

Splice length for rebars in compression: 
 

αs ≔ 1 

 
l 

⎛ 

 
 

0.0005 ⎞ 
splice ≔max⎜12 in , ldcCol , 

⎝ psi 
• fy ⋅ dbar ⋅ αs⎟ = 15 in (round up to a 24in (2ft) splice) 

⎠ 
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Column Isolated Footing Design for Bathroom columns from roof 
 

Define Design Parameters: 
 

B ≔ FIF “4' 4” 
 

Df ≔ 3 ft + tf 

H ≔ 3 ft Bcol ≔ FIF “1' 4” tf ≔ FIF “1' 8” Pdes ≔ 12 kip 

 
Htotal ≔ H + tf = 4.6667 ft 

 
Check for Bearing Failure: 

 
FSq ≔ 3 

 
Vesic's Equation for Bearing Capacity: 

 

qult＝c' ⋅ Nc ⋅ sc ⋅ dc ⋅ ic ⋅ bc ⋅ gc + σ'z ⋅ Nq ⋅ sq ⋅ dq ⋅ iq ⋅ bq ⋅ gq + 0.5 ⋅ γbackfill ⋅ B' ⋅ Nγ ⋅ sγ ⋅ dγ ⋅ iγ ⋅ bγ ⋅ gγ 
 

Bearing Capacity Factors: 
From table of bearing capacity factors for ϕ' = 30 degrees and using Vesic's Equation: 

 

Nq ≔ 18.4 Nγ ≔ 22.4 
 

Ground Inclination Factors: 
 

Assume level ground, therefore, ground inclination factors are equal to 1: 
 

gq ≔ 1 gγ ≔ 1 
 

Load Inclination Factors: 
 

iq ≔ 1 iγ ≔ 1 
 

Base Inclination Factors: 
The base is not inclined, therefore the base inclination factors are equal to 1: 

 
bq ≔ 1 bγ ≔ 1 

 
 

In line with continuous footing 
 
 

Shape Factors: 
 

sq ≔ 1 sγ ≔ 1 
 

Depth Factors: 
 

d ≔ 1 + 2 ⋅ 
Df ⋅ tan ϕ' 

q B 
 
• 1 - sin ϕ' 2 = 1.3109 

 
dγ ≔ 1 

 
 

Effective Unit Weight: 
 

γ ≔ γ' 
 

γ' = 120 pcf 
 
 

Vertical Effective Stress: 
 

σ'zD ≔ ⎛⎝Htotal ⋅ γ'⎞⎠ = 560 psf 

 
Since c' is 0, the first part of the equation is cancelled, left with: 

 
qult ≔ σ'zD ⋅ Nq ⋅ sq ⋅ dq ⋅ iq ⋅ bq ⋅ gq + 0.5 ⋅ γ' ⋅ B ⋅ Nγ ⋅ sγ ⋅ dγ ⋅ iγ ⋅ bγ ⋅ gγ = 19331.317 psf 

 
 

Bearing Pressure: 

q ≔ 
Pdes + ⎛⎝γ • t ⎞⎠ + 2 ⋅ ⎛⎝γ • H⎞⎠ = 1609.0533 psf 

gross B ⋅ B conc f fill 

 
 

FSactual ≔ 
qult 

qgross 

 
= 12.0141 

 
FSactual > FSbearing OK 
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Check for Settlement Failure: 
 

L ≔ B B = 4.3333 ft H ≔ 5 ⋅ B μs ≔ 0.3 α ≔ 4 (Footing Center) δall ≔ 0.5 in 

 
L' ≔ 

L 
= 2.1667 ft B' ≔ 

B 
= 2.1667 ft M ≔ 

L' 
= 1 N ≔ 

H 
2 2 B' B' 

 
 

Influence Factors: 
 

1  
⎛ ⎛ ⎛

1 + M2 + 1
⎞ 
⋅ M2 + N2 

⎞ ⎛ ⎛M + M2 + 1
⎞ 
⋅ 1 + N2 

⎞⎞
 

I1 ≔ ⋅ ⎜M ⋅ ln⎜ ⎝ ⎠ ⎟ +ln⎜ 
⎝ ⎠ ⎟⎟ = 0.4979 

π  ⎜ ⎜ ⎛ 2 2 ⎞ ⎟ ⎜ 2 2 ⎟⎟ 
⎝ ⎝ M ⋅ ⎝1 + M  + N  + 1⎠ ⎠ ⎝ M + M  + N  + 1 ⎠⎠ 

 
I ≔ 

N  
⋅ atan

⎛ M ⎞ 
= 0.0158 

2 2 ⋅ π ⎜ 
N ⋅ M2 + N2 + 1 

⎟
 

⎝ ⎠ 
 
 

Shape Correction Factor: 
 

I ≔ I +
⎛ 1 - 2 ⋅ μs ⎞ ⋅ I = 0.5069 

s 1 ⎜ 
1 - μ 

⎟ 2 
⎝ s  ⎠ 

 
 

Fox Depth Correction Factor, If: 
 

β1 ≔ 3 - 4 ⋅ μs β2 ≔ 5 - 12 ⋅ μs + 8 ⋅ μs2 β3 ≔-4 ⋅ μs ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠ β4 ≔-1 + 4 ⋅ μs - 8 ⋅ μs2 

 
r ≔ 2 ⋅ Df = 9.3333 ft 

r1 ≔ L2 + r2 = 10.2902 ft 

r2 ≔ B2 + r2 = 10.2902 ft 

r3 ≔ L2 + B2 + r2 = 11.1654 ft 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

β5 ≔-4 ⋅ ⎛⎝1 - 2 ⋅ μs⎞⎠
2
 

r4 ≔ L2 + B2 = 6.1283 ft 

 
⎛ r4 + B ⎞ ⎛ r4 + L ⎞ r43 - L3 - B3 

Y1 ≔ L ⋅ ln⎜ ⎟ + B ⋅ ln⎜ ⎟ - = 6.442 ft 
⎝ L ⎠ ⎝ B ⎠ 3 ⋅ L ⋅ B 

⎛ r3 + B ⎞ ⎛ r3 + L ⎞ r33 - r23 - r13 + r3 
Y2 ≔ L ⋅ ln⎜ 

r 
⎟ + B ⋅ ln⎜ 

r 
⎟ - 

3 ⋅ L ⋅ B 
= 3.0925 ft 

⎝ 1 ⎠ ⎝ 2 ⎠ 

r2 ⎛ ⎛⎝B + r2⎞⎠ ⋅ r1 ⎞ r2 ⎛ ⎛⎝L + r1⎞⎠ ⋅ r2 ⎞ 
Y3 ≔ 

L 
⋅ ln⎜ 

⎛B + r ⎞ ⋅ r 
⎟ + 

B 
⋅ ln⎜ 

⎛L + r ⎞ ⋅ r 
⎟ = 1.5872 ft 

⎝ ⎝ 3⎠ ⎠ ⎝ ⎝ 3⎠ ⎠ 

r2 ⋅ ⎛⎝r1 + r2 - r3 - r⎞⎠ 
Y4 ≔ 

L ⋅ B 
= 0.3791 ft 

Y ≔ r ⋅ atan
⎛ L ⋅ B ⎞ 

= 1.6639 ft 
5 ⎜ r ⋅ r ⎟

 
⎝ 3 ⎠ 

I ≔ 
β1 ⋅ Y1 + β2 ⋅ Y2 + β3 ⋅ Y3 + β4 ⋅ Y4 + β5 ⋅ Y5 

= 0.6387
 

f ⎛⎝β1 + β2⎞⎠ ⋅ Y1 
Bearing Pressure: 

q ≔ 
Pdes + γ ⋅ t  + 2 ⋅ ⎛γ ⋅ H⎞ = 6089.0533 psf 

gross B ⋅ B 
⎛⎝ conc f⎞⎠ ⎝ fill ⎠ 

qnet ≔ qgross - σ'zo = 5529.053 psf 
 
 

Foundation Settlement: 
⎛ q ⋅ ⎛⎝1 - μ 2 ⎞⎠ ⎞ 

δflexible ≔ α ⋅ Is ⋅ If ⋅ ⎜ 
net s ⎟ ⋅ B' 

⎝ Es ⎠ 

δflexible = 0.113 in 

δrigid4 ≔ 0.93 ⋅ δflexible = 0.105 in OK 

 
δall = 0.5 in 
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⎝ ⎠ 

‖ 

‖ 

| 

| 

4 

Design of Rebar in Isolated Footing: 
 
 

Check One-Way Shear Strength: 
 

B ≔ FIF “4' 4” H ≔ FIF “3'” Bcol1 ≔ FIF “2' 8” Bcol2 ≔ FIF “2'” tf ≔ FIF “1' 10” h ≔ tf 

