
Title

Completed By

Date Completed

UI Department

Course Name

Instructor

Community Partners

FINAL DELIVERABLE

Lansing Old Stone School

Chad Johnson, Ben Amelon, Devon Liebe, 
Yusef Igram

December 2022

Civil and Environmental Engineering

CEE: 4850:0001 Project Design & 
Management

Paul Hanley and Richard Fosse

City of Lansing



This project was supported by the Iowa Initiative for Sustainable Communities (IISC), 
a community engagement program at the University of Iowa. IISC partners with rural 
and urban communities across the state to develop projects that university students 
and IISC pursues a dual mission of enhancing quality of life in Iowa while transforming 
teaching and learning at the University of Iowa.

Research conducted by faculty, staff, and students of The University of Iowa exists in 
the public domain. When referencing, implementing, or otherwise making use of the 
contents in this report, the following citation style is recommended: 

[Student names], led by [Professor’s name]. [Year]. [Title of report]. Research 
report produced through the Iowa Initiative for Sustainable Communities at the 
University of Iowa.

This publication may be available in alternative formats upon request. 

Iowa Initiative for Sustainable Communities
The University of Iowa
347 Jessup Hall
Iowa City, IA, 52241
Phone: 319.335.0032
Email: iisc@uiowa.edu
Website: http://iisc.uiowa.edu/ 

The University of Iowa prohibits discrimination in employment, educational programs, and activities 
on the basis of race, creed, color, religion, national origin, age, sex, pregnancy, disability, genetic 
information, status as a U.S. veteran, service in the U.S. military, sexual orientation, gender identity, 
associational preferences, or any other classification that deprives the person of consideration as an 
individual. The University also affirms its commitment to providing equal opportunities and equal 
access to University facilities. For additional information contact the Office of Equal Opportunity and 
Diversity, (319) 335-0705.



 

 

Lansing Old Stone School Renovation 
and Site Development 

CEE:4850 – Project Design & Management 

Ben Amelon, Chad Johnson, Devon Liebe, Yusef Igram 

12-9-22 



 

 
 
 
 
 

Table of Contents 
Section I Executive Summary ...................................................................................................... pg. 1 

Section II Organization Qualifications and Experience..................... .......................................pg. 3 

Section III Design Services........................................................................................................pg. 4 

Section IV Constraints, Challenges, and Impacts......................................................................pg. 5 

Section V Alternative Solutions That Were Considered...........................................................pg. 7 

Section VI Final Design Details................................................................................................pg. 9 

Section VII Engineer’s Cost Estimate.....................................................................................pg. 13 

Section VIII Appendices..........................................................................................................pg. 15 

Appendix A: Bibliography 

Appendix B: Cost Estimation 

Appendix C: Structural Load Calculations 

Appendix D: Joist Member Sizing 

Appendix E: Beam Member Sizing 

Appendix F: Column Member Sizing 

Appendix G: Truss Calculations 

Appendix H: Footing Calculations 

Appendix I: Rational Method Calculations 

Appendix J: Gantt Chart 



 

Section I: Executive Summary 
This proposal is written to present the design services for the restoration and renovation of the 
Old Stone School (OSS) in Lansing, Iowa. The building has been designed as a mixed-use 
building. A team of four civil engineering students from the University of Iowa prepared this 
design: 
Chad Johnson, Ben Amelon, Devon Liebe, and Yusef Igram. They used their combined 
experiences from different internships and classes at the University to prepare this proposal, 
drawings, and presentations. 

The OSS was built in 1864 and has had many different uses throughout its history, most recently 
as a school. It has been unoccupied since 1972. There is a lot of historical value behind this 
building, not only in the city of Lansing, Iowa, but throughout Allamakee County. The building 
is on the National Historic Registry, which means the exterior of the building must remain as it 
is. The figure below shows the current state of the building. 

 
 

Figure 1: Existing structure pictured during site evaluation. 

The scope of the work to be completed consists of structural evaluation of the existing structure, 
engineering design of structural improvements, architectural layout of the proposed uses, 
engineering design of the site, and cost estimation. 

The architectural layout of the building consists of a 2-story building. The proposed first-floor 
layout consists of a City Hall section used for offices for the City of Lansing; a police station; a 
council chamber for city council meetings; and a community center that can be used as a multi-
purpose space.The second-floor layout is a residential area that consists of 2 two bedrooms, 1 
one bedroom, and 1 studio apartment. Each floor has on average 4300 square feet of usable 
space, which allows for many different uses. The building consists of 2 different sets of stairs to 
allow multiple access points to the second floor. 
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To accommodate occupancy, parking has been provided along the east and west sides of the 
building. Along the east face of the property, a limestone retaining wall is designed to 
accommodate street parking. Additional sidewalk paths were designed to provide ADA 
accessibility to the building. 

Very little information exists about the construction of the building. Therefore, the least risky 
and most durable option for the building is to replace the existing interior structure with a steel 
skeleton. Additionally, the foundation of the building supporting the existing bearing walls will 
need to be replaced. This can be done by temporarily supporting the building while constructing 
new foundation walls to support the walls. Furthermore, the existing limestone walls will be 
connected to the new steel structure via an angle and epoxy bolt system. 

 
 

Figure 2: Steel skeleton structural improvements. 

 
The overall cost of this structural and site renovation is estimated to be $2,862,000.00. This cost 
includes four phases of building construction and one phase of site work. In addition to these 
phases, a $300,000 contingency was also included in this cost estimate. 
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Section II: Organization Qualifications and Experience 
 

 

 
Organizational Location and Contact information 
Department of Civil and Environmental Engineering 
4105 Seamans Center for the Engineering Arts and Sciences 
Iowa City, Iowa, 52242 

 

Organization and Design Team Description 
Our team consists of four senior civil engineering students at the University of Iowa enrolled in 
CEE:4850 Project Design & Management:  Ben Amelon, Chad Johnson, Yusef Igram, and 
Devon Liebe. Chad Johnson is the acting project manager and specializes in structural 
engineering. Ben is the team’s technical services manager and is pursuing a minor in business 
administration. Yusef leads graphics report production and specializes in general practice. 
Devon leads text report production and specializes in structural engineering. 

 
Ben has worked in the land development field since 2018 via internships. During his work in the 
private sector, he prepared construction sheets for residential and commercial developments. He 
is proficient in all aspects of Civil3D, specializing in stormwater management and site grading. 
Ben led the design of the site plan and the architectural layout/programming of the building. 

Chad has worked predominately in the field ensuring proper construction documentation as well 
as construction inspection. He has also worked on an estimating team preparing construction cost 
estimates for owners and architects. Chad led the structural evaluation of the existing structure 
and design of the structural skeleton. 

 
Yusef has worked in both public and private sector spending a summer with the City of Cedar 
Rapids working with multiple professional engineers and dealing with design issues, derecho 
recovery, and working with homeowners. Yusef also worked with a large general contractor and 
was on the project management team of the construction of a data center. Yusef led coordination 
of the deliverables to the client. 

Devon has worked at a structural engineering firm for 4 months for an internship. He is 
proficient in Revit, specializing in structural engineering. Devon has also taken design of wood, 
steel and concrete structures that have examples and small projects in those areas 
respectively. Devon led the project deliverables of the architectural and structural design. 

 
In addition to work experience, team members have completed relevant coursework necessary 
for this project. These classes include but are not limited to, Principles of Structural Engineering, 
Design of Concrete Structures, Design of Wood Structures, and Design of Steel Structures, 
Design of Water Resources, and Civil Engineering Tools. 
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Section III: Design Services 
 

 

 

Project Scope 
The team was tasked with the design services for the restoration and renovation of the Lansing 
Old Stone School (OSS). It was our job as a team to perform a structural analysis of the 
building to determine its current structural health and we offered possible solutions with 
problems being found. After we confirmed the current state of the building, the group drew up 
interior design for modern use. Such plans included a new city hall/police station/community 
center. Another possible option was a potential apartment complex. After these plans were 
created the client selected an option, and the team performed the necessary final design for the 
preferred option. This included drawing up a new interior layout for the building and performing 
the necessary structural changes needed to comply with the updated building codes. After the 
structural analysis was completed, we concluded that there were concerns that relate to the age of 
structure and uncertainty behind certain walls and the foundation. The group and client decided 
on demolition of the interior and creation of an interior steel skeleton as the best solution. From 
the RFP to now, our scope of work has changed with the team also doing architectural work. The 
team has also done walk throughs with explanations for the client by the means of presentation 
versus our initial plan of proving a basic idea of what building could be used for rather than the 
extensive amount of work we did. 

Work Plan 
 

Figure 3: Work schedule for project lifetime. (Readable version in Appendix J) 
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Section IV: Constraints, Challenges, and Impacts 
 

 

 

Constraints 
The size of the building and scope of the work will likely result in an expensive renovation, and 
the project may need to be phased in a way that makes the necessary improvements to the 
building a possibility for the community over several years as opposed to one single project. This 
is a constraint specific to the timeline of work. Secondly, as the OSS is certified on the National 
Registry any design alternatives or upgrades cannot impact its appearance. The building has a 
very simple architectural layout, and not many changes can be made as most interior walls appear 
to be load-bearing. If walls need to be moved or removed, expensive structural members (steel) 
will need to be utilized to meet loading requirements. Because the final design includes a police 
station, this necessitates that the building is designed to a higher ASCE risk category 4. Risk 
category 4 is the highest level of the risk categories, meaning it must meet very high and often 
expensive standards for disaster preparedness. The structure must be designed to remain in 
operation under any circumstances 24/7. 

 
Challenges 

Due to the age of the building, there are likely issues that will be discovered during the 
construction process. Bids for the construction of this project will include a high contingency 
cost to account for this uncertainty. During the site inspection, asbestos was discovered in the 
crawl space on some mechanical piping. Once the demolition process begins, the construction 
team should be prepared for asbestos abatement. Additionally, with the structural analysis the 
building requires significant updates, this could create a financial challenge to the community. 
As stated, price is also a challenge to this project. There should be opportunities for grants and 
other government funding (see cost analysis). The goal is to make sure any design and 
recommendation is cost effective. Secondly, the building has not been maintained properly. 
Upon inspection the team discovered large quantities of animal feces, warped wood panels, and 
other messes. This will likely require the building to be cleaned and gutted before construction 
occurs. The parking initially provided does not meet Iowa SUDAS requirements for the planned 
future use. The addition and change of parking spaces requires a retaining wall to help enforce 
the foundation of the building and soil around the building. The current layout of the site does 
not meet ADA requirements. It will be a challenge to make sure the building is up to these 
standards; adding ramps and multiple access points will resolve this issue. 
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Societal Impact within the Community and/or State of Iowa 

Lansing, Iowa, currently has a population of 962, which has decreased from 1,000 since 2010. 
This population has decreased linearly since 2010. Lansing is also a majority white population 
with 96.75% white. The rest of Lansing demographics can be shown on the figure below. 

