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Section I: Executive Summary

The following proposal outlines the rehabilitation and redesign of a multi-use facility at the
corner of 5" Avenue S and S 3+ Street in Clinton, lowa. The site has been designed to provide
luxury apartments and a new restaurant in Clinton’s downtown district. This proposal has been
prepared by a team of civil engineering students from the University of lowa. The four-member
team consists of Drew Hambly, Steven Susmarski, Trevor Thornburgh, and David Wu. The
team members all have in-depth experience in structural and civil engineering design projects
during their time at the University of lowa. Additionally, each member has had experience as
engineering interns training under professional civil, structural and construction engineers.

The existing facility was a former YMCA complex that had been abandoned for a considerable
amount of time. The facility consisted of two main buildings that were connected. The site was
broken down into two facilities as shown in the images below.
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Figure 1.1: Existing site layout

Building A

Figure 1.2: Designed site layout

The first building, which in has been referred to as “Building A,” was built in 1905 and is
considered an unofficial historic landmark by the City of Clinton. This three-story building with
a basement sits on the northwest corner of 50 Ave. S and S 3« St. and was formerly temporarily
used as low-income housing and commercial space. Due to this building being an unofficial
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historical landmark, demolition of the structure is not an option. The facility had uninhabitable
conditions due to extensive water damage and exposed utilities. The existing elevator was non-
functionable and needed to be replaced.

There were no existing structural/architectural drawings for the existing facilities. Dimensions
for Building A were determined by hand measurement. The structural layout of the building was
decided based on on-site inspections and engineering judgement. Both shall be confirmed by the
contractor on site.

Building A has been designed for interior renovation. The renovation consists of 16 luxury
apartment units with in-unit laundry. The apartment units vary from one to two bedrooms with
an approximate size of 1,000 SF on average. This building received special zoning to allow for
residential apartments on all four floors. The basement includes two units, a fitness center, a
recreation lounge, and mechanical rooms for the elevator and general equipment. The first floor
has been renovated to include three apartment units with one ADA accessible unit. A mail station
has also been added on the first floor. The second and third floors are identical in their floor plan
layout containing five units each. The rooftop has been designed to include a synthetic
greenspace and areas for grilling. The existing east stairwell was redesigned to reach the roof
patio and updated to present standards; a second stairwell was designed into the north-west
corner of the building that also extends to the rooftop. A new elevator shaft and footing was
designed to house a Schumacker elevator that is to be installed.

The second building, which has been labeled as “Building B,” was connected to the western wall
of Building A and had been used as a two-story recreational facility. Building B was constructed
several years after Building A and was not considered a historical landmark. Building B has been
demolished per client request.

The proposed building has taken the place of Building B, and has been labelled as “Building C.”
This building was designed as a restaurant with a size of 5,685 SF. It is on the same site as the
other building but is now separated by a parking lot. The restaurant includes a commercial
kitchen, a long bar, a dining area, and an outdoor patio for dining. The restaurant has a total of
236 seats based on the recommended seating arrangement. A 1,770 SF basement has been
designed on the northern side of the building to provide storage. The new building has a stone
cladding finish, and a dark-metallic parapet to match the surrounding architecture.

The site has been remodeled to provide tenant and customer parking on the east and west sides of
the restaurant to go along with the existing street parking. Grading has been done to provide
better drainage of the site by directing stormwater runoff to 5" Ave S and the back alley. Lastly,
some of the existing sidewalks at the south entrance of the building have been removed to
provide more green space for tenants.



The total project cost for design, administration, and construction of the project have been
estimated as $13,339,000. The cost estimate has been broken into engineering costs, demolition,
apartment renovations, restaurant construction, and general sitework. A contingency of 20% was
used when performing the cost estimate due to many of the existing conditions being unknown.
An engineering design and administration rate of 15% was used. Consumer Price Index rates for
construction were used to adjust the cost to the present-day value. Multiple material alternatives
were provided for the parking lot, but we recommend the HMA overlay since it is most cost
effective. Fire suppression, HVAC, electrical work, and utilities were included as a lump sum
and shall be designed separately by a licensed engineer in that field.

We have designed a modern restaurant/bar to be paired with luxury apartments that can serve as
an entertainment hub in Clinton. Surveys from the US Census Bureau show a declining
population in the last decade. With the average demographic of 41 years old, we feel that this
design will target this demographic well, and it can serve as a forefront of liveliness and
modernity while still preserving important city history.



Section I1: Organization Qualifications and Experience

The project team consists of civil and environmental engineering students from the University of
lowa in the senior capstone design course. The team members assigned to the City of Clinton’s
YMCA Building Redesign were Drew Hambly, Steven Susmarski, Trevor Thornburgh, and
David Wu. All members are in their last semester of study as civil engineering students with a
focus area in structures, mechanics, and materials.

Drew Hambly served as the technology service manager and managed all documents related to
the project. Drew worked for the City of Cedar Rapids as a civil engineering intern within their
construction department. He assisted in project inspection by conducting topographic surveying,
performed concrete testing for new roads in accordance with lowa Department of Transportation
standards, and performed daily site visits to ensure contractors were meeting lowa Statewide
Urban Design and Specifications during construction. Drew led the interior demolition planning,
existing building structural layout, structural design for the elevator shaft and stairwell.

Steven Susmarski served as the report production manager for written deliverables. Steven
worked at Alfred Benesch and Company in Chicago, Illinois as a civil engineering intern. He
performed site visits to update topography files, proposed quality plans for a six-mile-long
rehabilitation of U.S. Route 41, aided in crosswalk design and quantity take-offs for Americans
with Disabilities Act improvements, and assisted in developing land use and drainage plans for
highway reconstruction. Steven led the design of the restaurant superstructure design, foundation
design, and finalized all project deliverables.

Trevor Thornburgh served as the project manager and was lead contact for the project. Trevor
worked at Shive-Hattery Architecture & Engineering in lowa City, as a civil/structural design
intern, and materials testing technician. He assisted the Government/Higher Education team with
civil design projects, Structural team with industrial framing design and modeling, conducted
laboratory soil proctor and aggregate gradation tests on field specimens in accordance with
specifications, and performed on-site inspections to ensure compliance with construction
documents. Trevor coordinated all project tasks between team members and led site design and
structural assessment.



David Wu served as the report production manager for graphic design deliverables. David has
worked at Knutson Construction as a project engineer and pre-construction estimator intern. He
performed quantity takeoffs for new buildings, developed project schedules to maintain timely
task completion, communicated with the architect and the contractor over construction design
challenges, and coordinated weekly meetings with architects, structural engineers, and
contractors. David led the architectural design for the interior and exterior of all buildings.

All team members have experience in design software such as Autodesk Civil3D, Revit, Robot,
Sketchup, and Lumion. Models and project deliverables were provided using the above software.
All members have completed or are currently enrolled in relevant courses related to this project.
These courses include Structural Systems for Buildings, Foundations of Structures, Design of
Concrete Structures, Design of Steel Structures, Civil Engineering Tools, and Construction
Management.



Section I11: Design Services

Project Scope

The project is in the downtown district of Clinton, IA. The goals of the project were to provide
additional housing, a congregation space for social events, and an open recreation space within
the downtown district. The exterior and interior of building A was designed to be renovated into
luxury apartments and a basement fitness space. It was determined after the initial proposal
phase that building A will be re-zoned to allow for 100% of the space to be apartments. To
complete this renovation, several tasks were completed including the creation of existing
condition plans, demolition design of all nonstructural load-bearing systems, exterior fagade and
window renovation design, elevator shaft design, stair design, and interior architectural design.
Following this, Building B was designed to be demolished while protecting the integrity of
Building A. To complete this, full demolition plans were produced. Building C was designed to
partially fill the space occupied by Building B. Building C was designed to house a first-floor
restaurant space with an outdoor patio seating area and a basement storage area. To complete this
design, a series of tasks were completed including substructure design, superstructure design,
and architectural design. Finally, an off-street parking lot, sidewalk system, and accessible
entrances and exits were provided for Buildings A and C to be used by consumers in the
restaurant and tenants of the luxury apartments. To complete this, the team produced a site/
parking layout design, site grading design, and stormwater drainage scheme.

Work Plan

To complete the project, the team followed a work plan to ensure all project deadlines were met.
Figure 3.1 shows a Gantt chart for the design phase of this project. This chart includes start dates
and duration of the individual project tasks. A task manager took the responsibility of leading
each individual task as specified in the chart. Each group member was responsible for
contributing time and effort to most of the design tasks.



YMCA Building Redesign - Clinton, lowa - Work Plan
17-Jan 24Jan 31Jan 7-Feb 14-Feb 21-Feb 28-Feb 7-Mar 14-Mar 21-Mar 28-Mar 4-Apr 11-Apr 18-Apr 25-Apr 2-May 9-May
Establish Team Roles (Trevor) [l
Initial Client Contact and Site Visit (Trevor)
Design Concept Development (Drew)

Produce Proposal Report (Steven)

Create Proposal Presentation Slides (David)
Deliver Proposal Presentation (Trevor) | ]
Structrual Assessment/Site Visit (Trevor) [ |
Building A Interior Demolition Design (Drew) | ]
Building B Envelope Demolition Design (Steven) | |
Interior Archetectural Design for Building A & C (David) ]
Superstructure Design for Building C (Steven & Trevor) . ]
Site Design for Building A & C (Trevor)
Substructure Design for Building A & C (Drew & Steven)
Elevator Shaft Design for Building A & C (Drew) | ]
Produce Design Drawings (Draft) (Steven & Trevor)
Produce Design Report (Draft) (Steven)

Develop Final Presentation (Draft) (Trevor)

Develop Final Poster (Draft) (David)
Update all Draft Deliverablas (Trevor)

Final On-Campus Presentation (Trevor)

Submit all Design Deliverables to Client and Instructors (Trevor)

Final Client Presentation (Trevor) [ |

Figure 3.1: Gantt chart showing proposed work plan.
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Section 1V: Constraints, Challenges, and Impacts

Constraints

The client did not state a set monetary constraint when discussing this project; however, this
project needed to appeal to developers and be marketable to attract tenants and customers. With
labor being the most expensive component of construction projects, ease-of-construction was
considered when designing this project. Structural framing members were repetitive and only
ranged in a few sizes to allow for easier installation. Additionally, the demolition of Building B
was generalized to allow for the contractor to demolish the building efficiently while maintaining
structural stability of Building A. The contractor is also able to salvage any construction
materials they find during demolition, making the project more enticing.

Building A is unofficially recognized as a building on the city historic registry. As a result, the
precautions for any exterior fagcade adjustment must adhere to city codes and City of Clinton’s
Downtown Master Plan, maintaining cohesive aesthetics with adjacent buildings. Specifically for
the renovation of Building A, the exterior must be rehabilitated and maintained as closely as
possible to the present aesthetic. The ADA ramp was set on the west side of the building to
maintain the historic look with the large steps at the front entrance.

The client expressed the importance of Building C “fitting in” with the downtown Clinton area.
Like Building A, it must follow the City of Clinton’s Downtown Master Plan by maintaining
cohesive aesthetics with adjacent buildings. This created a constraint on the types of materials to
be used for the construction of the building. Stone cladding with varying shades of grey was
determined to be the best viable option for the exterior finish. A parapet was also included to
imitate geometric features of Building A.

Challenges

The greatest challenge presented in this project was the lack of existing plans and specifications.
These documents would have been critical to accurately rehabilitate the historic building and
strategically demolish the attached building. To overcome this, all dimensions of Building A
were measured by hand. The structural layout of the building was also determined during on-site
inspections with the team’s engineering judgment. Both dimensions and existing structural
layout must be verified by the contractor on site for the renovation of Building A.

The poor structural integrity of Building B provided the challenge of accurately determining the
layout of the building and preparing demolition plans. Ceiling systems have collapsed in certain
areas due to water damage which made the mapping of this building difficult. As previously
stated, drawings and specifications were unavailable for reference. This was resolved by lumping
the demolition of Building B into one phase. This provides simplicity for the contractor; with the
specific requirement of maintaining the structural integrity of Building A. Structural analysis
must be performed throughout the demolition to prevent unwarranted structural failure.
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The existing parking infrastructure was in critical condition and needed to be redesigned. The
site itself was flat with no existing structure for stormwater runoff connection. Topographic data
on the existing grading was gathered using Autodesk Infraworks. Grading was designed to route
the runoff to the north and south ends of the site. This was done to prevent pooling on the lot
without relying on storm water structure.

Societal Impact

Referencing Clinton’s master plans, the community would like to see modern day land uses. This
ensures any new infrastructure is designed with children in mind regarding both safety and
appeal. The public would like to see an event center or similar designated large public gathering
space, food and beverage options, local brewery, housing, and rooftop development to further
visual connection to the Mississippi river. Along with new infrastructure, improvements of
existing aesthetics to create a cohesive “theme” with connection to the city’s history is
emphasized.

A community survey to gauge community sentiment, perceptions, and habits highlights a
majority of negative/neutral attitude towards the present downtown. The survey respondents’
demographic fell within the 25-64 age group with a majority wanting a greater variety of
stores/establishments and more places to eat.

According to the United States Census Bureau, the City of Clinton has been on a steady decline
in population between 2010 with a recorded 26,885 to 24,469 in 2020. Clinton’s priority is to
maintain the local community while introducing assets to further help the community grow. The
addition of more food and beverages, a greater variety of establishments, residential units and
community space is necessary to maintain the growth of the community.

The renovation and repurpose of the old YMCA building is important to maintain its historical
presence in the downtown area while also creating space for new memories in the community.
The addition of a restaurant encompasses the same purpose but instead creates a new chapter and
brings forth ideas of what the city can attain in the future.
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Section V: Alternative Solutions That Were Considered

Multiple schematic design options were considered for the client to choose from. The client had
expressed that they were set on having Building A renovated into apartments, as well as the
demolition of Building B. Therefore, all alternatives provided include this criterion.

An alternative that had been considered was using the first floor of Building A as commercial
space. A constraint tied to zoning usage stated that 75% of the square footage of the front of the
building for the first floor must be designated for retail space per City of Clinton, lowa Code of
Ordinances (159.027 SP SPECIAL PURPOSE COMMERCIAL AND HISTORICAL OVERLAY
DISTRICTS). This would have provided space for another business in their downtown district.
However, the client wanted to maximize the number of apartments in the building and elected to
use the first floor as residential space instead of commercial. A special zoning change was
granted to make this possible.

Figure 5.1 Example view of first floor commercial space considered for Building A

A community center had been considered when deciding the purpose of Building C. When
discussing uses for the new building, the client had mentioned it as a possibility. A community
center would have been a good space for locals to hold parties and gatherings. However, when
researching the surrounding area of the site, there are already multiple community centers in the
area. It was agreed that a restaurant would be the best use of the space to bring new business.

Having a shared greenspace for the apartment building and community center was also
considered. The client expressed interest in having an outdoor recreation area for people and pets
to enjoy. When Building C was determined to be a restaurant, the shared greenspace was
removed. The outdoor greenspace would have restricted the number of on-site parking spaces for
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tenants and customers. To meet the client’s request for an outdoor recreation space, some
existing sidewalk pavement near the south entrance of Building A was removed to allow for
green space and benches. The rooftop of Building A was also designed to be a rooftop patio
including a turf area and grilling station for tenant use.

Community
Center

Apartments

Figure 5.2 Sketch of alternative site layout
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Section VI: Final Design Details

Building Information and Elevations

Building A will remain a three-story complex with a basement. Each floor consists of
approximately 6,430 SF in area, resulting in a total usable building area of approximately 25,700
SF. The floor to ceiling height of the basement, first, second and third floors are approximately:
12 feet, 14 feet, 13 feet and 11 feet, respectively, resulting in a rooftop elevation of 49 feet above
the ground. The redesign of Building A is a luxury apartment complex. For elevations of
Building A, see Design Sheets A-8 through A-11.

The proposed Building C features a one-story space of approximately 6,050 SF in area. There is
an additional basement space, accessible via stairs, of approximately 1,770 SF of area. The
basement’s intended use is for a mechanical access room and storage area. The floor to ceiling
height of the main floor is 18 feet. Roof decking and insulation along with a roof parapet of
approximately four feet brings the rooftop elevation to approximately 23 feet. The intended
design of the building is a medium to large restaurant/bar with indoor and outdoor seating. For
building dimensions and elevations, see Design Sheets A-6, A-14, and A-15, respectively.

Building A: Renovation Design and Layout

The renovation of the exterior of Building A will feature cosmetic improvements to the facade.
The facade will be cleaned and polished to look new, while the historic integrity of the facade
will remain intact. Some structural improvements will be made to patch cracking in the existing
masonry and prevent cracking in the future. For a visual of the refurbished facade, see Figure C.5
in Appendix C below.

The renovation of Building A will include 16 luxury apartments across the three floors and
basement. The apartments include in-unit laundry and central heating/cooling. In the basement of
Building A, a fitness center and sauna are included for tenant use. The basement also includes a
lounge/recreational area where tenants can congregate and relax. The facility was designed to
include two stairways and a newly designed elevator and shaft. Both stairways and the elevator
reach to the top of the roof, where a rooftop patio with greenspace is located. The greenspace
includes a patch of faux grass, such as AstroTurf, and the rooftop patio includes space for lounge
chairs, picnic tables and grills. An additional stairway has been designed in the northwest corner
of the building to allow traffic through the north end of the building and provide a second means
of egress for the rooftop patio. For the architectural layouts of Building A, see Design Sheets A-1
through A-5.
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Building A: Structural Elements

The structural system of Building A will mostly stay in existing condition. During site
inspections, the structural layout was determined to be over-designed, which was common in
1905. The existing elevator is nonfunctional. The elevator will be replaced with a hydraulic, in-
ground, center parting elevator from Schumacher Elevators Company Inc with a capacity of
3,500 Ibs. The size of the elevator was chosen due to it being able to fit a stretcher/gurney. The
elevator shaft and foundation were redesigned to support the Schumacher elevator which is
larger than the existing elevator. An A992 W6x25 hoist beam for the elevator was designed
following American Institute of Steel Construction (AISC) Manual 15™ Edition. An A36 steel
bearing plate of 8”x87x1/4” is to be used to transfer loads from the hoist beam to the shaft wall.
The shaft wall is to be constructed with 8”°x8”x16” full square concrete masonry units with a
compressive strength of 2 ksi. Vertical reinforcement was provided in the CMU walls as #4 bars.
Compressive strength of the CMU wall was checked following Building Code Requirements for
Structural Concrete American Concrete Institute, June 2019 (ACI 318-19) — see Appendix D for
the plan/section drawings of the elevator provided by Schumacher Elevators Company Inc. The
elevator is to travel from the basement to the rooftop, giving the shaft wall a total height of 62’-
2”. The footing for the elevator is 13°x13°x16” of normal weight concrete and contains #5 rebar
at 10” spacing for reinforcement. To reinforce the interface between the shaft wall and footing,
#3 dowel bars were selected - see Appendix F for supporting elevator shaft and footing design
calculations.

The new stairway in the northwest corner of the building travels from the basement to the
rooftop for a total height of 58°-2”. The stairs have a consistent run of 11” for each step and
range from 7.25-7.75” (varies per story) following ADA standards. The stairs are designed as
A992 MC12x10.6 double stringers with A36 %" steel plates as stair treads. The landings were
designed as structural systems made up of MC12x10.6 and MC12x14.3 stringers with A36 %"
steel plates as treads. The elements were checked for deflection, yielding, and lateral torsional
buckling when applicable in accordance with the AISC Manual. To connect the and support the
stairwells to the landings, 6°x47x3/8” angles with Dewalt Power-stud SD1°s was used — see
Appendix E for supporting design calculations.

The new stairwell shaft wall is to be constructed with 8”x8”x16” full square concrete masonry
units with a compressive strength of 2 ksi. Vertical reinforcement was provided in the CMU
walls as #4 bars. Compressive strength of the CMU wall was checked following Building Code
Requirements for Structural Concrete American Concrete Institute (ACI 318-19). The footing for
the stairwell is 16°x23°x16” of normal weight concrete and contains #5 rebar at 7" spacing for
reinforcement. To reinforce the interface between the shaft wall and footing, #3 dowel bars were
selected - see Appendix E for supporting elevator shaft and footing design calculations.
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Structural analysis was performed on the existing roof framing layout to ensure the system could
support the increased rooftop patio live load. Roof joists were assumed to be 3x16 Grade 1
Douglas Fir joists spaced at 16”. The joists were checked for bending, bearing, shear, and
deflection following the National Design Specification for Wood Construction manual. Simpson
Strong Tie joist hangars were used to connect the roof joists to the designed elevator and
stairwell shaft walls — see Appendix W for supporting design calculations

Building C: Design and Layout

The goal of the exterior design of the proposed Building C was to design a state-of-the-art
facility without looking out of place within the historic surrounding area of Clinton. The facade
is grey-tone stone cladding featuring mostly light color schemes with dark undertones. The toe of
the building and the parapet both use dark colors to offset the stone cladding. The building
features many large windows to both increase the aesthetic look from the outside as well as to
allow for plenty of natural light to pass through the inside. Above the main entrance doors, an
aluminum awning is suspended for aesthetic purposes. The outdoor patio pavement is a cross
hatch pattern of masonry brick pavers. For a visual depiction of the proposed building exterior,
see Figure C.1 in Appendix C below.

The interior layout consists of a centrally located bar with approximately 24 seats/stools. The
perimeter of the bar is filled with booths for dining. The total proposed number of seats available
from the booths is 108. Across the rest of the facility, table seating is available. The proposed
number of tables is nine, with the ability to seat four guests per table, consisting of 36 total seats.
The total number of guests that can be seated at one time within the indoor facility (bar seating
included) is 168 guests.

On the southeast side of the building, an outdoor patio area has been designed. The patio has a
brick paver floor design to provide a natural look. The patio allows space for up to 17 tables,
which can accommodate 68 guests at maximum capacity. The patio was also designed to feature
up to two fireplaces to keep guests warm during cold nights as well as for an enhanced aesthetic
experience. For the proposed table and booth sizes, a typical size was chosen for design — see
Appendix C for renderings of restaurant layout. The total number of indoor and outdoor seating
allows for a maximum accommodation of 236 guests. For a seating floor plan, see Design Sheet
A-6.

The selection of long spanning beams and girders has allowed the usable space of the facility to
be maximized. All structural columns and walls have been placed as close to the perimeter of the
building as possible to allow guests and workers to move freely throughout the building. A
kitchen space of approximately 1,270 square feet has been placed in the northwest corner of the
building near the alleyway to allow for easy deliveries and dumpster access. With the previously
mentioned eighteen-foot ceiling height, HVAC ductwork will be able to be suspended from the
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roof and span throughout the building, keeping the users of the building at a comfortable
temperature as well keeping the air clean and pure. For a visual of the interior of the proposed
building, see Figure C.2 through Figure C.4 in Appendix C below.

Building C: Structural Elements

The structural system of the proposed building was designed for gravity and lateral loading.
Using ASCE 7-16, appropriate LRFD load combinations were used to find the total loading
acting on the roof and first floor. Based on the factored loading, the structural system was
designed. Selection of loading and factored load calculations can be found in Appendices G and
L below. The gravity systems consist of W-Shape columns and girders that were selected from
Table 1-1 of the American Institute of Steel Construction (AISC) Manual 15" Edition. The main
roof support is open web joists spaced at five feet on center, selected using the Nucor Vulcraft
Steel Joist Catalog. The roof system is comprised of a 1-1/2” steel deck, selected from the Nucor
Vulcraft Steel Deck Catalog, with %" plywood sheathing, six inches of rigid insulation and a
roll-on waterproofing. On the first floor, above the basement is a precast 14” hollow core slab,
selected from the PCI Hollow Core Slab Catalog. The slab transfers load from the first floor to
the basement walls without the need for structural framing beneath the slab. A detailed cross
section of the precast hollow core slab can be found in Design Sheet D-2. For the area of the first
floor that is not directly above the basement, a standard, 5 PCC cast in place slab on grade with
a 6” x 6” welded steel mesh was selected. The slab transfers load directly to the soil below it.
The basement is enclosed by 8 PCC cast in place bearing walls with several square 18” pilasters
embedded in the walls which receive load from the W-shape columns directly above them.
Between the steel columns and concrete pilasters, bearing plates have been designed to prevent
the concrete from cracking. Bearing plate details can be found in Design Sheets D-7 and D-8.
The basement slab is also a 5 PCC cast in place slab with a 6” x 6” welded steel mesh was
selected.

To size the open web joists, LRFD load combinations were used along with the equations
provided within the Vulcraft Steel Joist Catalog to calculate the deflection, in inches, of each
joist. The criteria for allowable deflection were determined by dividing the total span of the joist
by 360, in accordance with the Vulcraft Steel Joist Catalog. 26K8 (twenty-six-inch depth) and
18K3 (eighteen-inch depth) joist were selected.

The lateral system was designed to resist the considerable amount of loading on the building due
to average wind speeds for Clinton. The lateral system is composed of a two-fold system, a roof
diaphragm and fixed girder-column moment frame connections throughout the structure. The
lateral load is first accepted by the roof diaphragm, and then resisted by the moment frame
connections. To design these moment fame connections, initial member sizes were selected and
placed into an Autodesk Robot model. The loading within the Robot model reflected the
serviceability load case included within ASCE 7-16. An iterative process was conducted to
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determine the minimum member sizes in each moment frame system while meeting the H/500
story drift requirement found in ASCE 7-16. Detailed lateral analysis calculations can be found
in Appendix O.

The girders and columns that were part of the moment frame systems were first sized for lateral
loading, since the magnitude of the lateral loading was larger than the gravity loading. After the
lateral analysis, a gravity analysis was performed. For columns, Chapter E of the AISC Manual
was used and for girders, Chapter F and Chapter G were used. The elements were sized to
prevent large deflection, yielding, lateral torsional buckling, flange buckling, web buckling due
to shear, flexural torsional buckling, and torsional buckling, in accordance with Chapters E and F
of the AISC Manual. The gravity analysis calculations are shown in Appendix P below. After the
members had been preliminarily sized for both gravity and lateral loads, a final analysis was run
to ensure that the moment frames had enough strength to resist the combined loading of flexure,
torsion, and axial compression simultaneously. Chapter H of the AISC manual was used for this
analysis, and the results were used to determine that three column sizes and three girder sizes
would be used. The sizes are W14x48, W14x132 and W14x159 for columns and W18x60,
W30x132 and W33x141 for girders. Appendix Q below shows the details of the combined
loading analysis. A framing plan can be found in Design Sheet S-4.

Once final member sizes were selected, moment connections for the moment frames and shear
connections were designed following the simplified procedure in the AISC design manual. It was
found that all connections will utilize %2 diameter bolts and 3/8” thick plates. Details of the
connections can be found in Design Sheet D-3 below, and detailed calculations for the design of
the connections are shown in Appendix R.

The roof deck was selected based on LRFD factored loading and the deflection requirement of
total span length divided by 240, in accordance with the Nucor Vulcraft Steel Deck Catalog. The
selected deck is a 1.5B Grade 50 19 Gage eight-foot double span. For a cross section view of the
roof deck, see Design Sheet D-2. The design calculations for the deck can be found in Appendix
S below.

The foundations of Building C were designed according to the Foundation Design Principles and
Practices textbook by Donald Coduto et al. and Foundation Analysis and Design textbook by
Joseph Bowles. The foundations were designed as a mixture of continuous footings for the
basement bearing walls and frost walls and square footings for the pilasters. Designed according
to the ASD method, the unfactored loads from the roof and first floor were used to find the
design loads for the pilasters. For ASD load combinations and column loads, see Appendices L
and M below. Then, the loading on the basement walls was determined to design the continuous
footings. The square and continuous footings were then designed to prevent bearing failure and
immediate settlement failure. After this, a final check of differential settlement was performed to
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ensure that the foundations were not settling at different rates. After this geotechnical limit state
analysis had been conducted, a structural analysis was performed. The footings were designed to
provide adequate one-way and punching shear strength along with adequate flexural strength. To
provide the flexural strength, hooked rebars were designed in the tension face of the footings.
The purpose for the hooked rebars was to provide the required development length without the
need to increase the footing area. In the pilasters and walls, hooked dowel bars were used along
with straight rebars to allow the load to be transferred to the footings below. Stirrups were also
designed within the pilasters and walls to provide additional shear resistance.

Four final footing sizes were selected (width x length x thickness): 52” x 52 x 24” (square
footing), 44” x 44” x 24” (square footing), 36” x varying length (north/south basement wall
footings) x 187, 38” x varying length x 18” (east/west basement wall footings) and 12” x varying
length x 12” (frost wall footings). A detailed foundation guide and cross section views can be
viewed in Design Sheet S-5 through S-7 and D-5 through D-8, respectively. Detailed foundation
design calculations can be found in Appendices T and U.

Site Plan and Drainage

The site plan for the combined use of Building A and Building C features two driveways that
connect to 5™ Ave S on the south side of the site and two driveways that connect to the alleyway
on the north side of the site. The driveways are connected with two 22-foot-wide aisles for cars,
service vehicles, and emergency vehicles to travel through. Both sides of the aisles are
surrounded by parking stalls for the shared use of Building A and Building C. On the north side
of building C, perpendicular to the alleyway, additional parking stalls are provided. Two
trash/dumpster areas on the north end of the site have been designated for use by Building A and
Building C.

Two alternatives for pavement were considered for the parking lot: six inches of Hot Mix
Asphalt and five inches of Portland Cement Concrete. Detailed pavement thickness design can
be viewed in Appendix V. Based on the cost estimation which can be found in Section VI of this
report, the asphalt alternative is the recommended option. The designed site features 57 parking
stalls, including four ADA accessible parking stalls. Using the guidelines specified by Chapter 8
Section 8C-1 of the Statewide Urban Design and Specifications (SUDAS) Design Manual, it was
determined that based on the number of parking stalls within the site, a minimum of three ADA
accessible parking stalls were required. One additional ADA accessible parking stall was added
to the site as a conservative assumption. For a site plan and parking lot view, see Design Sheet
C-1.

As discussed in Section IV of this report, there are no existing drainage structures located on the
site. The nearest intakes are in the alley on the west side of the site and on 5" Ave S near the
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northwest corner of the 5 Ave S and S 3™ Street intersection. Based on the location of these
existing intakes, the drainage scheme of the proposed site has been developed to drain toward
them. The intake in the alleyway is much further away from the site than the intake on 5" Ave S.
Therefore, to avoid pooling in the alleyway, the drainage scheme is crafted to drain most of the
water to the 5™ Ave S intake. The south driveways and the majority of both aisles drain to the
intake on 5™ Ave S, leaving the north driveways and the north parking stalls to drain toward the
alley intake.

The slopes of the parking lot were designed based on ADA standards. Therefore, the maximum
design running slope and cross slope for sidewalks are 1:20 (5% grade) and 1:48 (2.1% grade),
respectively. The parking lot was also designed to adhere to these ADA standards; therefore, the
maximum design slope of the parking is 1:20 (5%). The ADA access ramp connected to Building
A was designed according to ADA standard specifications and SUDAS standard specification
9072. The maximum design running slope was 1:12 (%) and the maximum design cross slope
was 1:48 (%). A minimum of three feet of clear width is required, but the designed ramp features
five feet of clear width for additional ease of access. Due to the site grading and the required
excavation for the basement of Building C, the site is in a state of net cut (445 CY of cut). For
the drainage plan, see Design Sheet C-2. For parking lot, sidewalk, and ramp details, see Design
Sheet D-1 through D-2.
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Section VII: Engineer’s Cost Estimate

Using Autodesk Revit and Civil3D to generate material takeoffs, as shown in Appendix C, a
quantity was assigned to each unit. In accordance with the Gordian 2018 Edition of Heavy
Construction Costs with RSMeans Data, prices were then assigned to each quantity. The cost
estimate was divided into four main sections: demolition cost, site cost, Building A renovation
cost and Building C construction cost. Specific material costs were estimated for each section,
and can be found below in Appendix C. Figure 7.1 below shows the item cost breakdown for the
renovation of Building A.

Note that some items within Figure 7.1 do not have a quantity associated with them because
those items were priced using a percentage of the total square footage of a three-story building,
rather than by the actual quantity of the material, in accordance with the guidelines found within
the Gordian 2019 Edition of Square Foot Costs with RSMeans Data. Once the total cost of each
material was calculated, the total construction cost of the project was calculated.

Figure 7.2 contains a service breakdown with its respective cost in U.S. dollars. In addition to
the construction cost, a 20% contingency and 15% construction and administration estimate were
included in the total project cost to account for the structural uncertainties in the existing
Building A. The unit prices were taken from the 2018 edition of the Gordian Construction Costs
book, and Consumer Price Index rates for construction was used to provide a more accurate
estimate of the cost in today’s dollar. The total project cost was rounded according to the
RSMeans rounding standards, which can be found in Figure C.12 in Appendix C. The estimated
construction cost for this project came to $13,339,000.
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Item Quantity Type Quantity Unit Price Cost w/ OH |w/ Inflation Rate|
Substructure
Elevator Foundation CY 9 % 12600 | § 113400 3% 1,134.00 | 2022 Price
Shell
Superstructure
Floor Construction SF Building 32420 § 1426 | § 462,309.20 | § 3584.520.85 | Excluded
Roof Construction SF Roof 6484 % 261 % 1692324 | % 2130601
Masonry EA 2387 § 13.78 | § 3280286 | % 32.802.86 [ 2022 Price
Exterior Enclostre
Exterior Windows EA 88 % 52000 | % 4655200 % 38.858.04
Exterior Doors EA 9 § 317000 | % 2853000 | % 3607102
Roofing
Roof Covers SF Roof 6484 % 0.73 | %8 473332 % 5,984 58
Interiors
Partitions SF Wall 38247.5 % 6.96 | $ 266,202.00 | § 336,573.38
Interior Doors EA 107 § 130800 | % 14058600 | & 18012013
Interior Windows EA 12 $ 52000 | § 634800( % §.026.10
Stair Construction Flight 9 $ 202000| % 2628000 (% 3322713
‘Wall Finishes SF Wall 38247.5 % 262 | % 10020845 | % 126,698.00
Floor Finishes SF Floor 32420 % 532 | % 17247440 | 5 218.068.09
Ceiling Finishes SF Ceiling 25036 3 450 (% 11004624 | § 150,516.17
Tube Railing LF 320 % T6.50 | § 2448000 % 30,951.30
Services
Conveying
Elevators & Lifts EA 1 $117.67500 | § 11767500 | § 148,782.44
Rate
Plumbing
Lump Sum SF Building 12% $ 71033406 | § 900040148
HVAC
Lump Sum SF Building 13% $ 77927954 | § 98528244
Fire Protection
Lump Sum SF Building 3% $ 17083374 | § 227372.87
Electrical
Lump Sum SF Building 9% § 53050122 [ § 682,118.61
Building Site Work
ADA Ramp CY 14 % 12600 | § 1.764.00 | % 1.764.00 | 2022 Price
Special Constuction
Turf SF Turf 2070 % 18.75| § 3881250 | § 38.812.50 [ 2022 Price
Concrete Curb CY 4 $ 126.00 | § 50400 | & 504.00 [ 2022 Price
Total: $4.243,656.53 |

Figure 7.1: Sample Material Cost Sheet for Renovation of Building A
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Discipling Cost (USD)

Demolition 5 671.874
Site 5 554221
Structural 5 2252 547
Architectural 5 2.169.650
MEP 5 4017530
Materials and Labor Subtotal £ 9.665822
Construction and Administration (20%) $§  1.933.165

Contingency (15%) $§  1.739.849

Figure 7.2 Final Construction Cost Estimate
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Appendix B: City of Clinton’s Downtown Master Plan
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Overall, respondents would like to see a “theme” or “cohesive” treatment for the downtown. Something
that makes Downtown Clinton unique and sets it apart from nearby river towns.

» Make a stronger connection to the river

» Improves aesthetics

» Create an environment for all ages, including families

» Continue and create new events to bring a variety of people and interests downtown
» Connect to history

» Continue to create a 24-hour living environment (residential, entertainment, employment,
recreation, retail, etc)

»  Wayfinding and storytelling (history, logging, riverfront, art displays, etc)

» Better theme the public spaces and right-of-way to create unique environment and reinforce
messaging

» Visually tie the Mississippi River to the Downtown

» Create more market rate housing for all ages and household types

16 | Downtown Master Plan City of Cinton, IA

Figure B.1: Community response to the city questionnaire on placemaking/sense of place
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Infrastructure / Streetscape

w——— ' Overall, respondents would like
e B to see a “theme” or “cohesive”
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Make a stronger connec-
tion to the river through
streetscape elements.
Include Memorial as part of
the downtown.

Become more pedestrian
oriented.

Improve snow removal
practices.