Pdes ≔ 12 kip γconc ≔ 150 pcf γbackfill ≔ 120 pcf f'c ≔ 4000 psi fy ≔ 60 ksi   

 
 

Effective depth of footing: 
 

Assume a 3in clear cover, #6 rebars and bars in both directions: 
 

cc ≔ 3 in D#6 ≔ 0.750 in 
 

cover1 
 
≔ cc + 

D#6 = 3.375 in 
2 

 
cover2 

 
≔ cc 

 
+ D#6 + 

D#6 = 4.125 in 
2 

 

 
cover 

 
 
Avg ≔ 

cover1 + cover2 
= 3.75 in

 
2 

 

d ≔ h - coverAvg = 18.25 in 
 

Bearing Pressure: 

q ≔ 
Pdes + ⎛⎝γ • t ⎞⎠ + 2 ⋅ ⎛⎝γ • H⎠⎞ + 

2 γconc ⋅ FIF “1' 10” • 1 ft ⋅ 3 ft  = 1721.9231 psf 
u B ⋅ B conc f backfill B ⋅ B 

 
L1 ≔ B L2 ≔ B c1 ≔ Bcol1 c2 ≔ Bcol2 λ ≔ 1 

 
 V ≔ q • 

L ⋅ 
⎛ L1 - c1 ⎞ 

uOneWay u 2 ⎜ 
⎝ 2 

- d⎟ =-5.1299 kip 
⎠ 

 

ϕVcOneWay ≔ 0.75 ⋅ ⎛2 ⋅ λ ⋅ f'c • psi ⋅ L2 • d
⎞ = 90.03 kip 

 

check ≔ if VuOneWay < ϕVcOneWay | 
‖“The footing has adequate shear strength” 

|
 

else | 
‖“The footing has inadequate shear strength” 

|
 

‖ | 

check =“The footing has adequate shear strength” 
 
 
 
 
 

Check Punching Shear Strength: 
 
 

VuPunching ≔ qu ⋅ ⎛⎝L1 ⋅ L2 - ⎛⎝c1 + d⎠⎞ ⋅ ⎛⎝c2 + d⎠⎞⎠⎞ = 6.9467 kip 
 

β ≔ 
Bcol1 = 1.3333 
Bcol2 

αs ≔ 30 bo ≔ 2 ⎛⎝c1 + d⎞⎠ + 2 ⋅ ⎛⎝c2 + d⎞⎠ = 15.4167 ft 

ϕV 
⎛ ⎛ 4 ⎞ ⎛ αs ⋅ d ⎞⎞ 

cPunching ≔ 0.75 ⋅ min ⎜4 , ⎜2 + β ⎟ 
, ⎜2 + 

b
 

⎟⎟ ⋅ λ ⋅ f'c ⋅ psi ⋅ bo ⋅ d = 640.5984 kip 
⎝ ⎝ ⎠ ⎝ o  ⎠⎠ 

 
check ≔ if VuPunching < ϕVcPunching | 

‖“The footing has adequate punching shear strength” 
|
 

else | 
‖“The footing has inadequate punching shear strength”

|
 

‖ | 
 

check =“The footing has adequate punching shear strength” 
 
 

Check Flexural Strength: 
 

⎛ L1 - c1 ⎞ ⎛ L1 - c1 ⎞ M ≔ q ⋅ L ⋅ ⋅ = 2.5909 kip ⋅ ft (required flexural resistance) 
u u 2 ⎜ 

⎝ 2 
⎟ ⎜ ⎟ 
⎠ ⎝ ⎠ 

 
ρmin ≔ 0.0018 
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‖ 

⎠ 

‖ 

‖ ” 

⎝ ⎠ ⎠ 

| 

| 

| 

| 

AsMin ≔ ρmin ⋅ B ⋅ h = 2.0592 in 2 
 
 

Try 5 #6 Rebars: A#6 ≔ 0.440 in 2 
 

As ≔ 5 ⋅ A#6 = 2.2 in 2 5 #6 bars is adequate 
 

Bar spacing: 
 

BarSpacemax ≔ min 3 ⋅ h , 18 in = 18 in 
 
 

BarSpace ≔ 
B - 2 ⋅ cc 

4 

 
= 11.5 in 

 
 
 

Compute flexural strength of a singly reinforced rectangular section: 
 
 

depth ≔ h ys1 ≔ cover1 As = 2.2 in 2 b ≔ B 
 
 

dt ≔ depth - ys1 = 18.625 in 
 
 

β1 ≔ if f'c ≤ 4000 psi | 
‖ 0.85 

|
 

else | 
‖ ⎛ f' - 4000 psi ⎞ 

|
 

‖ max⎜0.65 , 0.85 - 0.05 ⋅ c ⎟ 
|
 

‖ ⎝ 1000 psi | 
 

β1 = 0.85 
 

AsTensionControlled ≔ 

 
β1 ⋅ 0.85 ⋅ f'c ⋅ b 

fy 

 
• 3 ⋅ dt 

8 

 
 
= 17.4935 in 2 

 

The design is tension controlled 
 

Depth of Concrete Compression block: 
 

a ≔ 
As ⋅ fy 

0.85 ⋅ f'c ⋅ b 

⎛ 

 
= 0.7466 in 

 
a ⎞ 

Mu = 2.5909 kip ⋅ ft 

Mn ≔ As ⋅ fy ⋅ ⎜d - 
⎝ 

⎟ = 196.6437 kip ⋅ ft 
⎠ 

 
 

ϕMn ≔ 0.9 ⋅ Mn = 176.9793 kip ⋅ ft (flexural strength) 
 
 

check ≔ if Mu < ϕMn | 
‖“The footing has adequate flexural strength” 

|
 

else | 
‖“The footing has inadequate flexural strength 

|
 

 
 

check =“The footing has adequate flexural strength” 
 
 
 
 

Check Development Length of Flexural 180 degree Hooked Rebars: 
 

As conservative assumptions: f'c 
ψe ≔ 1.0 ψr ≔ 1.0 ψo ≔ 1.0 ψc ≔ 0.6 + 

15000 psi 
= 0.8667 dbar ≔ D#6 

 

⎛ ⎛ ψe ⋅ ψr ⋅ ψo ⋅ ψc ⋅ fy ⎞ ⎛ dbar ⎞
1.5⎞ 

ldhook ≔max⎜6 in , 8 ⋅ dbar , ⎜ ⎟ ⋅ 1 in ⋅ ⎜ ⎟ ⎟ = 9.7096 in 
⎝ 

 
ldhook ≔ 10 in 

⎝ 55 ⋅ λ ⋅ min ⎛100 psi , f'c • psi ⎞ ⎝ in ⎠ ⎠ 

 

Length of bars from the critical 
bending section: 

2 
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‖ 

‖ 

‖ 

| 

| 

| 

⎛⎝B - Bcol1⎞⎠ = 10 in 
2 

 

 
check ≔ if ldhook ≤ 

⎛⎝B - Bcol1⎞⎠ | 
2 | 

‖“There is adequate room to develop the hooked bars” | 

else 
|
 

‖“There is inadequate room to develop the hooked bars”| 

check =“There is adequate room to develop the hooked bars” 
 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
dbar ⋅ 6 = 2.25 in (radius of dowel bar bend) 

2 
 

depthFlexuralHooks ≔ ⎛⎝⎛⎝dbar ⋅ 6⎠⎞ + ⎛⎝2 ⋅ dbar⎠⎞⎠⎞ = 6 in 

Lextension ≔max ⎛⎝4 ⋅ dbar , 2.5 in⎠⎞ = 3 in 

H ≔ dbar + r = 3 in (distance required for hook) 
 

hmin ≔ depthFlexuralHooks = 6 in 
 
 
 
 
 
 

Check Bearing Capacity of Column at Base: 
 

A1 ≔ Bcol1 ⋅ Bcol2 = 768 in 2 
 

A2 ≔ l2 = 2704 in 2 

L ≔ B = 4.3333 ft l ≔ min ⎛⎝L , ⎛⎝ 2 ⋅ h 

 
⎛⎛ 

+ Bcol1 + 2 ⋅ h ⎠⎞⎞⎠ = 4.3333 ft 

 
A2 

⎞ ⎞ 
N1 ≔ 0.65 ⋅ ⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ = 1697.28 kip N2 ≔ 0.65 ⋅ min ⎜⎜⎛⎝0.85 ⋅ f'c ⋅ A1⎠⎞ ⋅ A 

⎟ , ⎛⎝2 ⋅ 0.85 ⋅ f'c ⋅ A1⎞⎠⎟ = 3184.7565 kip 

ϕPBaseBearing ≔ min ⎛⎝N1 , N2⎠⎞ = 1697.28 kip 

check ≔ if Pdes < ϕPBaseBearing 

⎝⎝ 1 ⎠ ⎠ 
 
 

| 

‖“The footing has adequate bearing strength at the base” 
|
 

else | 
‖“The footing has inadequate bearing strength at the base”

|
 

‖ | 
 

check =“The footing has adequate bearing strength at the base” 
 