 

Figure 4: Lansing citizen demographics 

Around 68% of families own the houses they live in and the remaining 32% rent. Homes in 
Lansing are typically heated with gas and a small minority uses electricity. Under 5% of 
Lansing's citizens have less than a high school degree, 40% have a high school degree, and 35% 
have more than a high school degree. The average annual earnings for an individual in Lansing 
is $30k, which is around $6k short of the median earnings for the nation. The restoration of this 
building would have a huge impact on this small community. The OSS is an important visual 
within Lansing. It is the longest standing school building west of the Mississippi. Restoring the 
school would give the community new opportunities to meet and gather, as well as becoming a 
place of pride. With the OSS second floor repurposed as a residential, it will bring in new 
community members. The units are planned to accommodate young families. Children of the 
residents will enjoy short walks to their schooling. Furthermore, the city hall will allow for a 
larger public workforce as the city grows into its future. 
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Section V: Alternative Solutions That Were Considered 
Commercial market space 

We considered a commercial market space similar to NewBo City Market in Cedar Rapids, 
Iowa. A commercial market space is a great alternative when it comes to helping a city grow 
because it allows for many uses, including concerts and other public events, farmers markets, 
and even small pop-up shops. This brings people to the city and adds more economic uses. This 
alternative, however, isn't sufficient for the needs of Lansing. The city needs a new space for the 
city hall and upgrades to police station and force. 

Daycare center 

Another need presented by the client was for a daycare center. This idea was not selected was 
because placement on the second floor would introduce many difficulties, including noise and  
movement challenges. A requirement for a daycare center is for it to be inclusive of all bodies, 
and must meet ADA requirements. T he team would need to also design an elevator, and even 
though there is space for this, it comes as a large expense. Lastly, with a daycare center there 
needs to be an outside area with a playground. With the current site layout, this wouldn’t be 
possible. 

City Hall & Police Station 

The alternative of a combined police station and city hall is one that was requested by the client 
and a priority for the team. The current city hall and police station are inadequately sized and do 
not allow for any expansion for employees or rooms. Allowing a bigger area for these two allows 
the city to provide more functions. One downside to this alternative is that OSS is too large to 
hold only a police station on one floor and city hall on the other. Also, inclusion of a police 
station requires meeting stricter and more expensive building code regulations. 

 

Apartment Complex 

Another alternative discussed is an apartment complex on one or both floors. The city has a need 
for affordable housing for young families. A con for this alternative is that with 
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affordable housing when you look at the total price of the project and repurposing in the short 
term it isn't cost effective in terms of return on investment. 

 
 
Structural remedies: Foundation Improvements 

Fiber Reinforced Plastic (FRP) 

The first solution discussed with the client was the use of fiber-reinforced plastic. Fiber- 
reinforced plastic is made with fiber glass composites that reinforce the structural member. Some 
of the pros to FRP includes that it provides more flexural resistance, it is relatively inexpensive, 
and easier to construct than alternatives. Some of the cons to FRP include, that it is not as long 
lasting as a full foundation replacement, and that it is short term fix versus a long term 
replacement. 

Cast-in-place Foundation 

Cast-in-place foundation was the foundation remedy that the client decided was best for them. 
Cast-in-place foundation is a concrete foundation in which the building is lifted, and the 
foundation is constructed and can be properly fixed. Some of the positives to the cast-in-place 
foundation are that it is more durable and very long-lasting. As stated, the foundation can be 
properly fixed. The difficulties of this solution are that it is much more expensive than other 
alternatives and that the building would require temporary shoring. 

Structural remedies: Building Improvements 

Refurbish existing structural walls 

In terms of building improvements, refurbishing existing structural walls was an option 
introduced to the client. This option maintains the existing feel of the building, but it will require 
intensive labor to complete this process as it is a brick-by-brick refurbishment process. This 
option would be very expensive for the city. 

Steel Skeleton Structure 

The most durable option is a steel skeleton structure. This option was selected by the city for this 
reason. This option allows the building to keep its natural feel while ensuring the safety and 
longevity necessary for this building. The steel skeleton structure is done by removing most of 
the existing interior and rebuilding the structure with steel framing. This option is the least risky 
because the engineering of the building is entirely new and does not require extensive analysis of 
the existing building. 

Cold-Roll steel wall bracing 

Another alternative presented was a cold-roll steel wall bracing option. This is done by adding 
steel framing on the interior of the building along existing bearing walls. This option would be 
cheaper than the steel skeleton alternative but would not provide as long of lasting option for the 
city. 
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Section VI: Final Design Details 
Building Information and Elevations 

In the OSS, the first floor consists of 4,300 sq ft and the second floor is also 4,300 sq ft, for a 
total usable space of 8,600 sq ft. In terms of height, from the floor of the first floor to the ceiling 
it is 12 ft, and from floor of second floor to roof it is 14 ft; from bottom of roof to top of roof it is 
11 ft. The total elevation of the building from first floor to top of roof is equivalent to 37 ft. The 
first floor will be used as a new city hall, including a council chamber, community gathering 
area, and a police station. The second floor will be repurposed with 4 apartments, 2 of them will 
be 2 bedrooms, 1 of them being a one bedroom, and the last being a studio. The 3 roomed 
apartments will have a usable square footage of 900 sq ft, and the studio will be roughly 600 sq 
ft. See sheet S301 for further detailed building elevations. 

The exterior of the building is to remain the same to keep the historical integrity of the building. 
However, the interior of the building both architecturally and structurally is to be gutted and 
remade into a structural steel skeleton. The reason for this is because the foundation and bearing 
walls are failing and rather than fix those certain areas it is best to replace the load bearing 
portions. Another benefit of updating the structural elements is that the structure would be 
known throughout the building. The new skeleton allows for properties such as strength to be 
known. There were uncertainties of the load bearing capacities of the walls. Thus, many 
conservative assumptions were made while evaluating the current structural state. Replacing the 
structure with the current code allows for easier renovations in future projects. 

 
 
Building Structural Elements 

The building is to receive a new structural system throughout the building. This choice was made 
due to the uncertainty of the current structural system. Due to the addition of the police station, a 
design of ASCE risk category 4 is necessary for use of design loads. ASCE risk categories 
determine the magnitude of wind and snow loads a building must be designed to. Risk category 
4 is the highest level. ASCE 7-16 and LRFD load combinations were used to determine such 
loads. These loads can be found in Appendix C. To support the gravity loads throughout this 
building, HSS columns and W shaped beams and joists were used to support the floors on level 1 
and level 2. As for the roof, a cold rolled steel truss frame is to be used to keep the current 
slope of the roof. These trusses are then resting on more W shaped beams that are then 
supported by the HSS columns. These columns and beams are selected with the use of AISC 
Steel Construction Manual Fifteenth Edition. The floors used for this building consist of 1 ½" 
metal deck with 2 ½" of concrete slab on top. The W beams and HSS columns are then used to 
support this floor. A detailed view of this can be seen on sheets S311 and S312. 

When sizing the joists, we used smaller W shapes spaced at 5’ O.C Using LRFD the design 
checks that were made were bending moment, shear, and deflection. When running through the 
different sizes we found that the deflection was the main control of how these beams were sized. 
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The deflection criteria that were used was L/240 for dead load and L/360 for the total load using 
the steel manual for the first floor the largest joist member size was a W18x35 and for the second 
floor a W16x31 was used. The team sized these joist members based on different tributary areas. 
See Appendix D for these areas. Also, to view the other joist sizes that were determined see 
sheets S101 and S102. 

The lateral system designed in this building will follow a typical lateral load bracing system. 
This analysis has yet to be performed, but space has been provided in areas that are appropriate 
for this kind of bracing. 

The beams were designed following the design of the joists. Using the reactions for the joist that 
were calculated we were able to determine the different point loads that the beams would be 
supporting. The beams and joists will be connected via a double angle bolt connection. The top 
of the joist will be coped for an easier connection to the beam. The largest beam was a W21x68 
designed to support the largest tributary areas in the middle of the building. Each beam for the 
OSS was designed using Robot Structural Analysis. See appendix E for further details and 
calculations. 

The columns were then designed based on all the reactions from the roof trusses, the three levels 
of beams and any joists that were framed into the columns as well. Using the reactions from all 
these elements we were able to determine the total load going into the columns. Once the total 
load was calculated using the AISC Steel Manual we were then able to size the columns for the 
total load based on the overall height of the column. See appendix F for full design of the 
columns. Also see sheet S101 for the sizes of the columns. 

The floor deck and slab were designed using Vulcraft standards tables. A 1 ½" deck is a standard 
size for a building with this type of steel framing. The decking and concrete provide the needed 
structural resistance for the high live loads on the first floor. Additionally, the 1.5” deck supports 
a 2.5” cover slab which provides the appropriate 2-hr fire rating needed for this building. 

The foundations were then designed after the calculations of the columns. Since there is no soils 
report, we used a rather conservative bearing pressure of 1.5 ksf in order to properly size the 
foundations. Then by using the total load on each column and dividing by the bearing pressure 
we were then able to develop a reasonable area for each of the footings. Then by taking the 
square root of that area we were then able to come up with a reasonable square footing for each 
of the columns. We have also run a calculation to design for uplift, based on the calculation it 
was determined that the weight coming down on the columns is enough to properly combat the 
uplift. Our largest square footing was determined to be an 11-foot square footing. For the rest of 
the footing sizes see appendix F. Further calculations will be made on the reinforcement of all 
foundations. 