Incorporate wayfinding.
Provide shade.

Improve stormwater condi-
tions

‘ war € arowna-thenc

Community Survey

A short survey was created to gauge community sentiment, perceptions, and habits. The following is
a summary of key findings from the nearly 100 surveys collected. Other key findings can are noted
throughout the document.

Please offer a word or phrase that you use to describe down-
town Clinton today.

What will downtown Clinton look like about 25 years from now?
Use your own word or phrase to describe what you envision for
the area.

Negative
3%

Positive

N -
egative 53%

57%

Negative words: Empty, same, abandoned, vacant, etc.
“if" phrases, great IF we can bring in new
companies, the same IF we don't we can modemize it,
etc.
Positive words: Funky cool urban zone, vibrant, lively,
updated nostalgia, full of life, a meeting place, clean and
well kept, full store fronts, etc.

Negative words: Dilapidated, empty, rundown,
struggling, under-utilized, etc.
Limited attraction, trying, under-
whelming, stagnant, potential, etc.
Positive words: Beautiful, progressive, reviving, eclectic,
local, etc.

Downtown Clinton.1]

Figure B.2: Community response to the city questionnaire on public opinion of the downtown Clinton
area.
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Survey Respondent's Demographics:

Under 18 _ . 18-24
2% 5%

16% | Shopping after 5Spm on weekdays
65 & Older 12% | Selection of Goods/Services

19%

67% Poor selection of goods/services
61% Limited hours
53% Poor appearance

83% Greater variety of stores/establishments
71% More places to eat

55% Better selection of merchandise/services
34% Better atmosphere/aesthetics

w
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-
=
m
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o
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-
w

Participants at the AfteFHOUS"Open. House

In the
___downtown
study area
Outside of 6%
the City of

Clinton
25%

Elsewhere

in the City

of Clinton
69%

18 | Downtown Master Plan City of Cinton, 1A

Figure B.3: Community response demographic statistics to the city questionnaire on public opinion of the
downtown Clinton area.
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ne-Way Pair(3rd/4th)

work in tandem to provide a north/south

alternative to SR 67 (2nd Street). The
overall character is less urban than the other
character areas in the downtown, providing a mix
of residential and commercial properties.

Existing characteristics of this area include:

» 4-lane Roads with on-street parking in
places

» Vacant lots

» Minimal character in the streetscape

» Good landscaping and tree installation
» Limited Downtown Character

| Characteristics needed to elevate the “One-
| Way Pair” to a higher level:

» Murals reflecting history and vision of com-
munity
» Screening of parking lots and vacant lots

» Facade improvements: install windows,
colorful awnings, and pedestrian scale
signage

» Streetscaping elements, but to a lesser
degree of 5th Avenue should complement,
but not overwhelm the corridor

» Entrance features to 5th Avenue

» Wayfinding signage to direct traffic to park-
ing and destinations throughout Downtown

» Mid-block bumpouts to reduce traffic speed
and increase pedestrian safety and use

» Intersection treatments to promote place-
making and community identity

94%

PARK ON STREET

49%

PARK WITHIN 1/2 BLOCK

30%

PARK NEAR ENTRY

24 | Downtown Master Plan City of Cinton, IA

Figure B.4: Page 24 of the City of Clinton, IA Downtown Master Plan
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REDEVELOPMENT RECOMMENDATION:

» Work with owner of 522 S. 1st Street to redevelop as multi-story building, or consider a pocket park
with potential utilizing the side of 516 S. 1st Street to view movies or placing a large display of art/
mural as background to the park space.

522 8. 1st Street (vacant lof) Makeshift Outdoor Movie Theater (Example Image)

» If the upper stories of 516 S. 1st Street and 101 S. 5th
Avenue are vacant, work with property owners to re-purpose
those floors for high-end residential (lofts) or short-term
vacation rentals. Location suggest high potential for this
type of use, which can bring additional expandable incomes
to the downtown.

Develop the 1.3-acre City-owned property on Riverview
Drive between 4th and 5th Avenues. The views and location
within the downtown (i.e., near 5th Avenue, Riverview Park,
and Discovery Trail) makes this property highly marketable.
This site would be ideal for high-end housing with or without
a commercial component (e.g., restaurant and/or office) or a hotel with or without a restaurant. The
design can mitigate concerns with the railroad (with ground floor parking or commercial use and a
decorative solid wall along railroad) and develop around existing utility structure (if required to remain).
This development can bring expandable income to the downtown and increase the increment in the
Tax Increment Finance district.

¥

City-owned Lot on Riverview Drive (underutilized) Signature Hotel (Example Image)

» The 0.72-acre City lot on 1st Street between 4th and 5th Avenues could remain as a parking lot, or
redevelop as a commercial use — ideally a restaurant or another destination business.

e

City-owned Lof on S. 1st Street (underutilized) (€ t w/ Rooftop Seating (Example Image)

Downtown Clinton.37

Figure B.5: Page 37 of the City of Clinton, IA Downtown Master Plan
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Figure 2: 45 Year Population Change. Data source: ACS.

AGE
Along with the decline of population, the City of Clinton has

grown older. From 2011 to 2015, the number of individuals 50
years and older in Clinton grew by 15.1%, while those 19 years
and younger decreased by 12.9%. The largest decrease in
population in the age group of individuals between 40 and 49
years old, with a decrease of 17.9%. These findings present both
challenges and opportunities for the community, and must be
taken into account for when considering different economic
development strategies.
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FAgure 3: Qinton Age Groups Comparison. Data source: US Census.

POVERTY
Based on 2015 Census data, the poverty rate for the City of

Clinton was 17.3%, while the County was 13.9%. For 2015, the
poverty rate for the State of lowa was 12.5%.

EDUCATIONAL ATTAINMENT

Overall, the City of Clinton has proportionately fewer individuals
who hold four-year, graduate, and professional degrees, when
compared to the State of lowa and U.S. The percentage of
individuals in Clinton who have attained a bachelor’s degree is
13.9%. Clinton’s percentage of individuals who have completed
a graduate or professional degree is 5.6%. The national average

Figure B.6: Population demographic statistics for Clinton, 1A
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Appendix C: Design Renderings and Models

Figure C.1 Rendering of Building C (Restaurant)

Figure C.2 Model of Building C interior

32



Figure C.4 Model of kitchen in Building C
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Figure C.5 Rendering of Building A (Apartments)

Figure C.6 Model of example layout for a unit in Building A
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Floor Material Takeoff

) Material: Volume ) )
Family and Type Material: Area Material: Name
(Cu ¥d)
Floor: 5" Concrete 63.08 A087 Concrete
Floor: 14" Hollow Core Slab 83.49 1932 Concrete Precast

Floor: Metal Deck and Roofing 28.02 6053 Metal Deck
Floor: Metal Deck and Roofing 9.34 6053 Plywood Sheathing
Floor: Metal Deck and Roofing 112.09 6053 Rigid insulation
Floor: Metal Deck and Roofing 0 6053 Roofing Membrane

Figure C.7 Material Takeoff Generated Through Revit for Structural Flooring and Roofing

Structural Framing Material Takeoff

) Material: Volume i i i
Family and Type Material: Unit weight]
[CuFt)

W-Wide Flange: W18X60 3.572 490.00 lb/ft?
W-Wide Flange: W18X60 2,952 490.00 Ib/?
W-Wide Flange: W18X60 2.942 490.00 lb/ft?
W-Wide Flange: W18X60 2.404 490.00 Ib/f?
W-Wide Flange: W30x132 1.78 490.00 lb/ft?
W-Wide Flange: W30x132 6.718 490.00 lb/ft*
W-Wide Flange: W30x132 5.154 490.00 Ib/f*
W-wWide Flange: W30x132 5.229 490.00 lb/ft?
W-Wide Flange: W30x132 12.086 490.00 Ib/f*
W-Wide Flange: W30x132 12,086 490.00 lb/ft?
W-Wide Flange: W30X132 9.454 490.00 Ib/?
W-Wide Flange: W30x132 6.698 490.00 lb/ft?
W-Wide Flange: W30x132 6.427 490.00 Ib/f?
W-Wide Flange: W30x132 9.225 490.00 lb/ft?
W-Wide Flange: W30x132 6.437 490,00 Ib/f?
W-Wide Flange: W33X141 5.525 490.00 Ib/ft?
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wall Material Takeoff
Material:
Family and Type Volume | Material: Name
(Cu ¥d)
Basic Wall: Bearing Wall 8" Concrete 1.82 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.21 Concrete
Basic Wall: Bearing Wall 8" Concrete 2.14 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.21 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.82 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.56 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.5 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.5 Concrete
Basic Wall: Bearing Wall 8" Concrete 1.5 Concrete
Basic Wall: Foundation - 8" Concrete 26.65 Concrete
Basic Wall: Foundation - 8" Concrete 6.06 Concrete
Basic Wall: Foundation - 8" Concrete 7.45 Concrete
Basic Wall: Foundation - 8" Concrete 7.77 Concrete
Basic Wall: Foundation - 8" Concrete 10.6 Concrete
Basic Wall: Foundation - 8" Concrete 6.06 Concrete

Figure C.9 Material Takeoff Generated Through Revit for Structural Walls
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Structural Foundation Material Takeoff

i Material: Material: Unit o
Family and Type Vol (CuFt) oht Assembly Description
olume (Cu weig
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft* Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft* Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft* Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft* Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft® Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" 5q Footing 26.89 150.28 Ib/ft? Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" 5q Footing 26.89 150.28 Ib/ft? Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft? Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" 5q Footing 26.89 150.28 Ib/ft? Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft? Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft? Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft* Footings & Pile Caps
Footing-Rectangular: 44" x 44" x 24" Sq Footing 26.89 150.28 Ib/ft* Footings & Pile Caps
Footing-Rectangular: 52" x 52" x 24" Sq Footing 37.56 150.28 Ib/ft* Footings & Pile Caps
Foundation Slak: 5" Foundation Slab With 4" of Backfill 1327.63 150.28 Ib/ft? Slab
Wall Foundation: Wall Foundation 1'x 21"-4" x 1 21.33 150.28 Ib/ft* Strip Footings
Wall Foundation: Wall Foundation 1'x 22"-5" x 1' 2242 150.28 Ib/ft* Strip Footings
wWall Foundation: Wall Foundation 1'x 22'-3" x 1' 22,42 150.28 Ib/ft? Strip Footings
wWall Foundation: Wall Foundation 1'x 31-4" x 1' 31.33 150.28 Ib/ft? Strip Footings
Wall Foundation: Wall Foundation 1.5"x 23-8"x1'2 106.67 150.28 Ib/ft? Strip Footings
Wall Foundation: Wall Foundation 3'x 24'-6" x 1-8" 111.67 150.28 Ib/ft? Strip Footings
Wall Foundation: Wall Foundation 3" x 33-6" x 1-8" 156.67 150.28 Ib/ft? Strip Footings
Wall Foundation: Wall Foundation 3' x 84'-6" x 1'-8" 411.67 150.28 Ib/ft? Strip Footings
Wall Foundation: Wall Foundation 3'-2" x 19'-3" x 1'-8" 89.28 150.28 Ib/ft* Strip Footings
Wall Foundation: Wall Foundation 3'-2" x 19'-3" x 1'-8" 89.28 150.28 Ib/ft* Strip Footings
Wall Foundation: Wall Foundation- 1'% 163" x 1' 16.75 150.28 Ib/ft* Strip Footings
Wall Foundation: Wall Foundation- 1'% 163" x 1' 16.75 150.28 Ib/ft* Strip Footings
Wall Foundation: Wall Foundation - 1'x 22'-0" x 1' 22 150.28 Ib/ft* Strip Footings
Wall Foundation: Wall Foundation - 1' x 26"-0" 1' 26.33 150.28 Ib/ft* Strip Footings
wall Foundation: Wall Foundation - 1' x 26"-0" 1' 26 150.28 Ib/ft® Strip Footings

Figure C.10 Material Takeoff Generated Through Revit for Structural Foundations
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Structural Column Material Takeoff

Material: Volume

Family and Type (Cu Yd) Material: Unit weight Count Material: Name
Concrete-Rectangular-Column: 18" x 18" Pilaster 1.01 150.28 Ib/t? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 1.01 150,28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 1.01 150.28 |b/ft* 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 1.01 150.28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 1.01 150,28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 1.01 150.28 Ib/t? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150,28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150.28 b/t 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150.28 Ib/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150,28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150.28 Ib/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150,28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150.28 |b/ft? 1 Concrete
Concrete-Rectangular-Column: 18" x 18" Pilaster 0.215 150.28 Ib/t? 1 Concrete

W Shapes-Column: W14X48 0.065 490,00 Ib/ft? 1 Steel ASTM A992
W Shapes-Column: W14x48 0.065 490.00 |b/ft? 1 Steel ASTM A992
W Shapes-Column: W14X43 0.065 490,00 1b/f? 1 Steel ASTM A992
W Shapes-Column: W14x48 0.065 490,00 Ib/ft? 1 Steel ASTM A992
W Shapes-Column: W14X48 0.065 490.00 Ib/t? 1 Steel ASTM A992
W Shapes-Column: W14X48 0.065 490,00 Ib/ft? 1 Steel ASTM A992
W Shapes-Column: W14x132 0.179 490.00 Ib/ft? 1 Steel ASTM A992
W Shapes-Column: Wil4x132 0.179 490.00 Ib/t* 1 Steel ASTM AS992
W Shapes-Column: W14x132 0.179 490.00 Ib/t? 1 Steel ASTM A992
W Shapes-Column: Wi14x132 0.179 490.00 Ib/ft? 1 Steel ASTM A992
W Shapes-Column: W14x132 0.179 490.00 Ib/t* 1 Steel ASTM AS92
W Shapes-Column: W14x132 0.179 490.00 lb/ft? 1 Steel ASTM A992
W Shapes-Column: W14x159 0.217 430.00 Ib/ft? 1 Steel ASTM A992
W Shapes-Column: W14X159 0.217 490.00 Ib/t? 1 Steel ASTM A992

Figure C.11 Material Takeoff Generated Through Revit for Structural Columns

Prices From To Rounded to Nearest

$0.01 $5.00 $0.01

5.01 20.00 0.05

20.01 100.00 1.00

100.01 1,000.00 5.00
1,000.01 10,000.00 25.00 |
10,000.01 50,000.00 100.00 |
50,000.01 Up 500.00 |

Figure C.12 RSMeans Rounding Standards
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Total SF (Building B) 19500
Total SF (Building A) 32420
Building B Height (LF) 35
[tem Ouantity Tvpe | Quantity | Unit Price | Cost w/ OH w! Inflation
Selective Structural Demoliton CE 682500 | 8 D38| 5 259535000 | % 346,766.69
Selective Interior Demolition SF Floor 32420 | 8 7501 5 243,150.00 | § 32510631

|  Total: $ 671.873.00
Figure C.13 Demolition Cost Estimate
[tem Quantity Tvpe | Quantity | Unit Cost Cost w/ OH w/ Inflation Rate|

Earth Work CY 444 3 085 |5 437340| 3% 5847.50
Markers LE 1220 3 1005 122000) 5 1220002021 Price

Concrete Work (Site) SF 3812 3 4565 17382725 2324175

Asphalt Work SY 2613 5 12400 |5 32401200 | 5435322371
Landscaping SF 2724 3 1200|535 3268800|5 32688002022 Price

Total: $496.220.97

Figure C.14 Civil Site Cost Estimate
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Item Quantity Type Quantity Unit Price Cost w/ OH |w/ Inflation Rate|
Substructure
Elevator Foundation CY 9 % 12600 | § 113400 3% 1,134.00 | 2022 Price
Shell
Superstructure
Floor Construction SF Building 32420 § 1426 | § 462,309.20 | § 3584.520.85 | Excluded
Roof Construction SF Roof 6484 % 261 % 1692324 | % 2130601
Masonry EA 2387 § 13.78 | § 3280286 | % 32.802.86 [ 2022 Price
Exterior Enclostre
Exterior Windows EA 88 % 52000 | % 4655200 % 38.858.04
Exterior Doors EA 9 § 317000 | % 2853000 | % 3607102
Roofing
Roof Covers SF Roof 6484 % 0.73 | %8 473332 % 5,984 58
Interiors
Partitions SF Wall 38247.5 % 6.96 | $ 266,202.00 | § 336,573.38
Interior Doors EA 107 § 130800 | % 14058600 | & 18012013
Interior Windows EA 12 $ 52000 | § 634800( % §.026.10
Stair Construction Flight 9 $ 202000| % 2628000 (% 3322713
‘Wall Finishes SF Wall 38247.5 % 262 | % 10020845 | % 126,698.00
Floor Finishes SF Floor 32420 % 532 | % 17247440 | 5 218.068.09
Ceiling Finishes SF Ceiling 25036 3 450 (% 11004624 | § 150,516.17
Tube Railing LF 320 % T6.50 | § 2448000 % 30,951.30
Services
Conveying
Elevators & Lifts EA 1 $117.67500 | § 11767500 | § 148,782.44
Rate
Plumbing
Lump Sum SF Building 12% $ 71033406 | § 900040148
HVAC
Lump Sum SF Building 13% $ 77927954 | § 98528244
Fire Protection
Lump Sum SF Building 3% $ 17083374 | § 227372.87
Electrical
Lump Sum SF Building 9% § 53050122 [ § 682,118.61
Building Site Work
ADA Ramp CY 14 % 12600 | § 1.764.00 | % 1.764.00 | 2022 Price
Special Constuction
Turf SF Turf 2070 % 18.75| § 3881250 | § 38.812.50 [ 2022 Price
Concrete Curb CY 4 $ 126.00 | § 50400 | & 504.00 [ 2022 Price
Total: $4.243,656.53 |
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Figure C.15 Building A Renovation Cost Estimate




Item Quantity Type Quantity | Unit Price Costw/ OH |w/Inflation Rate
Earth Work CY 1000 5 5800 | S 5800000 |S 58,000.00 2022 Price
Substructure
Footing CY 23 S 160005 400000 S 4.000.00 2022 Price
Foundation Wall CY 125 $ 160005 2000000 | S 20,000.00 2022 Price
Superstructure
Columns LF 232 5 420000 | 5105840000 | § 1,058.400.00 2022 Price
Girders LF 238 S 4200005 99960000 |S  992.600.00 2022 Price
0. W._ Joists Ton 52 $ 6000005 3120000 (S 31,200.00 2022 Price
Hollow Core CY 33 5 450005 3825000 |S 38.250.00 2022 Price
Slab CY 50 S 160005 8.000.00 | S 3,000.00 2022 Price
Grid Feinforcing CSF 41 5 6450 | S 264450 (S 3,333.86
Finishing
Concrete SF 4090 5 0815 3531280 | % 4.429.53
Reafing
Decking 5F 6033 5 4005 2421200 |5 32,372.91
Plywood SF 6033 5 20008 1210600 | S 12,106.00 2022 Price
Insulation SF 6033 5 450 (S 2723850 |5 27.238.50 2022 Price
Roof Shield SF 6033 5 023§ 138219 | § 1,361.44
Exterior Wall
Stone Cladding SF Wall Ext. 3666 5 33.50 | § 12281100 |5 16420576
Weather Barrier SF Wall Ext. 4043 5 0758 30322558 303225 2022 Price
Rigid Insulation Board SF Wall Ext. 4043 5 27508 1111823 |5§ 11,11823 2022 Price
Plywood SF Wall Ext. 4043 5 450 (S 18193505 18,193.50 2022 Price
C-Channel Stud SF Wall Ext. 4043 5 1050 | § 42451350 |8 42 451.50 2022 Price
Fire Retardent SF Wall Ext. 4043 5 2008 3.086.00 | S 3.086.00 2022 Price
Vapor Barrier SF Wall Ext. 4043 5 100 | S 404300 | S 4.043.00 2022 Price
Gypsum Board SF Wall Ext. 4043 5 229158 025847 |5 025847 2022 Price
Exterior Wood Trim | LF Building Perimeter 377 5 2200 5 320400 |5 829400 2022 Price
Exterior Doors
Glass EA 2 S 4800005 9.600.00 | S 9.600.00 2022 Price
Industrial Door EA 4 S 317000 |5 1268000 S 16,953.93
Exterior Windows EA 32 $ 3500005 11200000 S  112.000.00 2022 Price
Partition Wall SF Wall Int. 333 5 JA5|S 238093 |S 318347
Interior Doors EA 4 5 1398005 339200 | 5 TA476.34
Outdoor Patio Pavers SF 2600 5 800|S 2080000 (S 20,800.00 2022 Price
Fence LF 35 5 60.00 | S 5,100.00 | § 5,100.00 2022 Price
Rate
Plumbing
Lump Sum 10% § 27427912
HVAC
Lump Sum 23% § 68344060
Fire Protection
Lump Sum 8% § 21942330
Electrical
Lump Sum 12% § 32013495
[ Lotal: § 425406922 |

Figure C.16 Building C Construction Cost Estimate
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Appendix D: Building A: Elevator Design

Elevator Design

Manufacturer: Schumacher

Model: In-Ground Hydraulic Elevator
Capacity: 3,500 Ib (stretcher/gurney access)
Hoistway Requirements: 8'4" x 6'11"
Platform Requirements: 7'0" x 6'2.5"
Interior: 6'8" x 5'5"

Cab Design: 700 Series - Laminate Cab

Hoist Beam (A992 W6x25):

E:=29000 ksi  F,:=50 ksi I,:=53.4in" S,=16.7in° Z,:=18.9 in’

A;=7.34in°  r:=27in  d:=6.38in b=6.08in  t;:=0.455 in
t,:=0.32in  r;=1524in I[;:=17.1" C,=1504n"  J:=0.461 in’
c:=1 h,:=5.93 in 7,:=1.741in
P:=10 kip 5
L:=8 ft+4in+2-|7 in+§ in):9.604 ft
P
R:=—=5 ki
5 D
. P-L .
Ve =R=05 kip Mmam::T:24'01 kip - ft
L . pP.L° :
allowable::_0:0'32 m Amaz :48.—E.Im:0206 m
Amaw < Aallowable
Flexure:
TABLE USER NOTE E1.1
Selection Table for the Application of
Chapter E Sections
Without Slender Elements With Slender Elements
Sections in Limit Sections in Limit
Cross Section Chapter E States Chapter E States
I Ea FB E7 LB
e E4 T8 FB
TB
Cp:=1.32
Mp ::Fy-Zw: 78.75 kip - ft
by
)\f::—: 6.681
(2-tp) - -
)\pf::0.38- —=9.152 )\Tf::1- —=24.083
Fy Fy
For compact flanges (Af = Ap¢): ¢M, = 0.9 M.
¢MTLFLB = 0.9 'Mp = 70-875 kip 'ft
L,:=L=9.604 ft
Lp :=1.76. Ty* £ =5.369 ft
Fy
E Je Je 0.7-F
L,:=1.95.7,- : ° 4 ° | +6.76- V| —23.741 ft
0.7-F, | S,+h, S,-h, E
C, -’ +E Je L\
=t . \/1 +0.078.—2"C | 22| =138.671 ks
Ly x° ho Ts
Ts
ForL,<Ly=<L,

oM, = 0.9x Min| M, Cy[ M, - (M, - 0.7 F, 5 (22 |

L,—L,
¢M,, 175:=0.9+Cy+|M,— (M,—0.7-F,-S,) - -

r—p
¢M,,:=min <¢Mn.FLB » M, n.LTB) =170.875 kip - ft

)J =85.328 kip - ft

M,:=M,, ., =24.01 kip-ft ~ M,<$M,



Web Local Yielding:

R=5 kip

ly=7in+—1m=7.625 in
k:=0.705 iy

$R, :=1- <2.5-k+lb) -F,-t,=150.2 kip

R<¢R,

(ﬁR” =1.00 x(2.5k + £p) F_\'u' by

Steel Bearing Plate (A36 8"x8"x1/8"):

R,:=5 kip f./:==2000 psi
b;=6.08 in F,:=36 kst
B:=8 in

N:=8 in

ly:==N

$,:=0.65

A,;==B-N=64 in®
a;=1 'm(

ay:=2+(8 in-1.25 in) =20 in’
Ayi=a,+ay=25.125 in’

, Ay .
P,i=0.85+f/+Ay+||—==68.17 kip

1
check:=1.7-f,/« A, =217.6 kip

_ 4‘d'bf R,u

X:= . =0.113
(d+by) | PP

N—-0.95-d
m=——

=0.97 in
2
B-0.8 by ,
ni=————=1.568 in
d'bf .
n':= =1.557 in

4
A::M:o.sm
1+V1-X

l::max(m,n,)\-n’):LE)GS in

2R

too o=l ———— % —0.109 in
min 0.9-F,-B:N

1. .
i&::g m=0.125 =n

¢R,:=0.75+1.8-F, - A,=1221.075 kip

Final Steel Plate Dimensions:

B=8in
N=81in
t=0.125 in

Full Square 8"x8"x16" CMU Unit:

] 5 .
i b:=7in+—1in
Q! 8
1‘15-'; . 5 .
'S d:=15 m+§ m

. 5

FULL SQUARE
200812700000

R,:=5 kip
f./:==2000 psi

R, .
o:=——=199.005 psi o<f.
Ay

7 in 2 zn) —2.(1.25 in)) =5.125 in’

(a) On the full area of a concrete support
P,=085!4, (J8-1)
(b) On less than the full area of a concrete support
P, = 08524 A T Ay 172 4 (18-2)

where
Ay = area of steel concentrically bearing on a concrete support, in.* (mm?)
Az = maximum area of the portion of the supporting surface that is geometrically
similar to and concentric with the loaded area, in* (mm’)
fi = specified compressive strength of concrete, ksi (MPa)

8-Inch Unit Configurations

L

MM |

g
F =)
BV —




Appendix E: Building A: Stairway Design

Most critical scenario for designing the members is the stair system from first
floor to second floor. Stair components will be designed based on this case and
will be uniform for the rest of the stairway system.

First Yo Secong) Fhor |

MOSY cnfiee

| E'I‘
A ) wﬂa Fleoc
y N
| ~
: N,
g Sy
N~ N\
" N
t
"N
o H>
. i)l = i.oi'l‘ \
. | ’[:._T e
'E / [andiney
F
n
*
i
T ) Firsk o

T

Swair Dmensionss, ™

Hrstars based on rise: 555 I

YUN reg: ) staies x @ﬁ)\ = 10,083 = 101"

St

* Larding Ocpth most be ot least eqeal b starway widh Ok 43"
« Starway width o —_g; = 694 - 4w
o o Star Skp Wight ’795’
o oo Stair slep deptn 1 11 (sohd risers)
X:=10 ft+1 in=10.083 ft
Y:=7 ft+1.5in=7.125 ft

Z=A\/X? +Y? =12.347 ft

9 ft+11 in+% in=9.948 ft

Stair Stringer (Double Stringer - MC12x10.6):
Wiipe = 100 ps.f 3
9 ft+11 in+§ in—4in

stairway.width = 5 =4.807 ft
To treat the stair stringer as a horizontal beam, the distributed load is increased
to 120 psf.
|
O
wi=120 psf - statrway.width —0.988 kﬂ
L:=12.347 ft 2 ft

E:=29000 ksi  F,:=50 ksi I,:=55.31in"  5,:=9.22in° Z,:=116in’

A;=3.1in"  r,=422in d:=12in bp=1.5 in t;:=0.309 in
t,=0.194n  7,;:=0.349 in 1,:=0.378in" C,=117in° J:=0.0596 in'
c:=1 h,=11.7in 7,:=0.478 in  k:=0.75 in h:=d—-2k
o L i
R:=""" 1781 kip
2
Ve =R=1.781 kip
L7 :
M, =2 ——=5.496 Kip-ft
L 5ew-L*
=——=0.412 in A,y =—————=0.094 in
allowable 360 max 384.E ‘Ix
Amaz < Aallowable

¢V,:=0.9:0.6-F,-d-t,=61.56 kip

_W.L solve,W 9.9716530331254547663 - kip
2 ft
wyield:: 9.97 kip ‘ft

PV,

W< Wyielq



TABLE USER NOTE F1i.1
Selection Table for the Application
of Chapter F Sections

Section in Cross Flange Web Lirmit
Chapter F Section Slenderness | Slenderness States

= % } g : B

Cb::1
L
L,:=——=1.235 ft
=T f
Mp::Fy-Zm:48.333 kip-ft

M yi1q:=0.9+ F, + S, = 34.575 kip - ft

E
L,=1.76-r,-4|—=1.233 fi
F 2
Ey J J 0.7.-F
L,:=1.95-7,- . ° 4 ° +6.76-( : y) =3.935 ft
0.7-F, S, h, S, h, E
ForL,<Lly=<L,
¢M,, = 0.9 x Min|A,,, r,,|.-1-f;, ~(M,-07F,S) [% )||

L,—L
OM 15:=0.9 - min (Mp,c,,- (Mp— (M,—0.7-F,-S,)- (Lb_ p))):43.486 kip - ft
p
M, :=min (pM,y;e1q, PM rp) = 34.575 Kip - ft

M,:=M,,,.,=5.496 kip-ft

Stair Landing (Most Critical Case):
Using MC12x14.3 stringer to connect stair stringer to landing(stringer 3, as
shown in figure below) and MC12x10.6 stringers as support members. A
supporting stringer is to span horizontally at midway th('ough t)he landing.

di=5 ft+10in  d==2917 ft L=9 ft+ |11+ in
NTEC 1
i ) —
#0oshad lings rt?ﬂ"m’( Y
MR/ MU0 londing Shivgers kol
i l_'__s*r?T_rs'_ [l — —— T
l o | l Ti - "
sge?’ ' | 1 Qidspen = %2
| \ Y (2"
: Shnge
_'5;_- f::w:‘—_ __Jlli_:_ B T o 8
h ‘ ]
2 1 | |
O S A |
| i
FRMEREE \F / L e __,/"L,____...,._ FETE
\ i .;n%f_i'gq;_ /
N & {,"‘;ﬂ"\
MCL L0 MU2xi06
Shringevs | Stringers

Stringer 1 (MC12x10.6):

S\er\%gr \

3

L, :=stairway.width=4.807 ft
dl = dmid =2.917 ft
Wy =Wy dy =0.292 kl—f

Wgy + Ly

R =———=0.701 kip




Vmaml = Rl = 0-701 kip
Wgy * L12 .
M, oz1= — - 0.843 kip - ft
L, . DeWgy L14 .
ontet= gy =00 I = T, 00
Ama:ﬂ S Aallowable

¢V,:=0.9-0.6-F,-d-t,=359.1 kip

_W-L, solve,W 149 3980498374864572 - kip
2 i

PV,

Wy < wyield

TABLE USER NOTE F1.1
Selection Table for the Application
of Chapter F Sections

Section in Cross Flange Limit

Web
Chapter F Section Slenderness | Slenderness

2 i_E } c ¢ | vum

Cb =1
L,:=L,=4.807 ft
M, =F,-Z,=48.333 kip - ft

M yi01q:=0.9+ F, + S, = 34.575 kip - ft

|E
Ly=1.76-1,(|-——=1.233 ft
Y

E Jec ( Jec
0.7-F, S,h, S, h,

2

: 0.7-F,
+6.76+ | ———L| =3.935 f1

L,:=1.95-7,-

ForL,>L,:
oM, = 0.9 x Min (M, F.. S}
_ GrE ." o Jc (L
Fo= (Lafre )l -\II 1+0.078 S b, (r ]

Cb'7T2 -F .
F,:= =15.403 kst

2 . L 2
-\/1+0.078- J-c ( ”)
Sa:'ho Tis

¢M7p:=0.9-min (M,,,F,-S,) =10.651 kip - ft

M, :=min (pM,y;e1q, PM 1 r) =10.651 kip - ft
M, :=M,,,,=5.496 kip - ft

Stringer 2 (MC12x10.6):

Skr ngec ‘A

L,:==d=5.833 ft

P,,=R,=0.701 kip
Vmamz ::P82:0‘70]‘ kip

P 52 ‘Lz .
M, o= =1.022 kip- ft
. L, . . Pg- L23 .
allowable = 0 =0.194 n Ao .:m: 0.003 n
x
Ama:ﬂ S Aallowable
clear (P)

¢V,:=0.9-0.6-F,-d-t,=359.1 kip

p solve,P
oV, = 0y —— > 718.2-kip

%

m

ax2 < Pyield



Ly=L,=5.833 ft

Member has enough flexural strength based on
unbraced length as seen in Table 3-11 from
AISC Manual below.

;r e Table 3-11 (continued)
Wal53s | oolle Channels
kip-ft kip-ft
%o |  Available Moment vs. Unbraced Length
T T B R | 8]
20 0 fepaganiT BN AR
2 I 3 R e
Vel I % | I \: 18
18 27 o - i3 i
EHRANEY k2
16 24
\ o
4
14 2 3 \ fl \
& ey
MBKBSB% &
12 18 Y ! o
& Rk
NG NI
10 15 2 2 Qs

g
o

=i Cta

6 9
4 6 ™
\%
]
BTN O
2 3 s
~L] | ]
T eiog s
0 0
0 2 10 12 14 16

4 a
Unbraced Length (0.5-ft increments), ft

Stringer 3 (MC12x14.3):

9. SIMPLE BEAM — TWO EQUAL CONCENTRATED LOADS SYMMETRICALLY PLACED

_S’\T'tnﬁgL%ﬁ__‘ o

A=V ...

Total Equiv. Uniform Load ........cccoovevvmevnens

8Pa
I

R R LI

vh M  when el e
. j i
i i [Shean WV Ar Maboemen:suemasmannamimmm

o= %(3:2 —ad)

t}L _] i i ‘: Amer (8t &= é}
L3 A ' Moment .

Ae [When a< X< (1-a )]

P,:=P,+R=2.482 kip
Vmams ::P53:2.482 kip

M, m5i=P.g-a=11.93 kip - ft

I,:=55.3in"
t,:=0.25 in

d:=12 in

A 5 —0.332 4 A 2Pl
=—=0. m He e —
allowable 360 648 - E ‘Ix

max

Apur <A

max = “—allowable

¢V,:=0.9+0.6-F,-d-t,=81 kip

solve ,P
¢V, =P —— 80.999999999999986 - kip

y
Vmam3 < P yield

Ly=L,=4.807 ft

Member has enough flexural strength based on
unbraced length as seen in Table 3-11 from
AISC Manual below.

M (DEIWEEN 108US) v

(When X< ).

_2apP

"7 G4BEl

....... = g’;(ﬁ.’a—aag - xE)

2 :%(Sfx ax’ -a”)

=0.093 in

clear (P)



;r; viae Table 3-11 (continued)
Wiy | ool Channels
e Available Moment vs. Unbraced Length
20 | 30 |ohars i : \ C&Jr» i fl?!il[ ﬁ;lg
: \ ST e
FARARE A AACHRBNNBRREANG
18 27 e ‘\ﬁ? ‘%fﬁ '
1CBx11.5 ‘%\
16 24 "l \.’k §
N ¢
14 21 3 N L;%l E 5
% \ WHieS
| Mcaas %" i
12 18 : \ i 1
= i 5’5_\\
= [ Ne
o ~,
10 15 \?l \ = & R
\& N I
% R
8 | 1 \ -
; N
Y
6 9 ™
it N
\
4 . N i MG
~ T
TS0 ]
2 3 ™ ] s ]
106, 5
0 0
0 2 4 6 8 10 12 14 16
Unbraced Length (0.5-ft increments), ft
Stair Tread (A36 3/4" metal plate pan):
F,:=36 ksi
F,:=58 ksi
b:=stairway.width=4.807 ft
d:=11 in L:=b
t:=0.75 in
Modeling as simply supported beam
b
w:=100 psf-d=91.667 oy
ft
1 d-t’ .
I,=—-d-t’ S, = =1.031 in®
12
L7 .
M, =2 ——=0.265 kip-ft
quyield :=0.9 -Fy «S,=2.784 kip-ft M, .. < quyield
A =L 016 in A =500 6o in
allowable * 360 . max 384 'E‘Ix .
Amam < Aallowable

Landing Tread (A36 3/4" metal plate pan):

b:=stairway.width=4.807 ft
d::dmid:2‘917 ft L::b
t:=0.75 in

Modeling as simply supported beam

w:=100 psf-d=291.667 l‘;__)—tf

_d-t’

Ii=—ud.t3 S : =3.281 in®

Tt

weL? ,
M, ozi= 3 =0.843 kip - ft

¢Myield :=0.9 'Fy . Sm: 8.859 k’l;p 'ft Mmamg ¢Myield

A=W hsin A =L —016in
max * 384-E°Ix . allowable * 360 .