 

Check 90 Degree Hooked Dowel Bars in Column: 
 

Minimum Steel Ratio: 
 

ρmin ≔ 0.005 ⋅ A1 = 3.84 in 2 
 

Use 10 #5 dowels A#5 ≔ 0.440 in 2 D#5 ≔ 0.75 in 
 

AsDowel ≔ 10 ⋅ A#5 = 4.4 in 2 5 each side 

 
 

Development Length: 
 

ddowel ≔ D#5 

⎛ 
 

0.02 ⋅ fy ⋅ ddowel 
 

0.0003 ⎞ ldc ≔max⎜8 in , 
λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 

,
 psi • fy ⋅ ddowel⎟ = 14.2302 in 

⎝ ⎝ c ⎠ ⎠ 
 

ldc ≔ 12 in (round up to get an appropriate constructible dimension) 
 

Check to make sure footing is thick enough to accommodate development length: 
 

r ≔ 
ddowel ⋅ 6 = 2.25 in (radius of dowel bar bend) 

2 
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‖ | 

Lextension ≔ 12 ⋅ ddowel = 9 in 
 

H ≔ ddowel + r = 3 in (distance required for hook) 
 

hmin ≔ ldc + 2 ⋅ H + cc + D#6 = 21.75 in 
 
 

check ≔ if hmin ≤ h | 
‖“There footing thickness is adequate” 

|
 

else | 
‖“There footing thickness is inadequate” 

|
 

‖ | 

check =“There footing thickness is adequate” 
 
 
 
 

Check Rebars in Column: 
 

dbar ≔ D#4 column bars are #4 
 

Development Length: 
 

l 
⎛ 0.02 ⋅ fy ⋅ dbar 0.0003 ⎞ 

dcCol 
≔max⎜8 in , 

λ ⋅ min ⎛100 psi , f' ⋅ psi ⎞ 
,
 psi • fy ⋅ dbar⎟ = 9.4868 in 

⎝ ⎝ c ⎠ ⎠ 
 
 

Splice length for rebars in compression: 
 

αs ≔ 1 

l 
⎛ 

 

0.0005 ⎞ 
splice ≔max⎜12 in , ldcCol , 

⎝ psi 
• fy ⋅ dbar ⋅ αs⎟ = 15 in 

⎠ 
(round up to a 24in (2ft) splice) 
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MWFRS DESIGN WIND PRESSURES FOR WALLS AND ROOF - PHASE 1 

 

Determining Wind Load Parameters: 
 

Exposure Category: B (ASCE 7-22: Section 26.7.3) 

Risk Category: II 
 

(ASCE 7-22: Table 1.5-1) 

Importance Factor: I ≔ 1 
 

(ASCE 7-22: Table 1.5-2 ) 

Basic Wind Speed: V ≔ 108 mph 
 

(ASCE 7-22: Figure 26.5-1B) 

Wind Directionality Factor: Kd ≔ 0.85 
 

(ASCE 7-22: Figure 26.6-1) 

Topographic Factor: Kzt ≔ 1 
 

(ASCE 7-22: Section 26.8.1) 

Ground Elevation Factor: Ke ≔ 1 
 

(ASCE 7-22: Table 26.9-1) 

Gust Effect Factor: G ≔ 0.85 
 

(ASCE 7-22: Section 26.11.1) 

Enclosure Classification: Building Enclosed 
 

(ASCE 7-22: Section 26.2) 

Internal Pressure Coefficient: GCpi ≔ 0.18 
 

(ASCE 7-22: Table 26.13-1) 

 
 
 

Velocity Pressure Exposure Coefficient: Kz ≔ 0.57 (ASCE 7-22: Table 26.10-1) 
 
 
 

Velocity Pressure: 

qz ≔ 0.00256 
psf 

mph 2 

 
 
• Kz ⋅ Kzt ⋅ Kd ⋅ V2 ⋅ I = 14.467 psf 

 
 
 

qi ≔ qz 

 
 
 

(ASCE 7-22: Equation 26.10-1) 

 
 
 

Mean Roof Height: h ≔ 
10 ft + 9.458 ft 

2 
= 9.729 ft (Height Modeled on Revit) 



Non-Commercial Use Only  

 
DIAGRAMS FOR WIND PRESSURE CALCULATIONS: 

TOP VIEW: OF PHASE 1 RESTROOM STRUCTURE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PROFILE VIEWS: OF PHASE 1 RESTROOM STRUCTURE 
 

Building Dimensions: 
LA ≔ 79 ft + 4 in 

BA ≔ 16 ft + 8 in 

 
Overhang Dimensions: 

lEW.OH ≔ 0 ft 

lNS.OH ≔ 4 ft 

 
Equivalent Dimensions: 

LC ≔ LA 

LB ≔ BA 

LD ≔ LB 

BC ≔ BA 

BB ≔ LA 

BD ≔ BB 
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NORTH WIND CALCULATIONS  (WIND DIRECTION A) 

 

Wall Pressures Coefficients: L ≔ LA = 79.333 ft B ≔ BA = 16.667 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 4.76 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.2 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pN1ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pN1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN1plus ≔ pN1ext + pN1int = 12.442 psf 

pN1minus ≔ pN1ext - pN1int = 7.234 psf 

 
pN2ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pN2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN2plus ≔ pN2ext + pN2int = -6.004 psf 

pN2minus ≔ pN2ext - pN2int = -11.212 psf 

 
pN3ext ≔ qz ⋅ G ⋅ CpLW = -2.46 psf (leeward) 
pN3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN3plus ≔ pN3ext + pN3int = 0.145 psf 
pN3minus ≔ pN3ext - pN3int = -5.063 psf 

 
pN4ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pN4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN4plus ≔ pN4ext + pN4int = -6.004 psf 

pN4minus ≔ pN4ext - pN4int = -11.212 psf 
 

Roof Pressures Coefficients: L ≔ LA + lEW.OH = 79.333 ft B ≔ BA + lNS.OH = 20.667 ft 
 
 

Variables Needed for Table: 
h 

= 0.1226 
L 

h 
= 4.9 ft 

2 

 
h = 9.7 ft 

 
2 h = 19.5 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 

Surface 5: pN5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 
pN5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pN5plus1 ≔ pN5ext1 + pN5int1 = -8.463 psf 
pN5minus1 ≔ pN5ext1 - pN5int1 = -13.671 psf 

pN5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pN5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pN5plus2 ≔ pN5ext2 + pN5int2 = 0.391 psf 
pN5minus2 ≔ pN5ext2 - pN5int2 = -4.818 psf 

 

Overhang Pressures: pNoh ≔ qz ⋅ G ⋅ Cp1 = -11.067 psf 
IMPORTANT NOTE: poh Must be added to the positive external pressure on windward faces with overhang (surface 1)) 
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EAST WIND CALCULATIONS (WIND DIRECTION B) 

 

Wall Pressures Coefficients: L ≔ LB = 16.667 ft B ≔ BB = 79.333 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 0.21 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.5 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pE1ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE1plus ≔ pE1ext + pE1int = -6.004 psf 

pE1minus ≔ pE1ext - pE1int = -11.212 psf 

 
pE2ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pE2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE2plus ≔ pE2ext + pE2int = 12.442 psf 

pE2minus ≔ pE2ext - pE2int = 7.234 psf 

 
pE3ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE3plus ≔ pE3ext + pE3int = -6.004 psf 

pE3minus ≔ pE3ext - pE3int = -11.212 psf 

 
pE4ext ≔ qz ⋅ G ⋅ CpLW = -6.15 psf (leeward) 
pE4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE4plus ≔ pE4ext + pE4int = -3.544 psf 

pE4minus ≔ pE4ext - pE4int = -8.753 psf 
 

Roof Pressures Coefficients: L ≔ LB + lNS.OH = 20.667 ft B ≔ BB + lEW.OH = 79.333 ft 
 
 

Variables Needed for Table: 
h 

= 0.4708 
L 

h 
= 4.9 ft 

2 

 
h = 9.7 ft 

 
2 h = 19.5 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 

Surface 5: pE5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 
pE5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pE5plus1 ≔ pE5ext1 + pE5int1 = -8.463 psf 
pE5minus1 ≔ pE5ext1 - pE5int1 = -13.671 psf 

pE5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pE5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pE5plus2 ≔ pE5ext2 + pE5int2 = 0.391 psf 
pE5minus2 ≔ pE5ext2 - pE5int2 = -4.818 psf 
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SOUTH WIND CALCULATIONS  (WIND DIRECTION C) 

 