New foundation walls will need to be built to support the existing limestone walls. This will be 
done by temporarily supporting the building and replacing sections of the existing foundation 
wall. Furthermore, the limestone walls will be connected to the new steel structure via an angle 
and epoxy bolt system. See S501 and S502 for further details of this system. 
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Building Design and Layout 

Because of the OSS’s age, there are a lot of structural changes that need to be made, both to 
theinterior and exterior. The exterior walls require slight improvements and need to be cleaned. 
The main purpose of the slight improvements and cleaning them versus other options is to 
maintain the historical integrity of the building. The OSS is recognized on the National Registry 
of Historic Places, which requires maintaining a structure’s outside appearance. Some of the 
structural improvements that will be made include repointing the limestone and patching of the 
existing cracks. The layout of the first floor includes the city hall which has four separate offices 
for the City of Lansing: a council chamber; a police station that includes an evidence room, 
interrogation room, separate bathroom, four police cubicles, police chief office, weapons storage, 
and a receptions desk; and a community center for multi-purpose use. For more details on the 
building design and layout see architectural sheets A101 and A102. 

 
 
Drainage analysis 

The addition of parking and sidewalks creates impervious areas on site, which will affect how 
water runs off the site during storm events. The rational method as specified in the Iowa 
Stormwater Management Manual (ISWMM) was used to estimate the peak discharge during a 
storm event. It should be noted that all on-site areas drain to the existing inlet structure shown 
on sheet C105. Existing conditions produce a peak discharge of 10.56 cfs during a 10-year storm 
event. Proposed conditions produce a peak discharge of 11.01 cfs during a 10-year storm event. 
See appendix H for supporting calculations. The development produces a 4.3% increase in 
discharge. This increase in flow is not significant enough to warrant the addition of an inlet 
structure. 

 
 
Addition of parking 

The site plan was designed to accommodate the parking requirements of the uses of the 
renovated building. Currently, the building has eight street parking spots. The site plan features 
20 regular-sized stalls with three ADA accessible stalls, one being van accessible. The amount 
of parking required was determined by Chapter 8C of the Statewide Urban Design and 
Specification Manual (SUDAS). From the total spaces provided, two ADA stalls are required. 
Three spots were designed to accommodate all members of the community as the building will 
have public functions. Parking dimensions are designed to follow Chapter 8B of SUDAS. 
Parking blocks are specified in sheet C103 to ensure that sidewalk paths always remain 
accessible. The east side of the site is specified to be 45-degree angle parking. See sheet C103 
for a full layout. 
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Pavement selection 

The sidewalk entrances and stairs are specified to be 5” thick with a 6” gravel sub-base 
underneath. SUDAS requires a minimum of 4” of pavement, the extra depth is to ensure heavier 
equipment can be operated on the pavement. Hot mix asphalt (HMA) is specified for the 
proposed parking areas. This choice is to match the existing streets. Asphalt is also a more cost- 
effective option than concrete. See sheet C106 for details of pavement cross sections. 

ADA accessibility 

The proposed sidewalks are designed to the standards of accessible sidewalk requirements in 
Chapter 12A-2 of SUDAS. Sidewalk cross slopes are less than the maximum of 2% and are 
designed to be 1.5%. Sidewalks have a minimum width of 4’, the designed sidewalks are to be 5’ 
to give additional maneuverability to users. Longitudinal slopes shall not exceed 8.3%. The 
sidewalk along 5th Street is class A and designed to match the existing grade of the street. The 
site is designed to provide two ADA accessible access routes. One path runs towards the 
handicap parking stalls on the east side of the building. An additional path is specified to connect 
to the sidewalk of Center Street, matching the cross slope. See sheet C104 for a grading plan of 
the site. 
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Section VII: Engineer’s Cost Estimate 
The engineer’s cost estimate was calculated by gathering building and site quantities while 
referencing the 2022 National Construction Estimator manual. As one can see in Appendix B, 
each item includes material, labor, and any associated machinery costs. The building material 
quantities were calculated from a material takeoff generated by Autodesk Revit. The cost of this 
project was divided into four phases of building construction and one phase of site 
improvements. The first phase of the project includes all necessary work that needs to be done to 
prepare the building for initial construction. Asbestos was discovered during a site evaluation; 
additionally, the building requires an extensive amount of cleaning and interior demolition 
before improvements can commence. The second phase of the project includes all the critical 
improvements needed to be made to the building. This includes all necessary work to improve 
the foundation wall underneath the North wall, as well as the improvement of the building’s 
insulation and moisture protection. Phase two also includes all work needed to be done to 
prevent animals and insects from infiltrating the building. After phase two is completed the City 
of Lansing could elect to stop investing money into the building. The building will be in a 
condition that will maintain the health of the building for years to come. Phase three includes all 
necessary improvements of the building's structure to allow for the proposed use of a city hall 
and police station. This includes the transport, material, construction, and material cost of all 
structural members needed for phase three. Furthermore, phase four includes all the costs 
associated with the architectural and mechanical use of the building. These costs were calculated 
using lump sum estimates as well as square footage costs. The material quantities for the site 
improvements were calculated by areas, lengths, and quantities generated by Civil3D. The site 
improvements cost is inclusive of demolition, earthwork, landscaping, and paving. 

In addition to these phases a $300,000 contingency was also included in this estimate. A 
contingency of this percentage is common on structural renovation projects like this project. 
Additionally, for every phase in this project a 20% markup was added for contractor overhead 
and profit. The final construction cost of the project is estimated to be $2,862,000.00. 

 

Project Phasing and Total Cost Estimate 

Phase 1 $ 63,000 

Phase 2 $ 373,000.00 

Phase 3 $ 743,000.00 

Phase 4 $ 1,253,000.00 

Site $ 130,000.00 

Contingency $ 300,000.00 

Total $ 2,862,000.00 

Table 1: Engineer’s cost estimate for all phases of construction 
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For funding and tax incentives, OSS  has a lot of options because of its historic distinction. The 
team has researched some grants and government funding that the City of Lansing can choose to 
use for the OSS renovation. These include but are not limited to: The Historic Preservation 
Fund, Save America's Treasures Grant, Kinsman Foundation Historic Preservation Grant, Semi 
Quincentennial Grant Program, and Housing Preservation Grants. 
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3 

\ 

Floor dead loads 

Slab on Deck, Vulcraft Composite Deck Slab 1.5VL 

wc = 145 pcf f c' = 4000 psi 
( 

Ec = 33 • \ wc \1.5 
I • f c' psi = (\3.644 • 103 \) ksi 

\ lbf I 
\ ft 3 ) 

psi 

hs= 2.5 in 3.5" Slab f yDeck = 50 ksi 50 steel grade, 20 gauge 

 
 
 
 
 
 
 
 
 
 
 
 

q =
(
37.5 + (55.6 - 37.5) • 

1 \ psf = 43.533 psf 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Concrete and 22 gauge deck dead weight 

c \ I 
\ ) 

qf = 2.5 psf Vinyl flooring dead weight 

 

MEP = 5 psf F = 1 psf Fireproofing and MEP loads 

 

qceil = 1 psf Ceiling coverings 

 

D =ceil 
( (\qc + qf + qcei l\) + MEP + F \ 

f 
\ 

psf 
I psf = 54 psf 
) 

Floor Dead Load 
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Roof dead loads 
 

Cold roll steel system supporting roof sheathing and insulation 
Manufacturer to design truss 
qr = 2 psf Roof Coverings 

 

qi = 1.5 psf Insulation 

 

wt = 120 plf Assumed Truss Dead Load 

 

t b = 4 ft Tributary width for roof truss 

 
( wt \ 
\ (\qr + qi\) + 

Dr =ceil \ 
I t b I psf = 34 psf 

 
Roof dead load 

\ psf ) 
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Snow Loads 
 

Define Variables 
 

Define all known variables to be used in design calculations 
 

pg = 58 psf Lansing, IA, from Figure 7.2-1 in Chp. 4 

 

Ce= 1.0 Based on partially exposed assumption and exposure category 
C from Table 7.3-1 in Chp. 4 

 

Ct = 1.1 Cold ventilated roof, table 7.3-2 

 

Cs= 1.0 Ct is 1 and slope is 6 on 12, not smooth. 

 

I s= 1.5 Risk factor of 2 table 1.5-2 Chp. 1 

 
 
 

Balanced Snow Load Design Calculations 
( 0.7 • Ce• Ct • I s• pg \ 

Sb=ceil \ 
\ psf 

I• psf = 67 psf 
) 

 
Unbalanced Snow Load Design Calculations 

 
( I s• pg \ 

Su =ceil \ 
\ psf 

I• psf = 87 psf 
) 
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Live Load Summary 
 

Define all known variables to be used in design calculations 
 

L = 100 psf This was found in chp. 4 table 4.3-1 under the residential 
- all other residential occupancies - private rooms and 
corridors serving them. 

 
Lr = 20 psf This was found in chp. 4 table 4.3-1 under the roofs - 

ordinary flat, pitched, and curved roofs. 
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Wind Load Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All wind load calculations are based on the diagram above 
 

Mean Roof Height 
he= 26 ft hr = 37 f t 

h = 
(\he + hr \) = 31.5 f t 

2 

Risk Category = IV 
 

Wind Speed 
V = 120 mph 

 
Determine Wind Load Parameters 

Wind Directionally Factor 
Kd = 0.85 

Exposure Category = C 
Topographic Factor 

Kzt = 1.0 
Ground Elevation Factor 

Ke = 1.0 
Gust Effect Factor 

G = 0.85 
Enclosure Classification = Enclosed 

GCpip = 0.18 
GCpin =- 0.18 
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Velocity pressure exposure 
Because Exposure C 

o: = 9.8 
zg = 900 f t 

2 
o: ( 15 ft \ 

Kz = 2.01 • \ I 
\  zg ) 

Velocity Pressure 

= 0.872 

( 0.00256 psf \ 2 
qz =\ 

\ mph2 
I • Kz • Kzt • Kd • Ke• V 
) 

= 27.31 psf 

North Wind Pressure B = 82 ft L = 86 ft 

L = 1.049 
B 

Cpw = 0.8 
Cpl =- 0.5 
Cps = - 0.7 

Windward Pressure 
Leeward Pressure 
Sidewall Pressure 

Design Wind Pressure for Walls 
 

Wall 1: 
pzw1p = qz • G • Cpw - 
pzw1n = qz • G • Cpw - 

Wall 2: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 3: 
pzw1p = qz • G • Cpw - 
pzw1n = qz • G • Cpw - 