Apun <A

max = “—allowable



Stringer and Landing Bolts (Dewalt Power-Stud SD1 (3/8"x5.5")):

%

mazxl

\%

max ? max2 Vmam3

V,=max <V ) =2.482 kip

Ultimate and Allowable Load Gapacities in Shear for Power-Stud+ SD1 CODE LISTED | (7%
in Grout Filled Concrete Masonry Wall Faces'**** ICC-ES ESA-2956 | X it )/
Grout-Filled Concrete Masonry
Min. Min. Min. Instailatien 'm = 1,500 m = 2,000
Nominal | Mominal | M i — ey psi sl
Anchor Drill Bit Dapth Distance Distance Direction of Loading ey Uitimate | Allowable | Ultimate | Allowable
in. in. . im. . fi-ibf Load Load Load Load
(mm) (N-m) Shear Shear Shear Shear
() (mm) Ibs. Ibs. lbs. lbs.
() (ki) (ki) (]
8 ET] 238 4 4 Perpendiculas o parallel to 20 2475 595 1570 75
ANSl (60.3) {101.6) {101.6) wiall edpe or end £2n 134 27 {16.1 32
4 12 Perpendicular o parallel to 2,800 560 3360 670
(101.6) {304.8) wiall edpe or end (26 12.5) {15.1 B0
172 2 12 4 N i 40
2 we | s | @y | gog b B4) 4025 805 4830 985
4 12 S g (18.1) 13.6) 2Ly 43
016 | @048 Paala i wall wigm
4 4 Perpendiculas o parallel to 3,425 [ 4110 B20
(101.6) {101.6) wiall edpg or end (15.4) 31) 18.5) (3.7)
: 58 338 12 4 s T 50
5 we | s | eus | ans il mielenf B8 | sas | 1oss | sse | 1280
4 12 E 3 2400 (4.8 28.8) 5.8
(1016 {304.8) Parallel to wall edge
12 12 1.770 1,875
338 (304.8) (304.8) 7.9 B.3)
4 a4 (8.7 20 20 Perpendicular or parallel to B0 2040 2,160
A {508.00 {508.0) wial edpe or end (108 1) (9.6)
4-3/4 12 12 2545 2545
(120.7) (304.8) {304.8) {56.7) 1.3 96.7) (1.3

1. Tebniated load values for 8, 1/2" and 518" dismeter anchors are installed in minimum 6 wide, Graoe N, Type I, ightweight, medium-weipht or nommal-meight cancrete masoory urits
conforming tn ASTM C 00 Mortar messt b minimum Tyne M. Masomy compressive srangth must ba at spectied minimum at e fima of nstakation.

2. Taated load vaiues for 34" diameter anchors are installed in minimum 8° wide, Grare M, Typa 1, lightweight, medium-weight or normal-waight concrete masonry units condorming 10 ASTM
C 00. Mortar must ba minimum Type N. Masonry compressive sirength must be =t specified minimum at tha time of installston.

3. Alowable ad capaciies istad are caiculsied using an appled safety factor of 5.0.

4. The tmbuksted values are applicable for anchors installed i grouted masorsy wal faces ot a oritical specing distance, sa, between anchars of 16 imes the anchar dameter. The ecing
distanoa hetween two anchars may be reduced to minimum GSENCe, Swe., of 8 times the anchor dismeter provided the alowabla tension ibads are muttiplied by a reduction &ctor 080 and
aliowable shear loas are mutiphed by & reducion fackor of .00, Linear inempolztion for caloulation of allowable Inads may be used for imermediate anchor specing distences.

5. Anchors may be installad in the grmuted celts and in oall webs and bed jints not closar than 1-3(8 fom head joints. The minimum edge and and distances must alsn ba maintzined

V=595 kN =133.761 kip

Vu < Vall
Source: https://www.buildsite.com/pdf/dewaltanchors/Power-Stud-SD1-Product-Data-2051725.pdf

Stairwell Design

Wirwel| Dimensions
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Designing right wall to handle stair and floor joist loads. Using 8"x8"x16" CMU blocks

@ O bCMU::7 in +§ in

s

% 5

1534 .5
FULL SQUARE
200812700000

Wep =115 pef
£./:=2000 psi

Aoy wars=boyu* Lwarr, =10.961 ft?

H:=(11 ft+10 in)+ (14 ft+3 in)+(13 ft+4 in)+(10 ft+11 in)+(8 ft+6 in)
Veruwar =Acvuwary - H=644.868 ft°

Wonu=Venmvwarr* Wony = 7416 kip : e

13 ft
2

|
|
|
|
|

TW :=

TA:=TW . .-TH=112.125 ft* 5




Wiiye =100 psf
Weead. floor = 20 PSf
Waead.roof = 25 PSf
wsnow = 16 psf

Wrioor *= L.2. <wdead.floor> +1.6- <wlive> =184 psf
Wegof = L. <wdead.roof> +0.75 <wlive> +0.75- <wsnow> =112 psf

wjoists =3 <wflgm-> +1. <wroo ) =664 pSf
W iorsts = Wjoists* (TA)=174.451 kip

W= WCMU+WJOISTS: 148.611 k?ap

o= _94.154 psi
AcvuwAaLL
f./=2000 psz o<f,/

Soil Properties:

Assumptions:

- water table = 5ft below surface
- angle of friction = 30 deg

-Gs = 2.7
- non-cohesive soil
- Es = 750 tsf
Yeonce = 150 pCf Yoackfil ‘= 120 pcf Y= 62.4 pcf Ya= 130 pc.f
¢'=30 deg ¢==0 psf Yuwatertapie =5 ft  Es:=(750-2000) psf =1500000 psf
Gs:=2.7 e:=0.4 u,:=0.3

(Gs+e) Y
Vsat == 138.171 pef/ =", —7,,=75.771 pef

1+e

D:=5 ft Dy=D

U= <D - ywatertable> *Yw=0 psf

7' 20=Ya* Ywatertable + <<D - ywatertable) ° 7/> —u=650 psf
AO-/ZD =conc* Df =750 psf

tp=16in  Bi=15ft  L=22 ft

Bearing Capacity:

P=W A:=B-.L FS,:=3
P
= et +|—|=0.65k
q <7conc f> A) Sf
qnet::q_a-/zo:() ka
2

Ngq:=exp(3.14- tan (qs'))-(tan (45 deg +% =18.384

AL b TP} =

tan (¢’) =

1.:=1
iq: 1
7,:=1

: Dy Dy
Ny:=2+(Ng+1)-tan(¢')=22.383 —-=0.333 k:=atan|—- rad|=0.322 4,

2

B
d.:=140.4 k=1.129 d,=1 d,=1+(2-k-tan(¢’))-(1—sin(¢’)) =1.093
B -(ﬂ):mm sy=14]2 -tan (¢') =1.394 sy::1—0.4-(%):0.727

L] \Nec 1 L

qyi=c’*Nces,+d 1.+ (AO"ZD-Nq-sq-dq-iq> +

1 .
E-B-'y’-Ny-sy-dyozy) =30.251 ksf

an an

Qo '=——=10.084 ksf — =90037.162  FS,:=3
¢ FSq Qnet !
Settlement:
P=W B’::g L'== Ap=B-L a=4 H=5B
4= (Yeone* ty) + (i =0.65 ksf
J Af'
qnet::q—O',w:O ksf T:=2'Df:10ft
By :=3—4.u,=1.8 By=5—(12+u) + (8-u,) =2.12 Byi=—4-ug (12 u)=—0.48
By=—1+ (4-u)— <g u52) =-0.52 Bs=—4+(1-2 u5>2 =-0.64

r =\ L% +7° =24.166 ft ry:=\B® +7% =18.028 ft
ryi=\L? + B +r? =28.443 ft r,;i=\L*+B* =26.627 ft

ry+B rq+L) r,°-L°-B°
Y,:=L:In +B-In - =26.767 ft
L B 3.L-B




r3+B B rs+L _r33—r23—r13+r3

Y,:=L-In .In =24.258 ft
T Ty 3-L-B
2 . 2 .

Yy=-—.In (Btry)er) o In (LAm)ery =6.103 ft
L (B+73) T B (L+mry)er
r2-(r1+r2—r3—r

Y, := =1.137 ft

4 B f

Y5::r-atan( - ]:8.594ft

TeTs
I <51'Y1>+</32‘Y2)+<ﬁ3‘Y3>+<ﬁ4'Y4>+<,35‘Y5) —0.863
pi= =0.
(B1+B2) Y,
r H —10

M := =1.467 N:=
B’ B’

2 2 2 2 2
I=——.||M.m (H\/M +1) - <\/M sl ) +1n <M+\/M H)'(\/HN ) =0.58
3.14 M-<1+\/M2 +N2+1> M+\M? +N? +1
9= N -atan M =0.023
2.3.14 N-‘/M2+N2+1
1—
I, ::I1+( US) -1,=0.593
1—wuy
1 —us2 .
S:=a Qe B -1,-1;-0.93=0in 0,:=0.25 in
Es
Design for Shear
— 1) —
B R o I B
B
Section view of Stairwell shaft on foundation

Assume using #4 rebar
dy,=0.625 in Colear =3 In t;=16 in
depp=tr— (dpar+ Cetear) = 12.375 in
Area of footing = Wmt

144 2 ) . .
A, =——=14.738 ft* Need to slightly increase area of footing

dan
B:=16 ft L:=23 ft
Xopape=11 ft+5 in=11.417 ft
Yoo i=18 ft+1 in=18.083 ft

B—-X B
Xppi=—— — 9292 ft check := =6.982 one way shear

XTA

L_Yshaft
Yy i=————=2.458 ft check := =9.356 one way shear
A:=B-.L=368 ft’ l
h:: tf ‘L*

w J [
Qupuara’=—~=403.834 psf Iwuwfwu

One-way shear

I"'u,nncWa}r =y X Ll(hi_ﬂ = ﬁ'T) o
One-way shear resistance of concrete ‘TI ] N
¢V, =0.75x(22 +/ f{ L2 d)
(Ly—cy)i2 -d

Vu.OneWay = Qupward L- <XTA - deff) =11.707 kip
=1 f./:==2000 psi

¢V ,:=0.75+2-X-1/2000 - psi - B+ d, ;= 159.387 kip



V.oneway <PV Footing thickness of 16" is adequate

Design for Flexural Reinforcement

J'HIU =4y LE (%) (% ]

X TA

M, = qupward'L'XTA' =24.39 kip- fi

Mu
| \Kkip-ft
s.ruleofthumb ™~ |~ 7 ;7 \
4.(deff)

no

A in® =0.493 in

mn

A =0.0018-h+L="7.949 in?

Apors=0.31 in’
try 26 #5 bars

A;=26-4,,.,=8.061in" A>A

s Z<“Ls.min

Jy:=60 ksi
Sharmaz=min (3+h,18 in)=18 in
B . L .
Shar provided = —=1-385 in Bar spacing is less than the maximum allowed
26 thus 26 #5 bars is ok based on flexural strength
§:=0.95 and shrinkage & temperature

M, :=0.9+A,+ f,+j+dosp=426.399 kip - ft

Rebar amount is adequate for flexure.
Development Length:

For simplicity and to be conservative:

Y,:=1.0 =10 P,:=1.0 A:=1.0 K, =0 =3 Qs i=1.0
man . 1.7 .d
ld::max 12 in,%°ams-¢s <¢t ,‘:be;{ >. fy bar
min|2.5, )\-min<100 psi , \/2000 psz')
bar
mn
XTA:27'5 'l:n YTA:29'5 in

Footing size was increased to 16'x23' to provide enough development length for bars
from critical bending section.

Dowel Bars:

Dowel bars are used to transfer load from the column to the footing. If the bear-
ing strength is larger than the column load P, only the minimum dowel bar area
is needed. If the bearing strength is smaller than the column load then the dowel
bars must transfer this excess load. Thus area of dowel bars is determined as
follows.

Span of wall:
A;:=(18 ft+1 in—10 in) by =10.961 ft*
A,:=B-L=368 ft’
N;:=0.65+(0.85-f, "+ A;) =1744.104 kip

. A,y :
N,:=0.65+(0.85+f. '« A;) »min |2, - =3488.209 kip

1

@P,,:=min (N, ,N,) =1744.104 kip

p:=0.005-A4,="7.892 in’

As.Dowel.min =p= 7.892 ’I:’r),2

=25.156 in



Use 6#3 dowel bars in each block of CMU wall to footing at 90 degree hooks
Apr3=0.11 in’

(18 ft+1 in—10 in)
deny
A, power =6+ Number.blocks+ A,,, ;=8.58 in’

Number.blocks:=

=13.248 Number.blocks:=13

Development length for bars in compression

0.02 fy dw

£ -=M‘iX|8in e
o= > IMin[100, 42 |°

0.0003 f,.df,l

dpar:=0.375 in
0.02- f,+ dyar 0.0003

lj.:==max|8 in, , -
A-min<100 psi , \/ 2000 psi) pst

£+ dpar | = 10.062 in

depy=12.375 in degr>1ge
The restraint here is that Ldc was too large
for our footing depth when using larger
N dowel bars. We have elected to use
- smaller bars more often to keep the
= footing depth at 16in.

[

a,:=1

0.0005

lsplice ‘=max (12 n,lg., 'fy.dbm"as =1214in

Dowel bars must extend into CMU wall 12" from top of footing.



Appendix F: Building A: Elevator Foundation Design

Stirwe)| Dimensions
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Designing right wall to handle stair and floor joist loads. Using 8"x8"x16" CMU blocks

.5,

8] < 7% berw =T in +§ in
& 7% 5
S

< hep =17 tn +§ n

FULL SQUARE
200812700000

f./:=2000 psi

Wep =115 pef

Aoy wars=boyu* Lwarr, =10.961 ft?

H:=(11 ft+10 in)+ (14 ft+3 in)+(13 ft+4 in)+(10 ft+11 in)+(8 ft+6 in)
Veruware =Acvuwary - H = 644.868 ft*

Wenw=Vemuwarn* Wenu=74.16 kip

BB CC
s ® .

‘ |
TH =Ly, =17.25 ft | |

TA:=TW.TH=112.125 ft*

wdead.flom“ =20 psf
wdead.roof =25 psf
Wnow = 16 pSf 6

|
|
|
Wiipe = 100 ps.f ‘
|
|
I

Wrioor *= L2. <wdead.floor> +1.6- <wlive> =184 psf
Wegof = L. <wdead.roof> +0.75 <wlive> +0.75- <wsnow> =112 psf

Wioists ™= 3- <wfl007"> +1- <wroo > =664 psf
W iorsts = Wjoists* (TA)=74.451 kip

W= WCMU+WJOISTS: 148.611 k?ap

o= _94.154 psi

Acvu.wAaLL
f./=2000 psz o<f,/



Soil Properties:

Assumptions:

- water table = 5ft below surface
- angle of friction = 30 deg

-Gs =27
- non-cohesive soil
- Es = 750 tsf
Yeone = 150 pCf 7backf’ill =120 pcf Yw = 62.4 pcf Ya= 130 pc.f
¢'=30 deg ¢==0 psf Yuwatertapie =5 ft  Es:=(750-2000) psf =1500000 psf
Gs:=2.7 e:=0.4 u,:=0.3

(Gs+e) Y
Yoar = ——————=138.171 pcf V=Ygt —Yu="T5.7TT1 pcf

1+e

D:=5 ft Dy=D

U= <D - ywatertable> *Yw=0 psf
' 20=Ya* Ywatertable + <<D - ywatertable) ° 7/> —u=650 psf
AO-/ZD =Ycone* Df =750 psf

tp=164n  B:=15ft  L:=22 ft

Bearing Capacity:
P=W A=B-L FS'q::3

q:= <7conc. tf) + g) =0.65 ka

Qnet =4 — a-/zo =0 ka

2
Ng:=exp(3.14-tan(¢’))- [tan (45 deg +% =18.384
AL ik SO ioi=1
tan (¢) =1
D Dy K
Nyzzz.(Nq+1)-tan(¢/):22.38§’1:0.333 ki=atan|— rad |=0.322 i,:=1

di=1404 k=112 dy=l  dy=1+(20h-tan(9))-(1-sin(#) =109
Ngq B / 5
.(N—C):]_416 Sq::1+ —_ .tan(¢):1.394 Sy::1_0'4.(f):0'727

B

L

s.:=14+

qn:=Cc+Nc+s,+d 1.+ (AO"ZD-Nq-sq-dq-iq> +

1 .
E-B-'y’-Ny-sy-dyozy) =30.251 ksf

qau==q—N= 10.084 ksf N _90037.162 FS,:=3

FSq qnet
Settlement:
P:=W B’::g L,::g Af::BoL a:=4 H:=5B
q:= <’Yconc' tf) + (i =0.65 ka

Ap

Qnet =9 — 0", =0 ksf ri=2.D;=10 ft

B1=3—-4-u,=1.8 ,82::5—<12.us>+<8_u82>:2‘12 ﬂi;::_4'us‘<1_2us)=—0.48

Byi=—1+ (4-u) — (8 u,?) = —0.52 Byi=—4-(1-2 us>2 —_0.64

r =\ L? +7% =24.166 ft ry:=\B® +7% =18.028 ft
ry:i=\L? + B +r? =28.443 ft r,i=\L*+B* =26.627 ft

ry+B ry+L) r,°-L°-B°
Y,:=L:In 7 +B-In = |- =26.767 ft

3:-L-B
3 _ 3 _ 3 3
SOPED Y (0 ke SO ) B Mk M PP
T Ty 3-L-B
2 . 2 L .

Yy=_—In w +7 m % =6.103 ft
L (B+73) T B (L+mrs)er
1'2-<r1+r2—r3—7">

Y, := =1.137 ft

! L-B f
Y5::r-atan( - ]:8.594ft
rery
I <51-Y1>+<[32-Y2)+<ﬂ3-Y3)+<[34-Y4>+<,65-Y5) —0.863

(B1+82) Y,

L H
M := =1.467 N:=
B’ B’

1 ,([M,ln[(u\/M?+1)-(\/M2+N2>

314 M-<1+\/M2+N2+1>
M

=10

(M2 +1)-(Vien?)
M+\M?+N*+1

L= +1n =0.58

3.14

=0.023

N
gi= -atan
2-3.14 N-M? +N? +1

1-2u,
IS::I1+( )-12:().593
1-u

S



1 —us2 . .
d:=a-q,, B = -1,-1;-0.93=0in 0,:=0.25 in
S
Design for Shear
— 1) —
[ ,r
=1 ‘ "

Section view of Stairwell shaft on foundation

Assume using #4 rebar
g =0.625 in Colear =3 N t;=16 in
depp=tr— (dpar+ Cetear) = 12.375 in

Area of foolmg = Allowable soil pressure

Areq::K: 14.738 ft*  Need to slightly increase area of footing
daul
B:=16 ft L:=23 ft

Xopasri=11 ft+5 in=11.417 ft
Y pasei=18 ft+1 in=18.083 ft

B-X B
Xra = it _9 292 It check := =6.982 one way shear
L_Yshaft
Yy i=————=2.458 ft check := =9.356 one way shear
A:=B.L=368 ft’ L
h:: tf ‘L*

1%.% J [
Gupuara’=—=403.834 psf Iwuwwm

b

One-way shear

I"'u,nncWa}r =y X Ll(éli_'ﬂ' = (I'T) o
One-way shear resistance of concrete ‘TI ] N
¢V, =0.75x(22 +/ f{ L2 d)
(Ly—cy)i2 -d

Vu.OneWay = Qupward * L- <XTA - deff> =11.707 kip
=1 f./:==2000 psi
@V, :=0.75+2+X-1/2000 - psi - B+d,;r=159.387 kip

Vu.oneway <PV Footing thickness of 16" is adequate

Design for Flexural Reinforcement

J;"";"J.r =4y LE (%J (%]

XTA .
M, = qupward'L'XTA' =24.39 kip - ft
kip-ft) | . .
As.ruleofthumb e S 7'n2 =0.493 ’m2
def
4. —
m

A, nini=0.0018 « h+ L="7.949 in’
Apors=0.31 in’

try 26 #5 bars



A =26+4,,,5=8.06 in> A >A, ...
f,=60 ksi

min(3-h,18 in)=18 in

Svar.maz =

Shar provided ::2:7.385 in Bar spacing is less than the maximum allowed
26 thus 26 #5 bars is ok based on flexural strength
§:=0.95 and shrinkage & temperature

M, :=0.9+A,+ f, + j+ dopp=426.399 kip - ft

Rebar amount is adequate for flexure.
Development Length:

For simplicity and to be conservative:
Y,:=1.0 =10 P,:=1.0 A:=1.0 K, =0 =3 Qs i=1.0

man . 1.7 .d
ld::max 12 in’ﬁ°aem' ¢s <¢t ’l,be;{ ) . fy bar — 95 156 in
min 2,57M )\-min<100 psi, \/ 2000 psi)
bar
n
Xpa=27.5in Y4=29.5 in

Footing size was increased to 16'x23' to provide enough development length for bars
from critical bending section.

Dowel Bars:

Dowel bars are used to transfer load from the column to the footing. If the bear-
ing strength is larger than the column load P, only the minimum dowel bar area
is needed. If the bearing strength is smaller than the column load then the dowel
bars must transfer this excess load. Thus area of dowel bars is determined as
follows.

Span of wall:
A;:=(18 ft+1 in—10 in) by =10.961 ft*
A,:=B-L=368 ft’
N;:=0.65+(0.85-f, '+ A;) =1744.104 kip

: A,y .
N,:=0.65+(0.85-f. '« A;) »min |2, - =3488.209 kip

1

@P,,:=min (Ny,N,) =1744.104 kip
p:=0.005-A4,="7.892 in’
As.Dowel.min i=p="7.892 inZ

Use 6#3 dowel bars in each block of CMU wall to footing at 90 degree hooks

Apr3=0.11 in’
(18 ft+1 in—10 in)
deny
A, power =6+ Number.blocks+ A,,, ;=8.58 in’

=13.248 Number.blocks:=13

Number.blocks :=

Development length for bars in compression

L A ds

£ -=M‘iX|8in. e
e AMin[100, /7|

dpari=0.375 in
0.02- f, + dyar 0.0003

lj.:=max |8 in, * fy* dpar | =10.062 in

9 .
)\-min<100 psi , \/ 2000 psz') pst

deff: 12.375 in de fZldc



Footing dowel bars

A
14

The restraint here is that Ldc was too large
for our footing depth when using larger
dowel bars. We have elected to use
smaller bars more often to keep the
footing depth at 16in.

Dowel bars|
—

[

a.:=1

: 0.0005 '
lsplice =Imax (12 m, ldc ’ psi 'fy ° dbaw : Oés) =12 wn

Dowel bars must extend into CMU wall 12" from top of footing.



DEAD LOADS:

Appendix G: Building C: Selection of Loading

Roof:
MEP:=6 psf
Metal_Deck :=3 psf
Plywood_Sheathing:=2 psf (1/2in)
Rigid_Insulation:=9 psf (XPS 6in R30 1.5psf/in thick)
Waterproofing_membrane:=0.7 psf
Extruded polystyrene (XPS)
C08T: 7 or o, .4t i, st o)
APPLICATION: Under slabs; below-grade walls; above-grade walls; ceiings; and roofs
Roofpr, 1ota'=MEP+Metal_Deck + Plywood_Sheathing =20.7 psf
+ Rigid_Insulation + Waterproofing_membrane
l ve Basement:
Slab:=93 psf Hollow core Load Tables

Live Loads:

includes 2 in topping.

3.6 Hollow-Core Load Tables (cont.)

Strand Patiern Designation
46-5 Section Propartios
| S 4f00n. x 10in. No topping Em-w
| s f: = 3000 psi)
il s i nofnalwesght concrete A — g
it Pl i I = 3223 in® 5328 i
; - g - ¥ 500 in £.34
Load capacies showm inolude desd load of M0 B i Gt 5 B
for unigpped membes and 15 BT jor fopped S |:|.,r ; :'_f:' : e
by, Rersinger i e loodl Long-tiee cambers  1kin, - . . 1 o ety E‘:'I:
ke fparpdd deed! ki byt i o0f ek W ?-"":‘ n "':
o i : | wt 270 M 370 R
oL = (=l B3 B
Coapacity of sechors of ol conlundong W " = 5000 pas W5 = 223 In
similyy For pemcisd v, 59 JoOM ASlOW-D0n [ o 370,000 psi b 105 in
Lo T T " )
iy

210 = Superrapoed penvicd o capacty, BT
0.3 = Estimated camber 5 grecton, in
0.4 = Estimaled long-Sme camber, in.

Tile_Flooring:=16 psf (3/4 in ceramic tile on 1/2 inch mortar bed)
MEP:=6 psf
Total :=Slab+ MEP + Tile_Flooring=115 psf

Uniform Distributed Live Load for Restaurant:

L,:=100 psf

Uniform Distributed Live Load for Restaurant Roof:

L,:=20 psf



Appendix H: Building C: Snow Loading
Step 1. Select Risk Category:

Risk Category = I (Very low risk to human life)

Risk Category = II (Not a substantial risk to human life)

(Table 1.5-1)
Risk Category = III (Failure could pose a substantial risk to human life)

Risk Category = IV (Buildings and other structures designated as essential facilities)
risk := “I1”

I :=if risk=“I”

0.80

else if risk = “I1”

1.00

else if risk = “I11” (Table 1.5-2)
1.10

else

1.20

I.=1

S

Step 2. Select Ground Snow Load:
This depends on the location of the structure you are designing. See the map below:

P,:=25 psf (Clinton, IA)

Location of Clinton Iowa

VJI

See note for )
MNew Harmpshire J J /ﬁ

[l
(]

FIGURE 7.2-1 (Continued)



Step 3. Determine Roof Snow Load Factors:

First, choose a surface roughness

26.7.2 Surface Roughness Categories. A ground surface
roughness within each 45° sector shall be determined for a
distance upwind of the site, as defined in Section 26.7.3, from
the categories defined in the following text, for the purpose of
assigning an exposure category as defined in Section 26.7.3.

Surface Roughness B: Urban and suburban areas, wooded
areas, or other terrain with numerous, closely spaced obstructions
that have the size of single-family dwellings or larger.

Surface Roughness C: Open terrain with scattered obstruc-
tions that have heights generally less than 30 ft (9.1 m). This
category includes flat, open country and grasslands.

Surface Roughness D: Flat, unobstructed areas and water
surfaces. This category includes smooth mud flats, salt flats, and
unbroken ice.

SurfaceRoughness:=“C”
Next, choose an exposure category for the roof:

Exposure :=“FullyExposed”

Define Ce:
Table 7.3-1 Exposure Factor, C,
Exposure of Roof®
Fully Partially

Surface Roughness Category Exposed Exposed Sheltered
B (see Section 26.7) 0.9 1.0 1.2
C (see Section 26.7) 0.9 1.0 1.1
D (see Section 26.7) 0.8 09 1.0
Above the tree line in windswept 0.7 0.8 NA

mountainous areas
In Alaska, in areas where trees do not 0.7 0.8 NA

exist within a 2-mi (3-km) radius of

the site

C,=09
Define Ct:

Table 7.3-2 Thermal Factor, C;

Thermal Condition® c,
All structures except as indicated below 1.0
Structures kept just above freezing and others with cold, 1.1

ventilated roofs in which the thermal resistance (R-value)
between the ventilated space and the heated space exceeds
25°F x h x ft* /Bt (4.4 K x m* /W)

Unheated and open air structures 1.2
Freezer building 153
Continuously heated greenhouses” with a roof having a 0.85

thermal resistance (R-value) less than 2.0°F x h x ft* /Btu
(0.4 Kxm?/W)

Ct = ]_.0

Step 4. Calculate Balanced Snow Load:

P;:=0.7-C,-C,-1,-P;=15.75 psf (Flat Roof Snow Load)



m — Directional Pr

Step 1. Select Risk Category:

Risk Category = II (Table 1.5-1)

I

w

:=1.0 (Table 1.5-2)

Step 2. Select Basic Wind Speed:

V:=107 mph (Figure 26.5-1B)

Step 3. Determine k_d:

K,;:=0.85 (Table 26.6-1 > Buildings > Main Wind Force Resisting System
Step 4. Determine Exposure Category:

surfaceRoughness:=“C”

exposure:=“C”

Step 5. Determine Topographic Factor:

K

z

.+=1.00 (Conservative assumption)

Step 6. Determine K_e:

2 grouna =600 ft (Average elevation in Clinton IA)

z ground

K, :=exp|—0.0000362 -

K,=0.979

Step 7. Calculate Gust Factor, G:

G:=0.85 (Default factor for rigid buildings)

Step 8. Determine Enclosure Classification

enclosure := “partially enclosed”

Step 9. Determine Internal Pressure Coefficient

GC’pi :=if enclosure = “enclosed”

0.18
else if enclosure = “partially enclosed”
0.55
else if enclosure = “partially open”
0.18
else
0
GC\;=0.55 + or -
Step 10. Define Variables:
h:=2z4 (Roof Height)
B:=96 ft (Building Width -- perpendicular to wind direction)

L:=86 ft (Building Length -- parallel to wind direction)



Step 11. Calculate K_z:

a:=if exposure =“B”
7.0
else if exposure = “C”
(Table 26.11-1)
9.5
else
11.5

a=9.5

z4:=if exposure =“B”
1200 ft
else if exposure = “C” (Table 26.11-1)
900 ft
else
700 ft

2,=900 ft

2
a

215
K15::2.01'(_) :0-849

z
g 2

218

K,3:=2.01- (—) =0.882

z
g 2

2, @
K,=2.01- (—) =0.92
Zg

Step 12. Calculate q_z:

g_t = (0.00256 Kz Kzt Kd Ke v~2)

0.00256
q15°= (—QPSf) Ki5o Ky Ky K - V? =20.694 psf
mph

0.00256 psf
Qg=|—————

S |- K 3K, - Ky K, -V =21.504 psf
mph

0.00256
g,= (—psf) K, K, Ky K, V? =22.432 psf

mph’

q5,:=q,5=21.504 psf

Step 13. Determine External Pressure Coefficients

Test L/B: £:0.896
B
Windward wall: C\ windwarda=0-8 (Figure 27.3-1)
Leeward wall: C) teewara=—0-5 (Figure 27.3-1<L/B<1)
Windward parapet: GC\y windward=1-5 (Section 27.3.4)

Leeward parapet: GC\py, tecwara=—1.0 (Section 27.3.4)



Step 13. Calculate Design Wind Pressures:

Positive Internal Pressure:

Windward Wall:

Leeward Wall:

Net Pressure:

Negative Internal Pressure:

Windward Wall:

Leeward Wall:

Net Pressure:

D15 _pos*=4d15° G- Cp_windward —dqp- <Gsz> =2.245 ps.f

D18 _pos*=4d18° G- Cp_windward —dqp- <Gsz> =2.795 ps.f

DPieeward_pos*=4dn* G- Cp_leeward —dqp- <chz> =—20.966 psf

P15_netpos*= p15_pos - pleeward_pos =23.211 ps.f

D18 _netpos*= plS_pos - pleeward_pos =23.762 ps.f

DP15_neg=415° G- Cp_'windward —dqp- <_Gsz> =25.899 ps.f

D18_neg=418° G- Cp_'windward —dqp- <_Gsz> =26.449 ps.f

DPieeward_neg=4dn" G- Cp_leeward —dQp- <_chz> =2.688 ps.f

p15_netNeg = p15_neg - pleeward_neg =23.211 psf

plS_netNeg = plS_neg - pleeward_neg =23.762 psf

Calculate Parapet Design Pressures:

Windward Wall:

Leeward Wall:

Pp_windward*=94p* GCpn_windward =33.647 psf

pp_leeward = qp ° GCpn_lee'ward =—22.432 psf

Net Parapet Pressure:

pp_net =p p_windward — b p_leeward — 56.079 psf



m — Servi ilitv Pr

Step 1. Select Risk Category:

Risk Category = II (Table 1.5-1)

I,:=1.0 (Table 1.5-2)

Step 2. Select Basic Wind Speed:

V:=82 mph (Figure 26.5-1B)

Step 3. Determine k_d:

K,;:=0.85 (Table 26.6-1 > Buildings > Main Wind Force Resisting System

Step 4. Determine Exposure Category:

surfaceRoughness:=“C”

exposure:=“C”

Step 5. Determine Topographic Factor:

K,,:=1.00 (Conservative assumption)

Step 6. Determine K_e:

2 grouna =600 ft (Average elevation in Clinton IA)

z ground

K, :=exp|—0.0000362 -

K,=0.979

Step 7. Calculate Gust Factor, G:

G:=0.85 (Default factor for rigid buildings)

Step 8. Determine Enclosure Classification

enclosure := “partially enclosed”

Step 9. Determine Internal Pressure Coefficient

GC’pi :=if enclosure = “enclosed”

0.18
else if enclosure = “partially enclosed”
0.55
else if enclosure = “partially open”
0.18
else
0
GC\;=0.55 + or -
Step 10. Define Variables:
h:=2z4 (Roof Height)
B:=96 ft (Building Width -- perpendicular to wind direction)

L:=86 ft (Building Length -- parallel to wind direction)



Step 11. Calculate K_z:

a:=if exposure =“B”
7.0
else if exposure = “C”
(Table 26.11-1)
9.5
else
11.5

a=9.5

z4:=if exposure =“B”
1200 ft
else if exposure = “C” (Table 26.11-1)
900 ft
else
700 ft

2,=900 ft

I\
-
w

K,5:=2.01- (—

z

2, @
Kp::2.01-( ) =0.92
g

Step 12. Calculate q_z:

g_t = (0.00256 Kz Kzt Kd Ke v~2)

0.00256
q15°= (—QPSf) Ki5o Ky Ky K - V? =12.154 psf
mph

0.00256
s i= (—QM) K4-K,,-K;-K,-V* =13.533 psf
mph

.002
q,= (M)'Kp°Kzt'Kd.Ke'V2 =13.174 psf
mph

q5,:=q,5=13.533 psf

Step 13. Determine External Pressure Coefficients

L

Test L/B: —=0.896
B
Windward wall: C\, windwarda=0-8 (Figure 27.3-1)
Leeward wall: C) teewara=—0-5 (Figure 27.3-1<L/B<1)
Windward parapet: GC\y windward=1-5 (Section 27.3.4)

Leeward parapet: GC\py, teewara=—1.0 (Section 27.3.4)



Step 13. Calculate Design Wind Pressures:

Positive Internal Pressure:

Windward Wall:

Leeward Wall:

Net Pressure:

Negative Internal Pressure:

Windward Wall:

Leeward Wall:

Net Pressure:

D15 _pos*=4d15° G- Cp_windward —dqp- <Gsz> =0.821 ps.f

D18 _pos*=4d18°* G- Cp_windward —dqp- <Gsz> =1.759 ps.f

DPieeward_pos*=4dn* G- Cp_leeward —dqp- <chz> =-13.195 psf

DP15_netpos*= p15_pos - pleeward_pos =14.016 ps.f

D25_netpos*= plS_pos - pleeward_pos =14.954 ps.f

D15 neg=415° G- Cp_'windward —dqp- <_Gsz> =15.708 ps.f

D18_neg=418° G- Cp_'windward —dqp- <_Gsz> =16.646 ps.f

DPieeward_neg=4dn" G- Cp_leeward —Qp- <_chz> =1.692 ps.f

p15_netNeg = p15_neg - pleeward_neg =14.016 psf

plS_netNeg = plS_neg - pleeward_neg =14.954 psf

Calculate Parapet Design Pressures:

Windward Wall:

Leeward Wall:

b p_windward = qp ° GCpn_windward =19.761 pSf

pp_leeward = qp * chn_leeward =-13.174 pSf

Net Parapet Pressure:

pp_net = pp_windward - pp_leeward =32.935 psf



Appendix K: Building C: Wind Load Reactlons Due to Ultimate and
rvi ili

ULTIMATE LOADING:
Lateral Structural System: Diaphragm

460 plf l

F 3

Building Geometry: =

h':=18 ft (height without the parapet)
hi5:=15 ft  (height at 15 ft)

h:=22 ft (height with the parapet)
h,=4 ft (height of parapet)

F 3

B:=96 ft (length N-S) —
L:=86 ft (Iength E-W) p—

Wind Pressure: all pressures below are net pressures.
q15:=23.211 psf (pressure up until the parapet at h' = 18")

q,:=56.079 psf (pressure on just the parapet) T T T

Tributary Method for Lateral Load Path: Flexible Diaphragm

1 h

h-+h
15 , 15
roof = T *|1415° h15'T+q18'<h_h15>'

w h'+

=459.654 plf

+apehy-

w'roof:: 460 pl.f

N-S Direction

Rl_left = 35Tft * Wypof = 8.05 k'Lp

1 .
R2_middle = 35Tft * Wyoof + STft * Wypof = 19.78 k’l,p
1
R3 yight ’ZSTft Wyoop=11.73 kip

E-W Direction

FIF (“45'77)
2
FIF (“45'7")
2
FIF (“50'57)
2

Rl_top = TOOf_ 10 484 k’l;p

FIF (“50'5")

Wy Wy =22.08 kip

R2_middle =

R pottorm = Wyoop=11.596 kip

460 plf

[
Y
&
35" I 51

>

460 plf
E-W
v v v
4 4 r
457" 50's"

Rl R2 R3



SERVICABILITY LOADING:

Lateral Structural System: Diaphragm

F 3

F 3

460 pif
Building Geometry: > Y
h':=18 ft (height without the parapet)
hi5:=15 ft  (height at 15 ft)
h:=22 ft (height with the parapet)
h,=4 ft (height of parapet)
B:=96 ft (length N-S)
L:=86 ft (length E-W) —
Wind Pressure: all pressures below are net pressures.
q15:=14.016 psf (pressure up until the parapet at h' = 18")
qp:=32.935 psf (pressure on just the parapet) >

Tributary Method for Lateral Load Path: Flexible Diaphragm
1 hys+h'

hys ,
w?‘oof::?° Q15 his 'T'i' qi8° <h —h15> : (

+apehy-

h
h+-—=
2

wroof:: 276 pl.f

N-S Direction

35 ft

. wmof =4.83 kip

1 .
R2_middle = %ﬁ * Wypof + 5Tft * Wrof = 11.868 kZp

1 .
R3_Tight = 5Tft *Wypof = 7.038 kip

Ry e fti=

E-W Direction

FIF (“45'7”)

Ry yopi= *Wyoor=6.291 kip

FIF (“45'77)
2
FIF(“50'5”)
2

FIF(“50'5”)

Ry middie = * Wyoof T 5 *Wyoop=13.248 kip

R3 pottotm = “ W, 00 =6.958 kip

276 psf

=275.101 plf

N-S

o

3s' T 51

RI R2

276 psf

45!7!!