Wall Pressures Coefficients: L ≔ LC = 79.333 ft B ≔ BC = 16.667 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 4.76 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.2 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pS1ext ≔ qz ⋅ G ⋅ CpLW = -2.46 psf (leeward) 
pS1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS1plus ≔ pS1ext + pS1int = 0.145 psf 
pS1minus ≔ pS1ext - pS1int = -5.063 psf 

 
pS2ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pS2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS2plus ≔ pS2ext + pS2int = -6.004 psf 

pS2minus ≔ pS2ext - pS2int = -11.212 psf 

 
pS3ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pS3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS3plus ≔ pS3ext + pS3int = 12.442 psf 

pS3minus ≔ pS3ext - pS3int = 7.234 psf 

 
pS4ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pS4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS4plus ≔ pS4ext + pS4int = -6.004 psf 

pS4minus ≔ pS4ext - pS4int = -11.212 psf 
 

Roof Pressures Coefficients: L ≔ LC + lEW.OH = 79.333 ft B ≔ BC + lNS.OH = 20.667 ft 
 
 

Variables Needed for Table: 
h 

= 0.1226 
L 

h 
= 4.9 ft 

2 

 
h = 9.7 ft 

 
2 h = 19.5 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 

Surface 5: pS5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 
pS5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pS5plus1 ≔ pS5ext1 + pS5int1 = -8.463 psf 
pS5minus1 ≔ pS5ext1 - pS5int1 = -13.671 psf 

pS5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pS5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pS5plus2 ≔ pS5ext2 + pS5int2 = 0.391 psf 
pS5minus2 ≔ pS5ext2 - pS5int2 = -4.818 psf 
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WEST WIND CALCULATIONS (WIND DIRECTION D) 

 

Wall Pressures Coefficients: L ≔ LD = 16.667 ft B ≔ BD = 79.333 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 0.21 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.5 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 

Wall Pressures: p ≔ piext +/- piint 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 

pW1ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW1plus ≔ pW1ext + pW1int = -6.004 psf 

pW1minus ≔ pW1ext - pW1int = -11.212 psf 

 
pW2ext ≔ qz ⋅ G ⋅ CpLW = -6.15 psf (leeward) 
pW2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW2plus ≔ pW2ext + pW2int = -3.544 psf 

pW2minus ≔ pW2ext - pW2int = -8.753 psf 

 
pW3ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW3plus ≔ pW3ext + pW3int = -6.004 psf 

pW3minus ≔ pW3ext - pW3int = -11.212 psf 

 
pW4ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pW4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW4plus ≔ pW4ext + pW4int = 12.442 psf 

pW4minus ≔ pW4ext - pW4int = 7.234 psf 
 

Roof Pressures Coefficients: L ≔ LD + lNS.OH = 20.667 ft B ≔ BD + lEW.OH = 79.333 ft 
 
 

Variables Needed for Table: 
h 

= 0.4708 
L 

h 
= 4.9 ft 

2 

 
h = 9.7 ft 

 
2 h = 19.5 ft 

 
θ ≔ 0 

 

External Pressure Coefficient: Cp1 ≔ -0.9 Cp2 ≔ -0.18 (ASCE 7-22: Figure 27.3-1) 
 

Roof Pressures: p ≔ piext +/- piint 

Surface 5: pW5ext1 ≔ qz ⋅ G ⋅ Cp1 = -11.07 psf 
pW5int1 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pW5plus1 ≔ pW5ext1 + pW5int1 = -8.463 psf 
pW5minus1 ≔ pW5ext1 - pW5int1 = -13.671 psf 

pW5ext2 ≔ qz ⋅ G ⋅ Cp2 = -2.21 psf 
pW5int2 ≔ qi ⋅ ⎛⎝GCpi⎠⎞ = 2.6 psf 

pW5plus2 ≔ pW5ext2 + pW5int2 = 0.391 psf 
pW5minus2 ≔ pW5ext2 - pW5int2 = -4.818 psf 
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SUMMARY CALCULATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maximum Positive Pressure on each wall and roof surface: 
 

Surface 1: 
Surface 2: 
Surface 3: 
Surface 4: 

 
Surface 5: 

max ⎛⎝pN1plus , pE1plus , pS1plus , pW1plus , pN1minus , pE1minus , pS1minus , pW1minus⎠⎞ = 12.442 psf 

max ⎛⎝pN2plus , pE2plus , pS2plus , pW2plus , pN2minus , pE2minus , pS2minus , pW2minus⎠⎞ = 12.442 psf 

max ⎛⎝pN3plus , pE3plus , pS3plus , pW3plus , pN3minus , pE3minus , pS3minus , pW3minus⎠⎞ = 12.442 psf 

max ⎛⎝pN4plus , pE4plus , pS4plus , pW4plus , pN4minus , pE4minus , pS4minus , pW4minus⎠⎞ = 12.442 psf 

 
max ⎛⎝pN5plus1 , pN5plus2 , pE5plus1 , pE5plus2 , pS5plus1 , pS5plus2 , pW5plus1 , pW5plus2⎠⎞ = 0.391 psf 

 
 

Maximum Negative Pressure on each wall and roof surface: 
 

Surface 1: 
Surface 2: 
Surface 3: 
Surface 4: 

 
Surface 5: 

min ⎛⎝pN1plus , pE1plus , pS1plus , pW1plus , pN1minus , pE1minus , pS1minus , pW1minus⎞⎠ = -11.212 psf 

min ⎛⎝pN2plus , pE2plus , pS2plus , pW2plus , pN2minus , pE2minus , pS2minus , pW2minus⎞⎠ = -11.212 psf 

min ⎛⎝pN3plus , pE3plus , pS3plus , pW3plus , pN3minus , pE3minus , pS3minus , pW3minus⎞⎠ = -11.212 psf 

min ⎛⎝pN4plus , pE4plus , pS4plus , pW4plus , pN4minus , pE4minus , pS4minus , pW4minus⎞⎠ = -11.212 psf 

 
min ⎛⎝pN5minus1 , pN5minus2 , pE5minus1 , pE5minus2 , pS5minus1 , pS5minus2 , pW5minus1 , pW5minus2⎠⎞ = -13.671 psf 

 
 

Overhang Pressures: poh ≔ qz ⋅ G ⋅ Cp1 = -11.067 psf 
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MWFRS DESIGN WIND PRESSURES FOR WALLS AND ROOF - PHASE 2 
 

Determining Wind Load Parameters: 
 

Exposure Category: B (ASCE 7-22: Section 26.7.3) 

 
Risk Category: II (ASCE 7-22: Table 1.5-1) 

 

Importance Factor: I ≔ 1.0 (ASCE 7-22: Table 1.5-2 ) 
 

Basic Wind Speed: 
 

Wind Directionality Factor: 

V ≔ 108 mph (ASCE 7-22: Figure 26.5-1B) 

 
Kd ≔ 0.85 MWFRS system (ASCE 7-22: Figure 26.6-1) 

 
Topographic Factor: Kzt ≔ 1  No ridges or hills near this site (ASCE 7-22: Section 26.8.1) 

Ground Elevation Factor: Ke ≔ 1 Conservative approximation 
 
(ASCE 7-22: Table 26.9-1) 

Gust Effect Factor: G ≔ 0.85 Rigid Building 
 
(ASCE 7-22: Section 26.11.1) 

Enclosure Classification: Partially Open 
 
(ASCE 7-22: Section 26.2) 

Internal Pressure Coefficient: GCpi ≔ 0.18 
 
(ASCE 7-22: Table 26.13-1) 

 
 
 

Velocity Pressure Exposure Coefficient: Kz ≔ 0.57 (ASCE 7-22: Table 26.10-1) 

Using directional procedure so not 0.7 
 
 

Velocity Pressure: 

qz ≔ 0.00256 
psf 

mph 2 

 
 
• Kz ⋅ Kzt ⋅ Kd ⋅ V2 ⋅ I = 14.467 psf 

 
 
 

qi ≔ qz 

 
 
 

(ASCE 7-22: Equation 26.10-1) 

 
 
 

Mean Roof Height: h ≔ 
10 ft + 9.458 ft = 9.729 ft (Height Modeled on Revit) 

Based on 5" roof d e
2
c k  . 3.5" concrete, 1.5" metal decking 

Appendix E: Restroom Phase Two Design Calculations 
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DIAGRAMS FOR WIND PRESSURE CALCULATIONS: 

TOP VIEW: OF PHASE 2 RESTROOM STRUCTURE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3D VIEW: OF PHASE 2 RESTROOM STRUCTURE FROM SOUTHWEST 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Building Dimensions: 
LA ≔ 79 ft + 4 in 

BA ≔ 30 ft + 4 in 

 

Equivalent Dimensions: LC ≔ LA 

LB ≔ BA 

LD ≔ LB 

BC ≔ BA 

BB ≔ LA 

BD ≔ BB 
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NORTH WIND CALCULATIONS  (WIND DIRECTION A) 