Wall 4: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 5: 
pzw3p = qz • G • Cpl - 
pzw3n = qz • G • Cpl - 

Wall 6: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 

 
Wall 7: 

pzw3p = qz • G • Cpl - 
pzw3n = qz • G • Cpl - 

Wall 8: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 9: 
pzw3p = qz • G • Cpl - 
pzw3n = qz • G • Cpl - 

Wall 10: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 11: 
pzw3p = qz • G • Cpl - 
pzw3n = qz • G • Cpl - 

Wall 12: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 

 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
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Lengths of Roofs: 
L 1 = 53 ft 

 
L 2 = 52 ft 

 
L 3 = 53 ft 

 
L 4 = 33 ft 

 

L 5 = 30 ft L 6 = 59 ft L 7 = 14 ft L 8 = 14 ft 

 

Roof Pressure Coefficients 
Normal to Ridge 
(Roof 1,3,5,6) 

 

h = 0.594 
L 1 

h = 0.594 
L 3 

h = 0.534 
L 6 

 
0 = 25 deg 

 
Cpwn1 = - 0.3 
Cpwn2 = 0.2 

Cpln1 = 0 
Cpln2 = - 0.6 

 

Parallel to Ridge 
(Roof 2,4,7,8) 

 
Cpwp1 = - 0.9 
Cpwp2 = - 0.9 
Cpwp3 = - 0.5 
Cpwp4 = - 0.3 

Cplp1 =- 0.18 
Cplp2 = Cplp1 = - 0.18 
Cplp3 = Cplp1 = - 0.18 
Cplp4 = Cplp1 = - 0.18 

 

Design Wind Pressure for Roof 
Roof 1: (normal to ridge, windward) 

pzw1 = qz • G • Cpwn1 - qz • GCpip = - 11.88 psf pzw3 = qz • G • Cpwn1 - qz • GCpin = - 2.048 psf 

 

pzw2 = qz • G • Cpwn2 - qz • GCpip = - 0.273 psf pzw4 = qz • G • Cpwn2 - qz • GCpin = 9.559 psf 

 

Roof 2: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 
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Roof 3: (normal to ridge, leeward) 
pzl1 = qz • G • Cpln1 - qz • GCpip = - 4.916 psf pzl3 = qz • G • Cpln1 - qz • GCpin = 4.916 psf 

 

pzl2 = qz • G • Cpln2 - qz • GCpip = - 18.844 psf pzl4 = qz • G • Cpln2 - qz • GCpin = - 9.012 psf 
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Roof 4: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 

 

pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 

 

Roof 5: (normal to ridge, windward) 
Note: Since Roof 5 has a significant difference in length roof pressures will be used for this roof 

h = 1.05 
 

Cpwn15 
 
=- 0.5 

 
Cpln1 = 0 

L 5 Cpwn25 = 0 Cpln2 = - 0.6 

 

pzw1 = qz • G • Cpwn15 - qz • GCpip = - 16.523 psf pzw3 = qz • G • Cpwn15 - qz • GCpin = - 6.691 psf 

 

pzw2 = qz • G • Cpwn25 - qz • GCpip = - 4.916 psf pzw4 = qz • G • Cpwn25 - qz • GCpin = 4.916 psf 

 

Roof 6: (normal to ridge, leeward) 
pzl1 = qz • G • Cpln1 - qz • GCpip = - 4.916 psf pzl3 = qz • G • Cpln1 - qz • GCpin = 4.916 psf 

 

pzl2 = qz • G • Cpln2 - qz • GCpip = - 18.844 psf pzl4 = qz • G • Cpln2 - qz • GCpin = - 9.012 psf 

 

Roof 7: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 

 

pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 

 

Roof 8: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 
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pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 

Appendix C: Structural Load Calculations 

CEE:4850 
 

 

South Wind Pressure B = 82 ft L = 86 ft 

L = 1.049 
B 

Cpw = 0.8 
Cpl =- 0.5 
Cps = - 0.7 

Windward Pressure 
Leeward Pressure 
Sidewall Pressure 

 

Design Wind Pressure for Walls 
 

Wall 1: 
pzw1p = qz • G • Cpl - 
pzw1n = qz • G • Cpl - 

Wall 2: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 3: 
pzw1p = qz • G • Cpl - 
pzw1n = qz • G • Cpl - 

Wall 4: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 5: 
pzw3p = qz • G • Cpw - 
pzw3n = qz • G • Cpw - 

Wall 6: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 

Wall 7: 
pzw3p = qz • G • Cpw - 
pzw3n = qz • G • Cpw - 

Wall 8: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 9: 
pzw3p = qz • G • Cpw - 
pzw3n = qz • G • Cpw - 

Wall 10: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

Wall 11: 
pzw3p = qz • G • Cpw - 
pzw3n = qz • G • Cpw - 

Wall 12: 
pzw2p = qz • G • Cps - 
pzw2n = qz • G • Cps - 

 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 

 

Lengths of Roofs: 
L 1 = 53 ft 

 
L 2 = 52 ft 

 
L 3 = 53 ft 

 
L 4 = 33 ft 

 

L 5 = 30 ft L 6 = 59 ft L 7 = 14 ft L 8 = 14 ft 

 

Roof Pressure Coefficients 
Normal to Ridge 
(Roof 1,3,5,6) 

 

h = 0.594 
L 1 

h = 0.594 
L 3 

h = 0.534 
L 6 

 
0 = 25 deg 

 
Cpwn1 = - 0.3 Cpwn2 = 0.2 
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Cpln1 = 0 
Cpln2 = - 0.6 
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Parallel to Ridge 
(Roof 2,4,7,8) 

 

Cpwp1 = - 0.9 
Cpwp2 = - 0.9 
Cpwp3 = - 0.5 
Cpwp4 = - 0.3 

Cplp1 =- 0.18 
Cplp2 = Cplp1 = - 0.18 
Cplp3 = Cplp1 = - 0.18 
Cplp4 = Cplp1 = - 0.18 

 

Design Wind Pressure for Roof 
Roof 1: (normal to ridge, leeward) 

pzl1 = qz • G • Cpln1 - qz • GCpip = - 4.916 psf pzl3 = qz • G • Cpln1 - qz • GCpin = 4.916 psf 

 

pzl2 = qz • G • Cpln2 - qz • GCpip = - 18.844 psf pzl4 = qz • G • Cpln2 - qz • GCpin = - 9.012 psf 

 

Roof 2: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 

 

pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 

 

Roof 3: (normal to ridge, windward) 
pzw1 = qz • G • Cpwn1 - qz • GCpip = - 11.88 psf pzw3 = qz • G • Cpwn1 - qz • GCpin = - 2.048 psf 

 

pzw2 = qz • G • Cpwn2 - qz • GCpip = - 0.273 psf pzw4 = qz • G • Cpwn2 - qz • GCpin = 9.559 psf 

 

Roof 4: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 
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Roof 5: (normal to ridge, leeward) 
Note: Since Roof 5 has a significant difference in length roof pressures will be used for this roof 

h = 1.05 
 

Cpwn15 
 
=- 0.5 

 
Cpln15 = 0 

L 5 Cpwn25 = 0 Cpln25 =- 0.6 
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pzw1 = qz • G • Cpln15 - 
qz • GCpip = - 4.916 psf pzw3 = qz • G • Cpln15 - qz • GCpin = 4.916 psf 

 

pzw2 = qz • G • Cpln25 - qz • GCpip = - 18.844 psf pzw4 = qz • G • Cpln25 - qz • GCpin = - 9.012 psf 

 

Roof 6: (normal to ridge, windward) 
pzw1 = qz • G • Cpwn1 - qz • GCpip = - 11.88 psf pzw3 = qz • G • Cpwn1 - qz • GCpin = - 2.048 psf 

 

pzw2 = qz • G • Cpwn2 - qz • GCpip = - 0.273 psf pzw4 = qz • G • Cpwn2 - qz • GCpin = 9.559 psf 

 

Roof 7: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 

 

Roof 8: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 
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East Wind Pressure B = 86 ft L = 82 ft 

L = 0.953 
B 

Cpw = 0.8 
Cpl =- 0.5 
Cps = - 0.7 

Windward Pressure 
Leeward Pressure 
Sidewall Pressure 

 

Design Wind Pressure for Walls 
 

Wall 1: 
pzw1p = qz • G • Cps - 
pzw1n = qz • G • Cps - 

Wall 2: 
pzw2p = qz • G • Cpl - 
pzw2n = qz • G • Cpl - 

Wall 3: 
pzw1p = qz • G • Cps - 
pzw1n = qz • G • Cps - 

Wall 4: 
pzw2p = qz • G • Cpl - 
pzw2n = qz • G • Cpl - 

Wall 5: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 6: 
pzw2p = qz • G • Cpl - 
pzw2n = qz • G • Cpl - 

 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 

Wall 7: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 8: 
pzw2p = qz • G • Cpw - 
pzw2n = qz • G • Cpw - 

Wall 9: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 10: 
pzw2p = qz • G • Cpw - 
pzw2n = qz • G • Cpw - 

Wall 11: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 12: 
pzw2p = qz • G • Cpw - 
pzw2n = qz • G • Cpw - 

 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 

 

Lengths of Roofs: 
L 1 = 53 ft 

 
L 2 = 52 ft 

 
L 3 = 53 ft 

 
L 4 = 33 ft 

 

L 5 = 30 ft L 6 = 59 ft L 7 = 14 ft L 8 = 14 ft 

 

Roof Pressure Coefficients 
Normal to Ridge 
(Roof 2,4,7,8) 

 

h = 0.955 
L 4 

h = 2.25 
L 7 

h = 2.25 
L 8 

 
0 = 25 deg 

 
Cpwn1 = - 0.5 Cpwn2 = 0 
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Cpln1 = 0 
Cpln2 = - 0.6 
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Parallel to Ridge 
(Roof 1,3,5,6) 

 

Cpwp1 = - 0.9 
Cpwp2 = - 0.9 
Cpwp3 = - 0.5 
Cpwp4 = - 0.3 

Cplp1 =- 0.18 
Cplp2 = Cplp1 = - 0.18 
Cplp3 = Cplp1 = - 0.18 
Cplp4 = Cplp1 = - 0.18 