R1 R2

F 9




Appendix L: Building C: LRFD and ASD Factored Design

LRFD:

Roof Loading:

Dead Load:

DLT‘OOf:: 20 ps.f

Applicable LRFD Load Combinations:

Factored Roof Uniform Area Load:

ASD:

Applicable ASD Load Combinations:

Factored Roof Uniform Area Load:

Live Load: Snow Load:

LLroof =20 pSf ST‘OOf:: 16 ps.f

Table C2.3-1 Principal Loads for Strength Design Load
Combinations

Load Combination Principal Load
1 14D D
2 12D+ 1.6L+0.5(L, or S or R) L
3 12D+ 1.6(L, or S or R) + (1.0L or 0.5W) L.orSorR
4 12D+ 1.0W+ 1.OL+0.5(L, or Sor R) w
5 09D+ 1.0W w
6 12D+E,+E,+L+02§ E
7 09D -E, +E, E

q;:=1.4 'DLroof: 28 psf
q2 :=1.2 .DLT‘OOf+ 1.6. LLT‘OOf+ 0.5 .ST‘OOf: 64 psf

q3 = 1.2 .DLT‘OOf+ 1.6 . STOOf+ 1.0 . LLT‘OOf: 69.6 psf

Qroof = 1MAX (ql »d2) q3> =69.6 ps.f

q ::DLroof: 20 ps.f
q; ::DLroof+ LLT‘OOf: 40 pSf
qs ::DLroof+ Sroof =36 psf

d4 ::DLroof+ 0.75 'LLroof+ 0.75- STOOf: 47 psf

Qroof = 1MAX (ql »d2,43, Q4> =47 psf



Appendix M: Building C: Tributary Areas and Column Axial Loads

Column Tributary Areas based on Dimensions:

Tributary Area:
Apripr =185 ft’ Agrips =130 ft’ Aty =592 ft’ Aripro:=184 ft*
Apripg =684 ft’ Aty =288 ft’ Ayripg =959 ft’ Apipr1:=184 ft’ Atrip13:=495 ft?
Atrip =582 ft’ Atripe =160 ft’ Aprivg =454 ft’ Apripr2 =454 ft’ Apripra =410 ft’

LRFD Column Loading:

QroofLrRFD = 69.6 psf

P1:=qo0rrrrD * Atriv1 = 12.876 kip Pg:=q,p0rrrrD * Atrivs = 66.746 kip

Py :=qoorrrn * Atrivy =47.606 kip Py:=qo0rrrD * Atrivg = 31.598 kip

P3:=q,o0tLrFD* Atrivy =40.507 kip P1:=Groofrrrp * Atrivio = 12.806 kip
Py:=qyoorLrED * Atripa = 9-048 kip Py1:=Groofrrrp * Atrivin = 12.806 kip
Py :=qo0tLrFD * Atrivs = 20.045 kip P15:=Groorrrp * Atrivi2 = 31.598 kip
P:=qo0tLrFD* Atrivg = 11.136 kip P13:=Groorrrp " Atriviz = 34.452 kip
P7:=q00tLrFD* Atrivy =41.203 kip P14:=Groofrrrp " Atriv1a = 28.536 kip

ASD Column Loading:

q'roofASD =47 ps.f

P1:=q00145D* Atriv1 = 8.695 kip Pg:=q,001a5D* Atrig=45.073 kip
Py :=q001a5D * Arive = 32.148 kip Py:=q,001a5D * Arivg=21.338 kip
P3 = qroofASD 'At'ribS =27.354 k'l'p PlO = qroofASD ° AtriblO =8.648 k'l'p
P,:= QroofASD *Ayipa=6.11 kip Py = QroofASD * Atrip11 =8.648 kip
P5 *=dyroofASD 'At'ribE) =13.536 k'l'p Py:= QroofASD 'Atrib12 =21.338 k'l'p
P6 *=droofASD 'At'ribﬁ =7.52 k'['p P13 *=droofASD"* AtriblS =23.265 k'l'p

Pr:=G0pasD* Atriy = 27.824 kip P1y:=qrooasp* Arriv1a=19.27 kip



Appendix N: Building C: Preliminary Member Sizes and Rules of
Thum

Framing Plan. Rigid Connections are indicated by green triangles:
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Preliminary Column Sizing:

 SIRUCTURALHOLOWSTEEL || am
- COLUMNS—TALL . STRUCTURAL HOLLO
| W STEEL co
, i LUMNS
| ___'_‘—‘——-—._.______
90') . _
274m | %0 STRUCTURAL HOLLOW STER —
. | COLUNms__NORIﬁLz?LWHEIGHT
.7 O.; |; .i g - E‘
21.3m| : | ikt 1o mecii foas —1

50'

10,000 £ |

15.2m

Unbraced height of column

30"
9.1m

g [

10
30m

' 100 f¢

List of Columns Selected:
-HSS6
-HSS8

8x

|
Yool LIl |
250 550 ey NI —

1|

S—

-.
.

|

1000 f ~ 10000fF 100,000 £¢

"9 ik 950 ¢ 9500 m* Jsss — Hss10
tal fributary area mm 250 mm

il i Nominal column size

859 508

e

Column sizes hav_e_been increased by one nominal size for either being part of a
the rigid frame system or for being a perimeter column.

The top chart is for hollow steel
section columns up to 12 ft (3.7 m)
tall between floors. Read in the top
open areas for light and medium
Joads. Read in the lower solid areas
for heavy loads. Total tributary area
is the summed area of the roof and
all floors supported by the column.

= Actual column size is equal to
nominal size.

m For columns located at the
perimeter of a building, or ones
that are part of a rigid frame sys-
tem, select one nominal size largex
than the size indicated by this chart.

For columns taller than 12 ft (3.7
m), read from both charts on this
page, using the larger column size
indicated by either one. Unbraced
height of column is the vertical dis-
tance between floors or other sup-
ports that brace the column later-
ally against buckling.
® Minimum column size will be
larger for heavily loaded columns

| or columns that are part of rigid

F:smme systems.
i

| SIZING THE STRUCTURAL SYSTEM

—
o
—

|



Preliminary Girder Sizing:

Girder sizing for different spans. Girders that are acting as part of a rigid frame system or are perimeter girders have been
preliminarily sized for "heavy loads" using the chart below. Interior girders that are not part of a rigid frame system have been sized
for "light loads"
M

STRUCTURAL STEEL BEAMS AND GIRDERS

| T
STEEL BEAMS AND
GIRDERS
38"
mm
I : /
| !al' / J/\a ". K
2o P e
28" / > P
70 mm ; e

=
SN

. 100 mm 18wt

i S5m

i

!!: LY i |
H i iy ¢

Preliminary Girder sizes:

W30x90

.

List of Girders Selected:
-W30x90
-W24x55
-W21x44
-W18x35

1

1
Tk
el

]
=




Preliminary Joist Sizing:

Open Web Joist sizing for different spans for first floor and basement. Joists that are supporting the first floor have been preliminarily
sized for "heavy loads" using the chart below. Joists supporting the roof have been sized for "light loads"

/

[y
i) 2=
. 1829 |
kS £ -
g & i
3 ) & : o Cl
8 s / s 3
1219 .
mm
~26" / o 5‘5 |
ks < ';ooi.\ I
hcises, i L R
~16" \00 w
e
0 il R e I s
O 30’ 60! 90)‘ 120' om ‘
91m 183 m 374 m 36.6 m are::fal alter.
Span ; e %TWSE

List of Joists Selected:
-25' span, 10" Depth
-35' span, 16" Depth
-45' span, 26" Depth

First Floor Framing Plan:

This chart is for open-web
il and jOiﬂ‘ girders for nﬁ 4
J;:csitioofs. For light loads or close
joist spacings, read toward the ric
in the indicated areas, For
loads or large joist spacing
toward the left.
m Joist spacings range from 2
ft (0.6 to 3.0 m) or more, de
on the floor loads and th
system applied over the jo

® Joists generally come in depths
of 8 to 32 in. in 2-in. i >
(203 to 813 mm in 51
ments) and from 32 to 72 1
increments (from 813 to 18
102-mm increments). As
sizes varies with the

B Joist girders come i
20 to 96 in. in 4-in. i
102438 mm in 102-mm i

0" De
10" Depth
10"

1
10" Depth

10" Depth

i S 10" Depth iy |

I
|
L)
=

|
i ||
=l
Il
Ll

%




Appendix O: Building C: Moment Frame Design

Moment Frame Calculations:

DL :=20 psf SL:=16 psf LL:=20 psf L,:=35 ft L,:=26 ft
N-S West Wall:
Tp SFIF(207) o146 ft Ty 0= 2:FIF (“207") _ 16 999 ft Ty 5i= B-FIF(“207") _ 5 138 ft
mf1_4::4-FIF(“20’7”) 20583 ft wf2_1=:4°FIF£“20/7”) +FIF(“25’O”) 25,583 ft mfU::4-1.!?11?4(1“20’7”) N 2. FIF (“25'0”)
. 4-FIF£“20’7”) L B-FIF(“2507) . oo f . 4-FIF£“20’7”) L AFIF(“2507) oo f
gy 5= 1-F IFL(:ZOW) LB FIF(*2507) _ o s ft g5 1:=45.583 ft + L-FIF(3007) _ oo ft
g5 5:=45.583 ft + 2-FIF (*3007) _ oo vss ft g5 3:=45.583 ft + 3-FIF(*3007) _ ) ss3 ft
g5 4:=45.583 ft + 4-FIF("3007) _ox g3 ft g5 5:=45.583 ft + 5-FIF(*3007) _ 70 555 ft
g5 5:=45.583 ft + 6-FIF é“30/0”) =75.583 ft gy 1:=75.583 ft+M:80.687 ft
gy 5:=T75.583 ft + 2-FIF (“2057) _ox 791 ft gy 3:=75.583 ft + 3-FIF (“2057) _ g5 596 ft

Joist Spacings:

=96 ft

4-FIF (“20'5”)
4

2. FIF (“20'7")

4

=30.583 ft

DL- Jf4_c_emt L

Jr1 int = =5.146 ft
2.FIF (4425/()”)
5
o inti= =5 ft
2. FIF (“30'0”)
6
Jf3_int = =5 ft
2
2. FIF (“20'5”)
4
Jraint= =5.104 ft
DLJ; . .+L
Ppr int 1= flint 1 _ 1.801 kip
DL-J., . .+L
Ppr, int_p2°= font 7175 kip
DLJ . .+ L
Ppr, int_f3°= oot 71175 kip
DL-J., . .-L
Ppr, int_fa*= fimt 7 _1.786 kip

L ~0.893 kip

FIF (“20'7”)
4
Jfl_c_egpt = = 2.573 ft
FIF(“20’7”) + FIF(“25’0”)
4 5
JTr1espo it = 5 =5.073 ft
FIF (“25/0”) N FIF (“3()/073)
5 6
26513 c_int = 5 =5 ft
FIF (“300”) _FIF(“20'5”)
6 4
Jp3654 c int = 5 =5.052 ft
FIF (“20'5”)
4
Jf4_c_e:tt = =2.552 ft
DL:
DL-.J .L
Ppr, ext 1= ﬂ;_emt - =0.901 kip
DLJp1 12 ¢ int* Lo .
Ppr,_int_pre2 = ! J;‘c‘m =1.776 kip
DL-J 26f3_c_i ¢+ Ly .
Ppr, int_p2e5p3_ = ! 5 e =1.75 kip
DL Jp3e5p4 ¢ int* Ln .
Ppr, int_p3espa_c= ! J;‘c‘m =1.768 kip
P DL_ext _f4_c::

2



LL:

LL- Jfl_c_emt L

LL-J fl_int*® L,

1 . .
PLL_emtJl = 9 =0.901 kip PLL_intJl = 5 =1.801 kip
LL-J ey LL<J., . .+L
f1é12_c_int * 41 . f2_int * L1 .
Prr int _f1E8f2_c = 9 L =1.776 kip Prr int _f2 ’:+: 1.75 kip
LL-J Yy LL<J; . .L
f265£3_c_int * 1 . f3_int* 1 .
PLL_intJZij?)_c = 9 = =175 k'l'p PLL_mtJ‘g ::+: 1.75 klp
LL-J ey LL-J. . .-L
f36f4_c_int 1 . fa_int 1 .
Prp int 364 ¢t 9 L =1.768 kip Prr int _f4 ’:+: 1.786 kip
LL-J L
PLL_emtJ4_c = f4_20_emt ! =0.893 k’l,p
SL:
SL-J L SLeJg ;oL
Psp cur_p1:= fl_;_emt L=0.72 kip Psr, int_f1 ’:%: 1.441 kip
SL.J int * L SLeJs . oL
f1Ef2_c_int 1 . f2_int 1 .
PSL_intJlej?_c = 9 = =1.42 klp PSL_intJQ ::+: 14 k’&p
SL.J int * L SLeJs . oL
f26f3_c_int * 41 . f3_int* 1 .
PSL_intJZij?;_c = 9 = =14 klp PSL_intJB ::+: 14 k’&p
SL.J int * L SLeJ: . oL
f36f4_c_int * 41 . fa_int * 1 .
PSL_intJBijél_c = 9 = =1.415 klp PSL_intJ4 ::+: 1.429 k’l,p
SL-J -L
PSL_emt_f4_c = feent 7 =0.715 klp
eos 08 BB gy gy BNE LA =
FZ=-1.80 w ‘ (Fz=1.75 FZ=1.75 | | FZ=087 Fz=087 FZ=0.87 FZ=-0.89
E%i?jgg | w‘ E%::?‘% E%::?:% l\ E%::?% FZ=1.75 FZ=»:1_75 \FZ:-1‘i75 FZ:TUQ o
e N J‘ || | 04216 |F2=08/ | ' | 0008 \ 0.4369 ‘ ‘ ose01  FZ=0389
 FZ=-0.90 “0_39253 ‘9.3951 "Jo.392l1. f,°-4°37. 1°'.‘f25° “1‘0.4047 \\\,10'429?‘, IL_ ‘110.424‘2 ‘V‘O.389’7 :‘ 0.337}7'
| 0.3271 0.3612 | 0.2923 | 0.3237 | 0.3579
| 0.2336 ‘
| 0.1215 I 0.1464 | 0.0974 [0,1205 10'1452
g é i g
Member Sizes Utilized:
* MF-column: W 10x77 18.12 4
* MF-beam: W18x60 A im0 M o 0.432 in
¢ GF-column: W 8x18 - 500

GF-beam: W 18x60



N-S East Wall:

FIF (“20'7” 2.FIF (“20"7” 3.-FIF(“20"7”
4.FIF (“20"7” 4.FIF (“20'7”) FIF (“25'0”
Ty 4= ( ) =20.583 ft Ty 4= 4(1 ) + ( ) =25.583 ft
4.FIF (“20'7” 2.FIF (“25'0” 4.FIF (“20"7” 3.FIF(“25'0”
Ty 9i= ( ) + ( ) =30.583 ft Ty 3i= ( ) + ( ) =35.583 ft
. 4 - 4
4.FIF (“20"7” 4.FIF (“25'0” 4.FIF (“20'7” 5.FIF (“250”
Ty 4i= ( ) + ( ) =40.583 ft Ty 5i= ( ) + ( ) =45.583 ft
_ 4 - 4
Joist Spacings:
FIF (“20'7”) 2. FIF (“20'7") FIF (“20'7”) | FIF (“25'0”)
4 4 4 5
Jfl_c_e:tt = = 2-573 ft Jfl_int = = 5. 146 ft Jfl 63f2_c_int = 2 = 5-073 ft
2. FIF (“25'0”) FIF (“25'0”)
5} 5}
Jf2_int = =5 ft Jf2_c_e:tt = =2.5 ft
DL:
DL.J L DLJ¢ oy L DL.J ing* L
Ppr, ext 1= ﬂ;_emt 2 =0.643 kip Ppr, int 1= f;_mt ©=1.286 kip Ppr int_pres2 o= fwj;_c_mt = =1.268 kip
DLJ¢y ;e L DL.J L
Ppp int 2= f;—mt 5 —1.25 kip Ppp cat fo.c= f“;—e“t 2 =0.625 kip
LL:
LL.J L LLJ¢ ;L LL.J ing* L
Pri ext 1= fl_;_em ® =0.643 kip  Prp i p1:= —f;_mt ®=1.286 kip Priint_piesfr ci= fwj;z_c_mt ® =1.268 kip
LLJgy ;e L LL-J .L
PLr ini 2 ::%: 1.25 kip  Prp oo pooi= ! 2-2‘3-“’”” 3 =0.625 kip
SL:
SL.J L SLeJp sy L SL.J iy e L
Py eor 1= 1-20—8” 8 ~0.515 kip Pgp gy pi=—— = 2 = 1,020 kip Py iy prespr. o= m:‘c‘mt > =1.015 kip
SL+Jg inte Ly . SL-Jpy to L3 .
Psi int 2 S L kip Psr cxt_f2 0= ! éc_em =0.5 kip
= FZ=-0.62
e FZ=-125
FZ=-0.64 FZ=-1.29 = FZ=-0.31
FZ=-1.29 | \ FZ=-0.62
FZ=-0.64 EZ_063 FZ=-0.62 FZ=-0.62 |
FZ=-1.29 FZ=-1.27 FZ=-1.25 FZ=-1.25 ‘
FX=7.04 | [o. ' | :
- L 0.4117 x 0.41\12 04169 _ 0.417‘3
| FZ=-0.64 04118 0.4115 \ 04110 °4P56 \ ‘ | 04111
I [ | 1 \ ‘ = ) |
| 0.3662 0.3714 0.3083
0.2714 1 0.2777 0.2055
|-
1 0.1439 0.1479 | 0.1028
‘ [
A A l
Member Sizes Utilized:
e MF-column: W 14 x 99 )
« MF-beam: W30x132 A 18-1241 _ 439 in

maz_lateral ‘=

¢ GF-column: W 8x18 500

e GF-beam: W 18x60



N-S interior Wall Line:

FIF (“20'7” 2.FIF (“20'7” «FIF (“20"7”
4.FIF (“20'7” 4.FIF (“20'7”) FIF(“250”
4.FIF (“20'7” 2.FIF (“250” 4.FIF (“20'7” «FIF (“25'0”
Ty 6= ( 07 )+ ( 50 ):30.583ft Tpy 7i= ( 07 )+3 ( 50 ):35.583ft
- 4 - 4
4.FIF (“20'7” 4.FIF (%2507 4.FIF (“20'7” «FIF (“25'0”
T 1= ( 07 )+ ( 50 ):40.583ft Tpy gi= ( 07 )+5 ( 50 ):45.583ft
- 4 - 4
1.FIF (%3007 2.FIF (“300”
Ty 1:=45.583 ft+ é 300 ) =50.583 ft Ty 9:=45.583 ft+ ( 300 ) =55.583 ft
.FIF 44 'n” 4.FIF 14 ’'n”
Ty 3:=45.583 ft+ 3 é 300 ) =60.583 ft Ty 4:=45.583 ft+ ( 300 ) =65.583 ft
.FIF 44 'n” .FIF 14 ’'n”
Ty 5:=45.583 ft+ o é 300 ) =70.583 ft Ty 6:=45.583 ft+ 6 é 300 ) =75.583 ft
FIF (“20'5” 2.FIF (“20'5”
Tz 1:=75.583 ft+&:80.687 It Tz 2:=75.583 ft+ ( 05 ) =85.791 ft
«FIF (“20'5” 4.FIF(“20'5”
Tz 3:=75.583 ft+ 3 ( 5 ) =90.896 ft Tz 3:=75.583 ft+ i 5 ) =96 ft
Joist Spacings:
FIF (“20'7”) 2. FIF (“20'7")
4 4
Jfl_c_e:vt = :2-573 ft Jfl_int = :5.146 ft
FIF (“20'7”) N FIF (“25'0”) 2. FIF (“25'0”)
4 5 5
Jr1esp2_cint = 5 =5.073 ft Jpo int = =5 ft
FIF (“25'0”) N FIF (“30'0”) 2. FIF (“30'0”)
5 6 6
2653 c_int = 5 =5 ft g3 int = 5 =5 ft
FIF (“30'0”) N FIF (“20'5”) 2. FIF (“20'5”)
6 4 4
Jf3€§f4_c_int = > =5.052 ft Jf4_int:: 2 =5.104 ft
FIF (“20'5”)
4
Jts ¢ eati= =2.552 ft
DL:
DL<J¢ o eqi* Ly DLeJyy o oy L . DL<J¢ i+ Ly DLe+Jg ;i L .
I flé- Ly flé- P2 1.569 kip Ppp int 1= f;— L f;— L2 _3.139 kip
DL-.J cint*Ly DL+J ¢ int* L . DL<J¢y 3+ Ly DLeJysy ;i L .
Ppr int_presf2 o= fwj;z_ LA fwj;z_ 2 —3.004 kip Ppr_int 2= f;_ Tt 2t 2 _3.05 kip
DL'J2€jscmt'L1 DL'J2€jscmt'L2 . DL’J3int‘L1 .
Ppr_int_pes3_c5= ! J;_ = + ! J;_ = =3.05 kip Ppr_int_p3:= I3 =1.75 kip
DL «J 36584 c_int* L . DL-Jy iy Ly .
Ppr int_f3esfa o= ik J;_ - =1.768 kip Ppr, int_fa*= re =1.786 kip
DLJg¢y o eai* L .
PDL_e(Et_fAL_C = f4é —ext ! :0.893 k’l'p
LL:
LL<J¢ o eni* Ly LL<Jg . 0y L . LLJ; ;py+ Ly LL+Jg ;L .
Prp ot p1i= f1-2- Ly fl-z- L2 1.569 kip Prp i 1= f;— Ly f;— P2 _3.139 kip
LL-J cint*ly LL<J e it L . LL<Jgy jpy* Ly  LL<Jgy i+ L .
Pri it presp o= fwj;z_ LA wa;_ M2 —3.004 kip Pri int_p2= f22_ F 2t 2 _3.05 kip
LL'J2€jscmt'L1 LL-J 26’53cint'L2 . LL'J3int'L1 .
Prr int faesf3 ¢= T2, + T2 =3.05 kip Prr int f3 = T 2175 kip

2 2




LL«J 3684 ¢ int* L

> L —1.768 kip

Pri int_p3espac=

LL- Jf4_c_emt -L
2

' —0.893

P LL_ext_f4_c =

SL:

SL 'Jfl_c_e.rt ¢ Ll
2

n SL 'Jfl_c_emt -L

; 2 =1.256 kip

PSL_emt_fl =

SL-J f1Ef2_c_int® L,
2

n SL-J f1Ef2_c_int® L

5 2 =2.476 kip

Pgsr int 162 c'=

SL-J f263f3_c_int® L,
2

n SL- Jf2 &f3_c_int * L

2 .
=2.44 ki
5 14

Psi, int _f26f3_c'=

SL.J L
138 cint 71 1 415 kip

Psr, int 354 =

Prr int fa=

Pgr int_p1:=

P int 2=

P, int_f3:=

P, int_pa+=

kip

SL-J fl_int*®

LL * ']f4_mt * L

L —1.786 kip

L, n SL 'Jfl_int L

2 =2.511 kip

SL-J f2_int *

2

SL 'Jf3_1nt . L

SL+Jpy iy L

5 +

1 .
=1.4 ks
5 D

L =1.429 kip

2 2
p . SL°Jf4_c_emt°L1 —0.715 ki
SL_ext_f4_c*— — Y- P
FZ=-0.89
- Fz=1.57 FZ=152 fEz=152 Fz=087 FZz=087 FZ=0.89 FZ=-1.79
FZ=-1.57 = FZ=-3.05 Ty FZ=-1.62 i FZ=-1.75 Fz=-1.79 [
5 FZ=-3.14 5 : FZ=305  E7Z308 z=1kro8| | I |
EZ=157 | [FZ=156 | [FZ=152 | [Ez=152 | =057 |[E=07 Fz=-0.88 FZ=0.89 |
FZf-3.14 | FZ—f—3.09 ! |:\z=-3A055 FZ=-3.05 f2=-ﬂ~75 “ FZ=-1.75 || Fz=j1.77:, = “‘1.79 ‘( F%;ggg
FX=11.87 \ | [ /R \ — [ | | ‘
2% S VR N N N SR A N N SO O N1 == , A
HE2=-1.57 0.4272 05685 | / " ‘ 04246  0.4262  0.4226 0.4165 0.4157
‘ +—L L 04773 06983 : i = : = 1
0.3204 T 0.651P 0.6480 0.3169 10-3690 0.3737
L l . !
0.2136 107034
| J L J
0.1068 0.1056 01446 01482
L | L /
i 4
g A A A
Member Sizes Utilized:
* MF-column: W 14x159 )
« MF-beam: W 33x141 A A8 12 o in
max_lateral *— — Y-
e GF-column: W 8x18 500

GF-beam: W 30x132

2 =2.44 kip



E-W North Wall Line:

Joist Spacings:

FIF (“20'7”)
4
Jfl_c_egpt = = 2.573 ft
DL:
ki
Wpy=DLeJpy o oy =0.051 S22
LL:
ki
Wyp=LLJpy oy =0.051 —2
SL:
ki
Wsp = SLeJpy o e =0.041 2
pZ=-0.05 pZ=-0.05 pZ=-0.05 pZ=-0.05 pZ=-0.05 pZ=-0.05 pZ=-0.05 pz=-0.05 pz=-0.05 pZ=-0.05 pZ=-0.05 pZ=-0.05
pZ=0.03 | pz=-0.03 {pz=-o.03 | pz=0.03 | pz=-0.03 ! pz=-0.03 ' pz=-0.03 pZ=—0.031pZ=»0.03J p.0.3986 pZ=-0.03‘: p.03984
FX=6.29 _ “u,ftma i o.4oo§ k‘o.fwm’ ’ ‘0.3995’ ‘o.’3994‘ ‘0.3991[’ 0.?989. ‘0.3987‘ i - ] 10.3985 f ‘0.3983
0.2657 0.2740 ‘ 0.2722 | 0.2693
| 0.1410 i 0.1463 | 0.1452 | 0.1434
A - -y 4
Member Sizes Utilized:
e MF-column exterior: W 18.12 4
14x48 Amaw lateral *= . ik =0.432 in
¢ MF-beam: W 30x132 - 500
E-W South Wall Line:
Joist Spacings:
FIF (“20'5”)
4
Jfl_c_e:tt = = 2-552 ft
DL:
ki
Wpp=DLJpy ¢ ey =0.051
LL:
ki
Wy = LLJpy oy =0.051 —£
SL:
ki
W= SLeJpy o e =0.041 2
L ft
pZ=-0.05 pZ=-0.05 pZ=-0.05 pZ=-0.05
| pz=-0.03 ‘ pZ=-0.03 I'pz=-0.03 | pz=0.03
 FX=6.96 ’ “‘0.3944 I _ l } 03939 ‘0.31934‘ 0.3931
| 0.3384 [ =50t
0.2553 0.2603
| |
| 0.1349 | 0.1381
i
|
\
2 2
Member Sizes Utilized:
* MF-column exterior: W 18.12 4
. m .
14X109 Amax_lateTal i=—————=0.432 11
¢ MF-beam: W 30x132 500



E-W Interior Wall Line:

Joist Spacings:

FIF (“25'0”) FIF (“25'0”) N FIF (“30'0”)
5 5 6
It e eati=——————=25 ft Jpaesfs cint= 5 =5 ft
DL:
; DL-J cint*L .
Wpy=DL+Jpy ¢ ¢y =0.05 kip Ppp = LO5 it T _1.75 kip
- ft 2
LL:
] LL-J cint*L .
wyp=LL+Jg o ey=0.05 kip Ppi= LO5 it 1175 kip
- ft 2
SL:
] SL-J cint*L .
Wy =SLJpy o oy =0.04 kip Py := NOPRemt 71 _1.42 kip

7t 2

pz=0.05 | pz=0.05 |pz=0.05 |pz=0.05 |pz=0.05 |pz=0.05 |pz=-0.05 | pz=-0.05

l'pz=-0.02 | pz=0.02 | pz=0.02 !/ pz=0.02 | pz=0.02 | pz=0.02 | pz=0.02 | pz=-0.02
FX=13.25 | | [ | | |
FZ=-0.88 | | | | / | | |
| FZ=-1.75 . “_ l 103045 l ] 0.3930 L ] 0.3925

! I — =

10.3456

- 0.1350 1 0.1428 10.1349

Member Sizes Utilized:

¢ MF-column exterior: W 12
14x132 Apos tatera =22 439 i
¢ MF-beam: W 30x132 - 50



Moment Frame Calculation Summary

N-S West Wall:
Member Sizes Utilized:

MF-column: W 10x77
MF-beam: W18x60
GF-column: W 8x18
GF-beam: W 18x60

N-S East Wall:
Member Sizes Utilized:

MF-column: W 14x99
MF-beam: W30x132
GF-column: W 8x18
GF-beam: W 18x60

N-S interior Wall Line:
Member Sizes Utilized:

e MF-column: W 14x159
* MF-beam: W 33x141

e GF-column: W 8x18

» GF-beam: W 30x132

E-W North Wall Line:
Member Sizes Utilized:

e MF-column exterior: W 14x48
e MF-beam: W 30x132

E-W South Wall Line:
Member Sizes Utilized:

¢ MF-column: W 14x109
e MF-beam: W 30x132

E-W North Wall Line:
Member Sizes Utilized:

e MF-column: W 14x132
e MF-beam: W 30x132

Final Sizes: Below (in blue)

N-S West Wall:
Member Sizes Utilized:

¢ MF-column: W 14x48
¢ MF-beam: W18x60

¢ GF-column: W 8x18
e GF-beam: W 18x60

N-S East Wall:
Member Sizes Utilized:

e MF-column: W 14x132
e MF-beam: W30x132
¢ GF-column: W 8x18
e GF-beam: W 18x60

N-S interior Wall Line:
Member Sizes Utilized:

¢ MF-column: W 14x159
e MF-beam: W 33x141
¢ GF-column: W 8x18

¢ GF-beam: W 30x132

E-W North Wall Line:
Member Sizes Utilized:

¢ MF-column exterior: W 14x48
e MF-beam: W 30x132

E-W South Wall Line:
Member Sizes Utilized:

e MF-column: W 14x132
e MF-beam: W 30x132

E-W Interior Wall Line:
Member Sizes Utilized:

e MF-column: W 14x132
e MF-beam: W 30x132



Factored Roof Uniform Area Load:

Qroof=69.6 psf (LRFD)

Select Joists with most critical loading

-0 P

5 -1 3M° 5134

§-134"

Joist J-1 Analysis:

Using Vulcraft Steel Joist Catalog, Select a K-Series 26K8 (26 in. depth):

FIF (“5'1-3/47) + FIF (5’ 1-3/4”)
2

Wiy, g1 = =5.146 ft Weer:=9.7 plf L:=35 ft E:=29000 ksi

DL,;:= <DL'roof' wtrib_J1> + <Smof. Wipip, | J1> +Weep=194.95 plf
LLuf‘: LLroof * Wy 1 =102.917 plf
TotalLoadyp:=DL, s+ LL,;=297.867 plf

TotalLoadp:=1.2+ (DLyg) + 1.6+ (LL,) = 398.607 plf

The approximate gross moment of inertia (not adjusted for shear deformation) of a standard joist listed in the Load Table
may be determined as follows:

li=26.767(W)(L3)(10%) in* or 2.6953(W)(L3)(10-%) mm?, where W= RED figure in the Load Table, and
L = (span — 0.33) in feet or (span — 102) in millimeters

3

1,:=26.767-286+(35—0.33) -(107%)=319.027
I,:=319.027 in’

Allowable Deflection due to unfactored total load: Actual deflection experienced:

A L 1167 i A 5.«TotalLoad+ Lt 1087 i
=—=1. m = =1. m
allowable 360 max 384.E 'Ig

Based on the deflection criteria, a K-26K8 joist is acceptable.




Joist J-2 Analysis:

Using Vulcraft Steel Joist Catalog, Select a K-Series 18K3 (18 in. depth):

FIF (“5'1-3/47) + FIF (5’ 1-3/4”)
2

wtrib_Jl = =5.146 ft wself:: 6.4 plf L:=26 ft E:=29000 ks’i

DL,;:= <DL'roof' wtrib_J1> + <Smof. wt?"ib_J1> +Weep=191.65 plf
LLuf:: LLroof * Wirih g1 = 102.917 plf
TotalLoadyp:= DL, s+ LL,;=294.567 plf

TotalLoadp:=1.2+ (DLyg) + 1.6+ (LL,) = 394.647 plf

The approximate gross moment of inertia (not adjusted for shear deformation) of a standard joist listed in the Load Table
may be determined as follows:

li=26.767(W)(L3)(10%) in* or 2.6953(W)(L3)(10-%) mm?, where W= RED figure in the Load Table, and
L = (span — 0.33) in feet or (span — 102) in millimeters

I,:=26.767-190+(35— 0.33) - (107 =211.941

I,:=211.941 in*

Allowable Deflection due to unfactored total load: Actual deflection experienced:

5.Total Loadyp+ L*
B 384.E-1,

Aallowable = maz* =0.493 in

L: 0.867 in
0

Based on the deflection criteria, a K-18K3 joist is acceptable.



Girder G-1 Analysis:

-Girder G-1-

Section: W30x132

WTributaryGl :=30.5 ft wself =132 l‘;_)—tf =0.132 klf

wSelfFactored =1.2. wself: 0.158 klf

Wy = (Qroop * WpibutaryGr) + Wsetfractorea = 2-281 Klf (Factored load with self weight)

Check Deflection:
L:=46 ft E:=29000 ksi I,:=5770 in*

4

L . Sewy+ L .
Agtiowable '=——=1.533 in maz ' =—————=1.373 in
360 384-E-1I,
Section has adequate deflection requirements
FLEXURE: Check Compact vs Slender:
bp:=10.5 in tp=11n F,:=50 kst
Width to thickness ratio for flanges Limiting Width to Thickness Ratios:
of doubly symmetric I-section:
E E by
A,:=0.384/— =9.152 A i=1.04/— =24.083 — < A, < A
by P F r F 2t P
——=5.25 Y y f
2t therefore the flanges
Width to thickness ratio for web are compact
of doubly symmetric I-section: Limiting Width to Thickness Ratios:
h_ Ryt =43.9 Ayi=3.76- £ 90553 A\, :=5.70. L _137.0m h . Ay <A,
t F, F, t
therefore the web
Flange local buckling will not occur. is compact

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:

Z,:=437 in®
M, =F,-Z,=1820.833 kip - ft

Check Lateral Torsional Buckling:

From AISC Section Tables:

,i=196 in"  C,:=42100 in°®  r,;=2.25in S,:=380in’ h,:=29.3in J:=9.72in’

c:=1 (for doubly symmetric I-shapes)



Tpgi= =2.749 in
E
Lp::1.76-ry-ﬂ—:7.947 It
F,
’ 7.F\
E . . 0.7
L,:=1.957- AL [ 16076 Y1 =23.791 ft
0.7-F, S,+h, S,+h, F
Lb::5 ft

Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.