 

Wall Pressures Coefficients: L ≔ LA = 79.333 ft B ≔ BA = 30.333 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 2.615 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.267 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 
 

Wall Pressures: p ≔ piext +/- piint 
 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 
 
 
 
 

Surface 5: 
 
 
 
 

Surface 6: 

pN1ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pN1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN1plus ≔ pN1ext + pN1int = 12.442 psf 

pN1minus ≔ pN1ext - pN1int = 7.234 psf 

 
pN2ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pN2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN2plus ≔ pN2ext + pN2int = -6.004 psf 

pN2minus ≔ pN2ext - pN2int = -11.212 psf 

 
pN3ext ≔ qz ⋅ G ⋅ CpLW = -3.28 psf (leeward) 
pN3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN3plus ≔ pN3ext + pN3int = -0.679 psf 

pN3minus ≔ pN3ext - pN3int = -5.887 psf 

 
pN4ext ≔ qz ⋅ G ⋅ CpLW = -3.28 psf (leeward) 
pN4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN4plus ≔ pN4ext + pN4int = -0.679 psf 

pN4minus ≔ pN4ext - pN4int = -5.887 psf 

 
pN5ext ≔ qz ⋅ G ⋅ CpLW = -3.28 psf (leeward) 
pN5int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN5plus ≔ pN5ext + pN5int = -0.679 psf 

pN5minus ≔ pN5ext - pN5int = -5.887 psf 

 
pN6ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pN6int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pN6plus ≔ pN6ext + pN6int = -6.004 psf 

pN6minus ≔ pN6ext - pN6int = -11.212 psf 
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EAST WIND CALCULATIONS (WIND DIRECTION B) 

 

Wall Pressures Coefficients: L ≔ LB = 30.333 ft B ≔ BB = 79.333 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 0.382 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.5 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 
 

Wall Pressures: p ≔ piext +/- piint 
 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 
 
 
 
 

Surface 5: 
 
 
 
 

Surface 6: 

pE1ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE1plus ≔ pE1ext + pE1int = -6.004 psf 

pE1minus ≔ pE1ext - pE1int = -11.212 psf 

 
pE2ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pE2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE2plus ≔ pE2ext + pE2int = 12.442 psf 

pE2minus ≔ pE2ext - pE2int = 7.234 psf 

 
pE3ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE3plus ≔ pE3ext + pE3int = -6.004 psf 

pE3minus ≔ pE3ext - pE3int = -11.212 psf 

 
pE4ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE4plus ≔ pE4ext + pE4int = -6.004 psf 

pE4minus ≔ pE4ext - pE4int = -11.212 psf 

 
pE5ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pE5int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE5plus ≔ pE5ext + pE5int = -6.004 psf 

pE5minus ≔ pE5ext - pE5int = -11.212 psf 

 
pE6ext ≔ qz ⋅ G ⋅ CpLW = -6.15 psf (leeward) 
pE6int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pE6plus ≔ pE6ext + pE6int = -3.544 psf 

pE6minus ≔ pE6ext - pE6int = -8.753 psf 
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SOUTH WIND CALCULATIONS  (WIND DIRECTION C) 

 

Wall Pressures Coefficients: L ≔ LC = 79.333 ft B ≔ BC = 30.333 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 2.615 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.267 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 
 

Wall Pressures: p ≔ piext +/- piint 
 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 
 
 
 
 

Surface 5: 
 
 
 
 

Surface 6: 

pS1ext ≔ qz ⋅ G ⋅ CpLW = -3.28 psf (leeward) 
pS1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS1plus ≔ pS1ext + pS1int = -0.679 psf 

pS1minus ≔ pS1ext - pS1int = -5.887 psf 

 
pS2ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pS2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS2plus ≔ pS2ext + pS2int = -6.004 psf 

pS2minus ≔ pS2ext - pS2int = -11.212 psf 

 
pS3ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pS3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS3plus ≔ pS3ext + pS3int = 12.442 psf 

pS3minus ≔ pS3ext - pS3int = 7.234 psf 

 
pS4ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pS4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS4plus ≔ pS4ext + pS4int = 12.442 psf 

pS4minus ≔ pS4ext - pS4int = 7.234 psf 

 
pS5ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pS5int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS5plus ≔ pS5ext + pS5int = 12.442 psf 

pS5minus ≔ pS5ext - pS5int = 7.234 psf 

 
pS6ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pS6int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pS6plus ≔ pS6ext + pS6int = -6.004 psf 

pS6minus ≔ pS6ext - pS6int = -11.212 psf 
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WEST WIND CALCULATIONS (WIND DIRECTION D) 

 

Wall Pressures Coefficients: L ≔ LD = 30.333 ft B ≔ BD = 79.333 ft 
 
 

Variables Needed for Table: 
 
 

External Pressure Coefficients: 

L 
= 0.382 

B 
 

CpWW ≔ 0.8 

 
 
 

CpLW ≔ -0.5 

 
 
 

CpS ≔ -0.7 (ASCE 7-22: Figure 27.3-1) 

 
 

Wall Pressures: p ≔ piext +/- piint 
 

Surface 1: 
 
 
 
 

Surface 2: 
 
 
 
 

Surface 3: 
 
 
 
 

Surface 4: 
 
 
 
 

Surface 5: 
 
 
 
 

Surface 6: 

pW1ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW1int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW1plus ≔ pW1ext + pW1int = -6.004 psf 

pW1minus ≔ pW1ext - pW1int = -11.212 psf 

 
pW2ext ≔ qz ⋅ G ⋅ CpLW = -6.15 psf (leeward) 
pW2int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW2plus ≔ pW2ext + pW2int = -3.544 psf 

pW2minus ≔ pW2ext - pW2int = -8.753 psf 

 
pW3ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW3int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW3plus ≔ pW3ext + pW3int = -6.004 psf 

pW3minus ≔ pW3ext - pW3int = -11.212 psf 

 
pW4ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW4int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW4plus ≔ pW4ext + pW4int = -6.004 psf 

pW4minus ≔ pW4ext - pW4int = -11.212 psf 

 
pW5ext ≔ qz ⋅ G ⋅ CpS = -8.61 psf (side) 
pW5int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW5plus ≔ pW5ext + pW5int = -6.004 psf 

pW5minus ≔ pW5ext - pW5int = -11.212 psf 

 
pW6ext ≔ qz ⋅ G ⋅ CpWW = 9.84 psf (windward) 
pW6int ≔ qi ⋅ ⎛⎝GCpi⎞⎠ = 2.6 psf 

pW6plus ≔ pW6ext + pW6int = 12.442 psf 

pW6minus ≔ pW6ext - pW6int = 7.234 psf 
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SUMMARY CALCULATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maximum Positive Pressure on each wall and roof surface: 
 

Surface 1: 
Surface 2: 
Surface 3: 
Surface 4: 
Surface 5: 
Surface 6: 

max ⎛⎝pN1plus , pE1plus , pS1plus , pW1plus , pN1minus , pE1minus , pS1minus , pW1minus⎠⎞ = 12.442 psf 

max ⎛⎝pN2plus , pE2plus , pS2plus , pW2plus , pN2minus , pE2minus , pS2minus , pW2minus⎠⎞ = 12.442 psf 

max ⎛⎝pN3plus , pE3plus , pS3plus , pW3plus , pN3minus , pE3minus , pS3minus , pW3minus⎠⎞ = 12.442 psf 

max ⎛⎝pN4plus , pE4plus , pS4plus , pW4plus , pN4minus , pE4minus , pS4minus , pW4minus⎠⎞ = 12.442 psf 

max ⎛⎝pN5plus , pE5plus , pS5plus , pW5plus , pN5minus , pE5minus , pS5minus , pW5minus⎠⎞ = 12.442 psf 

max ⎛⎝pN6plus , pE6plus , pS6plus , pW6plus , pN6minus , pE6minus , pS6minus , pW6minus⎠⎞ = 12.442 psf 

 
 

Maximum Negative Pressure on each wall and roof surface: 
 

Surface 1: 
Surface 2: 
Surface 3: 
Surface 4: 
Surface 5: 
Surface 6: 

min ⎛⎝pN1plus , pE1plus , pS1plus , pW1plus , pN1minus , pE1minus , pS1minus , pW1minus⎞⎠ = -11.212 psf 

min ⎛⎝pN2plus , pE2plus , pS2plus , pW2plus , pN2minus , pE2minus , pS2minus , pW2minus⎞⎠ = -11.212 psf 

min ⎛⎝pN3plus , pE3plus , pS3plus , pW3plus , pN3minus , pE3minus , pS3minus , pW3minus⎞⎠ = -11.212 psf 

min ⎛⎝pN4plus , pE4plus , pS4plus , pW4plus , pN4minus , pE4minus , pS4minus , pW4minus⎞⎠ = -11.212 psf 

min ⎛⎝pN5plus , pE5plus , pS5plus , pW5plus , pN5minus , pE5minus , pS5minus , pW5minus⎞⎠ = -11.212 psf 

min ⎛⎝pN6plus , pE6plus , pS6plus , pW6plus , pN6minus , pE6minus , pS6minus , pW6minus⎞⎠ = -11.212 psf 