 

Design Wind Pressure for Roof 
Roof 1: (parallel to ridge, windward) 

pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 

 

Roof 2: (normal to ridge, leeward) 
Note: Since Roof 2 has a significant difference in length roof pressures will be used for this roof 

h = 0.606 
 

Cpwn12 
 
=- 0.3 

 
Cpln12 = 0 

L 2 Cpwn22 = 0.2 Cpln22 =- 0.6 

 

pzw1 = qz • G • Cpln12 - qz • GCpip = - 4.916 psf pzw3 = qz • G • Cpln12 - qz • GCpin = 4.916 psf 

 

pzw2 = qz • G • Cpln22 - qz • GCpip = - 18.844 psf pzw4 = qz • G • Cpln22 - qz • GCpin = - 9.012 psf 

 

Roof 3: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 
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Roof 4: (normal to ridge, windward) 
pzw1 = qz • G • Cpwn1 - qz • GCpip = - 16.523 psf pzw3 = qz • G • Cpwn1 - qz • GCpin = - 6.691 psf 

 

pzw2 = qz • G • Cpwn2 - qz • GCpip = - 4.916 psf pzw4 = qz • G • Cpwn2 - qz • GCpin = 4.916 psf 
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Roof 5: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 

 

pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 

 

Roof 6: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 

 

Roof 7: (normal to ridge, leeward) 
pzl1 = qz • G • Cpln1 - qz • GCpip = - 4.916 psf pzl3 = qz • G • Cpln1 - qz • GCpin = 4.916 psf 

 

pzl2 = qz • G • Cpln2 - qz • GCpip = - 18.844 psf pzl4 = qz • G • Cpln2 - qz • GCpin = - 9.012 psf 

 

Roof 8: (normal to ridge, windward) 
pzw1 = qz • G • Cpwn1 - qz • GCpip = - 16.523 psf pzw3 = qz • G • Cpwn1 - qz • GCpin = - 6.691 psf 

 

pzw2 = qz • G • Cpwn2 - qz • GCpip = - 4.916 psf pzw4 = qz • G • Cpwn2 - qz • GCpin = 4.916 psf 
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West Wind Pressure B = 86 ft L = 82 ft 

L = 0.953 
B 

Cpw = 0.8 
Cpl =- 0.5 
Cps = - 0.7 

Windward Pressure 
Leeward Pressure 
Sidewall Pressure 

 

Design Wind Pressure for Walls 
 

Wall 1: 
pzw1p = qz • G • Cps - 
pzw1n = qz • G • Cps - 

Wall 2: 
pzw2p = qz • G • Cpw - 
pzw2n = qz • G • Cpw - 

Wall 3: 
pzw1p = qz • G • Cps - 
pzw1n = qz • G • Cps - 

Wall 4: 
pzw2p = qz • G • Cpw - 
pzw2n = qz • G • Cpw - 

Wall 5: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 6: 
pzw2p = qz • G • Cpw - 
pzw2n = qz • G • Cpw - 

 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = 13.655 psf 
qz • GCpin = 23.487 psf 

Wall 7: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 8: 
pzw2p = qz • G • Cpl - 
pzw2n = qz • G • Cpl - 

Wall 9: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 10: 
pzw2p = qz • G • Cpl - 
pzw2n = qz • G • Cpl - 

Wall 11: 
pzw3p = qz • G • Cps - 
pzw3n = qz • G • Cps - 

Wall 12: 
pzw2p = qz • G • Cpl - 
pzw2n = qz • G • Cpl - 

 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 
 
qz • GCpip = - 21.166 psf 
qz • GCpin = - 11.334 psf 
 
qz • GCpip = - 16.523 psf 
qz • GCpin = - 6.691 psf 

 

Lengths of Roofs: 
L 1 = 53 ft 

 
L 2 = 52 ft 

 
L 3 = 53 ft 

 
L 4 = 33 ft 

 

L 5 = 30 ft L 6 = 59 ft L 7 = 14 ft L 8 = 14 ft 

 

Roof Pressure Coefficients 
Normal to Ridge 
(Roof 2,4,7,8) 

 

h = 0.955 
L 4 

h = 2.25 
L 7 

h = 2.25 
L 8 

 
0 = 25 deg 

 
Cpwn1 = - 0.5 Cpwn2 = 0 
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Cpln1 = 0 
Cpln2 = - 0.6 
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Parallel to Ridge 
(Roof 1,3,5,6) 

 

Cpwp1 = - 0.9 
Cpwp2 = - 0.9 
Cpwp3 = - 0.5 
Cpwp4 = - 0.3 

Cplp1 =- 0.18 
Cplp2 = Cplp1 = - 0.18 
Cplp3 = Cplp1 = - 0.18 
Cplp4 = Cplp1 = - 0.18 

 

Roof 1: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 

 

pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 

 

Roof 2: (normal to ridge, windward) 
Note: Since Roof 2 has a significant difference in length roof pressures will be used for this roof 

h = 0.606 
 

Cpwn12 
 
=- 0.3 

 
Cpln12 = 0 

L 2 Cpwn22 = 0.2 Cpln22 =- 0.6 

 

pzw1 = qz • G • Cpwn12 - qz • GCpip = - 11.88 psf pzw3 = qz • G • Cpwn12 - qz • GCpin = - 2.048 psf 

 

pzw2 = qz • G • Cpwn22 - qz • GCpip = - 0.273 psf pzw4 = qz • G • Cpwn22 - qz • GCpin = 9.559 psf 

 

Roof 3: (parallel to ridge, leeward) 
pzl1 = qz • G • Cplp1 - qz • GCpip = - 9.094 psf pzl5 = qz • G • Cplp1 - qz • GCpin = 0.737 psf 

 

pzl2 = qz • G • Cplp2 - qz • GCpip = - 9.094 psf pzl6 = qz • G • Cplp2 - qz • GCpin = 0.737 psf 

 

pzl3 = qz • G • Cplp3 - qz • GCpip = - 9.094 psf pzl7 = qz • G • Cplp3 - qz • GCpin = 0.737 psf 

 

pzl4 = qz • G • Cplp4 - qz • GCpip = - 9.094 psf pzl8 = qz • G • Cplp4 - qz • GCpin = 0.737 psf 
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Roof 4: (normal to ridge, leeward) 
pzl1 = qz • G • Cpln1 - qz • GCpip = - 4.916 psf pzl3 = qz • G • Cpln1 - qz • GCpin = 4.916 psf 

 

pzl2 = qz • G • Cpln2 - qz • GCpip = - 18.844 psf pzl4 = qz • G • Cpln2 - qz • GCpin = - 9.012 psf 
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Roof 5: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 

 

Roof 6: (parallel to ridge, windward) 
pzw1 = qz • G • Cpwp1 - qz • GCpip = - 25.808 psf pzw5 = qz • G • Cpwp1 - qz • GCpin = - 15.977 psf 

 

pzw2 = qz • G • Cpwp2 - qz • GCpip = - 25.808 psf pzw6 = qz • G • Cpwp2 - qz • GCpin = - 15.977 psf 

 

pzw3 = qz • G • Cpwp3 - qz • GCpip = - 16.523 psf pzw7 = qz • G • Cpwp3 - qz • GCpin = - 6.691 psf 

 

pzw4 = qz • G • Cpwp4 - qz • GCpip = - 11.88 psf pzw8 = qz • G • Cpwp4 - qz • GCpin = - 2.048 psf 

 

Roof 7: (normal to ridge, windward) 
pzw1 = qz • G • Cpwn1 - qz • GCpip = - 16.523 psf pzw3 = qz • G • Cpwn1 - qz • GCpin = - 6.691 psf 

 

pzw2 = qz • G • Cpwn2 - qz • GCpip = - 4.916 psf pzw4 = qz • G • Cpwn2 - qz • GCpin = 4.916 psf 

 

Roof 8: (normal to ridge, leeward) 
pzl1 = qz • G • Cpln1 - qz • GCpip = - 4.916 psf pzl3 = qz • G • Cpln1 - qz • GCpin = 4.916 psf 

 

pzl2 = qz • G • Cpln2 - qz • GCpip = - 18.844 psf pzl4 = qz • G • Cpln2 - qz • GCpin = - 9.012 psf 
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Components and Cladding Wind Pressure: 
Mean Roof Height 

he = 26 ft hr = 37 f t 

h = 
(\he + hr \) = 31.5 f t 

2 

Risk Category = IV 
 

Wind Speed 
V = 120 mph 

 
Determine Wind Load Parameters 

Wind Directionally Factor 
Kd = 0.85 

Exposure Category = C 
Topographic Factor 

Kzt = 1.0 
Ground Elevation Factor 

Ke = 1.0 
Gust Effect Factor 

G = 0.85 
Enclosure Classification = Enclosed 

GCpip = 0.18 
GCpin =- 0.18 

 
 

Velocity pressure exposure 
Because Exposure C 

o: = 9.8 
zg = 900 f t 

2 
o: ( 15 ft \ 

Kz = 2.01 • \ I 
\  zg ) 

Velocity Pressure 

= 0.872 

( 0.00256 psf \ 2 

qz =\ 
\ mph2 

I • Kz • Kzt • Kd • Ke• V 
) 

= 27.31 psf 
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GCp: (ASCE 7-16 Figure 30.3-1) 
Positive: 

GCpp = 0.7 
Negative: 

GCpn = - 0.8 

Design C&C Wind Pressures for Walls 
p1 = qz • (\GC pp - 

p2 = qz • (\GC pp - 

p3 = qz • (\GC pn - 

p4 = qz • (\GC pn - 

GC pip\) = 14.201 psf 

GCpin \) = 24.033 psf 

GCpip \) = - 26.764 psf 

GCpin \) = - 16.933 psf 

Use Worst Cases: 
Positive Pressure: 

pp = p2 = 24.033 psf 
Negative Pressure: 

pn = p3 = - 26.764 psf 
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First Floor Joist Area A Analysis 
 
 
 
 
 
 
 
 
 
 
 

Assumptions (if needed) 
� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L governs floor gravity loads 
� Assume W16x36 

Define Variables 
 

LA = 28 ft All member dimensions are for a W16x36 

 