Flexural strength: Maximum Moment:

wye L®
GM,,:=0.9+M, =1638.75 kip - ft M= 28 =603.377 kip - ft

The section has adequate flexural strength.
Check Web Buckling Due to Shear:

h
Recall: —= 43.9

d:=30.3in t,:=0.6154in A, :=d-t,
w

h E
—< 2.24+4|—=53.946 therefore,  ¢,:=1.00 C,;:=1.00

w Fy

Shear strength: Maximum Shear:
. wye L .
PV, i=h,+ (0.6 F+ A+ C\y) =559.035 kip Ve = =52.468 kip

The section has adequate shear strength. Stiffeners not required.



Girder G-2 Analysis:
Section: W18x60

Girder G-2

WTributaryGZ ::35Tft: 17.5 ft Wiy = 60 l‘;_)—tf: 0.06 klf

WgelfFactored ‘= 1.2. Wgelf= 0.072 klf

U)2 = (q'l“oof. WTributaryGZ) +wSelfFactm"ed: 129 klf (FaCtored |Oad W|th Self We'ght)

Check Deflection:
L:=30 ft E:=29000 ksi I,:=984 in*

5ewye L*

A it Ml
384.E.1,

=0.824 in

allowable *= % =1lin Amaw :

Section has adequate deflection requirements
FLEXURE: Check Compact vs Slender:
bp:="7.56 in t;:=0.695 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios:

of doubly symmetric I-section: = =
A,:=0.384/— =9.152 A i=1.0+4/— =24.083

by P F " F

——=5.439 y Yy

2 t;
Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios:

h E E
— = hyt,=38.7 Ap=3.76 |- =90.553 A :=5.704[— =137.274
t, F, F,

Flange local buckling will not occur.

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:

Z,:=123 in®
M, :=F,+Z,=512.5 kip- ft

Check Lateral Torsional Buckling:

From AISC Section Tables:

I,:=50.1in" C,:=3850 in’ r,=1.68 in S,:=108 in’ h,:=175in J:=2.17 in'

c:=1 (for doubly symmetric I-shapes)

by
—— < A, < A
2 t;
therefore the flanges
are compact

i< Ap <A,

w

therefore the web
is compact



, E
Lp:: 1.76'Ty' F—:5934 ft
Yy

2 2

. . 0.7.F

L=1.950r,— .| C +\/ Jec +6.76-( y) =18.193 ft
0.7-F, \ S, h, \|S,-h, E

Lb = 5 ft
Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.

Flexural strength: Maximum Moment:

2
wz‘L

¢M,,:=0.9- M, =461.25 kip - ft M=

max

=145.125 kip - ft

The section has adequate flexural strength.
Check Web Buckling Due to Shear:

Recall: i = 38.7

d:=18.2in  t,:=0.415in A, :=d-t,
w

h E
—< 2.24+4|—=53.946 therefore,  ¢,:=1.00 C,;:=1.00

w Fy

Shear strength: Maximum Shear:
. wye L .
PV, i=d,+ (0.6 F,+ A, C\y) =226.59 kip Ve = =19.35 kip

The section has adequate shear strength. Stiffeners not required.



irder G-3 Analysis:
Section: W33x141

by
—— <A, < A
2 t;
therefore the flanges
are compact

m
0
§
WTributaryGB 3:35—ﬁ: 17.5 ft wself:: 141 ﬂ: 0.141 klf
2 ft
WgeifFactored "= 1.2. Wgelf= 0.169 klf
Wy = (Qroop * WpibutaryGs) + Wselfractorea= 1-387 Klf (Factored load with self weight)
Check Deflection:
L:=20.5 ft E:=29000 ksi I,:=7450 in’
L . DeWy L' .
A iowable :=——=0.683 in o = ————=0.024 in
0 384.E-1I,
Section has adequate deflection requirements
FLEXURE: Check Compact vs Slender:
bp=1154n  t;:=0.960 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios:
of doubly symmetric I-section: = =
b )\p::O.38- —=9.152 Ai=1.0. F:24.083
L —5.99 V Fy V Fy
2 t;

Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios:

h E E

—= hy,t,:=49.6 A,:i=3.76+4/— =90.553 Ai=5.70+4/— =137.274
divtw D T

t, F, F,

Flange local buckling will not occur.

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:

Z,:=514 in®
M, =F,-Z,=2141.667 kip - ft

Check Lateral Torsional Buckling:

From AISC Section Tables:

I,:=246 in" C,:=64400 in°  r,:=2.43in S,:=448in’ h,:=32.3in J:=9.70 in"

c:=1 (for doubly symmetric I-shapes)

i< Ap <A,

w
therefore the web
is compact



=8.583 ft

<

2 2

E . . 0.7-F

L,:=1.95+7,.- AL +\/ c +6.76-( y) =24.996 ft
0.7-F, | S,-h, S,-h, E

Ly,:=FIF (“5'1-1/4")=5.104 ft
Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.
Flexural strength: Maximum Moment:

wy e L
M, :=0.9-M, =1927.5 kip - ft M= 312 =48.581 kip - ft

max

The section has adequate flexural strength.

Check Web Buckling Due to Shear:

Recall: i = 38.7

d:=33.3in t,:=0.605in A, :=d-t,
w

h E
—< 2.24+4|—=53.946 therefore,  ¢,:=1.00 C,;:=1.00

w Fy

Shear strength: Maximum Shear:
. wye L .
PV, i=h,+ (0.6 F,+ A, C\y) = 604.395 kip Ve = =13.223 kip

The section has adequate shear strength. Stiffeners not required.



Section: W14x132

Check Nonslender vs Slender:

bp=14.7Tin  t;=1.03 in

Width to thickness ratio for flanges
of doubly symmetric I-section:

b
L —7.136
2 tf

Width to thickness ratio for web
of doubly symmetric I-section:

ti = hdivtw =17.7

w

F,:=50 ksi

Limiting Width to Thickness Ratios:
A-:=0.56. E =13.487
FZ'J

Limiting Width to Thickness Ratios:

)\r::1.49-”£:35.884 b
Fy therefore the web

is nonslender

by
2 t

< A\

T

therefore the flanges
are nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:

Column is Pinned-Fixed, therefore:

L:=18 ft = L.:==0.80-L=14.4 ft

From AISC Tables:
r,:=6.28 in I,:=1530 in’ A,=38.8 in’ L.=L, L.,=L, L.=L,
r,:=3.76 in I,:=548 in’ J:=12.3 in’ G :=11200 ksi C,,=25500 in®

2 2

Fem::u:378.033 ksi F, = ( 2> =135.515 ksi
Lcm 2 Lcy
Ty Ty

Torsional and Flexural Torsional Buckling Consideration:

<7r2 -E-Cw> 1 ,
= 4 G J |- ————=183.921 ksi
<ch2> <I$+Iy>
F =min (F,,,F,,,F,,)=135.515 ksi (Elastic Buckling Stress)

Design Axial Compressive Strength:
P,:=F,-A,=1662.393 kip

$P,:=0.9.-P, =1496.153 kip

F.l/
Fy F
F:0.369 < 2.25, therefore  F,,=10.658")-F,
e

F?J

F,.= (0.658 Fﬂ) -F,=42.845 ksi

(Critical Buckling Stress)

Maximum Axial Load:
ATTibutaryCS :=960 ft2

P, := <qroof'ATm'butaryC’8> =66.816 kip

The section has adequate axial strength.



Section: W14x159

Check Nonslender vs Slender:

bp=15.6 in  t;:=1.19 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios: b
of doubly symmetric I-section: I <\
) Ar::0.56-\/E:13.487 2t
I —6.555 F, therefore the flanges
2t are nonslender
Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios: L
— <A
h E t T
—= hy,t,=15.3 )\r::1.49-\/::35.884 w
by F, therefore the web

is nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:
Column is Pinned-Fixed, therefore:
L:=18 ft L.:=0.80-L=14.4 ft

From AISC Tables:

r,=6.38 in I,:=1900 in* A,=46.7 in’ L..:=L, L.=L, L.:=L,
r,=4.00 in I,:=748 in’ J:=19.7 in’ G:=11200 ksi C,,:=35600 in°
2 2
Fem::M:?)gO.lGS ksi F, = ( 2> =153.366 ksi
Lcm ? Lcy
T, Ty
Torsional and Flexural Torsional Buckling Consideration:
2
meE.C 1
= <—2“’> GeJ|————=212.19 ksi
<ch > <I$+Iy>
F =min (F,,,F,,,F,,)=153.366 ksi (Elastic Buckling Stress)
Fy
F, _ _ F,
—=0.326 < 2.25, therefore  F,, =\0.658")-F,
Fe
F?J
F,_ := (0.658 F ) - F,=43.622 ksi (Critical Buckling Stress)
Design Axial Compressive Strength: Maximum Axial Load:
P,:=F,-A,=2037.162 kip Al yitutaryco =454 ft?
¢P,:=0.9-P, =1833.446 kip P := (Qroof * Apributarycy) = 31-598 kip

The section has adequate axial strength.



Section: W14x48

Check Nonslender vs Slender:

bs:=8.03 in t;:=0.595 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios: b
of doubly symmetric I-section: I <\
) Ar::0.56-\/E:13.487 2t
— —6.748 F, therefore the flanges
2t are nonslender
Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios: L
— <A
h E t T
—= hy,t,=33.6 A :=1.49. \/::35.884 w
by F, therefore the web

is nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:
Column is Pinned-Fixed, therefore:
L:=18 ft L.:=0.8-L=14.4 ft

From AISC Tables:

r,:=5.85 in I,:=484 in* A, =141 in’ L.:=L, L,=L, L. =L,
r,=1.91 in I,:=51.4in" J:=1.45 in’ G:=11200 ksi C,,:=2240 in®
2 2
Fem::M:?)QS.O?)G ksi F, = ( 2> =34.968 ksi
Lcm ? Lcy
Ty Ty
Torsional and Flexural Torsional Buckling Consideration:
2
o eE.C 1
ez’ = < 9 w> G-J|- ———=70.436 kst
<ch > <I$+Iy>
F =min (F,,,F,,,F,,)=34.968 ksi (Elastic Buckling Stress)
F!/
F, _ _ F,
—=1.43 < 2.25, therefore  F,,=10.658")-F,
Fe
F?J
F,.:= (0.658 F ) - F,=27.483 ksi (Critical Buckling Stress)
Design Axial Compressive Strength: Maximum Axial Load:
P,:=F,-A,=387.506 kip Al yibutaryca =684 ft?
¢P,:=0.9.P, =348.755 kip Py:= (Qroof * ATributaryca) = 47-606 kip

The section has adequate axial strength.
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MF1 - W18x60 Beam, W14x48 Column:

Combined Forces - Flexure and Axial Force:
Axial L lumn):

Check Nonslender vs Slender:

bs:=8.03 in t;:=0.595 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios: b
of doubly symmetric I-section: I <\
. )\T::O.56-\/E:13.487 2 t
— —6.748 F, therefore the flanges
2t are nonslender

Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios:

h
h I — <X
—= hy,t,=33.6 Ai=1.49 4 /— =35.884 w
tw F, therefore the web

is nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:
Column is Fixed-Fixed, therefore:
L:=18 ft L.:=0.8-L=14.4 ft

From AISC Tables:

r,:=5.85 in I,:=484 in* A, =141 in’ L..:=L, L,=L, L.:=L,
r,=1.91 in ,i=51.4 in’ J:=1.45 in* G':=11200 ksi C,,=2240 in°
2 2
Fem::u:328.036 ksi F, = ( 2> =34.968 ksi
Lc:c 2 Lcy
T, Ty
Torsional and Flexural Torsional Buckling Consideration:
2
o eE.C 1
ez’ = < 9 w> G-J|- ——=70.436 kst
<ch > <Ii7»' +Iy>
F =min (F,,,F,,,F,,)=34.968 ksi (Elastic Buckling Stress)
Fi’/
Fy —_— — FE
= 1.43 < 2.25, therefore  F,,=\0.658")-F,
e
F?J
F,_ := (0.658 F ) - F,=27.483 ksi (Critical Buckling Stress)
Design Axial Compressive Strength: Maximum Axial Load:
P, ::Fcr°Ag =387.506 kip ATTibutaryCl =185 ft2
GP,:=0.9+ P, =348.755 kip P, = (Groof * Arrivutarycr) = 12.876 kip
P P
frai=—r=0.913 ksi F, = alll =24.734 ksi
Ag Ag
Bendin he x-axis (W18x60):
35 ft “won’ 7»
th‘ib = > wself:: 60 plf wSelfFactored :=1.2 ‘wself: 0.072 klf L::FIF( 20 7 )

w:= <wtrib ¢ qroof> + WgelfFactored = 1.29 kl.f

w = 1.29 klf

=
<

- 20 =7 -



FLEXURE: Check Compact vs Slender:

by=T7.56in  t;=0.695 in F,:=50 ksi

Width to thickness ratio for flanges Limiting Width to Thickness Ratios:
of doubly symmetric I-section:
E E by
A,:=0.384/— =9.152 A i=1.04/— =24.083 — < A, < A
by P F r F 2t P
——=5.439 Y y f
2t therefore the flanges
Width to thickness ratio for web are compact
of doubly symmetric I-section: Limiting Width to Thickness Ratios:
h_ hgioty,:=38.7 Ayi=3.76- L 90583 \,.:=5.70+ L o 137.274 P . Ay <A,
t F, F, t
therefore the web
Flange local buckling will not occur. is compact

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:

Z,:=123 in®
M, :=F,-Z,=512.5 kip- ft

Check Lateral Torsional Buckling:
From AISC Section Tables:

I,:=50.1in" C,:=3850 in’ r,=1.68 in S,:=108 in’ h,=175in J:=2.17 in'

c:=1 (for doubly symmetric I-shapes)

=5.934 ft

<

2 2
. . 0.7.F
L=1.950r, —2 .| TC +\/ c +6.76-( y) =18.193 ft
0.7-F, \ S, h, \|S,-h, E

Ly,:=FIF (“5'1-3/4”)=5.146 ft

Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.

Flexural strength: Maximum Moment:
weL?
¢M,:=0.9-M, =461.25 kip - ft M, = " =45.545 kip - ft
Mu:r . ¢Mn .
Frpei=——=5.061 ksi F .= =51.25 ksi
Sy Sy

Bending about the y-axis:

Z,:=20.6 in>  S,:=13.3 in’

M,:=F,-S,=55.417 kip - ft
M,,=F,-Z,=85.833 kip - ft M,,:=1.6 M,=88.667 kip+ft ~ M, prp:=min(M,,,1.6 M,)=85.833 kip - ft
M, :=min (M,,,, M, , M, p5) =85.833 kip - ft

M, =31.64 kip - ft (analysis done by robot to find Muy)

luuy . (bﬂdn .
Ffopyi=——=28.547 ksi F, = =77.444 ksi
rby S S

cby
Y Y

=0.504 < 1, therefore the design is adequate

(fTa + fTb.’E + frby

F ca F cbr F cby




MF2 - W30x132 Beam, W14x48 Column:

Combined Forces - Flexure and Axial Force:

Axial L lumn):

Check Nonslender vs Slender:

bp:=8.03 in t;:=0.595 in

Width to thickness ratio for flanges
of doubly symmetric I-section:

b
I —6.748
21
Width to thickness ratio for web
of doubly symmetric I-section:

h
t_ = hdivtw :=33.6

w

F,:=50 ksi

Limiting Width to Thickness Ratios:
A.:=0.56. E =13.487
Fy

Limiting Width to Thickness Ratios:

E T <A
Api=1.49+ 4| — =35.884 by
F, therefore the web

is nonslender

by
2 t

< A\

T

therefore the flanges
are nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:

Column is Fixed-Fixed, therefore:

L:=18 ft L.:=0.8-L=14.4 ft
From AISC Tables:
r,:=5.85 in I,:=484 in* A, =141 in’ L..:=L, L,=L, L. =L,
r,=1.91 in I,:=51.4in" J:=1.45 in’ G:=11200 ksi C,,:=2240 in®
2 2
Fem::u:328.036 ksi F, = ( 2> =34.968 ksi
Lc:c 2 Lcy
Ty Ty
Torsional and Flexural Torsional Buckling Consideration:
2
o eE.C 1
= <—2“’> G-J|-————=170.436 ksi
<ch > <I$+I?J>
F=min (F,,,F,,,F,,)=34.968 ksi (Elastic Buckling Stress)

Design Axial Compressive Strength:
P,:=F,-A,=387.506 kip

®P,:=0.9-P, =348.755 kip

fra::

Bendin he x-axis (W30x132 ):
FIF (“5'1-3/4”)
2

Wypip =

P )
—=0.913 ksi F. =
A A

wself =132 plf

F/
F, 7
F:1.43 < 2.25, therefore  F,,=10.658")-F,
e
F?J

F..:= (0.658”) - F,=27.483 ksi (Critical Buckling Stress)

Maximum Axial Load:
ATTibutaryCl =185 .ft2

Pu = <qToof'ATributaryCI> =12.876 k’l;p

P
$Pn =24.734 ksi

ca
g

wSelfFa,ctored = ]_.2‘wself: 0.158 klf L:=35 ft

w:= <wt7“ib ¢ qroof> + WgelfFactored = 0.337 klf



FLEXURE: Check Compact vs Slender:

bp:=10.5 in tp=11n F,:=50 kst
Width to thickness ratio for flanges
of doubly symmetric I-section:
by Ap
2 t;
Width to thickness ratio for web
of doubly symmetric I-section:

=5.25

h
—_—= hdivtw :=43.9

t A’

w

Limiting Width to Thickness Ratios:
=0.38. £:9.152 A.:=1.0. £:24.083
Fy Fy

Limiting Width to Thickness Ratios:

=3.76+4 | =90.553 A i=5.70-4| 2 = 137.274
Fy Fy

by
—— < A, < A
2 t

therefore the flanges

are compact

i< Ap <A,

w

therefore the web

Flange local buckling will not occur. is compact
Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:
Z,:=437 in®
M, :=F,Z,=1820.833 kip - ft
Check Lateral Torsional Buckling:
From AISC Section Tables:
I,:=196in" C,:=42100in°  r,:=2.25in S,:=3801in° h,:=29.3in J:=9.72 in"
c:=1 (for doubly symmetric I-shapes)
Tpgi= =2.749 in
[ E
Lp:: 1.76'Ty' F—:7947 ft
Yy
’ 0.7-F
L,:=1.95.7,,+ O | A ( JcC ) +6.76-( : y) =23.791 ft
0.7-F, \ S,-h, S, h,
L,:=35 ft
Lb > Lr, therefore,
MnLTB=Fcr'S:r
weL? .
M, 0= =34.451 kip - ft
2
My=2.l6-L- L_ > _6.[E] |=4.306 kip- ft (quarter point)
12 4 4
2
M= |6.L-L_1>_6.[L| |=17.225 kip-ft (halfway point)
12 2 2
L L ’
M, _%- 6-L-3T—L2 —6- (BT) ):4.306 kip- ft (three-quarter point)
12.5-M,,,,
Cb = =2.5
2.5 Mmaa:+3'MA+4'MB+MC
C,-n’FE . L\
F=" Al1+0.078-—LC [ 28] —49.339 ksi
L, ? S:c'ho Tts




MTLLTB = FCT‘.SLE = 1562-402 k’l:p 'ft

Flexural strength: Maximum Moment:
wo+ L2
¢M,,:=0.9-min (M,,, M, ;) =1406.161 kip - ft M, = 212 =131.688 kip- ft
M M
=" —4.159 ksi F, := oM, =44.405 ksi
rbx cbx
S, Sy
Bendin he y-axis:

Z,=58.4in’  S,:=37.2in’

M,=F,+S,=155 kip- ft

M,,=F,-Z,=243.333 kip-ft ~ M,,:=1.6 M,=248 kip-ft M, prp:=min (M,

n. np?

1.6 My> =243.333 kip - ft
M, :=min (M,,,, M, , M, p 5) = 243.333 kip - ft

M, =22.59 kip - ft (analysis done by robot to find Muy)

M, . oM, )
Srpy i =——=="T.287 ksi F, = =178.495 kst
rby S S

cby
Y Y

(fTa + fTb.’E + frby

F F

):0.223 < 1, therefore the design is adequate
ca cbr Fcby



MF3 - W30x132 Beam, W14x132 Column:

Combined Forces - Flexure and Axial Force:

Axial Load (Column):
Check Nonslender vs Slender:
byi=14.7 in t;:=1.03 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios: b
of doubly symmetric I-section: I <\
) )\T::O.56-\/E:13.487 2 %
— —7.136 F, therefore the flanges
2t are nonslender
Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios: L
— <A
h E t T
— = hyt,=17.7 AT::1.49-\/::35.884 w
by F, therefore the web

is nonslender
Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:
Column is Pinned-Fixed, therefore:
L:=18 ft L.:=0.80-L=14.4 ft

From AISC Tables:

r,:=6.28 in I,:=1530 in’ A,=38.8 in’ L.=L, L.,=L, L.=L,
r,:=3.76 in I,:=548 in’ J:=12.3 in’ G:=11200 ksi C,,:=25500 in®
2 2
Fez::u:378.033 ksi F, = (n* - E) =135.515 ksi
L.\’ L.\’
cx cy
Tz ) Ty )

Torsional and Flexural Torsional Buckling Consideration:

<7r2 ) -C’w> 1 .
= |+ G o T | —————=183.921 ksi
<L022 > <Il' + I?J>
F =min (F,,,F,,,F,,)=135.515 ksi (Elastic Buckling Stress)
Fl’/
Fy F
F:0.369 < 2.25, therefore  F,,=\0.658")-F,
e
Fy
F,_ := (0.658 F ) - F,=42.845 ksi (Critical Buckling Stress)
Design Axial Compressive Strength: Maximum Axial Load:
P,:=F,-A,=1662.393 kip Al yiutaryca =130 ft?
¢P,:=0.9-P,=1496.153 kip P := (Qroof * Arributaryca) = 9-048 kip
P, : P, :
frai=—=0.233 ksi F. = =38.561 kst
Ag Ag
Bendin he x-axis (W30x132 ):
FIF (“5'1-3/4”)
Wypip = wself =132 plf wSelfFa,ctored =1.2. wself: 0.158 kl.f L:=25 ft

2

w:= <wt7“ib ¢ qroof> + WgelfFactored = 0.337 klf



FLEXURE: Check Compact vs Slender:

bp:=10.5 in tp=11n F,:=50 kst
Width to thickness ratio for flanges
of doubly symmetric I-section:
by Ap
2 t;
Width to thickness ratio for web
of doubly symmetric I-section:

=5.25

h
—_—= hdivtw :=43.9

t A’

w

Flange local buckling will not occur.

Limiting Width to Thickness Ratios:
=0.38. £:9.152 A.:=1.0. £:24.083
Fy Fy

Limiting Width to Thickness Ratios:

=3.76+4 | =90.553 A i=5.70-4| 2 = 137.274
Fy Fy

by
—— < A, < A
2 t;
therefore the flanges
are compact

i< Ap <A,

w
therefore the web
is compact

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:

Check Yielding:

Z,:=437 in®

Check Lateral Torsional Buckling:
From AISC Section Tables:

I,:=196 in" C,:=42100 in

M,=F,Z,=1820.833 kip - ft

°  r,s=2254n S,:=380in° h,:=29.3in J:=9.72 in’

(for doubly symmetric I-shapes)

c:=1

Tpgi= =2.749 in
E
L,:=1.76+7,4|—=7.947 ft
Fy
2
Lo=1.95 e —2 |1 A1) g6 =L Tu] —23.701 £
0.7-F, \S,-hy \|(S,h,
Lb::25ft

Lb > Lr, therefore,

MnLTB=Fcr'S:r

weL? .
M, ozi= 5 =17.577 kip - ft
2
MA;:E. 6.L- L —L*—6- L =2.197 kip - ft (quarter point)
12 4 4
2
Mg =Y. 6-L-£—L2 —6- L =R8.788 kip - ft (halfway point)
12 2 2
L 2
M, _%- (G-L %—LQ —6- (BT) ):2.197 kip-ft (three-quarter point)
12.5-M,,,,
Cb:: =2.5
2.5 Mmaa:+3'MA+4'MB+MC
C,+n’FE . L\
F=" Al1+0.078.—LC [ 28] Z50.873 ksi
L, ? S:c'ho Tts
Tts
M, ;rp=F..+S,=2560.989 kip - ft



Flexural strength: Maximum Moment:

2

Wy L
$M,, = 0.9 -min (M, , M, ;75) = 1638.75 kip - ft M= 212 =67.188 kip - ft
Mul' . ¢Mn .
=———=2.122 ksi F, = =51.75 kst
rbx cbx
S, .
Bendin he y-axis:

Z,=58.4in’  S,:=37.2in’

M,=F,+S,=155 kip- ft

M,,=F,-Z,=243.333 kip-ft ~ M,,:=1.6 M,=248 kip - ft M, prp:=min (M,

npo

1.6 My> =243.333 kip - ft
M, :=min (M,,,, M, , M, p5) = 243.333 kip - ft

M,,=103.33 kip - ft (analysis done by robot to find Muy)

¢M,,

M
Froyi= S“y =33.332 kst F = S =78.495 ksi

Y Yy

F ca F cbr F cby

(fm + Trta + Troy ) =0.472 < 1, therefore the design is adequate



MF4 - W30x132 Beam, W14x132 Column:

Combined Forces - Flexure and Axial Force:

Axial Load (Column):
Check Nonslender vs Slender:
byi=14.7 in t;:=1.03 in F,:=50 ksi
Width to thickness ratio for flanges Limiting Width to Thickness Ratios: b
of doubly symmetric I-section: I <\
) )\T::O.56-\/E:13.487 2 %
— —7.136 F, therefore the flanges
2t are nonslender
Width to thickness ratio for web
of doubly symmetric I-section: Limiting Width to Thickness Ratios: L
— <A
h E t T
— = hyt,=17.7 AT::1.49-\/::35.884 w
by F, therefore the web

is nonslender
Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:
Column is Pinned-Fixed, therefore:
L:=18 ft L.:=0.80-L=14.4 ft

From AISC Tables:

r,:=6.28 in I,:=1530 in’ A,=38.8 in’ L.=L, L.,=L, L.=L,
r,:=3.76 in I,:=548 in’ J:=12.3 in’ G:=11200 ksi C,,:=25500 in®
2 2
Fez::u:378.033 ksi F, = (n* - E) =135.515 ksi
L.\’ L.\’
cx cy
Tz ) Ty )

Torsional and Flexural Torsional Buckling Consideration:

<7r2 ) -C’w> 1 .
= |+ G o T | —————=183.921 ksi
<L022> <I$+I?J>
F =min (F,,,F,,,F,,)=135.515 ksi (Elastic Buckling Stress)
Fl’/
Fy F
F:0.369 < 2.25, therefore  F,,=\0.658")-F,
e
Fy
F,_ := (0.658 F ) - F,=42.845 ksi (Critical Buckling Stress)
Design Axial Compressive Strength: Maximum Axial Load:
P,:=F,-A,=1662.393 kip Al yiutaryca =130 ft?
¢P,:=0.9-P,=1496.153 kip P := (Qroof * Arributaryca) = 9-048 kip
P, : ¢P, :
frai=—=0.233 ksi F. = =38.561 kst
Ag Ag
Bendin he x-axis (W30x132 ):
25 ft 14 Ayt
Wi == Weppi=132 plf WselfFactored = 12 * Wy p=0.158 KIf L:=FIF (“20'7")

w:= <wt7“ib ¢ qroof> + WgelfFactored = 1.028 klf



FLEXURE: Check Compact vs Slender:

bp:=10.5 in tp=11n F,:=50 kst
Width to thickness ratio for flanges Limiting Width to Thickness Ratios:
of doubly symmetric I-section:
E E by
A,:=0.384/— =9.152 A i=1.04/— =24.083 —— < A, < A
by P F r F 2t b
1 —5.25 Yy Yy f
2t therefore the flanges
Width to thickness ratio for web are compact
of doubly symmetric I-section: Limiting Width to Thickness Ratios:
h
h_ Pyt =43.9 Ayi=3.76- £ 90553 A\, :=5.70. L _137.0m —< A <A
t \/ F, \/ F, t
therefore the web
Flange local buckling will not occur. is compact
Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:
Z,:=437 in®
M, :=F,Z,=1820.833 kip - ft
Check Lateral Torsional Buckling:
From AISC Section Tables:
I,:=196 in" C,:=42100in°  r,;=2.25in S,:=3804n° h,:=29.3in J:=9.72in’
c:=1 (for doubly symmetric I-shapes)
Tpgi= =2.749 in
L,:=1.76-7,-4 15:7.947 ft
FZ/
’ TF\
. . 0.7.
L,.:=1.95.7, - O | A ( JcC +6.76-( y) =23.791 ft
0.7-F, \ S,-h, S, -h, E
Lb = 5 ft
Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.
Flexural strength: Maximum Moment:
. weL? .
¢M, :=0.9-M, =1638.75 kip - ft M, = " =36.309 kip - ft
Mum . ¢Mn .
fropi=——=1.147 ksi F.,.= =51.75 kst
Sy S
Bendin he y-axis:
Z,=58.4in’  S,:=37.2in’
M,:=F,-S,=155 kip - ft
M,,:=F,+Z,=243.333 kip-ft ~ M,,:=1.6 M, =248 kip- ft M,y p=min (M,,,1.6 M,) =243.333 kip - ft

M, :=min (M,,,, M, , M, p 5) = 243.333 kip - ft

M,,=87.63 kip-ft  (analysis done by robot to find Muy)

M M.
f =— % _98.268 ksi F, = ¢ " —78.495 ksi
rby S S

cby
Y Y

=0.388 < 1, therefore the design is adequate

(fTa + fTb.’E + frby

F ca F cbr F cby




MF5 - W30x132 Beam, W14x132 Column:

Combined Forces - Flexure and Axial Force:

Axial Load (Column):

Check Nonslender vs Slender:

bp=14.Tin  t;=1.03 in

Width to thickness ratio for flanges
of doubly symmetric I-section:

b
L —7.136
2 tf
Width to thickness ratio for web
of doubly symmetric I-section:

ti = hdivtw =17.7

w

F,:=50 ksi

Limiting Width to Thickness Ratios:
A.:=0.56. E =13.487
Fy

Limiting Width to Thickness Ratios:

AT::1.49-\/£:35.884 by
F, therefore the web

is nonslender

by
2 t

< A\

T

therefore the flanges
are nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:

Column is Pinned-Fixed, therefore:

L:=18 ft L,:=0.80-L=14.4 ft
From AISC Tables:
r,=6.28 in I,:=1530 in* A,=38.8 in’ L. =L, L.=L, L. =L,
r,:=3.76 in I,:=548 in’ J:=12.3 in* G':=11200 ksi C,,=25500 in°
2 2
Fem::M:ms.o:a?, ksi F, = ( 2> =135.515 ksi
Lc:c Lcy
T, Ty
Torsional and Flexural Torsional Buckling Consideration:
2
meE.C 1
= <—2“’> G-J|-————=183.921 ksi
<ch > <I$+I?J>
F =min (F,,,F,,,F,,)=135.515 ksi (Elastic Buckling Stress)

Design Axial Compressive Strength:
P,:=F,-A,=1662.393 kip

$P,:=0.9.-P, =1496.153 kip

f Pu 0.33 ksi
ra=——=0. St
A

Bendin he x-axis (W30x132):

wself =132 plf

Fl’/

F
—¥Y-0.369 < 2.25, therefore Fcr=(0.658Ff)-Fy
F

e

F?J

F..:= (0.658”) - F,=42.845 ksi (Critical Buckling Stress)

Maximum Axial Load:
ATTibutaryCll =184 .ft2

Pu = <qToof'ATributaryC'11> =12.806 kll’p

P
PP
A

ca

=38.561 kst
g

wSelfFa,ctored =1.2. wself: 0.158 klf L:=FIF (“20/ 5”)

w:= <wt7“ib ¢ qroof> + WgelfFactored = 1.376 klf



FLEXURE: Check Compact vs Slender:

bp:=10.5 in tp=11n F,:=50 kst
Width to thickness ratio for flanges Limiting Width to Thickness Ratios:
of doubly symmetric I-section:
E E by
A,:=0.384/— =9.152 A :i=1.04/— =24.083 — < A, < A
by P F r F 2t b
4 —5.25 y Yy f
2t therefore the flanges
Width to thickness ratio for web are compact
of doubly symmetric I-section: Limiting Width to Thickness Ratios:
h
h_ Pyt =43.9 Ayi=3.76- £ 90553 A\, :=5.70. L _137.0m —< A, <A
t \/ F, \/ F, t
therefore the web
Flange local buckling will not occur. is compact
Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:
Z,:=437 in®
M, :=F,Z,=1820.833 kip - ft
Check Lateral Torsional Buckling:
From AISC Section Tables:
I,:=196 in" C,:=42100in°  r,;=2.25in S,:=3804n° h,:=29.3in J:=9.72in’
c:=1 (for doubly symmetric I-shapes)
Tygi= =2.749 in
L,:=1.76-7,-4 15:7.947 ft
Fy
’ TF\
. . 0.7.
L,.:=1.95.7, - O | A ( JcC +6.76-( y) =23.791 ft
0.7-F, \ S,-h, S, -h, E
Ly,:=FIF (“5'1-1/4")
Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.
Flexural strength: Maximum Moment:
. wsL* .
¢M,,:=0.9.-M,=1638.75 kip - ft M,,.= THE 47.812 kip - ft
Mu:r . ¢Mn .
fropi=——=1.51 kst F.,.= =51.75 kst
Sy S
Bendin he y-axis:
Z,=58.4in’  S,:=37.2in’
M,:=F,-S,=155 kip - ft
M,,:=F,+Z,=243.333 kip-ft ~ M,,:=1.6 M, =248 kip- ft M,y p=min (M,,,1.6 M,) =243.333 kip - ft

M, :=min (M,,,, M, , M, p5) = 243.333 kip - ft

M,,=102.47 kip- ft (analysis done by robot to find Muy)

M M.
f =— "% _—33.055 ksi F, = ¢ " —78.495 ksi
rby S S

cby
Y Y

=0.459 < 1, therefore the design is adequate

(fTa + fTb.’E + frby

F ca F cbr F cby




MF5+MF6 - W30x132 Beam, W14x132 lumn:
Combined Forces - Flexure and Axial Force:
Axial Load (Column):
Check Nonslender vs Slender:
bf:: 14.7 in tf::1.03 mn Fy:

Width to thickness ratio for flanges
of doubly symmetric I-section:

b

21
Width to thickness ratio for web
of doubly symmetric I-section:

=7.136

ti = hdivtw =17.7

w

=50 kst

Limiting Width to Thickness Ratios:
A.:=0.56. E =13.487
Fy

Limiting Width to Thickness Ratios:

E
,:=1.494[— =35.884
Fy

by
2 t

< A\

T

therefore the flanges
are nonslender

therefore the web
is nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:

Column is Pinned-Fixed, therefore:

L:=18 ft L.:=0.80-L=14.4 ft
From AISC Tables:
r,=6.28 in I,:=1530 in* A,=38.8 in’ L. =L, L.=L, L. =L,
r,:=3.76 in I,:=548 in’ J:=12.3 in’ G:=11200 ksi C,,:=25500 in®
2 2
Fem::M:ms.o:a?, ksi F,, = ( 2> =135.515 ksi
Lc:c Lcy
Ty Ty
Torsional and Flexural Torsional Buckling Consideration:
2
o E.C 1
i <—2“’> G-J|-————=183.921 ksi
<ch > <I$+I?J>
F =min (F,,,F,,,F,,)=135.515 ksi (Elastic Buckling Stress)
Fi’/
F, _ _ F,
F_0.369 < 2.25, therefore  F,,=\0.658")-F,

Design Axial Compressive Strength:
P,:=F,-A,=1662.393 kip

$P,:=0.9.-P, =1496.153 kip

f Pu 0.33 ksi
ra=—=U. St
A

g

Bendin he x-axis (W30x132):
FIF (“5'1-1/4”)
2

Wypip *= Weepi=132 plf

e

F?J

F..:= (0.658”) - F,=42.845 ksi (Critical Buckling Stress)

Maximum Axial Load:
ATTibutaryCll =184 .ft2

Pu = <qroof'ATributaryC'11> =12.806 kll'p

OP,

F =38.561 kst

ca’
g

wSelfFa,ctored = ]_.2‘wself: 0.158 klf L:=35 ft

w:= <wt7“ib ¢ qroof> + WgelfFactored = 0.336 klf



FLEXURE: Check Compact vs Slender:

bp:=10.5 in tp=11n
Width to thickness ratio for flanges
of doubly symmetric I-section:
b