 
 

Use Roof Pressures from phase 1 Wind Calcs for more accurate surface 7 pressures 
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DeadMembrane ≔ 1 psf 

Ramp Dead Loads 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From top down: 
 

Liquid Applied Waterproofing Membrane 
 

Clear Waterproofing Membrane 
 

Link to Website: https://waterstop.com.au/product/clear-waterproofing-membrane-10l/ 
 

Link to Datasheet: https://waterstop.com.au/wp-content/uploads/2021/06/Data-Sheet- 
Clear-Waterproofing-Membrane-RV2-2.pdf 

 

ASCE 7-22 Table C3.1-1a Minimum 
Design Dead Loads (psf) 
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Normal Weight Concrete Composite Deck with Welded-Wire Reinforcements 
 

1.5VL-36 COMPOSITE DECK-SLAB Normal Weight Concrete - 22 gage - 5" total depth - 3.5" topping 
 

Link to Website: https://vulcraft.com/Products/Deck#composite-deck 
 

Link to Datasheet:https://vulcraft.com/catalogs/Deck/CompositeDeck/ 
LRFD-1.5VL-36-1.5VLI-36-1.5PLVLI-36_Composite_Deck-Slab.pdf 

 
DeadCompositeDeck ≔ 50.3 psf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Total Ramp Dead Load 
 

DeadRamp ≔ DeadMembrane + DeadCompositeDeck = 51.3 psf 
 

The dead load for the ramp is approximately 52 psf 
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Snow Loads for Ramp Used ASCE 7-16 

Balanced Snow Load 
 

Exposure Coefficient 
 
 
 
 
 
 

Ce ≔ 1.0 
Surface Roughness B/Partially Exposed... 
because we're in downtown Maquoketa 

ASCE 7-16 Table 7.3-1 Exposure Coefficient, Ce 
 
 
 
 
 
 
 
 
 
 
 
 

Thermal Factor 
 

Heated closed structure 

Ct ≔ 1.2 
Unheated Open Air Structure 

without a ventilated roof ASCE 7-16 Table 7.3-2 Thermal Factor, Ct 
 

Didn't use ASCE 7-22 
because C_t is requires 
known material properties 
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Importance Factor 
 
 
 
 

Is ≔ 1.0 
 

Risk Category 2 
ASCE 7-16 Table 1.5-2 

 
 
 
 
 
 
 
 

Ground Snow Load 
 
 
 
 
 
 

ASCE Hazard Tool 
 

pg ≔ 51 psf 
 

No other snow load 
indicated in the Maquoketa 
Code of Ordinances 
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Sloped Roof Factor Cs ≔ 1.0 Using ramp slope as the roof slope 
 
 
 

Sloped Roof Snow Load ps ≔ 0.7 ⋅ Cs ⋅ Ce ⋅ Ct ⋅ Is ⋅ pg = 42.84 psf 
 
 

BalancedSnowLoad ≔ ps = 42.84 psf 
 
 

The snow load is approximately 43 psf 



Non-Commercial Use Only  

 

Live Loads Used ASCE 7-22 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LiveLoad ≔ 100 psf For roof area used for 
assembly purposes 

 
 

Since the roof won't be occupied at the same time as 
snowstorm, use the larger number load (snow or live load). 

 

LiveLoad = 100 psf >> BalancedSnowLoad = 42.84 psf 
 
 

Regardless, we will test each load combination for sufficient strength of members 
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1.5VL-36 COMPOSITE DECK GRADE 50 STEEL 
 

Link to Website: https://vulcraft.com/Products/ 
Deck#composite-deck 

 
Link to Datasheet: https://vulcraft.com/catalogs/Deck/CompositeDeck/ 
LRFD-1.5VL-36-1.5VLI-36-1.5PLVLI-36_Composite_Deck-Slab.pdf 

 
 

Slab Makeup: 
Total - 5" 
Topping - 3.5" of Normal weight concrete (145 pcf) 
Deck Gauge - 22 

 
 

Superimposed Load: Based on LRFD Load Combinations 
 
 
 
 
 
 
 
 
 
 
 
 

Loads: 
 

DeadMembrane ≔ 1 psf DeadCompositeDeck ≔ 50.3 psf 
 
 

D ≔ DeadMembrane = 1 psf Superimposed 
 
 

L ≔ 100 psf 
 

S ≔ 43 psf 
 

W ≔ 12.442 psf 
 

Wuplift ≔-11.212 psf 
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LRFD Load Combos:   

1.4 D = 1.4 psf (1) 

1.2 D + 1.6 L + 0.5 S = 182.7 psf (2) 

1.2 D + 1.6 S + L = 170 psf (3) Neglect wind load in combo 3 
because it is smaller than L 

1.2 D + W + L + 0.5 S = 135.142 psf (4)  

0.9 ⎛⎝D + DeadCompositeDeck⎠⎞ + Wuplift = 34.958 psf (5) Uplift is not an issue 

 
MaxLoad ≔ 182.7 psf 

  

 
 
 
 
 

Allowable Superimposed 

Span: 

Designing for max span of 11'-6" 
 
 

Allowable ≔ 192 psf 
 
 

MaxLoad = 182.7 psf < Allowable = 192 psf 
 

Sufficient for Allowable Deflection... which is the limiting factor! 
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Allowable Reaction at Supports (Based on LRFD Load Combinations) 

 
Treat as a one way slab since the length is much much longer than the width 

 

16 Deck Gauge 
One Flange Loading 
End bearing is 4"+ 

 
Allowable ≔ 1563 plf 

 
 

btributary ≔ 5 ft + 0.5 1.5 ft = 5.75 ft 
 

Actual ≔ MaxLoad ⋅ btributary = 1050.525 plf 
 

Actual = 1050.525 plf < Allowable = 1563 plf 
 

Sufficient for Web Crippling, will not be an issue 
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Shear Stud Spacing 

https://vulcraft.com/DesignTools/HighPerformanceDeckSlabDiaphragmStrength 

Required Shear 

WindLoadMax ≔ 12.442 psf 
 
 

ShearRequired ≔ ⎛⎝WindLoadMax⎠⎞ ⋅ 7 ft = 87.094 plf Round up to 90 plf 
(Half of largest wall height) 

 
 
 
 

Input 
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STEEL ANGLE CONNECTION: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Live Load: 
Dead Load: 

L ≔ 100 psf 
D ≔ 52 psf 

Snow Load: S ≔ 43 psf 
Wind Load: 
Uplift Load: 

W ≔ 0.391 psf 
Wuplift ≔ -13.671 psf 

 
 

Width of Ramp: 
Slab Strip Width: 

 
LRFD load combos: 

l ≔ 5 ft 
ls ≔ 1 ft 

 
w1 ≔ 1.4 D = 72.8 psf 
w2 ≔ 1.2 D + 1.6 L + 0.5 S = 243.9 psf 
w3 ≔ 1.2 D + 1.6 S + L = 231.2 psf 
w4 ≔ 1.2 D + W + L + 0.5 S = 184.291 psf 
w5 ≔ 0.9 D + Wuplift = 33.129 psf 
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Finding Required Strength 

Factored Distributed Load: 
Load Bearing on one Angle: 

 
wu ≔ max ⎛⎝w1 , w2 , w3 , w4 , w5⎞⎠ ⋅ ls = 0.244 kip ÷ ft 
Pu ≔ wu ⋅ l ÷ 2 = 0.61 kip  (Load distributed to angles on each side of ramp) 

 

Max Moment: Mmax ≔ wu ⋅ l2 ÷ 12 = 0.508 kip ⋅ ft (AISC TABLES - CASE 15 - FIXED AT BOTH 

Max Shear: Vmax ≔ wu • (l ÷ 2) = 0.61 kip ENDS WITH UNIFORMLY DISTRIBUTED LOAD) 

 

Angle Selection 
Angle: L3x3x1/2 
Length of Legs: 
Leg Thickness: 
Plastic Section: 

b ≔ 3 in 
t ≔ 0.5 in 
Zx ≔ 1.91 in 3 

Grade of Steel: A36 
Steel Yield Strength: 
Ultimate Strength: 
Modulus of Elasticity: 

Fy ≔ 36 ksi 
Fu ≔ 58 ksi 
E ≔ 29000 ksi 

 

Bolt Selection 
Bolt Type: Bent Bar Anchor Bolt 
Bolt Grade: F1554 Grade 36 
Yield Strength: 
Ultimate Strength: 
Bolt Diameter: 
Bolt Hole: 