Dl = 54 psf See load calculations 

 

wb = 36 plf From AISC Shapes Database 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi 
 

I = 448 in 4 
 

Zx = 64.0 in 3 

Yield stress 
 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.295 in From AISC Shapes Database 

 

t f = 0.430 in From AISC Shapes Database 

 

bf = 6.99 in From AISC Shapes Database 
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d = 15.9 in From AISC Shapes Database 
 

Aw = (,d - t f · 2)\ · tw = 4.437 in 2 
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Member Strength 
 

M all = 0.9 · f y · Zx = 240 kip · f t 
 

Vall = 0.6 · f y · Aw = 133.104 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.306 klf 
 

wl = t b· Ll = 0.5 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = (,1.167 · 103 \) plf 

Maximum moment 

LA 
2 

M max = wu · = 114.386 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LA 

Vmax = wu · = 16.341 kip 
2 

Shear = “Okay” 
 
 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LA 
240 
 
LA 
360 

 
= 1.4 in 
 
 
= 0.933 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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I 2 

Serviceability Calculations 
wl 

5 · · LA 
4
 2 

8short = 384 · E · I 
= 0.266 in 

Short = “Okay” 
 
 
 
 

8long = 
5 · 

( wl
 

, 

\ 
+ wdi · LA 4 

) 

 
 
= 0.592 in 

384 · E · I 
 

8tot = 8short + 8long = 0.858 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W16x36 satisfies all requirements for this preliminary design. 
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First Floor Joist Area B Analysis 

 
 
 
 
 

Assumptions (if needed) 
� Assume W16x36 
� LRFD Load combination 2, 1.2D + 

1.6L governs floor gravity loads 
 

Define Variables 
 

LB = 28 f t All member dimensions are for a W16x36 

 

Dl = 54 psf See load calculations 

 

wb = 36 plf From AISC Shapes Database 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi 
 

I = 448 in 4 

Assumed Modulus of Elasticity of Steel 

From AISC Shapes Database 

f y = 50 ksi 
 

Zx = 64.0 in 3 

Yield stress 
 

From AISC Shapes Database 

 

tw = 0.295 in From AISC Shapes Database 

 

t f = 0.430 in From AISC Shapes Database 

 

bf = 6.99 in From AISC Shapes Database 

 

d = 15.9 in From AISC Shapes Database 
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Aw = (,d - t f · 2)\ · tw = 4.437 in 2 
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Member Strength 
 

M all = 0.9 · f y · Zx = 240 kip · f t 
 

Vall = 0.6 · f y · Aw = 133.104 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.306 klf 
 

wl = t b· Ll = 0.5 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = (,1.167 · 103 \) plf 

Maximum moment 

LB 
2 

M max = wu ·  
8 

= 114.386 kip · f t 

Moment = “Okay” 
 

Maximum shear 
LB 

Vmax = wu · = 16.341 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LB 
240 
 
LB 
360 

 
= 1.4 in 
 
 
= 0.933 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 

Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 
5 · · LB 

4
 2 

8short = 
384 · E · I 

= 0.266 in 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LB 
)  

= 0.592 in 

384 · E · I 
 

8tot = 8short + 8long = 0.858 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W16x36 satisfies all requirements for this preliminary design. 

2 
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First Floor Joist Area C Analysis 
 
 
 
 
 

Assumptions (if needed) 
 

� Assume W16x31 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LC = 26 ft All member dimensions are for a W16x31 

 

Dl = 54 psf See load calculations 

 

wb = 31 plf From AISC Shapes Database 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi 
 

I = 375 in 4 

Assumed Modulus of Elasticity of Steel 

From AISC Shapes Database 

f y = 50 ksi 
 

Zx = 54.0 in 3 

Yield stress 
 

From AISC Shapes Database 

 

tw = 0.275 in From AISC Shapes Database 

 

t f = 0.440 in From AISC Shapes Database 

 

bf = 5.53 in From AISC Shapes Database 

 

d = 15.9 in From AISC Shapes Database 
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Aw = (,d - t f · 2)\ · tw = 4.131 in 2 
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Member Strength 
 

M all = 0.9 · f y · Zx = 202.5 kip · ft 
 

Vall = 0.6 · f y · Aw = 123.915 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.301 klf 
 

wl = t b· Ll = 0.5 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = (,1.161 · 103 \) plf 

Maximum moment 

LC 
2 

M max = wu · = 98.121 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LC 

Vmax = wu · = 15.096 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LC 
240 
 
LC 
360 

 
= 1.3 in 
 
 
= 0.867 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Serviceability Calculations 

wl 
5 · · LC 

4
 2 

8short = 
384 · E · I 

= 0.236 in 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LC 
)  

= 0.521 in 

384 · E · I 
 

8tot = 8short + 8long = 0.757 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W16x31 satisfies all requirements for this preliminary design. 

2 
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First Floor Joist Area D1 Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W10x22 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LD1 = 16 ft All member dimensions are for a W10x22 

 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 22 plf 
 

I = 118 in 4 
 

Zx = 26.0 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.240 in From AISC Shapes Database 

 

t f = 0.360 in From AISC Shapes Database 

 

bf = 5.75 in From AISC Shapes Database 

 

d = 10.2 in From AISC Shapes Database 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 

Aw = (,d - t f · 2)\ · tw = 2.275 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 97.5 kip · ft 
 

Vall = 0.6 · f y · Aw = 68.256 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.292 klf 
 

wl = t b· Ll = 0.5 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = (,1.15 · 103 \) plf 

Maximum moment 
LD1 

2
 

M max = wu · = 36.813 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LD1 

Vmax = wu · = 9.203 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall 

 
 

8Tall 

= 
LD1 = 0.8 in 
240 

 
= 

LD1 = 0.533 in 
360 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 4 
5 · 

2 
· LD1 

8short = 
384 · E · I 

= 0.108 in 

Short = “Okay” 
( wl \ 4 

8long = 
5 · I 

, 
+ wdi · LD1 

) = 0.234 in 

384 · E · I 

8tot = 8short + 8long = 0.341 in 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W10x22 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
First Floor Joist Area D2 Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W16x26 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LD2 = 24 ft All member dimensions are for a W16x26 

 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 26 plf 
 

I = 301 in 4 
 

Zx = 44.2 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.250 in From AISC Shapes Database 

 

t f = 0.345 in From AISC Shapes Database 

 

bf = 5.50 in From AISC Shapes Database 

 

d = 15.7 in From AISC Shapes Database 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 

Aw = (,d - t f · 2)\ · tw = 3.753 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 165.75 kip · ft 
 

Vall = 0.6 · f y · Aw = 112.575 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.296 klf 
 

wl = t b· Ll = 0.5 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = (,1.155 · 103 \) plf 

Maximum moment 
LD2 

2
 

M max = wu · = 83.174 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LD2 

Vmax = wu · = 13.862 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall 

 
 

8Tall 

= 
LD2 = 1.2 in 
240 

 
= 

LD2 = 0.8 in 
360 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 4 
5 · 

2 
· LD2 

8short = 
384 · E · I 

= 0.214 in 

Short = “Okay” 
( wl \ 4 

8long = 
5 · I 

, 
+ wdi · LD2 

) = 0.467 in 

384 · E · I 

8tot = 8short + 8long = 0.681 in 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W16x26 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
First Floor Joist Area E Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W18x35 
� LRFD Load combination 2, 1.2D + 

1.6L governs floor gravity loads 
Define Variables 

 

LE = 29 ft All member dimensions are for a W18x35 

 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 35 plf 
 

I = 510 in 4 
 

Zx = 66.5 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.300 in From AISC Shapes Database 

 

t f = 0.425 in From AISC Shapes Database 

 

bf = 6.00 in From AISC Shapes Database 

 

d = 17.7 in From AISC Shapes Database 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 

Aw = (,d - t f · 2)\ · tw = 5.055 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 249.375 kip · ft 
 

Vall = 0.6 · f y · Aw = 151.65 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.305 klf 
 

wl = t b· Ll = 0.5 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = (,1.166 · 103 \) plf 

Maximum moment 

LE 
2 

M max = wu ·  
8 

= 122.576 kip · ft 

Moment = “Okay” 
 

Maximum shear 
LE 

Vmax = wu · = 16.907 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LE 
240 
 
LE 
360 

 
= 1.45 in 
 
 
= 0.967 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 
5 · · LE 

4
 2 

8short = 
384 · E · I 

= 0.269 in 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LE 
)  

= 0.597 in 

384 · E · I 
 

8tot = 8short + 8long = 0.866 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W18x35 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Second Floor Joist Area A Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W16x26 
� LRFD Load combination 2, 1.2D + 

1.6L governs floor gravity loads 
Define Variables 

 

LA = 28 ft All member dimensions are for a W16x26 

 

Dl = 54 psf See load calculations 

 

Ll = 40 psf Proposed use is residential 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 26 plf 
 

I = 301 in 4 
 

Zx = 44.2 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.250 in From AISC Shapes Database 

 

t f = 0.345 in From AISC Shapes Database 

 

bf = 5.50 in From AISC Shapes Database 

 

d = 15.7 in From AISC Shapes Database 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 

Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 

Aw = (,d - t f · 2)\ · tw = 3.753 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 165.75 kip · ft 
 

Vall = 0.6 · f y · Aw = 112.575 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.296 klf 
 

wl = t b· Ll = 0.2 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = 675.2 plf 

Maximum moment 

LA 
2 

M max = wu · = 66.17 kip · f t 
8 

Moment = “Okay” 
 

Maximum shear 
LA 

Vmax = wu · = 9.453 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LA 
240 
 
LA 
360 

 
= 1.4 in 
 
 
= 0.933 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 
5 · · LA 

4
 2 

8short = 
384 · E · I 

= 0.158 in 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LA 
)  

= 0.627 in 

384 · E · I 
 

8tot = 8short + 8long = 0.786 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W16x26 satisfies all requirements for this preliminary design. 