=525

21
Width to thickness ratio for web
of doubly symmetric I-section:

F,:=50 ksi

Limiting Width to Thickness Ratios:
b
Ap::0.38- £:9.152 A.:=1.0. £:24.083 I < )\p < A,
F, F, 2t

therefore the flanges
are compact
Limiting Width to Thickness Ratios:

E E h
h_ Pyt =43.9 Api=3.76+4/— =90.553 A\, :=5.70+4|—=137.274 —< A <A
tw F, F, t
therefore the web
Flange local buckling will not occur. is compact

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:

Check Yielding:

Z,:=437 in®

Check Lateral Torsional Buckling:

From AISC Section Tables:

I,:=196 in" C,:=42100 in°

L,:=1.95-7,-

M,=F,Z,=1820.833 kip - ft

r,=2.2514n S,:=380in" h,:=29.3in J:=9.72in’

(for doubly symmetric I-shapes)

c:=1

=7.947 ft

2 2
. 0.7-F
w2 +6.76- v| —23.791 ft
S.h, E

Ly:=35 ft

E Jec
0.7-F, S,+h,

Lb > Lr, therefore,

MnLTB=Fcr'S:r

weL? .
M, 0zi= =34.303 kip- ft
2
My=2.l6-L- L_p_6.[E] |=a.288 kip- ft (quarter point)
12 4 4
2
My=|6.L-L—1>—6.(L| |=17.151 kip-ft (halfway point)
12 2 2
L Ly
M, =Y. 6-L-3——L2 —6- 3L =4.288 kip - ft (three-quarter point)
12 4 4
12.5-M, .
Cb:: =2.5
2.5 Mmaa:+3'MA+4'MB+MC
C,-m>-FE . L, \?
F=" Al1+0.078-—LC [ 28] —49.339 ksi
L, ? S:c'ho Tts

MTLLTB ::Fcr‘sm = 1562-402 k’l:p 'ft



Flexural strength: Maximum Moment:

wye L?
¢M,,:=0.9-min (M, , M, ;) =1406.161 kip - ft M, = 212 =131.688 kip - ft
M, M,
Frpei=——=4.159 ksi Fp.i= oM, =44.405 ksi
S, v
Bendin he y-axis:
Z,=58.4in’  S,:=37.2in’
M,:=F,-S,=155 kip - ft
M,,=F,-Z,=243.333 kip-ft ~ M,,:=1.6 M,=248 kip- ft M, pppi=min (M,,,1.6 M,)=243.333 kip - ft

M, :=min (M,,,, M, , M, p5) = 243.333 kip - ft

M,,="78.75 kip-ft  (analysis done by robot to find Muy)

¢M,,

M
frby::S—uy:25.403 ksi F = S =178.495 ksi

Y Yy

F ca F cbr F cby

(fm + Trta + Troy ) =0.426 < 1, therefore the design is adequate



MF6+MF7 - W30x132 Beam, W14x1
Combined Forces - Flexure and Axial Force:

Axial Load (Column):

Check Nonslender vs Slender:

bp=15.64n  t;=1.19in

Width to thickness ratio for flanges
of doubly symmetric I-section:

b
I _6.555
2 tf

Width to thickness ratio for web
of doubly symmetric I-section:

h
t_ = hdivtw :=15.3

w

lumn:

F,:=50 ksi

Limiting Width to Thickness Ratios:
A.:=0.56. E =13.487
Fy

Limiting Width to Thickness Ratios:

AT::1.49-\/£:35.884 by
F, therefore the web

is nonslender

by
2 t

< A\

T

therefore the flanges
are nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:

Column is Pinned-Fixed, therefore:

L:=18 ft L.:=0.80-L=14.4 ft
From AISC Tables:
r,=6.38 in I,:=1900 in* A,i=46.7 in’ L.=L, L.,=L, L.:=L,
r,:=4.00 in I,:=748 in’ J:=19.7 in" G'=11200 ksi C,,:=35600 in’
2 2
Fem::M:wo.ms ksi F,, = ( 2> =153.366 ksi
Lc:c Lcy
T, Ty
Torsional and Flexural Torsional Buckling Consideration:
2
mtE.C 1
= < - “’>_+G.,] ————=212.19 ksi
<ch > <I$+I?J>
F =min (F,,,F,,,F,,)=153.366 ksi (Elastic Buckling Stress)

Design Axial Compressive Strength:
P,:=F,-A,=2037.162 kip

$P,:=0.9.P, =1833.446 kip

Fl’/

Fy F
F:0.326 < 2.25, therefore F,.=\0.658 "¢

e

),

F?J

F..:= (0.658”) - F,=43.622 ksi (Critical Buckling Stress)

Maximum Axial Load:
ATTibutaryClO =184 .ft2

P,:= <qToof'ATributaryC'10> =12.806 kll'p

P, . oP, )
fra:=—=0.274 ksi F,, := =39.26 ks
Ag Ag
Bendin he x-axis (W30x132):
FIF (“5'1-1/4”)
Wipip = wself:: 132 plf wSelfFa,ctored =1.2. wself: 0.158 kl.f L:=35 ft

2

w:= <wt7“ib ¢ qroof> + WgelfFactored = 0.336 klf



FLEXURE: Check Compact vs Slender:

bp:=10.5 in tp=11n
Width to thickness ratio for flanges
of doubly symmetric I-section:
b

=525

21
Width to thickness ratio for web
of doubly symmetric I-section:

F,:=50 ksi

Limiting Width to Thickness Ratios:
b
Ap::0.38- £:9.152 A.:=1.0. £:24.083 I < )\p < A,
F, F, 2t

therefore the flanges
are compact
Limiting Width to Thickness Ratios:

E E h
h_ Pyt =43.9 Api=3.76+4/— =90.553 A\, :=5.70+4|—=137.274 —< A <A
tw F, F, t
therefore the web
Flange local buckling will not occur. is compact

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:

Check Yielding:

Z,:=437 in®

Check Lateral Torsional Buckling:

From AISC Section Tables:

I,:=196 in" C,:=42100 in°

L,:=1.95-7,-

M,=F,Z,=1820.833 kip - ft

r,=2.2514n S,:=380in" h,:=29.3in J:=9.72in’

(for doubly symmetric I-shapes)

c:=1

=7.947 ft

2 2
. 0.7-F
w2 +6.76- v| —23.791 ft
S.h, E

Ly:=35 ft

E Jec
0.7-F, S,+h,

Lb > Lr, therefore,

MnLTB=Fcr'S:r

weL? .
M, 0zi= =34.303 kip- ft
2
My=2.l6-L- L_p_6.[E] |=a.288 kip- ft (quarter point)
12 4 4
2
My=|6.L-L—1>—6.(L| |=17.151 kip-ft (halfway point)
12 2 2
L Ly
M, =Y. 6-L-3——L2 —6- 3L =4.288 kip - ft (three-quarter point)
12 4 4
12.5-M, .
Cb:: =2.5
2.5 Mmaa:+3'MA+4'MB+MC
C,-m>-FE . L, \?
F=" Al1+0.078-—LC [ 28] —49.339 ksi
L, ? S:c'ho Tts

MTLLTB ::Fcr‘sm = 1562-402 k’l:p 'ft



Flexural strength:

Maximum Moment:

, L7 :
¢M,,:=0.9-min (M, , M, ;) =1406.161 kip - ft M,, = “’12 =34.303 kip - ft
M M
Frpei=——=1.083 ksi F .= oM, =44.405 ksi
S, -
Bendin he y-axis:
Z,=58.4in’  S,:=37.2in’
M,:=F,-S,=155 kip- ft
M,,=F,-Z,=243.333 kip-ft ~ M,,:=1.6 M,=248 kip- ft M, pppi=min (M,,,1.6 M,)=243.333 kip - ft

oM, :=min <an,

M,y M, pr5) =243.333 kip - ft

M,,=186.77 kip- ft (analysis done by robot to find Muy)

¢M,,

M
frby::S—uy:GO.248 ksi F = S =78.495 ksi

Y

F ca F cbr F cby

(fTa + fTb.’E + frby

cby
Y

=0.799 < 1, therefore the design is adequate



MF7 - W33x141 Beam, W14x159 Column:

Combined Forces - Flexure and Axial Force:

Axial Load (Column):

Check Nonslender vs Slender:

bp=15.64n  t;=1.19in

Width to thickness ratio for flanges
of doubly symmetric I-section:

b
I _6.555
2 tf

Width to thickness ratio for web
of doubly symmetric I-section:

h
t_ = hdivtw :=15.3

w

F,:=50 ksi

Limiting Width to Thickness Ratios:
A.:=0.56. E =13.487
Fy

Limiting Width to Thickness Ratios:

AT::1.49-\/£:35.884 by
F, therefore the web

is nonslender

by
2 t

< A\

T

therefore the flanges
are nonslender

Flexural Buckling of Doubly Symmetric I-Shape Members Without Slender Elements:

Column is Pinned-Fixed, therefore:

L:=18 ft L.:=0.80-L=14.4 ft
From AISC Tables:
r,=6.38 in I,:=1900 in* A,i=46.7 in’ L.=L, L.,=L, L.:=L,
r,:=4.00 in I,:=748 in’ J:=19.7 in" G'=11200 ksi C,,:=35600 in’
2 2
Fem::M:wo.ms ksi F, = ( 2> =153.366 ksi
Lc:c Lcy
T, Ty
Torsional and Flexural Torsional Buckling Consideration:
2
mtE.C 1
= <—2“’> GJ|-————=212.19 ksi
<ch > <I$+I?J>
F =min (F,,,F,,,F,,)=153.366 ksi (Elastic Buckling Stress)

Design Axial Compressive Strength:
P,:=F,-A,=2037.162 kip

$P,:=0.9.P, =1833.446 kip

Pu .
fra:=—=0.274 ksi
A

Bendin he x-axis (W33x141):

wself =141 plf

Fl’/

F, F
—=0.326 < 2.25, therefore  F,, =\0.658")-F,
F

e

F?J

F..:= (0.658”) - F,=43.622 ksi (Critical Buckling Stress)

Maximum Axial Load:
ATTibutaryClO =184 .ft2

P,:= <qToof'ATributaryC'10> =12.806 kll'p

P
PP
A

ca

=39.26 ks
g

wSelfFa,ctored =1.2. wself: 0.169 klf L:=FIF (“20/ 5”)

w:= <wt7“ib ¢ qroof> + WgelfFactored = 1.387 klf



FLEXURE: Check Compact vs Slender:

bp=1154n  £;=0.960 in F,:=50 ksi

Width to thickness ratio for flanges Limiting Width to Thickness Ratios:
of doubly symmetric I-section:
E E by
A,:=0.384/— =9.152 A i=1.04/— =24.083 — < A, < A
by P F r F 2t P
——=5.99 Y y f
2t therefore the flanges
Width to thickness ratio for web are compact
of doubly symmetric I-section: Limiting Width to Thickness Ratios:
h_ Ryivte, =49.6 Ayi=3.76- £ 90553 A\, :=5.70. L _137.0m h . Ay <A,
t F, F, t
therefore the web
Flange local buckling will not occur. is compact

Doubly Symmetric Compact I-Shape Subjected to Bending About the Major Axis:
Check Yielding:

Z,:=514 in®
M, :=F,-Z,=2141.667 kip - ft

Check Lateral Torsional Buckling:
From AISC Section Tables:

I,:=246 in" C,:=64400 in°®  r,:=2.43in S,:=448in’ h,=32.3in J:=9.70 in"

c:=1 (for doubly symmetric I-shapes)

=8.583 ft

<

2 2
. . 0.7.F
L= 1.95 1y —2 |1 +\/ ° +6.76-( y) =24.996 ft
0.7-F, \ S, h, \|S,-h, E

Ly:=FIF (“5'1-1/4")=5.104 ft

Lb < Lp, therefore the limit state of lateral torsional buckling does not apply.

Flexural strength: Maximum Moment:
weL?
¢M,,:=0.9-M,=1927.5 kip - ft M, 0= " =48.187 kip - ft
Mu:r . ¢Mn .
Frpei=——=0.919 ksi F .= =51.629 ksi
Sy Sy
Bendin he y-axis:

Z,:=66.9 in’> S, :=42.7 in’

M,:=F,-S,=177.917 kip - ft
M, :=F,-Z,=278.75 kip - ft M,,:=1.6 M,=284.667 kip-ft M, prp:=min(M,,,1.6 M,)=278.75 kip - ft

n.

M, :=min (M,,,, M, , M, p;5) =278.75 kip - ft

M,,=110.12 kip- ft (analysis done by robot to find Muy)

oM,
cby*

Y Yy

=178.337 kst

M
Frby ::S—“y: 30.947 ksi F

fT(l + fTb.’E + frby

( ):0.42 < 1, therefore the design is adequate
Fca Fcb:c Fcby



Appendix R: Building C: Shear and Moment Connection Design

hear Connection Design:

Shear Tab Connection to column web:

V,,:=43.08 kip Fy piate =36 ksi F, =120 ksi  Z,:=437 in’
F,:=50 kst Fo, plate =58 kst

E:=29000 ksi F,:=65 ksi

Apourn=38.8 in” tu, beam =0.615 in A,,:=38.8 in’ tu cor?=0.645 in

Apeam =30.3 in tf peami=1 N d.,=14.7 in tr ot =1.03 in

bf peam:=10.5 in Shoam =380 in® by coi=14.7 in S, =209 in’

tplate_she(w = g m

3 . .
db_shear::Z n=0.75 in

d 1
b_s2hem“ + 1_6 mn=0438 in > tplate_sheaT =0.375 in OR tw_beam =0.615 in

both sides of the Plate are welded to the column web using Fillet welds.
Provide 1/4" weld on both sides.

5 ) .
w::§°tplate_shear:0'234 n w:=0.25 1n

Bolted connection of the plate to the web of the beam:
A= (%) e iy shoar” =0.442 in?
F,,=0.4-F, ,,,,=48 ksi
R, shear=0.75+F,, + A, =15.904 kip
Bolt bearing strength in the beam web:

¢Rn_bearing_web :=0.75-2.4- db_she(w * tw_beam ° Fu =53.966 k’Lp

Bolt bearing strength in the shear plate:

¢Rn_shearplate :=0.75+2.4- db_she(w“ * tplate_she(n“ - F u_plate = 29.363 k:?'p

Bolt shear governs:

u

Nbolts_shea'r = =1.467 try 3 bolts: Nbolts =3

SRy, shearplate
s:==3wm L,=151n
L,=2-L,+2+5=9 in
Dpeam =2+ b poam=28.3 in
b,:==s+L,=4.5in

Shear failure mode of shear tab:

1 . 1 . .
dy:= db_shear+1—6 m+1—6 m=0.875 in

Ay =tyiate shear®Lp=3.375 in’
Anv ::Agv -2 dh ¢ tplate_shear =2.719 in2

Plate strength in shear:

DR, piate_shear =T (1.00.6 + Fy e+ Ay 0.750.6 « Fyy e+ Apy) = 70.959 kip

gu

> V,=43.08 kip OK



Block shear strength:
Agv = tplate_shear * <Le + <Nbolts - ]-> * S> =2.813 i’n’?

Am) ::Agv - <<Nbolts - 1) + 05> * dh * tplate_shear =1.992 in2

dp

Ant = Le - 7) * tplate_SheaT =0.398 inQ

U:=1
¢Rn_blockshear :=0.75- <mzn <06 * Fu_plate * Am) ’ 0.6+ Fy_plate * Agv> +U- Fu_plate ¢ Ant> =62.895 k’Lp

> V,=43.08 kip OK

Final Shear Plate dimensions:
s=3i L;:=15in b,=4.51n

Nbolts:3 Lp:9 in

men nnection:

Flange plate shop welded to column
and field bolted to beam

/

L"I P < Top view
Ir k5 B
\ s s e
=] : e
= [ CIT Y
|
Vi

V W 30x132
V,:=7.16 kip Fy piate =36 ksi F, =120 ksi  Z,:=437 in’
M,:=122.99 kip - ft F,:=50 ksi Fy piate =58 ksi
FE:=29000 kst F,:=65 ksi
Ay i=38.8 in” tu, peam =0.615 in A,;:=38.8 in’ tu cor?=0.645 in
dbeam:: 30.3 in tf_beam =1 1in dcol :=14.7 in tf_col :=1.03 in
bf peam:=10.5 in Sheam =380 in’ by coi=14.7 in S, =209 in®
dy:=—1in

"y
A= (% -d,’ =0.442 in® assuming standard punched holes
1 . 1 . .
dy:=dy+— in+—1n=0.875 in
16 16
lection of flan 1 imensions:

u

M :
P, = =48.709 kip

u

beam

L.,:=1.751in 5:=3 in

g:=6 in
b, > g+2-L,=95in

b,:=10 in OK

P
A, > — =1.503 in’

P 0.9+F, prate

t

3 . ,
platezzg mn=0.375 n



Api=by b4, =3.75 in’ OK
F,,=0.4-F, ,,,=48 ksi

¢Rn_shear =0.75+ Fm, 'Ab =15.904 k’l,p

u

Nyotts_req™= =3.063 will use 2 rows of 2 bolts with at
PR shear total of 4 to be conservative. at 6 in
gauge
Lplate_min =2 Le +5=6.51n

Final Flange Plate Dimensions:

Tension

Lyjate = Lijate min+0-5 =7 in  add an additional half for setback.
tptate=0.375 in

b

plate = bp =10 ":n

Bolt Bearing in Beam Flange:

[ tplate ° Fufplate l — |: 261 k’tp

—_— The plate will be critical in
780 ft this case.

tf_beam 'Fu
ti=t 10, =0.375 in
dh .
LCl ::Le—?: 1.3].3 m

DR, end_bearing™=0-T5+min (1.2+ Loy ot o Fyy are, 2.4+ dye t+ Fy pipe) =25.692 kip

Both bolts are end bolts so this is the only calc needed.

DR, poitsi =4 PRy, end bearing= 102.769 kip > P,=48.709 kip OK
Tensile strength of flange plate:

A,=3.75 in’

PR, tension_yield*=0-9Fy pateAp,=121.5 kip

Api=A,—2edy, o, =3.094 in

SR, Tension_Fracture i =0-T5*Fy_piate* A, =134.578 kip

¢Rn_plate =rmun <¢Rn_tension_yield 9 ¢Rn_Tension_FTactm“e> =121.5 k'l'p > P, u= 48.709 k?’p

OK
Block shear Failure of the plate between the two lines of bolts:
Agyi=2+tyqe (s+L,)=3.563 in”
A=Ay —2+1.5dy b, =2.578 in’
Ayi=getoae=2.25 in’
A=Ay —dy et =1.922 in’
U:=1
DR, piock_shearangte =0-75+ (Min (0.6 Fyy_pyore Ay, 0.6+ Fy et Agy)) =169.181 kip
+U-F, piate*Ant
> P,=48.709 kip OK

Block shear failure of the plate outside of the bolt lines:
Agy=2+t g (s+L,)=3.563 in”

A=Ay —2+1.5dy b, =2.578 in’

plate

Ant = (bplate —g9— dh> * tplate =1.172 iln’2



=1
an_block_Shemngle =075+ (min (0.6 F,,_yjare* Ay 0.6+ Fy pipe=Ag,)) 4 =125.681 kip
+U-F, piate*Ant
> P,=48.709 kip OK
Block shear failure of the beam flange outside of the bolt lines:
Agy=2ets pogn (s+L,) =9.5 in”
A=Ay =235 dp b pogn=3.375 in’

Ant = (bf_beam —g— dh) * tf_beam =3.625 inQ

¢Rn_block_shearangle :=0.75+ <ml’l’L <06 ° Fu_plate 'A'rw ,0.6- Fy_plate 'Agv>> 4=298.338 kip
+U-F u_plate Ant

>> P,=48.709 kip oK
Final Plate Dimensions: Compression
Liate = Lpiate min+0-5 m=71mm
=0.375 in

plate

bplate = bp =10 ":n

Local plate buckling:

E .
Api=0.45 44 / =12.772 unstiffened
Fyfplate
E .
Api=1.49+4 [ =42.29 stiffened
Fyfplate

Le
Epiate = [ 1;1'667] these are less than the above so
g we can consider these non slender.
tplate
Q = 1

Plate buckling over its length:

L:= mast+05'm> 3in

1 3
= (_) plate ® plate3 =0.044 '[,')1,4

12
I,
rpi=A—— =0.108 in
A,
2
FE i
F="""" _372.68 ksi
L 2
(T,,)
F
F, = if ¥l =34.574 ksi
Fe
Fy plate
0.658" ) F, Liate
else
H 0.877-F,
L
— =27.713
Tp
¢P,:=0.9-F,.-A,=116.686 kip > P,=48.709 kip OK

Flange plate welded connection to the column flange:

F,,.=70 kst



clear (w)

solve,w (4 201 2407265 - ki
P,=0.75-0.707w-L- (0.9-F,..) 0.48603320178002407265 - kip

in kst
wie 0.29073471?4643'171698-kzp —0.291 in
in - ksi
This means we will need a larger plate
to fit this weld increase plate thickness Z in=0.3751in
to 3/8. This will allow the whole plate to
be welded.

Check reduced beam strength due to holes in the flange:
Afg = bf_beam . tf_beam: 10.5 in2

Afn ::Afg_ 2 . dh. tf_beam: 8.75 ?:'n;2

Fy
—=0.769 < 0.8so
F’LL
Yt = ]_

F,-A
[Y 7} J:Z l:[ggi'%] kip  since the first is greater than

t* Ly g the second the bolts can be

ignored.
Flange Local Buckling
b
A= 525
2. tffbeam

|E
Apri=0.38+4|—-=9.152
Fy
E
Arpi=1.0+4[—=24.083
Fy

M,:=F,-Z,=1820.833 kip- ft

For compact flanges (Ay = Apr): oM, = 0.9 M.

@M,,:=0.9-M,=1638.75 kip- ft >> M, =122.99 kip - ft

OK
Shear Plate Connection:

tplate_she(w = g m

3 . .
db_shear::z n=0.75 1n

d 1
b_them“ + 1_6 mnm=0438 in > tplate_she(n“ =0.375 in OR tw_beam =0.615 in

both sides of the Plate are welded to the column flange using Fillet welds.
Provide 1/4" weld on both sides.

w::%-tplate_sheaT:0.234 n w:=0.25 in
Bolted connection of the plate to the web of the beam:
A= (%) e iy shoar” =0.442 in?
F,,=04+F, ,,,,=48 ksi
R, shear=0.75+F,, + A, =15.904 kip

Bolt bearing strength in the beam web:

¢Rn_beam'ng_web :=0.75-2.4- db_shear * tw_beam ° Fu =53.966 k’Lp

Bolt bearing strength in the shear plate:

¢Rn_shea'rplate :=0.75+2.4- db_she(w“ * tplate_she(w - F u_plate = 29.363 k?'p



Bolt shear governs:

u

Nbolts_shear = =0.244 try 2 bolts:

¢Rnfshearplate

s:=3wm L,=151n
L,=2-L,+5=61n

Apeam—2 ¢ beam=28.3 in
b,:==s+L,=4.51in

Shear failure mode of shear tab:

1 . 1 . .
dy:= db_shem+1—6 m+1—6 m=0.875 1n

. 2
A=t L,=2.25n

plate_shear *

A ::Agv —2. dh . tplate_shear = 1.594 in2

nv

Plate strength in shear:

DR, piate_shear =T (1.00.6 + Fy e+ Ay 0.750.6 « Fyy e+ Ay,) =41.597 kip

gu s
> V,=7.16 kip  OK
Block shear strength:
Agv = tplate_shear * <Le + (2 - ]‘) ‘ S> =1.688 in2

A=A, —((2=1)+0.5)d) ¢ =1.195 in”

dh .2
Le - 7 * tplate_she(w =0.398 wn

plate_shear

Ant =

U:==1
¢Rn_blockshear =0.75+ <mzn <06 ° Fu_plate ¢ Am) ,0.6- Fy_plate ° Agv> +U- Fu_plate ¢ Ant> =44.67 k'l'p

> V,=7.16 kip OK
Final Shear Plate dimensions:

s=3i L;:=151in b,=4.51n

Nbolts = 2 Lp = 6 in
/l
V
N | D
\ O
B =]
o [
£
o
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Appendix S: Building C: Roof Deck Design

Roof Loading:
Dead Load: Live Load: Snow Load:

DLroof:: 20 pSf LLroof:: 20 Psf SToof:: 16 pSf

Applicable LRFD Load Combinations:

q1:=1.4+Dy,,,r=28 psf q3:=1.2+Dp,or+1.6+ Ly, 00 +0.5+S,,,,=64 psf q3:=1.2+ Dy, +1.6+S,,0p+ 1.0« Ly, ,,,=69.6 psf

Qroof = 1MAX <q1 yq2, q3> =69.6 psf

Maximum factored roof load is 70 psf, so must select a deck to support this load.

The building is 96 feet long. Using double span decks, it would take 6 sheets at an 8'-0" span (16'-0" for double span) to cover the roof.

1.5B-36/1.5B1-36/1.5PLB-36 ROOF DECKS

GRADE 50 STEEL

Inward Uniform Design Loads, LRFD (psf)

Deck Span (ft-in.)

Gage Spans Criteria 2'-0 3'-0" 4'-0" 5'-0 e¢'-0 7'-0¢ 8'-0" 9-0" 10-0" 11'-0" 12'-0"
Single aW_ 1267 563 317 203 141 103 79 63 51 42 35
L/240 1270 376 159 81 47 30 20 14 10 8 6
29 Double aW_ 1240 575 329 212 148 109 83 66 54 44 37
L/240 3514 1041 439 225 130 82 55 39 28 21 16
Triple aW_ 1502 708 407 263 184 136 104 82 67 55 46
L/240 2754 816 344 176 102 64 43 30 22 17 13
Single aW_ 1679 746 420 269 187 137 105 83 67 56 47
L/240 1614 478 202 103 60 38 25 18 13 10 7
20 Double aW_ 1572 732 419 271 189 139 107 84 68 57 48
L/240 4283 1269 535 274 159 100 67 a7 34 26 20
Triple aW_ 1898 900 519 336 235 173 133 105 85 71 59
L/240 3357 995 420 215 124 78 he 37 27 20 16
Single aW_ 1994 886 499 319 222 163 125 98 80 66 55
L/240 1958 580 245 125 73 46 31 2l 16 12 9
19  Double aW_ 1894 886 508 328 229 169 129 102 83 69 58
L/240 5073 1503 634 325 188 118 79 56 41 30 23
Triple aW_ 2281 1087 628 407 285 210 161 128 104 86 T2
L/240 3976 1178 497 254 147 93 62 B 32 24 18
Single oW 2295 1020 574 367 255 187 143 113 92 76 64
L/240 2270 673 284 145 84 53 35 25 18 14 13
18 Double aW_ 2162 1012 581 375 262 193 148 117 a5 79 66
L/240 5724 1696 716 366 212 134 89 63 46 34 27
Triple oW 2602 1242 718 465 326 240 185 146 119 98 82
L/240 4487 1329 561 287 166 105 70 49 36 27 21
Single oW 2948 1310 737 472 328 241 184 146 118 97 82
L/240 2983 884 373 191 110 70 47 33 24 18 14
16 Double oW 2727 1278 T34 474 331 244 187 148 120 99 83
L/240 7244 2146 906 464 268 169 113 79 58 xS 34
Triple oW 3280 1567 907 588 412 304 233 185 150 124 104
L/240 5678 1682 710 363 210 132 89 62 45 34 26
Note:
1.Table does not account for web crippling. Required bearing should be determined based on specific span
conditions.

From the tables for 1.5B deck, at 8'-0" double span, deflection is the controlling criteria. A 19 gage Grade 50 Double 8'-0" Span works.

Deck Weight = 2.3 psf
Nominal Dimensions

3%’ 2% 6"

de b Mgt A4 L Sat g L

|15:f§"

1},é|r

36“

Section Properties

Effective Moment

of Inertia Effective Vertical
Deck Base Metal Yield at Service Load  Section Modulus Design Web

Weight Thickness Strength 1,=(21+1)/3 atF =50 ksi Moment Shear

Deck w,, 1 Fy 1 |+ 1 L Ss+ S.- DM"-I- BMn- aV"

Gage (psf) (in.) (ksi) (in%/ft) (in%/ft) (in%/ft) (in/ft) (Ib-ft/ft) (Ib-ft/ft) (Ib/ft)
22 1.6 0.0295 50 0.155 0.178 0.169 0.179 634 671 4035
20 2.0 0.0358 50 0.197 0.217 0.224 0.229 840 859 4874
19 2.3 0.0418 50 0.239 0.257 0.266 0.278 997 1042 5666
18 26 0.0474 50 Q.27+ 0.290 0.306 0.318 1148 1193 6398

16 3.3 0.0598 50 0.364 0.367 0.393 0.402 1474 1508 7986

https://vulcraft.com/catalogs/Deck/
RoofDeck/
LRFD-1.5B-36-1.5BI-36-1.5PLB-36_
GR50_Roof_Deck.pdf



Assumptions:

- water table = 4 ft below surface
- angle of friction = 30 deg

-Gs=2.7
- non-cohesive soil
- Es = 750 tsf

Column Loading:

Walls 1 and 2 to be designed:

Wall 2

Tributary Areas for Columns:

q'roofASD =47 ps.f

Qo0 = Qo0 fASD

P, = qroof°Atm’b1 =8.695 klp P8 = qroof°Atm’b8 =45.073 klp
P,:= qroof°Atm’b2 =32.148 klp P9 = qroof°Atm’b9 =21.338 klp
Py:= roof *Ayrips=27.354 kip Pyy:= Qroof *Apipio=8.648 kip
P,:= qmof‘Atm'b4 =6.11 kip Py = qmof'Atm‘bu =8.648 kip
Py:= qroof'Atm'b5 =13.536 kip Pyy:= qroof°At'rib12 =21.338 kip
P6 = qroof°Atm’b6 =7.52 k’l;p P13 = qroof°At'rib13 =23.265 klp

Pr:= qroof°Atm’b7 =27.824 kip Pyy= qroof°At'rib14 =19.27 kip



Wall 1: Pilaster Design:

Soil properties from soil reports:

Gs:=2.7 e=0.4  E,=T50 t;’zf D=4 ft ¢'=30 deg 7,:=62.4 pcf Y,y := 150 pcf
t
(Gs+e)-v, ) ,
7sat::1—+e: 138.171 pCﬁ =Ysat — Yw= 75.771 pCf 7d7‘y =130 pCf c:=0 ps.f 7backf’ill =120 pcf

For wall 1, Square footings for the Pilasters will need to be designed for columns P1, P2, P3, P4, P5 and P14. For ease of construction, one
footing size can be selected based on the most critical loading.

Pei=max (Py,P,,P;,P,,P5,P,) =32.148 kip

Define Design Parameters:
B:=FIF(“3'2”) H,:=FIF (“12'0”) B,,:=FIF(“1'6”) t;:=2 ft
Dy:=9 in+t,=2.75 ft (5 inch slab, 4 inch of backfill between slab and foundation)
H:=(H,+ (D;—t;))=12.75 ft
Hpy:=H,+D;=14.75 ft
Check for Bearing Failure:
FS,:=3
Vesic's Equation for Bearing Capacity:
Qut=C"*Ng+8p2d2to2boog.+0",*Ny+ Sy dyi,2by+ g, +0.5Ypqenpi* B + N5y odyoin b0 g,
Bearing Capacity Factors:
From table of bearing capacity factors for ¢’ = 30 degrees and using Vesic's Equation:
N,=18.4 N,Y::22.4

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

gq::1 97::1

Load Inclination Factors:

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

For continuous footings, B/L — 0, so s, 5, and s, become equal to 1. This means
the s factors may be ignored when analyzing continuous footings.

Shape Factors:

Depth Factors:

2

-tan(¢’)+(1—sin(¢’)) =1.251 d.:

Il
[

Dy
dq::1+2-
B

Effective Unit Weight:
V3= Yeat — Y =T75.771 pcf

Vertical Effective Stress:
w:=7y* (Hipt — Dy,) =670.8 psf

O'/ZD:: <Dw '7backfill> + <<Htotal -’y/> —u> =926.829 psf

Since c' is 0, the first part of the equation is cancelled, left with:
Qui=0",p*Ny*8g2d;+i,°b,+g,+0.5-7"+B-N,+s, +d,+i,-b,-g,=24016.211 psf

Bearing Pressure:

P,
Ugross =7+ (Yeone * t) + (Voacksin* (P —1tf)) + (Voackfiu * H) = 5125.895 psf
-5
check = if > Fs, it _ 4.685
quOSS quOSS

H “The design is acceptable”
else
“The design is not acceptable”

check =“The design is acceptable”



Check for Settlement Failure:

L:=B B=3.167 ft H:=5.-B pu,=0.3 «a:=4 (Footing Center)  §,;:=0.5 in

L B

L':=—"=1.583 ft B':=—=1.583 ft
2 2

M:: L = N = H
B’ B’

Influence Factors:
2 2 2 2 2
ret o (1+VM2 +1) Va2 +N i (M VaZ+1) V14N o0
T M-<1+\/M2+N2+1> M+\M? +N? +1
Iy:= atan M =0.016
2.7 N-\/M? +N? +1
Shape Correction Factor:
1_2':“5
I:=I+ -1,=0.507
—Hs
Fox Depth Correction Factor, If:
Br=3—d-p,  By=5-12-p+8-p,° Byi=—4-pi- (1-2-ps,)
2
Br=—1+4ep,—8ep,? Byi=—4-(1=2-p,)

r:=2.D;=5.5 ft
r=\L* +r’ =6.346 ft
ry:=\/B® +7% =6.346 ft  ry:=\L> +B’ +r° =7.093 ft ry=\L? +B® =4.478 ft

ry,+B r+L\ r,°-L°-B°
Y,:=L-In +B-In - =4.708 ft
B 3:-L-B
r3+B ra+ LY 1’ =1y =1 4r?
Yy=Leln|-——|+B.In|>——|-2% 2 = =2.645 ft
7’1 7’2 3‘L‘B
2 B+ry)er 2 L+ry)er
Yy=—r—.In Bmy)om) L (EFT) ) oo ft
L <B+r3>~r B <L+r3>-r
2
T (T +Ty—T3—T
Y, = (ri+ra—ry—7) =0.303 ft
L-B
B
Y :=r-atan =1.384 ft
T°T3

7 B Y 4By Yo+ B3 Y340, Y, 4550 Y5
d <,31 +52> Y,
Bearing Pressure:

=0.673

P des
quoss = m

a-/zo = <Dw '7backfill> + <<Htotal * ’7/> - u) =926.829 pSf

+ <’Yconc . tf> + <7backfill . <Df_ tf>> + <7backﬁll 'H> =5495.895 psf

Qnet = qgross - O-IZO =4569.066 psf

Foundation Settlement:

Qnet * <1 _N32> ,
O ftegivie =Ly I pe — 5 B

5fle:rible =0.072 in

S

5rigid1 =0.93- 5flemible =0.067 in 5all =0.5in

check:=if 6,041 <day

“The design is acceptable against settlement”

else

“The design is not acceptable against settlement. Redesign the wall”

check =“The design is acceptable against settlement”



Tributary Widths for Foundation walls:

i =

S S L North Wall —— Lu ,,,,,,,,,,, = e
| | | |
I | | | E
| ! | | - Il 8
| | | ! |
e ==South Wall == = = —_
i i i i j
| | | | i
i i | i j
| | | | |
| | | | i
i i i i i
________ e ————— e
| | | | |
i i i | i
| | | | j
| | | | |
i | | | i
First Floor Loading:
dFirstFloor ‘= 115 ps.f
FIF (“20" 7”7 ) FIF (“86’0”
widthrypnorthwan = FIF(207) _ 10.292 ft widthrpgastwan = % =43 ft
FIF (“20' 7”7 ) FIF (“86’0”
widthyipsouthwall = FIP(207) _ 10.292 ft widthy pwestwan = FIF(860%) _ 43 ft

Wnorthwall *= QFirstFloor * dethTTibNorthWall =1.184 klf
Wgsouthwall *= QFirstFloor * dethTribSouthWall =1.184 klf

WEgqstwall *= 9FirstFloor * WZdthTribEastWall =4.945 klf
Wwestwall *= FirstFloor dethTm‘bWestWall =4.945 klf

Wall 1: Foundation Design for North and South Walls:

Define Design Parameters:

B:=FIF (“1'6”) H,:=FIF (“12'0”) B,:=FIF (*0'8") t;=2 ft

Dy:=9 in+t; (5 inch slab, 4 inch of backfill between slab and foundation)

H:=(H,+ (D;—t;))=12.75 ft

Hyp=Hy,+Dy=14.75 ft

Check for Bearing Failure:
FSq::3

Vesic's Equation for Bearing Capacity:

Qut=C' N+ Sprdorip+byr ot 07 e Ny g+ dyig=bye gy + 0.5 Vogerpins B N+ 8, d i boo g,

Bearing Capacity Factors:

From table of bearing capacity factors for ¢’ = 30 degrees and using Vesic's Equation:

Nq :=18.4 N7 =224

Ground Inclination Factors:

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

gq::1 97::1

Load Inclination Factors:

Base Inclination Factors:

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

bq::I 67::1

For continuous footings, B/L — 0, so s, 5, and s, become equal to 1. This means

the s factors may be ignored when analyzing continuous footings.