Fyb ≔ 36 ksi 
Fub ≔ 58 ksi 
db ≔ 0.5 in 6 

dh ≔ db + (1 ÷ 16) in (Standard holes) 

Threads are excluded (X bolts) or included (N bolts) in the shear plane: Bolt ≔ “N” 

Check Flexural Strength based on Flange Local Buckling 
Width to Thickness Ratio: 
Limiting flange slenderness parameter: 
Limiting flange slenderness parameter: 

 
For Compact Flange ( λf ≤ λpf ): 

λf ≔ b ÷ t = 6 
λpf ≔ 0.54 ⋅ 

λrf ≔ 0.91 ⋅ 

 
E ÷ Fyb = 15.326 

E ÷ Fyb = 25.828 

 

Plastic Moment about x-axis: Mp ≔ Fy ⋅ Zx = 5.73 kip ⋅ ft 
 

Flexural Strength based on FLB: ϕMn ≔ 0.9 ⋅ Mp = 5.157 kip ⋅ ft 
 

Required Flexural Strength: Mmax = 0.508 kip ⋅ ft 
 

The section IS adequate for flexure since Mmax < ϕMn 
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‖ 

‖ 

| 

 
Check for Shear Strength of Bolt 

 

Available shear strength of 
bolt: 

Fnv ≔ if Bolt＝“X” 
‖ 0.563 ⋅ Fub 

| = 26.1 ksi 
| 
| 

else if Bolt＝“N”| 
‖ 0.45 ⋅ Fub | 

Area of Bolt: 
 

Bolt Shear Strength: 

Required Shear Strength: 

Ab ≔ π ⋅ ⎛⎝db2 ÷ 4⎞⎠ = 0.196 in 2 

ϕRnShear ≔ 0.75 ⋅ ⎛⎝Fnv⎠⎞ ⋅ Ab = 3.844 kip 

Vmax = 0.61 kip 

The section IS adequate for shear since Vmax < ϕRnShear 
 
 
 

Check Bearing Strength 
https://ncma.org/resource/design-of-anchor-bolts-embedded-in-concrete-masonry/ 

 

Input into "Masonry Anchor Bolt Design Calculator": 
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PHASE 3 ROOF CALCULATIONS 

ASCE 7-16 Chapters 26 and 27 
 
 

Open Structure Wind Calculations with a Monoslope Roof 

V ≔ 108 
mi 
hr Chapter 26 

Kd ≔ 0.85 Ke ≔ 1 Kz ≔ 0.605 

q ≔ 0.00256 
psf 

mph 2 

 
• Kz ⋅ Kd ⋅ Ke ⋅ V2 = 15.355 psf 

 
South Wind Loads 

 
CnW ≔ 1.2 G ≔ 0.85 

 

p ≔ q ⋅ G ⋅ CnW = 15.663 psf 
 

North Wind Loads Figure 27.3-4 
 

CnW ≔-1.1 G ≔ 0.85 
 
 

p ≔ q ⋅ G ⋅ CnW =-14.357 psf 
 

East Wind Load 
 

Cn ≔ 0.3 G ≔ 0.85 
 

p ≔ q ⋅ G ⋅ Cn = 3.916 psf 
 

West Wind Load Figure 27.3-7 
 

Cn ≔ 0.3 G ≔ 0.85 
 

p ≔ q ⋅ G ⋅ Cn = 3.916 psf 

Balanced Snow Load 

Exposure Coefficient 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thermal Factor 
 

Heated closed structure 
without a ventilated roof 

 
 
 
 
 
 
 

Ce ≔ 0.9 
 

Surface Roughness B/Partially Exposed... 
because we're in downtown Maquoketa 

ASCE 7-16 Table 7.3-1 Exposure Coefficient 

 
 

Ct ≔ 1.2 
All structures except 
as indicated below 

ASCE 7-16 Table 7.3-2 Thermal Factor 
 

Didn't use ASCE 7-22 
because C_t is requires 
known material properties 

Appendix F: Restroom Phase Three Design Calculations 
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Importance Factor 

 

 
Ground Snow Load 

 
 
 
 

Is ≔ 1.0 
 

Risk Category 2 
ASCE 7-16 Table 1.5-2 

 
 
 
 
 
 
 

pg ≔ 25 psf 
 

ASCE 7-16 Figure 7.2-1 
 

No other snow load 
indicated in the Maquoketa 
Code of Ordinances 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sloped Roof Factor Cs ≔ 1 Essentially a flat roof 
 
 
 

Sloped Roof Snow Load ps ≔ 0.7 ⋅ Cs ⋅ Ce ⋅ Ct ⋅ Is ⋅ pg = 18.9 psf 
 
 

The balanced snow load is 19 psf 
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+ bf ⋅ tf ⋅ ho - 
⎝ ⎠ 

 
Phase 3 Roof Calculations 

 
 
 

Metal Deck 
 

60 solar panels at 40 lbs each or 2.8psf 
 

5.5 ft x 3.25 ft 
A ≔ 5.5 ft ⋅ 3.25 ft = 17.875 ft 2 

 
Uplift Calculations(Ignoring Weight of solar panels) 

 
Accounting for metal deck and 
steel slates(keep water off decking) 

 
DeckDead ≔ 2.5 psf + 1 psf 
WL ≔-14.375 psf 

 

wUplift ≔ 0.6 ⋅ DeckDead + 0.75 ⋅ 
Deck can support uplift, design OK 

Joists Supporting Deck 

Using W10x12 

0.6 ⋅ WL =-4.369 psf 

 
L ≔ 20 ft = 20 ft a ≔ 4.5 ft 

 

6 psf acting from roof down: 3 psf from deck, 1 psf from panels, 2 psf from panels 
 

wDead ≔ 6 psf wLive ≔ 0 psf wSnow ≔ 19 psf wWind ≔ 15.7 psf 
 

wu ≔ 1.2 ⋅ wDead + 1.6 ⋅ wSnow + 0.5 ⋅ wWind = 45.45 psf 
 

tb ≔ 8 ft 
 

w ≔ wu ⋅ tb = 363.6 plf Rroof ≔ w ⋅ L = 7.272 kip 
 

M1 ≔ 
w 

⋅
 

8 ⋅ L2 2 

 
L + a 2 ⋅ 

 
L - a 2 = 16.386 ft ⋅ kip 

M2 ≔ 
w ⋅ a 

2 

Fy ≔ 50 ksi 

= 3.681 ft ⋅ kip 
 

E ≔ 29000 ksi 

Zx ≔ 
M1 

= 3.933 in 3 
Fy 

Zx of W10x12 is 12.6in^3, so design OK 
Using a coped end Page 755 in chapter 7 of 

bhatti book for example 
c ≔ 4.5 in dc ≔ 2 in 

 
RJoist ≔ 

 
w + 10 plf • L 

= 3.736 kip 
2 

d ≔ 9.87 in tw ≔ 0.19 in bf ≔ 3.96 in tf ≔ 0.21 in 
 

e ≔ c + 0.5 in ho ≔ d - dc = 7.87 in 
 

Mu ≔ RJoist ⋅ e = 1.557 ft ⋅ kip 
 

Cv ≔ 1 Awnet ≔ ho ⋅ tw = 1.495 in 2  
This value is greater than what is 

ϕVn ≔ 0.9 ⋅ 0.6 ⋅ Fy ⋅ Awnet ⋅ Cv = 40.373 kip required, so shear strength is OK 

hp ≔ 
bf ⋅ tf + tw ⋅ ho - tf  = 6.018 in 

2 ⋅ tw 
 

Znet ≔ tw ⋅ hp ⋅ hp ⎛ tf 
- h 

⎞ 
+ tw ⋅ ho - hp - tf ⋅ ho - hp - tf 

= 5.149 in 3 

2 ⎜ 2 
p⎟ 2 

Mp ≔ Fy ⋅ Znet = 21.456 ft ⋅ kip 

λ ≔ 
ho 

= 41.421 
tw 
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⎜ ⎟ 

⎝ ⎠ 

 

c 
= 0.572 

ho 

c 
= 0.456 

d 
 

k ≔ 
2.2 

⎛ ⎞1.65 

 
= 5.533 f ≔ 2 ⋅ 

⎛ c ⎞ 
= 0.912 d 

c ⎝ ⎠ 
⎜ ho ⎟ ⎝ ⎠ 

 

k1 ≔max f ⋅ k , 1.61 = 5.046 
 

λp ≔ 0.475 ⋅ 
k1 ⋅ E 

= 25.696 
Fy 

bf ⋅ tf ⋅ 
h1 ≔ 

ho - 0.5 ⋅ tf + tw ⋅ ho - tf 
• ho - tf 

2 
 

= 5.261 in 
bf ⋅ tf + tw ⋅ ho - tf 

 

Inet ≔ 
1
 

12 
• bf ⋅ tf3 + bf ⋅ tf ⋅ ho - h1 - 0.5 ⋅ tf 2 + 1 

12 
• tw ⋅ ho - tf 3 + tw ⋅ ho - tf • 0.5 ⋅ ho - tf - h1 2 = 15.314 in 4 

 

Snet ≔ 
Inet 

= 2.911 in 3 
h1 

 
My ≔ Fy ⋅ Snet = 12.129 ft ⋅ kip 

 

⎛ ⎛ λ ⎞⎞ 
ϕMn ≔ 0.9 ⋅ ⎜Mp - Mp - My ⋅ ⎜ λp 

- 1⎟⎟ = 14.173 ft ⋅ kip 
⎝ ⎝ ⎠⎠ 

Since flexural strength phi Mn is greater than Mu, a W10X12 
member with a cope length of 4.5 in and depth of 2 in is suitable 

 
Girders Supporting Joists 

 
Only load it is supporting is from the joists, which acts at the mid point 

Mmax ≔ 
RJoist ⋅ L 

= 18.68 ft ⋅ kip 
4 

 
Zx ≔ 

Mmax 
= 4.483 in 3 

Fy 

Use W12X14 to allow for single coped beam. 
 