2 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 

Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Second Floor Joist Area B Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W16x26 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LB = 28 f t All member dimensions are for a W16x26 

 

Dl = 54 psf See load calculations 

 

Ll = 40 psf Proposed use is residential 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 26 plf 
 

I = 301 in 4 
 

Zx = 44.2 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.250 in From AISC Shapes Database 

 

t f = 0.345 in From AISC Shapes Database 

 

bf = 5.50 in From AISC Shapes Database 

 

d = 15.7 in From AISC Shapes Database 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 

Aw = (,d - t f · 2)\ · tw = 3.753 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 165.75 kip · ft 
 

Vall = 0.6 · f y · Aw = 112.575 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.296 klf 
 

wl = t b· Ll = 0.2 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = 675.2 plf 

Maximum moment 

LB 
2 

M max = wu ·  
8 

= 66.17 kip · ft 

Moment = “Okay” 
 

Maximum shear 
LB 

Vmax = wu · = 9.453 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LB 
240 
 
LB 
360 

 
= 1.4 in 
 
 
= 0.933 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 
5 · · LB 

4
 2 

8short = 
384 · E · I 

= 0.158 in 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LB 
)  

= 0.627 in 

384 · E · I 
 

8tot = 8short + 8long = 0.786 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W16x26 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Second Floor Joist Area C Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W12x26 
� LRFD Load combination 2, 1.2D + 

1.6L governs floor gravity loads 
Define Variables 

 

LC = 26 ft All member dimensions are for a W12x26 

 

Dl = 54 psf See load calculations 

 

Ll = 40 psf Proposed use is residential 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 26 plf 
 

I = 204 in 4 
 

Zx = 37.2 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.230 in From AISC Shapes Database 

 

t f = 0.380 in From AISC Shapes Database 

 

bf = 6.49 in From AISC Shapes Database 

 

d = 12.2 in From AISC Shapes Database 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 

Aw = (,d - t f · 2)\ · tw = 2.631 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 139.5 kip · ft 
 

Vall = 0.6 · f y · Aw = 78.936 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.296 klf 
 

wl = t b· Ll = 0.2 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = 675.2 plf 

Maximum moment 

LC 
2 

M max = wu · = 57.054 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LC 

Vmax = wu · = 8.778 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LC 
240 
 
LC 
360 

 
= 1.3 in 
 
 
= 0.867 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 
5 · · LC 

4
 2 

8short = 
384 · E · I 

= 0.174 in 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LC 
)  

= 0.688 in 

384 · E · I 
 

8tot = 8short + 8long = 0.862 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W12x26 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 
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Second Floor Joist Area D1 Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W8x18 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LD1 = 16 ft All member dimensions are for a W8x18 

 

Dl = 54 psf See load calculations 

 

Ll = 40 psf Proposed use is residential 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 18 plf 
 

I = 61.9 in 4 
 

Zx = 17.0 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.230 in From AISC Shapes Database 

 

t f = 0.330 in From AISC Shapes Database 

 

bf = 5.25 in From AISC Shapes Database 

 

d = 8.14 in From AISC Shapes Database 
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Aw = (,d - t f · 2)\ · tw = 1.72 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 63.75 kip · ft 
 

Vall = 0.6 · f y · Aw = 51.612 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.288 klf 
 

wl = t b· Ll = 0.2 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = 665.6 plf 

Maximum moment 
LD1 

2
 

M max = wu · = 21.299 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LD1 

Vmax = wu · = 5.325 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall 

 
 

8Tall 

= 
LD1 = 0.8 in 
240 

 
= 

LD1 = 0.533 in 
360 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

 
Serviceability Calculations 

wl 4 
5 · 

2 
· LD1 

8short = 
384 · E · I 

= 0.082 in 

Short = “Okay” 
( wl \ 4 

8long = 
5 · I 

, 
+ wdi · LD1 

) = 0.319 in 

384 · E · I 

8tot = 8short + 8long = 0.401 in 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W8x18 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 
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Second Floor Joist Area D2 Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W12x26 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LD2 = 24 ft All member dimensions are for a W12x26 

 

Dl = 54 psf See load calculations 

 

Ll = 40 psf Proposed use is residential 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 26 plf 
 

I = 204 in 4 
 

Zx = 37.2 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.230 in From AISC Shapes Database 

 

t f = 0.380 in From AISC Shapes Database 

 

bf = 6.49 in From AISC Shapes Database 

 

d = 12.2 in From AISC Shapes Database 
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Appendix D: Joist Member Sizing 
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Aw = (,d - t f · 2)\ · tw = 2.631 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 139.5 kip · ft 
 

Vall = 0.6 · f y · Aw = 78.936 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.296 klf 
 

wl = t b· Ll = 0.2 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = 675.2 plf 

Maximum moment 
LD2 

2
 

M max = wu · = 48.614 kip · ft 
8 

Moment = “Okay” 
 

Maximum shear 
LD2 

Vmax = wu · = 8.102 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall 

 
 

8Tall 

= 
LD2 = 1.2 in 
240 

 
= 

LD2 = 0.8 in 
360 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 
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Serviceability Calculations 

wl 4 
5 · 

2 
· LD2 

8short = 
384 · E · I 

= 0.126 in 

Short = “Okay” 
( wl \ 4 

8long = 
5 · I 

, 
+ wdi · LD2 

) = 0.5 in 

384 · E · I 

8tot = 8short + 8long = 0.626 in 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W12x26 satisfies all requirements for this preliminary design. 

2 
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Appendix D: Joist Member Sizing 
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Second Floor Joist Area E Analysis 

 
 
 
 
 

Assumptions (if needed) 
 

� Assume W18x35 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
Define Variables 

 

LE = 29 ft All member dimensions are for a W18x35 

 

Dl = 54 psf See load calculations 

 

Ll = 40 psf Proposed use is residential 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

wb = 35 plf 
 

I = 510 in 4 
 

Zx = 66.5 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.300 in From AISC Shapes Database 

 

t f = 0.425 in From AISC Shapes Database 

 

bf = 6.00 in From AISC Shapes Database 

 

d = 17.7 in From AISC Shapes Database 
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Aw = (,d - t f · 2)\ · tw = 5.055 in 2 
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Appendix D: Joist Member Sizing 

CEE:4850 
 

 

Member Strength 
 

M all = 0.9 · f y · Zx = 249.375 kip · ft 
 

Vall = 0.6 · f y · Aw = 151.65 kip 
 

Strength Requirements 
 

wd = t b · Dl + wb = 0.305 klf 
 

wl = t b· Ll = 0.2 klf 
 

wu =max (,1.4 · wd , 1.2 · wd + 1.6 · w l \) = 686 plf 

Maximum moment 

LE 
2 

M max = wu ·  
8 

= 72.116 kip · ft 

Moment = “Okay” 
 

Maximum shear 
LE 

Vmax = wu · = 9.947 kip 
2 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

8Sall = 
 
 

8Tall = 

LE 
240 
 
LE 
360 

 
= 1.45 in 
 
 
= 0.967 in 

 
Short Term Allowable Deflection 

 
 

Total Allowable Deflection 
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Appendix D: Joist Member Sizing 
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Serviceability Calculations 

wl 
c 

5 · 
8 = 2 

· LE 
4
  
= 0.108 in 

short 384 · E · I 

Short = “Okay” 
( wl \ 4 

 
8long = 

5 · I 
, 

+ wdi · LE 
)  

= 0.436 in 

384 · E · I 
 

8tot = 8short + 8long = 0.543 in 
 

Total = “Okay” 
 
 
 
 
 

Design Summary 
 

A W18x35 satisfies all requirements for this preliminary design. 
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First Floor Beam Area A/B Analysis 
 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x68 

Define Variables 
 

L = 19 ft All member dimensions are for a W21x68 
 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

LA = 28 ft Joist length 

 

wb = 36 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 1480 in 4 
 

Zx = 160 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.430 in From AISC Shapes Database 

 

t f = 0.685 in From AISC Shapes Database 

 

bf = 8.27 in From AISC Shapes Database 
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d = 21.1 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 8.484 in 2 
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Calculation of Point Loads 
 

Pd = LA • (\t b • Dl + w b\) = 8.568 kip 

Pl = t b • L l • LA = 14 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 32.682 kip 

 
Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
 
 
 
 
 
 
 
 
 

Member Strength 
 

M all = 0.9 • f y • Zx = 600 kip • f t 
 

Vall = 0.6 • f y • Aw = 254.517 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 

M max = 308.17 kip • ft 
 

Moment = “Okay” 
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Maximum shear 
 
 
 
 
 
 
 
 
 
 
 

Vmax = 73.05 kip 
 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.633 in 

 
Total allowable deflection 

Serviceability Calculations 
 
 
 
 
 
 
 
 

 tot = 0.4573 in 
 

Total = “Okay” 
 
 
 

Design Summary 
 

A W21x68 satisfies all requirements for this preliminary design. 
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First Floor Beam Area C Analysis 
 
 
 
 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

Define Variables 
 

L = 18 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

LC = 26 ft Joist length 

 

wb = 31 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 
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bf = 6.50 in From AISC Shapes Database 

 

d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 
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Calculation of Point Loads 
 

Pd = LC • (\t b • Dl + w b\) = 7.826 kip 

Pl = t b • L l • LC = 13 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 30.191 kip 

 
Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
 
 
 
 
 
 
 
 
 

Member Strength 
 

M all = 0.9 • f y • Zx = 357.75 kip • ft 
 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 

M max = 254.03 kip • ft 
 

Moment = “Okay” 
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Maximum shear 

 
 
 
 
 
 
 
 
 
 
 

Vmax = 50.87 kip 
 

Shear = “Okay” 
 
 
 

Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.6 in 

 
Total allowable deflection 

 
 
 

Serviceability Calculations 
 
 
 
 
 
 
 
 

 tot = 0.5793 in 
 

Total = “Okay” 
 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 

Appendix E: Beam Member Sizing 

CEE:4850 
 

 

First Floor Beam Area D Analysis 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

 
Define Variables 

 

L = 18 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

LD1 = 24 ft Joist length 

 

wb = 26 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 

 

bf = 6.50 in From AISC Shapes Database 
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d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 
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Calculation of Point Loads 
 

Pd = LD1 • (\t b • Dl + w b\) = 7.104 kip 

Pl = t b • L l • LD1 = 12 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 27.725 kip 

 
 
 
 
 
 

Pu • 2 = 55.45 kip 

 
 

Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
 

Member Strength 
 

M all = 0.9 • f y • Zx = 357.75 kip • ft 
 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 
 
 
 

M max = 233.40 kip • ft 
 

Moment = “Okay” 
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Maximum shear 
 