Shape Factors:

Depth Factors:

2

l;f -tan (¢)+ (1—sin(¢)) =1.529

dq::1+2-

Effective Unit Weight:
Y= Ysat — Y= "75.7T71 pcf

d.:

Il
—



Vertical Effective Stress:
w:=7y* (Hipt — Dy,) =670.8 psf

7".0*= (Do * Voacksin) + (Hiotar*Y') — 1) =926.829 psf
Since c' is 0, the first part of the equation is cancelled, left with:
4 =0",p*Ny+8g+dyig-by+g,+0.5:7y'«B-N +s,+d,+i,b,+g,=27352.039 psf

Bearing Pressure:
. B Bcol B BCOl
Voackfin*4 1 (?— 5 )) + (%a,ckﬁll' (H' (?— 5 |||= 1104 kif

w +W
yross = N"”hvg’” ! u=854.339 psf

Wf:: <7conc ° tf°B> +

q'n
Qaliow = F—Sq

- Wailow =

w/nNorthWall = q/n +B=41.028 klf

w/
w, ::"]LO—;’W: 13.676 kif
q

check := if WnNorthWwall <w,
“The design is acceptable”

else
“The design is not acceptable”

check =“The design is acceptable”

Check for Settlement Failure:

L:=FIF(“86'0”) B=15ft H:=5-B p,;:=0.3 a:=4 (Footing Center) §,,:=0.5in

L B
L'i===43 ft B':=—=0.75 ft
2 2
M := L =57.333 N:= H
B’ B’
Influence Factors:
2 2 2 2 2
. M M*+1)-\/1+N
r=".|M-In 14V +1)- V0% +1In 04 Var +1)- 1+ ~0.737
T M-<1+\/M2 +N2+1> M+\M? +N? +1
Iy:= atan M =0.156
2.7 N-\VM?+N’ +1

Shape Correction Factor:
1-2. Hs

-1,=0.826
1 —Hs

Fox Depth Correction Factor, If:
Bi=3—4-p,  Bp=5-12-p+8-p,’ By=—4-p (1-2-p,)

2
Byi=—4+(1-2-p,)
ri=2.D;=5.5 ft

r:=\L* +r’ =86.176 ft
ry:=\/B®> 47 =5.701 ft  ry;:=\L* +B’ +r° =86.189 ft r,:=\/L* + B* =86.013 ft

r,+L r—L*—B?
+B-In|-2 . =7.872 ft
3.L-B

54’:—1+4'H5—8‘Ms2

ry,+B

Y1::L°ll’l

T3+B)+B-ln r3+LJ_ r33 —r23 —7"13 +7 —5.906 ft

Y,:=L-In
ry Ty 3:-L-B
2 . 2 .
Yy='—.ln (Btr)ery +2 (LAm)emy =0.811 ft
L <B+r3>~r B <L+r3>-r
o 2. (r1+r2—r3—r> —0.044 ft
L-B
Y, :=r-.atan B =1.461 ft

T°T3

Y 4By Yot By Yt By Y +53:0Y
1= B1Y 1482 Yo+ 85 Y3+84° Y +05Y;5 —0.821
<,31+52>’Y1




Bearing Pressure:

w +W
Qyross = N"”hvg’” ! =1525.139 psf

a-/zo = <Dw '7backfill> + <<Htotal * ’7/> - u) =926.829 pSf
Qnet = qgross - O-/zo =598.31 ps.f

Foundation Settlement:

Qnet * <1 _N32> ,
O ftegivie ==Ly I pe — 5 ‘B

S

O flegivie = 0-009 in
5rigid2 =0.93- 5flemible =0.008 in 5all =0.5in

check:=if 6,040 <0y

“The design is acceptable against settlement”

else

“The design is not acceptable against settlement. Redesign the wall”

check =“The design is acceptable against settlement”

Wall 1: Foundation Design for East and West Walls:

Define Design Parameters:

B:=FIF(“1'6”) H,:=FIF (“12'0”) B,,:=FIF (“0'8”) t;:=1 ft

D¢:=9 in+1t; (5 inch slab, 4 inch of backfill between slab and foundation)

H:=(H,+ (D;—t;))=12.75 ft

H,ypyq=H,,+D;=13.75 ft

Check for Bearing Failure:

FS’q::3

Vesic's Equation for Bearing Capacity:

qult=c’-Nc-Sc-alc-iC-bc-gc+0"z-Nq-sq-dq-iq-bq-gq+0.5-q/b(wkﬁ”-B/-NA/-SV-c11,7-z'7-l)7-g7

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

Nq :=18.4 N7 =224

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

gq::1 97::1

Load Inclination Factors:

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

bq::I b7::1

For continuous footings, B/L — 0, so s, 5, and s, become equal to 1. This means
the s factors may be ignored when analyzing continuous footings.

Shape Factors:

Depth Factors:

2

-tan(¢’)-(1—sin(¢’)) =1.337 d,:

Il
=

Dy
dq::1+2-
B

Effective Unit Weight:

V' 3= Yeat — Y= T15.771 pcf

Vertical Effective Stress:

w:=7y* (Hipt — Dy,) =608.4 psf

"= (Du* Voackfin) + ((Hiotar*Y') —u) =913.457 psf



Since c' is 0, the first part of the equation is cancelled, left with:
4 =0",p*Ny+8y+dyig+by+g,+0.5:7y' BN -5, +d, +i,b,+g,=23741.168 psf

Bearing Pressure:

B Bcol B Bcol
ackfin*d e | —— +(Yoackrin® | H | —— =0.879 kil
Ybackfill (2 5 )) (% kfill ( (2 5 f

Wf:: <7conc ° tf°B> +

w +W
quoss = EMtW;ll / —u=3274.378 psf
q = q_/n —_— w _ w/”
allow FSq allow FSq

W'y Eastwan "= q'n* B =35.612 Klf

w/
w, = —"IEJ";W"” =11.871 klf
q

check := if WEastwall < w,

“The design is acceptable”

else

“The design is not acceptable”

check =“The design is acceptable”

Check for Settlement Failure:

L:=FIF(“20'7") B=15ft H:=5-B p,;:=0.3 a:=4 (Footing Center) §,,:=0.5in

L B
L':=—=10.292 ft B':=—=0.75 ft
2 2
M:= L =13.722 N:= H
B’ B’
Influence Factors:
1 <1+\/M2+1)-\/M2+N2 <M+\/M2+1>-\/1+N2
I,:=—+|M-In +1n
T M-<1+\/M2+N2+1> M+\M? +N? +1
Iy:= atan M =0.128
2em N-M? +N? +1
Shape Correction Factor:
1_2':“5
I=I+|—>|-1,=0.833
1_/1‘5
Fox Depth Correction Factor, If:
Bri=3—dep,  By=5-12-p+8-p° Byr=—d+ e (1-2-p1)
9 2
Byi=—1+4-p,—8pg ﬁ5:2_4'(]—_2°:u’s>

r:=2.D;=3.5 ft
r:=\L* +7r’ =20.879 ft
ry:=\/B® +7° =3.808 ft  ry;:=\L*+B’+r°> =20.933 ft r,:=\/L* + B’ =20.638 ft

ry,+B r+L\ r,—L°-B°
Y,:=L-In +B-In - =5.754 ft
B 3:-L-B
rs+B ra+ L) 13° —ry® —r® +0?
Yy=L-ln|—-——|4+B.In|>—|-2 2 1 =4.432 ft
7’1 7’2 3‘L‘B
2 B+r1y)er 2 L+r))-r
Yy=_—«ln (Btry)-my +7 (LAm)-rs =0.883 ft
L <B+r3>~r B <L+r3>-r
2
r e (ri+7r9—"r—7T
Y, = (ryt ey >:0.101 ft
L-B
B
Y, :=r-atan =1.396 ft
T°T3
Y 48y Yo4Bs: Yot B Y +3::Y,
If::ﬁl 1 /82 2 /83 3 ﬁ4 4 /65 5:0815
<,31+52>’Y1
Bearing Pressure:
w +W
G yross = N"”hvg’” L =1375.139 psf

a-/zo = <Dw '7backfill> + <<Htotal "7/> _u’> =913.457 ps.f



Qnet = Qgross — O'IZO =461.682 psf

Foundation Settlement:

Qnet * <1 _N32> ,
O fregivie ==Ly I se — 5 B

S

O flegivie = 0-007 in
5rigid3 =0.93- 5fle:m‘ble =0.006 in 5all =0.5in

check = if 8,443 <8

“The design is acceptable against settlement”
else

“The design is not acceptable against settlement. Redesign the wall”

check =“The design is acceptable against settlement”

Check for Differential Settlement:
Pilaster Square Foundations vs North and South Bearing Walls:
5D = |(sm‘gid1 — 57’ig’id2| =0.0586 in

check:=if 6,<0.25 in

“Differential settlement is not a concern”

else

“Differential settlement is too large”

check = “Differential settlement is not a concern”

Pilaster Square Foundations vs East and West Bearing Walls:
8p1= [8,igiar — Origias| = 0-060458 in

check:=if 6,<0.25 in

“Differential settlement is not a concern”

else

“Differential settlement is too large”

check = “Differential settlement is not a concern”
North and South Bearing Walls vs East and West Bearing Walls:
5D = |(sm‘gid2 — 57’ig’id3| =0.0019 in

check:=if 6,<0.25 in

“Differential settlement is not a concern”

else

“Differential settlement is too large”

check = “Differential settlement is not a concern”



Wall 2: Pilaster Design:

For wall 2, Square footings for the Pilasters will need to be designed for columns P6-P13. For ease of construction, two footing sizes shall be
selected, one for P8, which is an outlier due to it's large tributary area/loading and one for the rest of the pilasters.

P jes) ==max (P67P75P9aP107P117P127P13>:27'824 kip

P i=Py=45.073 kip

Fir re Footing Design:
Define Design Parameters:
B:=FIF (“3'8”) H:=3 ft B,,:=FIF (“1'6”) t;:=2 ft
Dy:=3 ft+t,; (3 foot frost wall between slab and foundation)
Hip=H+1t;=5 ft
Check for Bearing Failure:
FS,:=3
Vesic's Equation for Bearing Capacity:
Qut=C'*Ny+8,2de2i, b g+ 0, Nyes o dy+ig+by>g,+0.5Vpuensin* B+ N5+ d i, b g,
Bearing Capacity Factors:
From table of bearing capacity factors for ¢’ = 30 degrees and using Vesic's Equation:
N,=18.4 N,Y::22.4

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

gq::1 97::1

Load Inclination Factors:

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

For continuous footings, B/L — 0, so s, 5, and s, become equal to 1. This means
the s factors may be ignored when analyzing continuous footings.

Shape Factors:

s=1 s,:=1
Depth Factors: D )
f ’ s ’
dy=1+2:— -tan(¢’)-(1—sin(¢’)) =1.394 d,=1
Effective Unit Weight:
’7/:: if DwSDf
Ysat — Yw
elseif D;<D,<D;+B

D,-D;
Ysat — Yw* 1- T

else if <Df+B) <D,
Ysat

v'=75.771 pcf
Vertical Effective Stress:

U= " <Htotal_Dw> =62.4 psf
o".p= ((Hotar*7') —u) =316.457 psf

Since c' is 0, the first part of the equation is cancelled, left with:
Qui=0",p*Ny*8g2d;+i,°b,+g,+0.5-7"+B-N,+s, +d,+i,-b,-g,=11226.629 psf

Bearing Pressure:

Qgross*= —) + <’Yconc . tf> +2+ (Voackpi+ H) = 3089.554 psf



check = if Gt >FS 4 G
Qgross

=3.634
qgross
“The design is acceptable”

else

“The design is not acceptable”

check =“The design is acceptable”
Check for Settlement Failure:

L:=B B=3.667 ft H:=5.-B pu,=0.3 «a:=4 (Footing Center)  §,;:=0.5 in

L B
L':=—"=1.833 ft B':=—=1.833 ft
2 2
M:: L = N:: H
B’ B’
Influence Factors:
2 2 2 2 2
re o (1+VM? +1) Va2 +N i (a1 +1) V14N o408
4 M-<1+\/M2+N2+1> M+\M? +N? +1
Iy:= atan M =0.016
2em N-\VM* +N* +1
Shape Correction Factor:
1_2':“5
IS :'Il+ ’12:0-507
— Mg
Fox Depth Correction Factor, If:
Br=3—4ep,  Py=5-12.p,+8p,’ Byi=—depge (1—2-p,)
2
By=—1+4-p,—8-p Byi=—4+(1=2-p,)

r=2.D;=10 ft

r:=\L* +7r’ =10.651 ft
ry:=\/B® +7° =10.651 ft ry;:=\L* +B’ +r’> =11.264 ft r,:=\L* +B* =5.185 ft

ry+B r+L\ r,’-L°-B°
Y,:==L-In +B-In - =5.451 ft
B 3:-L-B
r3+B ra+ L\ 1® —1ry® —r 40?
Yy=L-ln|—-——|+B.In|>—|-2 2 1 =2.161 ft
7’1 7’2 3‘L‘B
2 B+ry)er 2 L+ry)er
Yy=1—.In Bamy)om) L (EET) ) ft
L <B+r3>~r B <L+r3>-r
2
T (T +Ty—T3—T
Y, = (ritra—rs—7) =0.279 ft
L-B
B
Y, :=r-atan =1.188 ft
T°T3

Y, +08, Y, +8: Y +08, Y, +3:Y
IlelBl 1 ﬁZ 2 53 3 ﬁ4 4 65 5:0.605
<,31+52>’Y1

Bearing Pressure:

P
( Bd.e;) + (Yeone* tf) + 2+ (Yoacksiun* H) = 6769.554 psf

Qgross =
0"01= ((Hiotar*Y') — 1) =316.457 psf
Unet "= Agross— T 20 =6453.097 psf
Foundation Settlement:

Qnet * <1 _N32> ,
O fregivie ==Ly I pe — 5 B

S

5fle:rible =0.106 in

5rigid4 =0.93- 5flemible =0.098 in 5all =0.5in

check :=if 6,004 <0ay

“The design is acceptable against settlement”
else

“The design is not acceptable against settlement. Redesign the wall”

check =“The design is acceptable against settlement”



n re Footing Design:
Define Design Parameters:

B:=FIF (“4'4”) H:=FIF (“2'8”) B, =FIF (“1'6”) t;=2 ft
Dy:=3 ft+t, (3 foot frost wall between slab and foundation)
Hppy=H +1;=4.667 ft
Check for Bearing Failure:
FS,:=3
Vesic's Equation for Bearing Capacity:
Qut=C"*Ng+8o2d 2te2boog.+0",*Ny+s,+dyi,2by+ g, +0.5Ypqenpin* B +Noyo 5y odyoin b0 g,
Qui=0",p*Ny*8g2d;+i,°b,+g,+0.5-7+B-N,+s, +d,+i,-b,-g,=11792.389 psf

Bearing Pressure:

P des2

Qgross ’:m"' <’Yconc . tf> +2+ (Voackpi + H) = 3340.337 psf

Quit > FSq Quir

Qgross Qgross

check = if =3.53

H “The design is acceptable”
else

H “The design is not acceptable”
check =“The design is acceptable”

Check for Settlement Failure:

L:=B B=4.333 ft H:=5.-B pu,=0.3 «a:=4 (Footing Center)  §,;:=0.5 in
B
=L —2167 ft B':=—=2.167 ft
2 2
M:: L = N = H
B’ B’
Influence Factors:
2 2 2 2 2
. M M +1)-\/1+N
11::i. M-In <1+\/M +1) VM +N +In < HVM 4 ) Vit =0.498
T M-<1+\/M2+N2+1> M+\M? +N? +1
Iy:= atan M =0.016
2.7 N-\/M? +N? +1
Shape Correction Factor:
1_2':“5
I=I+|—|-1,=0.507
1_/1‘5
Fox Depth Correction Factor, If:
Bi=3—4.p,  By=5-12+p,+8-p,’ By=—4-pe+ (1-2-p,)
2
By=—1+4ep,—8ep,? Byi=—4-(1=2-p,)

r:=2.D;=10 ft
r:=\L* +r’ =10.899 ft
ry:=\/B® +7° =10.899 ft ry;:=\ L’ +B’ +r’> =11.728 ft r,:=\L* +B* =6.128 ft

ry,+B ry+L\ r°-L°-B°
Y,:=L-In +B-In - =6.442 ft
B 3-L-B
r3+B ra+ L\ 1® —1ryt —r 40?
Yy=L-ln|—-——|4+B.In|>— |- 2 1 =2.93 fi
7’1 T2 3‘L‘B
2 B+ry)er 2 L+ry)er
Yy='—.ln (Btr)ery +2 (LAm)emy =1.523 ft
L <B+r3>~r B <L+r3>-r
2
T (T +Ty—T3—T
Y, = (ritra—ry—7) =0.366 ft
L-B
B
Y :=r-atan =1.588 ft
T°T3

_B1Y 1 +85 Yo+ 85 Y3+0,Y,+ 85 Y5

Ip:= =0.628
d <,31 +52> Y,




Bearing Pressure:

P
Qgross*= ﬁ + <700nc ¢ tf> +2. <7backfill ¢ H> =7900.337 ps.f

O'/Zo:: <<Htotal"}/> —’U,> =291.2 pSf
Anet *= Qgross— T 20 =7609.137 psf

Foundation Settlement:

Qnet * <1 _N32> ,
O ftegivie ==Ly I pe — 5 ‘B

S

O flegivie = 0-153 in
8 rigias =0.93 + 8 yopipie=0.142 in 8,,=0.5 in

check:=1f 8,445 <04y

“The design is acceptable against settlement”

else

“The design is not acceptable against settlement. Redesign the wall”

check =“The design is acceptable against settlement”

Wall 2: Foundation Design for Frost Wall:

Define Design Parameters:
B:=FIF (“1'0”) H:=FIF (“2'7") B, =FIF(“0'8”) t;=1ft
Dy:=H+1t,=3.583 ft (3 foot frost wall between slab and foundation)
Hypi=H+1t;=3.583 ft
Check for Bearing Failure:
FS,:=3
Vesic's Equation for Bearing Capacity:
Qut=C'*Ny+8,2de i, b g+ 0, s Nyes,odyoig+by>gy+0.5Vpuensin* B+ N5+ d i, b g,

Bearing Capacity Factors:

From table of bearing capacity factors for ¢’ = 30 degrees and using Vesic's Equation:

N,=18.4 N,Y::22.4

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

gq::1 97::1

Load Inclination Factors:

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

For continuous footings, B/L — 0, so s, 5, and s, become equal to 1. This means
the s factors may be ignored when analyzing continuous footings.

Shape Factors:

Depth Factors:

2

-tan(¢’)+(1—sin(¢’)) =2.034 d.:

Il
—

Dy
d,;=1+2-
B

Effective Unit Weight:
V' 3= Yeat — Y =15-771 pcf

Vertical Effective Stress:
U=y * <Htotal _Dw> =—26 pSf

o".p= ((Hptar*7) —u) =297.514 psf
Since c' is 0, the first part of the equation is cancelled, left with:

¢ =0",p*Ny+8g+dyig+by+g,+0.5:7y' BN, -5, +d, +i,b,+g,=11985.586 psf



Bearing Pressure:

Wf:: <’7conc * tf.B> +2- <7ba‘3kfi” ) <H. <B _Bwl))) =0.357 kl‘f

Wy
qu‘OSS = ? —u=382.667 ps_f

e _why
Qallow = F_Sq > Weow = F—Sq

w',:=q',+B=11.986 klf

’
n

w
w, = =3.995 klf
FS,
check:=if Wy<w,

“The design is acceptable”

else

“The design is not acceptable”

check =“The design is acceptable”

Check for Settlement Failure:

L:=FIF (“51'0”) B=1ft H:=5.B pu,:=03 «a:=4 (Footing Center)  4,:=0.5in
B
=L o055 ft B':=—=0.5 ft
2 2
M:: L :5]_ N:: H
B’ B’

Influence Factors:

1 <1+\/M2+1)-\/M2+N2 <M+\/M2+1>-\/1+N2
I,:=—+|M-In +1n
T M-<1+\/M2+N2+1> M+\M? +N? +1
Iy:= atan M =0.156
2.7 N-\/M? +N? +1
Shape Correction Factor:
1_2':“5
I:=I+ -1,=0.826
—Hs
Fox Depth Correction Factor, If:
Bri=3—dep,  By=5-12-p+8-p° Byr=—d+ e (1-2-41)
9 2
Byi=—1+4-p,—8-pg ﬁ5:2_4'(]—_2°:u’s>

r:=2.D;=T7.167 ft
r:=\L* +7r’ =51.501 ft
ry:=\/B® 47> =7.236 ft  ry;:=\L’ +B’ +r’> =51.511 ft r,:=\L* +B® =51.01 ft

ry,+B r+L\ r,—-L°-B°
Y,:=L-In +B-In — =5.131 ft
B 3-L-B
r3+B ra+ LY 1 =1y —r 4r?
Yy=L-ln|—-——|4+B.In|>—|-2 2 1 =3.207 ft
7’1 7’2 3‘L‘B
2 B+ry)er 2 L+ry).r
Yy=r—.In Bamy)or) (T ) e ft
L <B+r3>~r B <L+r3>-r
2
e (r+Try—r3—T
Y, = (ra+ra—r >:0.06 ft
L-B
B
Y :=r-atan =0.984 ft
T°T3
Y+ 8y Yo+ B Yo+ Y, +3:-Y,
If::ﬁl 1182 Yo+ 83 Y3+08, Y, +055 5 075

<,31 +52> Y,

Bearing Pressure:
Wy
Qgross = ———=356.667 psf
B
0"01= ((Hiotar*Y') —1) =297.514 psf

Qnet = qgross - O-/zo =59.152 pSf

=0.737



Foundation Settlement:

Qnet * <1 _N32> ,
O fregivie == Lg= I pe — 5 B

S

5flemible =0.001 in
Origids =093+ O preipie =0 N 0,1=0.5in

check = if 8,406 <O

“The design is acceptable against settlement”

else

“The design is not acceptable against settlement. Redesign the wall”

check =“The design is acceptable against settlement”
Check for Differential Settlement:
Pilaster Square Foundation 4 vs Pilaster Square Foundation 5
8p =0 rigias— Origias| = 0-0439 in

check:=if 6,<0.25 in

“Differential settlement is not a concern”

else

“Differential settlement is too large”

check = “Differential settlement is not a concern”
Pilaster Square Foundation 4 vs Wall Foundation 2
5D = |(sm‘gid4 — 57’ig’id6| =0.0978 ln

check:=if 65<0.25 in

“Differential settlement is not a concern”

else

“Differential settlement is too large”

check = “Differential settlement is not a concern”
Pilaster Square Foundation 5 vs Wall Foundation 2
5D = |(sm‘gid5 — 57’ig’id6| =0.1417 in

check:=if 6,<0.25 in

“Differential settlement is not a concern”

else

“Differential settlement is too large”

check = “Differential settlement is not a concern”



Appendix U: Building C: Foundation Structural Design

First Square Footing Design:

P': 33.' SL !L
Check One-Way Shear Strength:
B:=FIF (“3'8”) H:=FIF (“2'8") B, =FIF (“1'6”) tp:=2 ft h:=t;
P, :=33.152 kip Yeone =150 pef Yoackfin =120 pcf f'.:==4000 psi Jy:=60 ksi

Effective depth of footing:
Assume a 3in clear cover, #6 rebars and bars in both directions:

c.:=31in D 44:=0.750 in

D 4 . D 4 .
covery:=c,+ =3.375 1 covery:=c,+D 45+ =4.125 in
cover, +cover, .
COVET gy i= 5 =3.75 1

d:=h—cover,,,=20.25 in

Bearing Pressure:

Pd 1
Q= — (Yeone*tg) + 2+ (Yoackpiu* H) = 3405.851 psf
(B-B)
Ll =B L2 =B Cq ::Bcol Co ::Bcol A=1
Li—c .
Vuoneway = qu* Lo —d|=-7.545 kip

SV cometway=0.75+ (2 Ao \/f o psi - Ly d) =84.528 kip

check := if VuOneWay < ¢Vc0neWay

“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 =qy- <L1 «L,— (01 + d) . <62+ d>> =11.186 kip

Bcol
B:= =1 o,:=20 bo=2 (¢;+d)+2+(c,+d)=12.75 ft
Bcol
, 4 - d T .
¢Vcleching::0‘75'm7’n 4, 2+E |2+ b P f/c'pSl-bo-d:587.852 klp
o




check =it V. pynching <PV cpunching

“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:

Li—¢

Mu::qu°L2° 2

Li—c
( 14 1):7.328 kip-ft  (required flexural resistance)

p. - :=0.0018
AsMin::pmin «B-h=1.901 7:"12

Try 5 #6 Rebars: A 44:=0.440 in”
A;=5+A4=2.2in’ 5 #6 bars is adequate
Bar spacing:
BarSpace, ., :=min(3-h,18 in) =18 in
BarSpace ::?:0.917 ft actual bar spacing is less than max, so design is okay. Use 1' spacing
Compute flexural strength of a singly reinforced rectangular section:

depth:=h Y = cCOver, A,=2.2 in’ b:=B

d,:=depth—1y, =20.625 in

B, :=if f'.<4000 psi

H0.85
else
" —4000 pst

‘ max 0.65,0.85—0.05-h—?

| 1000 pst
B3,=0.85

B1+0.85-f".«b 3-d, )
AsTensionControlled = f < * 3 =16.392 ’L’n,2
Y

The design is tension controlled

Depth of Concrete Compression block:

As'fy

a=——"Y _—0.882 in
0.85-f,+b

M, :=A,-f,- (d—%):217.897 kip - ft
¢M,,:=0.9-M,=196.107 kip - ft (flexural strength)

check:=it M,<¢M,,
“The footing has adequate flexural strength”

else

“The footing has inadequate flexural strength”

check = “The footing has adequate flexural strength”

heck Development Length of Flexural 1 ree Hooked R Is:

As conservative assumptions: 7
C

:=1.0 :=1.0 :=1.0 =0.6+———=0.867 d; =D
1:be 1:br 1:bo 1:bc 15000 pSZ bar #6



ldhook :=max|6 Zn,S'dba,r,

1.5
) =9.71 in
n

¢e'¢r'¢o'¢c'fy .lin.(dbar
55.)\.min<100 pSiy\/f/c.pSi) .

Length of bars from the

B—-B
critical bending section: M

=13 in

. _Bcol>
check =it 1,1 <

“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”

Tension Rebars Terminated in Hooks

For main tension rebars ACI 318 Table 25.3.1 defines geometry for 90° and
180° hooks as illustrated in Figure 7.21. The length of the bar up to the start of
the hook is called lead-in length. Minimum inside bend diameter D is specified
in the table for different size rebars. The minimum dimension of the tail or
straight extension of the bar beyond the end of the bend is also shown in the
figure. The distance H that must be added to the lead-in length to define the
development length of hooked bars is the bend padius plus the bar diameter.

H=dy+D/2
90° Hook

= lgn

L
1
L H Lead-in length

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

dy = Bar diameter

bar * D = 6d, for 13 through 18 bars

ri= =2.251in (radius of dowel bar bend) Yl. D = &4, for 9, 10, and #11 bars
D = 10d, for 814 and 518 bars
depthFleamralHooks = <<dbar * 6> + <2 ¢ dbaT)) + dbar =6.75 in Sec.:mn where the rebar
strength is needed
. . A
Leytension=max (4+dy,,, 2.5 in) =3 in V
H:=dy,+r=31in (distance required for hook)

hmin = dep thFle:mn'alH ooks — 6.75 in

check:=if h,,;,<h

“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:
A,:=B,,-B,,=324 in” L:=B=3.667 ft  l:=min(L,((2+h)+B.y+(2-h)))=3.667 ft

Ay:=1> =1936 in”

=1432.08 kip

/ . . / A2 /
N;:=0.65+(0.85 .+ A;) =716.04 kip N,:=0.65-min||(0.85+f.+A;)- N ,(2:0.85-f.+ Ay)
¢PBaseBearing =man <N1 9N2> =716.04 k'l'p

check := if Pdesl < ¢PBaseBearing

“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”

heck Degree Hooked Dowel Bars in Column:
Minimum Steel Ratio:
Prmin:=0.005+ A, =1.62 in’

Use 4 #6 dowels A ;:=0.440 in’ D 44:=0.750 in
Apower=4+A 45=1.76 in’
Development Length:

ddowel = D#G
0.02+f, * dgouer 0.0003

Y

A-min <100 psi \/f’c-psi> pst

lj.:=max |8 in, 'fy'ddowel =14.23 in



h

k R

ly.:=14.25 in (round up to get an appropriate constructible dimension)

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

ddowel' 6 . .
r::T:2.25 n (radius of dowel bar bend)

Lemtension =12 ddowel =9

H:=d,,,,+r=31in (distance required for hook)
hmin = ldc + dep thFle:ruralHooks + C.= 24 in

check:=if h,,;,<h

“There footing thickness is adequate”

else

“There footing thickness is inadequate”

check =“There footing thickness is adequate”

in Column:
dper =Dy column bars are #6

Development Length:

0.02- f,* dyar 0.0003

<100 psi,\/f’c-psi> " psi

lchol ‘=max |8 ina 'fy'dbar =14.23 in
Aemin

Splice length for rebars in compression:

::]_

S

0.0005

lsplice ‘=Imax (12 ’l:n ) ldCCOl’ 'fy . dbar . as) =22.5 ’l:n (round Up tO a 24|n (th) Spllce)



Second Square Footing Design:

P= 53.704k

Check One-Way Shear Strength:
B:=FIF (“4'4”) H:=FIF (“2'8”) B,,,:=FIF (“1'6”) tpi=2 ft hi=t,
PdesZ :=53.704 k'Lp Yecone = 150 pCf 7backf’ill =120 pCf flc :=4000 pS’l, fy =60 kS’l,

Effective depth of footing:
Assume a 3in clear cover, #6 rebars and bars in both directions:

c.:=31in D 44:=0.750 in

D 4 . D 4 .
cover;:=c,+ =3.375 1 covery:=c,+D 45+ =4.125 in
cover, +cover, .
COVET gy i= 5 =3.75 1

d:=h—cover,,,=20.25 in

Bearing Pressure:

Pes
Gy =7+ (Yeone* tf) +2* (Yoacksiu* H) =3799.976 psf
(B-B)
L,:=B L,:=B c,=B,, cy=B,, =1
Li—c, .
VuOneWay:: —qy*Ly- —d|=4.46 klp

BV cometway=0.75+ (2 Ao \/fo-psi - L) =99.896 kip

check := if VuOneWay < ¢Vc0neWay

“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 =qy- <L1 «L,— (cl + d) . <62 + d>> =32.747 k’Lp

Bcol
Bi= =1 a,:=20 bo=2 (¢;+d) +2+(c,+d)=12.75 ft
col 4 d
Qe . .
¢VcPunching::0‘75'min 4, 2+E |2+ )'A' \/flc'pSl'bo'd:587.852 kZp
o




check =it V. pynching <PV cpunching

“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:

Li—¢
2

Mu::qu°L2°

Li—c
( 14 1):16.524 kip-ft  (required flexural resistance)

Prmin i=0.0018
AsMin::pmin «B-h=2.246 ’I:’r),2

Try 6 #6 Rebars: A ;:=0.440 in”
A;=6+A 4=2.64 in’ 6 #6 bars is adequate
Bar spacing:
BarSpace, ., :=min(3-h,18 in) =18 in
BarSpace ::?:0.867 ft actual bar spacing is less than max, so design is okay. Use 1' spacing

Compute flexural strength of a singly reinforced rectangular section:

depth:=h Y1 1= cCOver, A,=2.64 in’ b:=B
d,:=depth—1y, =20.625 in
By :=if f'.<4000 psi
|0.85
else
. —4000 psi
‘ max 0.65,0.85—0.05-h—?
I 1000 pst
B,=0.85
B1+0.85-f".«b 3-d, .
AsTensionControlled = < * =19.372 ’L’n,2
7, 3

The design is tension controlled

Depth of Concrete Compression block:

As'fy

ai=——""Y _—-0.896 in
0.85-f,+b

M, =A,-f,- (d—%):261.387 kip - ft
¢M,,:=0.9-M,=235.248 kip - ft (flexural strength)

check:=it M, <¢M,,
“The footing has adequate flexural strength”

else

“The footing has inadequate flexural strength”

check = “The footing has adequate flexural strength”

heck Development Length of Flexural 1 ree Hooked R Is:

As conservative assumptions: 7
C

:=1.0 :=1.0 :=1.0 =0.6+———=0.867 d; =D
1:be 1:br 1:bo 1:bc 15000 pSZ bar #6



m

et o) o d, \'®
Linoor, ==max |6 in,8«dy,,, Ve o orterly -1 m( .ba’") =9.71 in
55-)\-min<100 psi,\/f/c-psi)

Length of bars from the (B— B l)

critical bending section: =17 in

. _Bcol>
check =it 1,1 <

“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:

bar *

=2.251in (radius of dowel bar bend)

ri=
depthpieurarriooks = ((Apar* 6) + (2 + dyay) ) + dye, = 6.75 in
H:=dy,+r=31in (distance required for hook)
Pin = depthpepyraitioons = 6-75 tn

check:=if h_. <h

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

min

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:

A,:=B,,-B,,;=324 in” L:=B=4.333 ft

col
l=min (L, ((2+h) +B.y+(2+h)))=4.333 ft
Ay:=1> =2704 in”

[A
N,:=0.65+(0.85+f,+A,) =716.04 kip N2::0.65-min(((O.SS-f’c-Al>- A—Q],(2-0-85-f/c-A1) =1432.08 kip
1

¢PBaseBem"ing =Mmin <N1 ,N2> =716.04 k’l,p

check := if Pdes2 < ¢PBaseBearing
“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”

heck Degree Hooked Dowel Bars in Column:
Minimum Steel Ratio:

Pomin i=0.005+ A, =1.62 in’
Use 4 #6 dowels A ;:=0.440 in’ D 44:=0.750 in

Apower=4+A 45=1.76 in’
Development Length:
ddowel = D#G

0'02'fy'ddowel 0.0003 .