Columns Supporting Girders 
Using W12x14 

 

Pcolumn ≔ 2.5 ⋅ RJoist = 9.34 kip 
 

L ≔ 9.5 ft A ≔ 3.54 in 2 
 

Lcx ≔ L = 9.5 ft 
 

Lcy ≔ 0.8 ⋅ L = 7.6 ft 
 

rx ≔ 4.62 in ry ≔ 0.753 in 
 
 

fe ≔ 
π2 ⋅ E 

⎛ Lcy ⎞2
 

 
= 19.512 ksi 

⎜ ry ⎟ 
 

Pcr ≔ fe ⋅ A = 69.072 kip 
 

Since P applies is lower than the Pcr, the size is okay 
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Connections 
 

Panels to deck 
 

Any sort of clamp will suffice 
 

Clamp at each end of the panel(4 corners) to the metal deck, or where best seen fit 
Deck to Joist connection was previously shown, but will be shown again 

 

 
 

36/4 connection pattern with #12 Screw 
 

Meets required strength for what is needed for on top of deck 
 
 

Joist to Girder 
Start with half inch plate, 7 in height, 7 in width 
3 5/8 in standard bolts, A325N 

 
Shear Strength of Bolt 

 
 
 

chapter 8 page 839 bhatti 

db ≔ 
5 in 
8 

Ab ≔ 
π 

⋅ db2 = 0.307 in 2 
4 

FuBolt ≔ 120 ksi 
 

Fnv ≔ 0.45 ⋅ FuBolt = 54 ksi 
 

ϕRnShear ≔ 0.75 ⋅ Fnv ⋅ Ab = 12.425 kip 
 

Strength of Connection 
Le ≔ 1.5 in 

dh ≔ db + 1 
16 

 
in = 0.688 in 

Lce ≔ Le - 0.5 ⋅ dh = 1.156 in 
 

t ≔ 0.19 in 
 

Fu ≔ 65 ksi 
 

ϕRnEndBolt ≔ 0.75 ⋅ min 1.2 ⋅ Lce ⋅ t ⋅ Fu , 2.4 ⋅ db ⋅ t ⋅ Fu = 12.852 kip 
 

s ≔ 2 in Lc ≔ s - dh = 1.313 in 
 

ϕRnIntBolt ≔ 0.75 ⋅ min 1.2 ⋅ Lc ⋅ t ⋅ Fu , 2.4 ⋅ db ⋅ t ⋅ Fu = 13.894 kip 
 

ϕRnBearing ≔ ϕRnEndBolt ⋅ 3 = 38.555 kip 
 

ConnectionStrength ≔ min ϕRnShear , ϕRnBearing = 12.425 kip 
 

This value is larger than the force experienced, so OK 
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Joist to Column 

Start with half inch plate, 7 in height, 7 in width 
3 5/8 in standard bolts, A325N 

 
Shear Strength of Bolt chapter 8 page 839 bhatti 

db ≔ 
5 in 
8 

Ab ≔ 
π 

⋅ db2 = 0.307 in 2 
4 

FuBolt ≔ 120 ksi 
 

Fnv ≔ 0.45 ⋅ FuBolt = 54 ksi 
 

ϕRnShear ≔ 0.75 ⋅ Fnv ⋅ Ab = 12.425 kip 
 
 

Strength of Connection 
Le ≔ 1.5 in 

dh ≔ db + 1 
16 

 
in = 0.688 in 

Lce ≔ Le - 0.5 ⋅ dh = 1.156 in 
 

t ≔ 0.225 in 
 

Fu ≔ 65 ksi 
 

≔ 0.75 ⋅ min 1.2 ⋅ Lce ⋅ t ⋅ Fu , 2.4 ⋅ db ⋅ t ⋅ Fu = 15.219 kip 
 

Lc ≔ s - dh = 1.313 in 
 

0.75 ⋅ min 1.2 ⋅ Lc ⋅ t ⋅ Fu , 2.4 ⋅ db ⋅ t ⋅ Fu = 16.453 kip 
 

≔ ϕRnEndBolt ⋅ 3 = 45.657 kip 
 

ConnectionStrength ≔ min ϕRnShear , ϕRnBearing = 12.425 kip 
 

This value is larger than the force experienced, so OK 

Girder to Column 

Welding the girder to 0.5 in plate, then weld plate to column flange 
11 in transverse weld, one on each side of girder web 

 
L ≔ 11 in Fy ≔ 50 ksi Fu ≔ 65 ksi t ≔ 0.5 in 

 
ϕRnBM ≔ min 1 ⋅ 0.6 ⋅ Fy ⋅ t ⋅ L , 0.75 ⋅ 0.6 ⋅ Fu ⋅ t ⋅ L = 160.875 kip 

 

w ≔ t - 1 
16 

 
in = 0.438 in 

L 
= 25.143 

w 

 
Fexx ≔ 70 ksi 

ϕRnweld ≔ 0.75 ⋅ 0.9 ⋅ Fexx ⋅ 0.707 ⋅ w ⋅ Le = 160.765 kip 
 

Both values are higher than force experienced, so OK 
 
 

Column to Concrete Deck Fy ≔ 36 ksi A36 Steel 
 

Assuming B ≔ 12 in N ≔ 16 in based off the size of the columns and 
needed spacing of anchor rods 

fc' ≔ 3 ksi Pu ≔ Pcolumn = 9.34 kip  
page 944 chapter 9 bhatti book 

A1 ≔ N ⋅ B = 192 in 2 
 
 

b ≔ 14 in width of concrete square that will be cut out 
 

e ≔ 
b - B 

2 

 
= 1 in 

 
A2 ≔ B + 2 e ⋅ N + 2 e = 252 in 2 

⎛ 

 
A2 ⎞ 

ϕcPp ≔ 0.65 ⋅ 0.85 ⋅ fc' ⋅ A2 ⋅ min ⎜2 , 
⎝ 

⎟ = 478.524 kip 
A1 ⎠ 

ϕRnEndBolt 

s ≔ 2 in 

ϕRnIntBolt ≔ 

ϕRnBearing  
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⎜ 4 ⎟ 

2 2 

 

l ≔max
⎛ N - 0.95 ⋅ d 

, 
B - 0.8 ⋅ bf 1 ⎞ 

⎜ , ⋅ 
⎝ 4 

d ⋅ bf⎟ = 4.416 in 
⎠ 

 

tp ≔ l ⋅ 2 ⋅ Pu 
0.9 ⋅ B ⋅ N ⋅ Fy 

= 0.242 in 

 
Anything 2/8 inches or more will suffice 

 
Anchor Bolts 

Start with 3/4 in 
4 anchors 
P ≔ Pcolumn = 9.34 kip 
Fwind ≔ wWind ⋅ 16 ft ⋅ 9.5 ft = 2.386 kip 

 
Mo ≔ Fwind ⋅ 9.5 ft = 22.671 ft ⋅ kip 

 
Pw ≔ 

Mo 
16 ft 

 
= 1.417 kip 

Pu ≔ P = 9.34 kip 
 

Uplift ≔ 0.9 ⋅ Pu - Pw = 6.989 kip 
 

Tu ≔ Uplift = 6.989 kip 
 

FuRod ≔ 58 ksi 

db ≔ 
3 in 
4 

 

ϕRn ≔ 0.75 ⋅ 0.75 ⋅ FuRod ⋅ 
⎛ π 

⋅ db 
⎝ 

2 ⎞ = 14.413 kip 
⎠ 

Tu 
= 1.747 kip 

4 

Anchor rods have enough strength, design OK Le ≔ L 
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