Y

A-min <100 psi \/f’c-psi> pst

ly.:=14.25 in (round up to get an appropriate constructible dimension)

lj.:=max|8 in, fy'ddowel =14.23 in



h

k R

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

ddowel' 6 . .
r::T:2.25 n (radius of dowel bar bend)

Lemtension =12 ddowel =9

H:=d,,,,+r=31in (distance required for hook)
hmin = ldc + dep thFle:ruralHooks + C.= 24 in

check:=if h,,;,<h

“There footing thickness is adequate”

else

“There footing thickness is inadequate”

check =“There footing thickness is adequate”

in Column:
dper =Dy column bars are #6

Development Length:

0'02'fy'dbar 0.0003

A-min <1OO psi,\/f’c-psi> " psi

lchol =Imnax (8 in ’ 'fy . dbar) =14.23 in
Splice length for rebars in compression:

::]_

0.0005

lsplice ‘=Imax (12 ’l:n ) ldCCOl’ 'fy . dbar . as) =22.5 ’l:n (round Up tO a 24|n (th) Spllce)



Third Square Footing Design:

Pis 3g,30ule
Check One-Way Shear Strength:
B:=FIF (“3'8") H:=FIF (“12'9") B,,:=FIF (“1'6) tpi=2 ft hi=t
PdesS :=38.304 k'Lp Yeone = 150 pCf 7backf’ill =120 pCf flc :=4000 pS’l, fy =60 kS’l, Df:: 2.75 ft

Effective depth of footing:
Assume a 3in clear cover, #6 rebars and bars in both directions:

c.:=31in D 44:=0.750 in

D 46 . D 4 .
cover;:=c,+ =3.375 1 covery:=c,+D 45+ =4.125 in
cover, +cover, .
COVET gy °= 5 =3.75 1
d:=h—cover,,,=20.25 in
Bearing Pressure:
PdesS
qu= (B-B) + (Yeone* tf) + (Yoacksin* (Ds—1t5)) + (Yoackgiu* H) =4769.058 psf
Ll =B L2 =B 51 ::Bcol Co ::Bcol Ai=1
Li—c, .
Vuoneway=—qu* Lo+ —d|=10.565 kip

SV cometway=0.75+ (2 Xe\/fo-psi - L d) =84.528 kip

check :=if VuOneWay < ¢VCOneWay
“The footing has adequate shear strength”

else

“The footing has inadequate shear strength”

check =“The footing has adequate shear strength”

VuPunching =y, <L1 * L2 - <C1 + d) . <02 + d>> =-15.663 klp

Bcol
Bi= =1 a,:=20 bo=2 (c;+d)+2+(c,+d)=12.75 ft
Bcol
, 4 - d T .
¢VcPunching::0‘75'm7’n 4, 2+E |2+ b P flc'pSl'bo'd:587.852 kZp
o

check =it V. pynching <PV cpunching

“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:
Li—c

Mu::qu°L2° 2

Li—c
( 14 1):10.261 kip-ft  (required flexural resistance)

p. - :=0.0018
AsMin::pmin «B-h=1.901 ’I:’r),2

Try 5 #6 Rebars: A 4:=0.440 in”
A;=5+A4=2.2in’ 5 #6 bars is adequate

Bar spacing:

BarSpace, ., :=min(3-h,18 in) =18 in

B . . . " .
BarSpace ::EZ 14.667 in actual bar spacing is less than max, so design is okay. Use 12" spacing

Compute flexural strength of a singly reinforced rectangular section:

depth:=h Y = cCOver, A,=2.2 in’ b:=B

d,:=depth—1y, =20.625 in

B :=if f.<4000 psi

H0.85
else
" —4000 pst
‘ max 0.65,0.85—0.05-h—?
| 1000 pst
B3,=0.85
(1°0.85f".«b 3.d
AsTensionControlled = .

* ~16.392 in?
Iy 8

The design is tension controlled

Depth of Concrete Compression block:

As'fy

a=——"Y _—0.882 in
0.85-f,+b

M, =A,f,- (d—%):217.897 kip - ft

¢M,,:=0.9-M,=196.107 kip-ft (flexural strength)

check:=it M, <¢M,,

“The footing has adequate flexural strength”
else

“The footing has inadequate flexural strength”

check = “The footing has adequate flexural strength”

heck Development Length of Flexural 1 ree Hooked R Is:

As conservative assumptions: 7

:=1.0 :=1.0 :=1.0 =0.6+——<=0.867 d, :=D
1:be 1:br 1:bo 1:bc 15000 pSZ bar #6

m

et o) o d. \'®
Linoor ==max |6 in,8«dy,,, Ve Yo orterly -1 m( .ba’") =9.71 in
55-)\-min<100 psi,\/f/c-psi)

Length of bars from the < _B )
critical bending section: el 93 4p



. _Bcol>
check =it 1,1 <

“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:

bar *

=2.25 in (radius of dowel bar bend)

Pi=
depthpicaurariooks = ((dpar* 6) + (2 + dpar) ) + dyor = 6.75 in
H:=d,,+r=31in (distance required for hook)
Pin = depthpepyraitioons = 6-75 tn

check:=if h_. <h

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

min

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

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

heck Bearin ity of Column at Base:
A,:=B.,+B,,=3241in”  L:=B=3.66T7 ft

l=min (L, ((2+h)+B.y+(2+h)))=3.667 ft

Ay:=1> =1936 in”

A
N,:=0.65+(0.85+f,+A,) =716.04 kip N, :=0.65-min (((0.85 flesAy) . \/A—2] ,(2:0.85+ f'.+ A;) | =1432.08 kip
1
¢PBaseBem"ing =1an <N1 ’N2> =716.04 k'l'p
check :=if Pdes3 < ¢PBaseBearing
“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”
heck 90 Degree Hooked Dowel Bars in Column:
Minimum Steel Ratio:
Prmin:=0.005+ A, =1.62 in’
Use 4 #6 dowels A ;:=0.440 in’ D 44:=0.750 in
Apower=4+A 4=1.76 in’
Development Length:
ddowel = D#G
: 0.02-f,-d 0.0003 :
l,,:=max |8 in, Ty daouc o f dygoer | = 14.23 in
Ae-min <100 psi , \/f’c-psi> pst
ly.:=14.25 in (round up to get an appropriate constructible dimension)

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

ddowel' 6 . .
r::T:2.25 n (radius of dowel bar bend)

Lemtension =12 ddowel =9

H:=d,,,,+r=31in (distance required for hook)



h
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hmin = ldc + dep thFle:ruralHooks + C.= 24 in

check:=if h,,;,<h

else

“The footing thickness is adequate”

“The footing thickness is inadequate”

check = “The footing thickness is adequate”

in Column:
dbar ::D#G

Development Length:

0.02+f,-

column bars are #6

dpar 0.0003

lchOl :=max|8 ’l:n )
A-min

Splice length for rebars in compression:

S

lsplice *=max (]—2 m, lchol ’

<100 psi,\/f’c-psi> " psi

'fy . dbar) = ]_4.23 in

::]_

0.0005 -fy°dbm«'0“8) =22.54n (round up to a 24in (2ft) splice)



First Wall Footing Design:

w: |.jeuwll

v | N

Check One-Way Shear Strength:

B:=FIF(“2'10” H:=FIF (“12'9” B,,.i:=FIF (“0'8” typ:=FIF(“1'8” h:=t
f f
Yeonce = 150 pCf Yoackfil ‘= 120 pcf .f/c :=4000 pS’L .fy =60 ksi
Worthwan = 1.184 klf u:=670.8 psf  (from geotechnical limit state analysis)

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, #3 rebars:

c.:=31in D 44:=0.750 in

D
cover:=c,+ 2#6 =3.375 in
d:=h—cover=16.625 in

Bearing Pressure:

. B Bwall B Bwall
Yoackfit* 4 1> (? - )) + (Vbackfill . (H . (? - =2.409 klf

Wf:: <7conc'tf°B>+ 9

w +W
Q= N””hV]V;” ! w=597.376 psf

L,:=1ft (Long dimension. Use 1 ft analysis strip)

L,:=B (short dimension)

c=B (width of wall)

wall

Pu =WnNorthwall = 1.184 klf

B-c—2-d
V uoneway=Pu* (CT) = —0.252 klf

0.75. <2->\'W'L2'd> =53.624 klf

¢VcOneWay = 1 f t

check := if VuOneWay < ¢Vc0neWay

“The footing has adequate shear strength”
else
“The footing has inadequate shear strength”

check =“The footing has adequate shear strength”

Check Flexural Strength: c
B——

2
li=———=1.25 ft
5 f

p, .1’ D .
M, = _0.326 Fp-ft

.

(required flexural resistance)




. :=0.0018
12 . . 2

M _0.359 2

1-ft ft

AsMin = Pmin* d-
Try 1 #6 Rebars: A 44:=0.440 in”
Ag=1+A 4=0.44 in® 1 #6 bar is adequate

Bar spacing:

BarSpace, ., :=min(3-h,18 in) =18 in
1ft .
BarSpace ::T: 12 in Need one bar every foot

Compute flexural strength of a singly reinforced rectangular section:
depth:=h Y1 = cCOver, A,=0.44 in’ b:=B
d,:=depth—1y,, =16.625 in

B :=if f.<4000 psi

H0.85
else
" —4000 pst

‘ max 0.65,0.85—0.05-h—?

| 1000 pst
B3,=0.85

B1+0.85-f".«b 3-d, .
AsTensionControlled = f < * =10.21 ?,’n,2
Y

The design is tension controlled

Depth of Concrete Compression block:

As'fy

a=——"Y _—0.228 in
0.85-f,+b

M,:=A,-f,- (d—%) =36.324 kip- ft

n

M, =— " —32691
oM, 1 ft

0.9-M
= (flexural strength)

kip- ft
t

check:=it M, <¢M,,
“The footing has adequate flexural strength”

else

“The footing has inadequate flexural strength”

check = “The footing has adequate flexural strength”

heck Development Length of Flexural 1 ree Hooked R rs:
As conservative assumptions: 7
.=1.0 .i=1.0 i =1.0 ei=0.6+—————=0.867 dp,:=D
v v v v 15000 psi b #6

et o) o d, \'®
ldhook::ma.x[G in,S-dbm,( ¢€ QpT on ¢C fy >)'1 in'( bar) ]:9.71 in

55« A-min (100 pst , \/f/c-psi

Length of bars from the

oy . . B-B
critical bending section: %—cc: 10 in

check =it 1,01 <M

“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 Longi inal I:
Poin i=0.0018

A gfin=Prmin* B+d=1.017 in’
Try 3 #6 Rebars:
A=3+A4=1.32 in’ 3 #6 bars is adequate
Bar spacing:

BarSpace, ., :=min(3-h,18 in) =18 in

B-2c
BarSpace ::Tcz 14 in use 12 in spacing to be conservative

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

bar *

ri= =2.251in (radius of dowel bar bend)
depthFleamralHooks = <<D#6 ° 6> + <2 'D#(i)) +D#6 =6.75 in
H:=dy,+r=31in (distance required for hook)

hmin = depthFlemuralHooks =6.75 in

check:=if h_. <h

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

min

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

Al ::Bwall ¢ Lwall =96 inQ
l=min (L, ((2+h) +Bya+(2+h))) =3.667 ft

Ay:=1> =1936 in”

A
N,:=0.65+(0.85+f,+A,) =212.16 kip N, :=0.65-min ((<0.85 fleeAy) . \/A—2] , (2085 f'.+ Ay) | =424.32 kip
1
min (N1 ,N2>
¢PBaseBearing = —1 ft =212.16 k:lf
check := if Pu < (bPBaseBeam’ng
“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”
heck 90 Degree Hooked Dowel Bars in Column:
Minimum Steel Ratio:
1 in®
:=0.005+A, - =0.48
Pmin 1 1 'ft ft
Try 2 #5 dowels A 45:=0.310 in”
A power=2+A 45=0.62 in’ (two dowels per 1 ft is adequate)

Development Length:
D 45:=0.625 in

ddowel = D#5

0'02'fy'ddowel 0.0003 .

Y

Aemin <100 pst \/f’c-psi> pst

le=12 in (round up to get an appropriate constructible dimension)

lj.:=max|8 in, fy'ddowel =11.859 in



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

d, .6
r::%: 1.875 in  (radius of dowel bar bend)

L = 12'ddowel:7'5 n

extension *

H:=d,,,,+r=2.5in (distance required for hook)

hmin = ldc + depthFle:ruralHooks + C.= 21.75 in

check:=if h,,;,<h

“The footing thickness is adequate”

else

“The footing thickness is inadequate”

check = “The footing thickness is inadequate”
in Column:
dper =Dy column bars are #6

Development Length:

0.02+f, dpgr 0.0003

A-min <1OO psi,\/f’c-psi> " psi

lchol =Imax (8 in ’ 'fy . dbar) =14.23 in
Splice length for rebars in compression:

::]_

0.0005

lsplice ‘=Imax (12 ’l:n ) ldCCOl’ 'fy . dbar . as) =22.5 ’l:n (round Up tO a 24|n (th) Spllce)



Second Wall Footing Design:

Wz U S el

s e

Check One-Way Shear Strength:

B:=FIF (“2'10") H:=FIF (“12'9") B =FIF (“0'8”) t;=FIF (“1'8")  h:=t;
Yeonce = 150 pCf Yoackfil ‘= 120 pcf .f/c :=4000 pSZ .fy =60 ksi
Wgastwan = 4-945 klf u:=670.8 psf  (from geotechnical limit state analysis)

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, #3 rebars:

c.:=31in D 44:=0.750 in

D
cover:=c,+ 2#6 =3.375 in
d:=h—cover=16.625 in

Bearing Pressure:

B Bu)a,ll B Bwall
_ + ackfill ® Ho _ = 2.409 kl
5 5 )) (Vb kfill ( (2 5 f

w +W
gy i=—2Wall T 77T 0 =1924.788 psf

B
L,:=1ft (Long dimension. Use 1 ft analysis strip)

W= <’7conc' tyeB) + | Yacksin+ 4 in .

L,:=B (short dimension)

c=B (width of wall)

wall

Pu *=WEgestWall = 4.945 kl.f

B—-c—-2-d
VuOneWay::Pu'( —CB ):—1054 klf

0.75-(2-/\-W'L2'd> =53.624 kIf

¢VcOneWay = 1 f t

check := if VuOneWay < ¢Vc0neWay

“The footing has adequate shear strength”
else
“The footing has inadequate shear strength”

check =“The footing has adequate shear strength”

Check Flexural Strength: c
B——

2
li=———=1.25 ft
5 f



P, .1’ kip - ft
M,=—" 5 =1.364 -2 tf (required flexural resistance)
Pomin i=0.0018
12 in in’
A tin*= Prmin* * 1'ft =0.359 ft

Try 1 #6 Rebars: A 44:=0.440 in”

Ag=1+A 4=0.44 in® 1 #6 bar is adequate
Bar spacing:

BarSpace, ., :=min(3-h,18 in) =18 in
1ft .
BarSpace ::T: 12 in  Need one bar every foot

Compute flexural strength of a singly reinforced rectangular section:
depth:=h Y, 1= cCover, A,=0.44 in’ b:=B
d,:=depth—1y,, =16.625 in

B :=if f', <4000 psi

H0.85
else
" —4000 pst

‘ max 0.65,0.85—0.05-h—?

| 1000 pst
B3,=0.85

(1+0.85-f".«b 3-d, )
AsTensionControlled = f < * =10.21 ?,’n,2
Y

The design is tension controlled

Depth of Concrete Compression block:

As'fy

a=—"=0.228 in
0.85-f,+b

M,:=A,-f,- (d—%) =36.324 kip - ft

0.9-M,,
M, := =32.691

- flexural strength
n 7t ( gth)

kip- ft
t

check:=it M,<¢M,,
“The footing has adequate flexural strength”

else

“The footing has inadequate flexural strength”

check = “The footing has adequate flexural strength”

heck Development Length of Flexural 1 ree Hooked R rs:
As conservative assumptions: 7
.=1.0 .i=1.0 i =1.0 ei=0.6+—————=0.867 dp,:=D
v v v v 15000 psi b #6

et o) o d. \'®
Linoor ==max |6 in, 8« dy,,, Ve o orterly -1 m( .ba’") =9.71 in
55« Xemin (100 psi , \/f/c-psi) m

Length of bars from the

B—-B
critical bending section: M

—c,.=10 in
2 C



check =it 1,01 <M

“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 I:
Pmin=0.0018
A fin=Prmin* B+d=1.017 in’
Try 3 #6 Rebars:
A=3+A4=1.32 in’ 3 #6 bars is adequate
Bar spacing:

BarSpace, ., :=min(3-h,18 in) =18 in

B-2c
BarSpace ::Tcz 14 in use 12 in spacing to be conservative

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

bar *

ri= =2.251in (radius of dowel bar bend)
depthFleamralHooks = <<D#6 ¢ 6> + <2 'D#(i)) +D#6 =6.75 in
H:=dy,+r=31in (distance required for hook)

hmin = depthFlemuralHooks =6.75 in

check:=it h_ .. <h
“The footing thickness is adequate to accomodate the hooked bar”

min

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

Al ::Bwall ¢ Lwall =96 inQ
l=min (L, ((2+h) +Bya+(2+h))) =3.667 ft

Ay:=1> =1936 in”

[A
N;:=0.65-(0.85- .+ A,) =212.16 kip N2::0.65-min(((O.SS-f’C-A1>- A—Q],(2-0-85-f/c-A1) =424.32 kip
1
SP min (N1,N) 212.16 kIf
BaseBearing *— 1 ft - :

check := if Pu < (bPBaseBeam’ng
“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”

heck Degree Hooked Dowel Bars in Column:

Minimum Steel Ratio:

2

1 n
i =0.005-A4, =0.48
Pmin 1 1 'ft ft
Try 2 #5 dowels A 45:=0.310 in’

A power=2+A 45=0.62 in’ (two dowels per 1 ft is adequate)



h

k R

Development Length:
D 45:=0.625 in

ddowel = D#5
0.02+f,+d
1, :==max|8 in Ty daoue 00003 + 4.  |=11.859 in
dc ) ) . y “dowel
A-min <100 psi \/f’c-psi> pst
le=12 in (round up to get an appropriate constructible dimension)

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

d owe -6 . .
r::%: 1.875 in  (radius of dowel bar bend)

L = 12'ddowel:7'5 n

extension *

H:=d,,,,+r=2.5in (distance required for hook)

hmin = ldc + depthFle:ruralHooks + C.= 21.75 in

check:=if h,,;,<h

“The footing thickness is adequate”

else

“The footing thickness is inadequate”

check =“The footing thickness is inadequate”

in Column:
dper =Dy column bars are #6

Development Length:

0.02- f,+ dyar 0.0003

A-min <1OO psi,\/f’c-psi> " psi

lchol =Imax (8 in ’ 'fy . dbar) =14.23 in
Splice length for rebars in compression:

::]_

0.0005

lsplice ‘=Imax (12 ’l:n ) ldCCOl’ 'fy . dbar . as) =22.5 ’l:n (round Up tO a 24|n (th) Spllce)



Bearing Plate Design:

Largest column size is 14x159, will design all base plates for these dimensions for construction ease and as
a conservative approach:

Try a 16"x16" plate

N:=16in  B:=16 in P =33.152 kip P,.:=53.704 kip P, ,=38.304 kip  f/,:=4000 psi

A;:=N.B=256 in’ Area of the base plate
e:=18in—16 in=2 in

Ayi=(N+2-€)-(B+2-€)=400 in* Area of the base plate support

Design bearing strength of concrete:

[A
¢ch::0.65-O.85-f’c-A1-mz'n[2, A—Z):mm kip
1

P,<¢.P, ,therefore a 16"x16" plate is sufficient

For W-14 x 159:
d:=15 1n bf:: 15.6 in

N=0.95.d B—0.80-bf
m::T n::T

l::max(m,n,%-\/d-bf):3.824 n

Plate Thickness for Axial Design Load P1:

2 'Pdesl . . . .
t,=1- =0.342 in  increase to the next eighth of an inch
0.9:N-B+Fy e

t,=0.375 in Provide a 3/8 in thick plate

Plate Thickness for Axial Design Load P2:

2 'PdeSZ . . . .
ty=1- =0.435 in  increase to the next eighth of an inch
0.9:N-B+Fy e

t,=0.5 in Provide a 1/2 in thick plate

Plate Thickness for Axial Design Load P3:

2 'Pdes3 . . . .
ty=1- =0.368 in  increase to the next eighth of an inch
0.9:N-B+Fy e

t,=0.375 in Provide a 3/8 in thick plate

Non-Commercial Use Only

F Yplate =36 ksi



Appendix V: Building A & C: Parking Lot and Sidewalk Pavement
Design

Table 8B-1.04: Pavement Thickness for Moderate Loads
(Parking areas, entrances, perimeter travel lanes, and frontage roads subject to 201 to 700 cars/day
and/or 3 to 50 trucks/day or equivalent axle loads)

On 12"of Prepared On 12 of Prepared Subgrade
Subgrade | Surface Subgrade with Granular Subbase
CBR Material e ; Thickness of e ;
Minimum Desirable R Minimum | Desirable
g | _Rizd 3" 6™ 4" 4" s
Flexible - il 6" 6" 4" 5"
6 Rigid 5" 6" 6" 4.5" i
Flexible 6" 6" 8" o ¥
3 Rigid 55" 6" e it 3
Flexible 6" i 8" 6" 6"

The portions of the parking facility serving truck traffic such as entrances, perimeter travel lanes,
trash dumpster sites, and delivery truck routes must be designed to accommodate heavier loads. The
number, type, and weight of delivery vehicles can usually be predicted with a fair level of accuracy.
With this information, ESAL values and pavement thicknesses can be determined using the
methodology described in Chapter 5 - Roadway Design.

If the parking lot is to service an industrial area, such as a truck stop or manufacturing facility, the
volume of truck traffic and the associated ESALs should be determined and an independent pavement
thickness determination completed to ensure meeting the 20 year design life needs of the project.

The subgrade should be designed according to Section 6E-1. If soils tests are not available to
determine the CBR value and uniformity of the soil (before and after construction), a CBR value of 3
and a non-uniform subgrade should be assumed.

PCC: 12" prepared subgrade, 6" subbase, and 5" pavement
HMA: 12" prepared subgrade, 8"subbase, 6" pavement

Sidewalk:

1. Sidewalk Thickness: Sidewalks should be constructed of PCC with a mimimum thickness of 4
inches. Where sidewalks cross dniveways, the minimum thickness 1s 6 inches, or the thickness of
the dnveway, whichever is greater.

PCC: 6in due to sidewalk Class & assumption:
Figure 12A-1.01: Classes of Sidewalk

L,
%
?
::=
7
ﬁ
;
7
..4
===
%
Z
5
/

Class B Class C



Appendix W: Building A: Wood Joist and Connection Design

Existing Floor Joist Check:

LL:=100 psf @ DL:=25 psf SL:=16 psf

Assumed existing DL on roof as 20psf. Include additional 5 PSF for synthetic astro turf, curb
surrounding astro turf, and furnishings.

3x16 Timber
L:=FIF (“23'7") 5:=16 in b:=2.5 in d:=FIF (“1'3-1/4")=15.25 in

WOOD Design Use ASD

D

D+ L

D+ (L, orSor R)

D+ 0.75L+ 0.75(], or Sor R)

D + (0.6W)

D+ 075L + 0.75(0.6W) +0.75(L, or § or R)
0.6D + 0.6W

NO s W~

w,:=DL-5=33.333 plf
wy:=(DL+LL)-s=166.667 plf
wy:=(DL+SL)+s=54.667 plf
w,:=(DL+0.75-SL+0.75-LL)-s=149.333 plf

w:=max (wl , Wy, W3, w4> =166.667 plf

w=50pl¢
¥ \
f 13" ?1
'S \ p"L
Use AISC Beam tables
1. SIMPLE BEAM — UNIFORMLY DISTRIBUTED LOAD
i
x Total Equiv. Uniform Load ......c.ccooevevivienne =wl
- T wl wi
H = V .............................................................. — E
R / I AR = w(i— x]
ElRS R S TS .
V: m Mmax (BECENE) e = %
T i
Shear (| v T = 2X(-x)
Mfmam Avie: (ATCONMER) woecsvsenissmmivinvassssvisnas s s = 358:1,1;1
X
1 Af et = (P21 + )
Moment Al
-L . -L .
Rlzszzl.965 kip R2::wT:1.965 kip
I,:=738.9 in" S,:=96.9 in®  A:=38.13 in® E:=1800 ksi

2% & wider

WCLIB

0501 wea

2° & wider




Table 1B Section Properties of Standard Dressed ($4S) Sawn Lumber
XK Axis Y-¥ Axis
Horninal m N;a Section of Section of " Appronintiate waight in pounds per knsar loct (.t}
Size Size (545) Section | Moduls | Ineria | Moduus | ineria o piece when densiy of wood equals:
bxd bxd A S Iy by
inches xinches in? in3 ind in? in? 25bm? | 30bM3 | BBBMI | 0bmI | 45D | 503
4 x 2112 1875 | o781 0.977 0.234 0088 | 0326 | 0391 | 045 | 0521 | 0586 | 0.851
34 x 3172 2625 1.531 2,680 0328 | 0123 | 0456 | 0547 | 0638 | 0729 | 0820 | 0911
Ad e 5102 4125 | 3781 10.40 516 | 0193 | 0716 | 0859 | 1.003 | 1146 | 1288 | 1432
a4 x 7-1/a 5438 | 6570 | 2382 0580 | 0255 | 0844 | 1933 | 1322 | 1510 | 1699 | 1888
30 9-1/4 6938 1070 | 49.47 0867 | 0325 | 1204 1.445 1686 | 1827 | 2168 | 2.408
304 % 11-14 8.438 1582 | 8899 1055 | 0396 | 1485 1758 | 2051 | 2344 | 2637 | 2930
112 2102 3750 1.563 1.953 093 | 0703 | oes1 | o781 | 0911 1042 | 1172 1.302
112 3102 5250 | 3063 | 5359 1313 | 0984 | 0811 1084 | 1276 | 1458 | 1641 1.823
112 x 412 6750 | 5063 1139 16688 1286 | 1172 | 1406 | 1.641 1875 | 2108 | 2343
2= 5102 8250 | 7.563 | 20.80 2.063 1547 | 1432 [ 1719 | 2005 | 2292 | 2578 | 2865
112 % 704 10.88 1314 4763 2719 2089 | 1888 | 2266 | 2643 | 3021 3398 | 3776
112 % 8104 1288 | 2138 | 98.03 3.469 2602 | 2408 | 2891 | 3372 | 3854 | 433 | 488
1-1/2 % 11-1/4 16.88 31.64 178.0 4.219 3,164 2.930 3516 4102 4688 5273 5.859
1-172 % 13-1/4 1986 | 4389 | 20908 4.569 3727 | 3451 | 4141 | 483 5521 | G211 | s901
24/2x 3112 8.750 5.104 8.032 3846 4857 | 1519 | 1823 | 2127 | 24m 2734 | 3038
202 x &1/2 1125 | 8438 1898 | 4688 5858 | 1953 | 2344 | 2734 | 3125 | 3516 | 3006
212 x 512 13.75 1260 | 34.66 5.729 7161 | 2387 | 2885 | 3342 | 3819 | 4207 | 4774
212x 714 1813 | 2180 | 79.39 7.552 9440 | 3147 | 3776 | 4405 | 5035 | 5664 | 6.203
212 914 23.13 3565 164.9 9835 1204 | 4015 | 4818 | se21 6424 | 7227 | B.O30
2172 % 1114 28.13 5273 | 2086 1.72 1465 | 4883 | 5859 | 6836 | 713 | 8789 | 9766
2102 % 13-1/4 33.13 73.15 4846 13.80 1725 | 5751 | 6901 8,051 8.201 1035 | 1150
2-1/2 % 15-1/4 3813 | 9690 | 7388 1589 1986 | 6619 | 7843 | 9266 | 1058 | mim 13.24
342 312 12,25 7146 1251 7.146 1251 | 2127 | 2882 | 2077 | 3403 | 3828 | 4.253
312 x 4042 15.75 1ms 26 58 8188 16.08 2734 3281 3.828 4.375 4922 5.469
312 x 512 19.25 17.65 48.53 11.23 1965 | 334z | 4010 | 4679 | 5347 | 6016 | 6.684
312 x T4 25.38 30.66 1111 14.80 25,90 4,405 5,288 B.168 7.048 7.930 B.a11
312x 914 32.38 439 2308 18839 33.05 5621 6.745 7869 8893 1012 1124
3172 % 11114 39.38 73.83 4153 | 2297 | 4020 | 6836 | 8203 | 8570 | 1084 | 1230 | 1367
3102 % 13104 48.38 102.4 §785 | 27.08 47.34 | 8081 9.661 1127 | 1288 | 1449 | 1610
31/2 % 1514 53.38 135.7 1034 314 5449 | 9266 | 1112 | 1297 | 1483 | 1668 | 1853
412 % 4112 20.25 1510 3417 1519 3447 | 3518 | 4219 | 4922 | ses | eazs | 703
512 x 51/2 30.25 27.73 7626 | 2773 7626 | 5252 | 6302 | 7352 | 8403 | 9453 | 1050
§-12x T2 41.25 51.56 193.4 arg 1040 | 7.481 8594 | 1003 | 1146 | 1280 | 1432
5-12x 8112 52.25 82.73 3930 | 4780 1317 | som 1088 | 1270 | 1451 1633 | 1814
5172 x 11-1/2 63.25 1212 697.1 57.98 1584 | 1088 | 1318 | 1537 | 1757 | 1977 | 2186
5-1/2 % 13-1/2 74.25 187.1 1128 | 6B.06 187.2 | 1288 | 1547 1805 | 2063 | 2320 | 2578
5172 % 15112 8525 2202 1707 78.15 2149 | 1480 | 1776 | 2072 | 2368 | 2664 | 2960
5172 x 17-1/2 96.25 | 2807 2456 | #8823 | 2428 | 1671 2005 | 2339 | 2674 | 3008 | 3342
51025 18-1/2 107.3 | 3486 3398 | 831 2704 | 1862 | 2234 | 2607 | 2078 | 33s2 | 3724
5-1/2 % 21-112 1183 | 4237 4555 1084 2981 | 2053 | 2484 | 2874 | 3285 | 3695 | 4106
5102 % 23112 1293 | 5062 5348 118.5 3258 | 2244 | 2693 | 3141 | 3500 | 4039 | 4488
2% T2 56.25 70.31 263.7 7031 2637 | 9766 | 1172 | 1367 | 1563 | 1758 | 1953
-2 x 812 71.25 12,8 535.9 8906 | 3340 | 1237 | 1484 | 1732 | 1979 | 2227 | 2474
7-12 % 114142 86.25 185.3 950.5 1078 | 4043 | 1497 | 1787 | 2006 | 2396 | 2685 | 29.95
7-1/2 % 1312 w013 | 2278 1538 1266 | 4746 | 1758 | 2109 | 2481 | 2813 | 3164 | 3518
7112 15-12 1163 | 300.3 2327 145.3 5449 | 2018 | 2422 | 2826 | 3229 | 9633 | 4036
7102 % 17-102 1313 | 3828 3350 164.1 6152 | 2279 | 2734 | 3180 | 3646 | 4102 | 4557
7-1/2 % 18-112 1463 | 4753 4534 1828 | 6855 | 2539 | 3047 | 3555 | 4063 | 4570 | S0.78
7-1/2% 21142 1613 | 5778 6211 2016 | 7559 | 2789 | 3358 | 3m49 | 4479 | s039 | sse9
7-1/2 % 23-1/2 1763 | 6903 8111 2203 | B262 | 3060 | 3672 | 428a | 4896 | ss08 | &120
Si/2x 912 90.25 1429 | 6788 1429 | 6788 | 1567 | 1880 | 2184 | 2507 | 2820 | 31.34
D12 11112 1093 | 2084 1204 1730 | 8217 | 1897 | 2276 | 2655 | 30.35 | 3414 | 3res
912 % 13172 1283 | 2886 1948 2031 9645 | 2227 | 2672 | 3117 | 3563 | 4008 | 44.53
9-1/2 % 15-12 147.3 | 3804 2948 2331 1107 | 2556 | 3068 | 3578 | 4090 | 4602 | 5113
912 % 17-112 1863 | 4848 4243 263.2 1250 | 28.86 | 3464 | aDa1 46.18 | 51985 | 5773
9-1/2 % 19-172 1853 | 6021 5870 293.3 1393 | 3216 | 3859 | 4503 | 5146 | 5789 | 6432
912 21-1/2 2043 | 7319 7868 323.4 1536 | 3546 | 4255 | 4964 | 5674 | 6383 | 70.92
9-1/2 % 23-1/2 2233 BTd d 10270 353.5 1679 38.76 4651 5426 62.01 89.77 77.52

Assume Douglas Fir-Larch-No. 1

——~ —11.587 kip-ft

and better grade at 3x16

5ew-L"

=0.872 in V,:=R,=1.965 kip

U
384.E.1,
Bending:
Size Factors, Cy
F, F, F.
Thickness (breadth)
Grades Width (depth) 2" & 3" 4"
2", 3", & 47 1.5 1.5 1.5 1.15
Select 5" 1.4 14 1.4 1.1
Structural, 6" 1.3 1.3 1.3 1.1
No.l & Btr, 8" 1.2 1.3 1.2 1.05
No.l, No.2, 10" 151 12 1.1 1.0
No.3 12" 1.0 1.1 1.0 1.0
14" & wider 09 1.0 0.9 0.9
2nAne 1El 1.1 15l 1.05
Stud 5" & 6" 1.0 1.0 1.0 1.0
8" & wider Use No.3 Grade tabulated design values and size factors
Construction, 2", 3", &4" 1.0 1.0 1.0 1.0
Standard
Utility 4" 1.0 1.0 1.0 1.0
2T &3 0.4 — 0.4 0.6
M, .
fp:=——=1434.916 psi
S
T
Fy:=1200 pst
o
U I
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Cp:=1.25 Roof Live Load rated at 7 days so use C,:=1.0
Roof LL 1.25 sect 4.15

Cy=1.0 C;:=1.0 Assume Continuous Lateral Bracing
With Sheathing
Cr:=0.9 C;=1.0 for Timbers

C,:=1.15 Considered Repetitive
Member configuration

Fb/::Fb.CD.CM.Ct.CL.CF'Ci.CT: 1552.5 pS’l,

beFb/:]‘ OK

Shear:

F,:=180 pst

f,=1.5 Vu 77.312 psi

pi=1.0° = . S

1 p

F):=F,-Cp-Cy-C;+C;=225 psi

fo<F,/=1 OK
Bearing:

Assume roof joists are connected using strong tie joist hangers in plane with the connecting beam. Therefore
there is no bearing from the beam to joist connection.

Deflection:
wyp:=LL+-s=133.333 plf wp;:=DL-s=33.333 plf
5+(0.5.w; ;) L* 5.(0.5.w;; +wp;)+L*
Sgpi= ( ) =0.349 in &, p= ( ) =0.523 in
384-E-1I, 384-E-1I,
5Total:: 1'5.5LT+5ST: 1.134 ’l/n
L
A =——=1.179 in
Total 240
5Total S ATotal =1 OK
4
L . 5"[1)1'L .
—=0.786 in Aj=————=0.174 in DL only
360 384.E-1I, oK

L .
%:1179 m _ 5"[1)2'L4

=—— 2 —0.872in  DL+LL
384.E.1,

w



Connection Design:

For 3x16 wood timbers

W :=FIF (“0'2—9/16")=2.563 in

Purlin Top-Flange Hangers (cont.)

The table indicates the maximum allowable loads for WE, HWP and HWPH
hangers used on wood nallers. Mallers are wood members attachad to the

top of a steal -beam, concrete or masonry wall,

Nailer Table
Top Flange Uplife Allowable Down Loads
Model | Mailer Nailing

in. (60 | pegp | sPEMFE | LSL
| monEae —_ 2505 | 2500 | 3378

" @2 | @014813 — 3355 | 3,285 —
I | @oiEza2n — 3000 | 2510 | 2378

it 2)0148%3 = 3355 | 3,255 —

@2 | [@0148x3 710 4615 = =

HWP I | @O01E2x2% | oF0 4615 = =

4 | @0162:2% | 1535 | 5145 = =

@2 | @woezxzw | 70 5,400 = =

HIVPH I | @0162x2% | 970 B.A70 = =

4 | (@D162x3% | 1550 | BATO = =

1. Attachment of nailer to supporting member is the responsibility of the Designer.

Various Header Applications

Installation on Wood Mailer

~=— Nailer ancharage
not shown tor clarity

Jaist {in) Fasteners (in.) Allowable Loads Header Type
Model Gode
Widh | Height Tap Face Jaist {L?'m']']l wL | psL | isL | OFiSP |SPFHE| 1daist | Re
1%5105% | 5%1030 | (20148x1% = @omsx1e | — |zees|32s0| — | 2500|2000 |z0a0| —
WP | 2%mw5% | 5%W30 | (2014Bx3 = @048x1% | — | 2525 [ 3250 | 3650 [ 3,255 [ 2505 | —
I 106% | 5%M30 | 200625 3% = #0148x1% | — | 3,635 | 3.320 | 3,650 | 3,255 | 2600 | —
1%107 | B1015% | (2)0162x3% | (60.162x3% | (10)0148x1% | 1,535 | 3095 | 4500 | 4350 [ 2955 | 3985 | — | 1o
T ww7 | 15%mes | @ot62xat | [@0162x3% | (120148x 1% | 1570 | 3.095 | 4500 | 4350 | 395 | 3988 | — | FL-L3
Delo7 | BlolS% | W0IEZxDe | EOI62x3% | A0 0148x1% | 1685 | 6505 | 7025 | 5450 | sm00 | 40 | —
M o7 | 15%baz | @0162x3% | (B10162x3% | 12)07148x1% | 207 | 6,595 | 7025 | 5450 | 5,820 | 4740 | —

1. Code values are based on DF/SP header species.

2. Uplift loads have been increased for wind or eathoguake loading with no further increase allnwed. Reduce whers other loads govern.
3. For hanger heights exceeding the joist height. the allowable load is 0.50 of the table load.
4. HWP widths greater than 5%" are not included in the code report.
5. Fasteners: Mal dimensions in the table are listed dameter by length. See p. 21 for fastener information.

Include width of 3" and
height/depth of 16"

P,

a

R,=1.965 kip

llow *— 2500 lbf

R1 < both of the above P so OK