 
 
 
 
 
 
 
 
 
 

Vmax = 46.74 kip 
 

Shear = “Okay” 
 

Allowable Serviceability Deflections 
 

 
 Tall = 

 
L 

360 

 
= 0.6 in 

 
Total allowable deflection 

 
Serviceability Analysis 

 
 
 
 
 
 
 
 

 tot = 0.5325 in 
 

Total = “Okay” 
 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 
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First Floor Beam Area E Analysis 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

 
Define Variables 

 

L = 14 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 100 psf First floor live load for lobby/gathering areas 

 

LE = 24 ft Joist length 

 

wb = 35 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 

 

bf = 6.50 in From AISC Shapes Database 
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d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 
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Calculation of Point Loads 
 

Pd = LE • (\t b • Dl + w b\) = 7.32 kip 

Pl = t b • L l • LE = 12 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 27.984 kip 

Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
Member Strength 

 
M all = 0.9 • f y • Zx = 357.75 kip • ft 

 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 

M max = 131.28 kip • ft 
 

Moment = “Okay” 
 

Maximum shear 
 
 
 
 
 
 
 
 
 
 
 

Vmax = 30.40 kip 
 

Shear = “Okay” 
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Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.467 in 

 
Total allowable deflection 

 
Serviceability Analysis 

 
 
 
 
 
 
 
 

 tot = 0.1890 in 
 

Total = “Okay” 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 
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Second Floor Beam Area A/B Analysis 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

 
Define Variables 

 

L = 19 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 40 psf First floor live load for lobby/gathering areas 

 

LA = 28 ft Joist length 

 

wb = 26 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 

 

bf = 6.50 in From AISC Shapes Database 
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d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 
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Calculation of Point Loads 
 

Pd = LA • (\t b • Dl + w b\) = 8.288 kip 

Pl = t b • L l • LA = 5.6 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 18.906 kip 

 
Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
Member Strength 

 
M all = 0.9 • f y • Zx = 357.75 kip • ft 

 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 

M max = 178.78 kip • ft 
 

Moment = “Okay” 
 
 
 
 
 

Maximum shear 
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Vmax = 42.37 kip 
 

Shear = “Okay” 
 
 
 

Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.633 in 

 
Total allowable deflection 

Serviceability Analysis 
 
 
 
 
 
 
 
 
 
 

 tot = 0.4658 in 
 

Total = “Okay” 
 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 
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Second Floor Beam Area C Analysis 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

 
Define Variables 

 

L = 18 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 40 psf First floor live load for lobby/gathering areas 

 

LC = 26 ft Joist length 

 

wb = 31 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 

 

bf = 6.50 in From AISC Shapes Database 
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d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 
 
 

Calculation of Point Loads 
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Pd = LC • (\t b• Dl + w b\) = 7.826 kip 

Pl = t b • L l • LC = 5.2 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 17.711 kip 

Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
Member Strength 

 
M all = 0.9 • f y • Zx = 357.75 kip • ft 

 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 

M max = 150.03 kip • ft 
 

Moment = “Okay” 
 

Maximum shear 
 
 
 
 
 
 
 
 
 
 
 
 

Vmax = 30.07 kip 
 

Shear = “Okay” 
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Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.6 in 

 
Total allowable deflection 

Serviceability Analysis 
 
 
 
 
 
 
 

 tot = 0.3423 in 
 

Total = “Okay” 
 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 
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Second Floor Beam Area D Analysis 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

 
Define Variables 

 

L = 18 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 40 psf First floor live load for lobby/gathering areas 

 

LD1 = 24 ft Joist length 

 

wb = 26 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 

 

bf = 6.50 in From AISC Shapes Database 
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d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 

Appendix E: Beam Member Sizing 

CEE:4850 
 

 

Calculation of Point Loads 
 

Pd = LD1 • (\t b • Dl + w b\) = 7.104 kip 

Pl = t b • L l • LD1 = 4.8 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 16.205 kip 

 
Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
Member Strength 

 
M all = 0.9 • f y • Zx = 357.75 kip • ft 

 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 

M max = 137.40 kip • ft 
 

Moment = “Okay” 
 

Maximum shear 
 
 
 
 
 
 
 
 
 
 

Vmax = 27.54 kip 
 

Shear = “Okay” 
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Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.6 in 

 
Total allowable deflection 

Serviceability Analysis 
 
 
 
 
 
 
 
 

 tot = 0.3134 in 
 

Total = “Okay” 
 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 
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Second Floor Beam Area E Analysis 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Cold ventilated roof 
� LRFD Load combination 2, 1.2D + 1.6L 

governs floor gravity loads 
� Assume W21x44 

 
Define Variables 

 

L = 14 ft All member dimensions are for a W21x44 
 

Dl = 54 psf See load calculations 

 

Ll = 40 psf First floor live load for lobby/gathering areas 

 

LE = 24 ft Joist length 

 

wb = 35 plf Joist weight from AISC Shapes Database 

 

t b = 5 ft Assumed tributary width for joists 

 

E = 29000 ksi Assumed Modulus of Elasticity of Steel 
 

f y = 50 ksi Yield stress 

 
 

I = 843 in 4 
 

Zx = 95.4 in 3 

From AISC Shapes Database 

From AISC Shapes Database 

tw = 0.350 in From AISC Shapes Database 

 

t f = 0.450 in From AISC Shapes Database 

 

bf = 6.50 in From AISC Shapes Database 
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d = 20.7 in From AISC Shapes Database 
 

Aw = (\d - t f • 2)\ • tw = 6.93 in 2 
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Calculation of Point Loads 
 

Pd = LE • (\t b • Dl + w b\) = 7.32 kip 

Pl = t b • L l • LE = 4.8 kip 
 

Pu =max (\1.4 • Pd , 1.2 • Pd + 1.6 • P l \) = 16.464 kip 

 
Moment, Shear, Deflection analysis performed in ROBOT. Results are 
summarized below. 

 
Member Strength 

 
M all = 0.9 • f y • Zx = 357.75 kip • ft 

 

Vall = 0.6 • f y • Aw = 207.9 kip 
 

Strength Requirements 
 

Maximum moment 
 
 
 
 
 
 
 
 

M max = 77.79 kip • ft 
 

Moment = “Okay” 
 

Maximum shear 
 
 
 
 
 
 
 
 
 
 

Vmax = 24.49 kip 
 

Shear = “Okay” 
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Allowable Serviceability Deflections 
 

 Tall = 
L 

360 

 
= 0.467 in 

 
Total allowable deflection 

Serviceability Analysis 
 
 
 
 
 
 
 
 

 tot = 0.1121 in 
 

Total = “Okay” 
 
 

Design Summary 
 

A W21x44 satisfies all requirements for this preliminary design. 
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Column Analysis Overview 
 

Assumptions (if needed) 
 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 
 
 
 
 

Define Variables 
 

Hr = 26 ft Height of column from foundation to roof 

 

H f = 16 f t Height of column from foundation to second floor 

 

S = 87 psf Peak snow load due to unbalanced loading, see load calculations 
 

Dr = 34 psf Roof dead load from trusses and roof coverings 

 

Df = 60 psf Floor dead load from slab, joists, beams, and misc. 

 

Lr = 20 psf Roof live load, see load calculations 

 

Ll1 = 100 psf First floor live load 

 

Ll2 = 40 psf Second floor live load 

 

W = 9.6 psf Worst case wind load on roof 
 

Wu =- 26 psf Worst case wind uplift on roof 

 

Note: Column loads will be calculated from each columns respective tributary area. 
 

F1 =max (,1.4 • Df , 1.2 • Df + 1.6 • L l1\) = 232 psf 
 

F2 =max (,1.4 • Df , 1.2 • Df + 1.6 • L l2\) = 136 psf Fr = max (,0.9 • Dr + 1 • Wu\) = 4.6 psf 
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Fr = max (,1.4 • Dr , 1.2 • Dr + 0.5 • S , 1.2 • Dr + 1.6 • S + 0.5 • W , 1.2 • Dr + 1 • W + 0.5 • S , 0.9 • Dr + 1 • Wu)\ = 184.8 psf 

 
LRFD Load combination 3 governs for the roof loads 
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Column B3 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

q = 1.5 ksf Assumed Bearing Pressure 
First Floor Load 

 
drf = 26 ft Distance away from next column to the right in plan view 

 
dlf = 0 ft Distance away from next column to the left in plan view 

duf = 0 ft Distance away from next column above in plan view 
 

ddf = 18 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
T = + • + = 117 ft 2 

Af I 
2 2 

I I 
2 2 

I 
, ) , ) 

 
Pu1 = F1 • TAf = 27.144 kip 

Second Floor Load 
 

Pu2 = F2 • TAf = 15.912 kip 
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, 

Roof Load 
 

drr = 26 ft Distance away from next column to the right in plan view 

 

dlr = 0 ft Distance away from next column to the left in plan view 

 

dur = 0 ft Distance away from next column above in plan view 

 

ddr = 18 ft Distance away from next column below in plan view 

 
( drr dlr \ ( dur ddr \ 2 

TAr =I + I • I + I= 117 f t 
, 2 2 ) , 2 2 ) 

Pur = Fr • TAr = 21.622 kip 

Strength Requirements 

( Pu1 + Pu2 + Pur \ P =ceil 
u 

I 
kip 

I kip = 65 kip 
) 

Member Strength 

H = 26 ft HSS 6 x 6 x 5/16 

¢cPn = 79.6 kip 
Pu 

U = 
¢cPn 

• 100 = 81.658 Percent strength of column utilized 

Design Summary 

An HSS 6 x 6 x 5/16 for column B3 satisfies this preliminary design 

Footing Design: 
Pu 

A = = 43.333 ft 2 
q 

L = A = 6.583 ft 

Use 7 ft square footing 
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Column B5 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 16 ft Distance away from next column to the right in plan view 
 

dlf = 26 ft Distance away from next column to the left in plan view 
 

duf = 0 ft Distance away from next column above in plan view 
 

ddf = 18 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 189 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 43.848 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 25.704 kip 
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view 

Roof Load 
 
drr =I if Tr  =1  = 16 ft Distance away from next column to the right in plan view 

I I I I drf I else I I 
I dlr =I if Tr =1  = 26 ft I I 0 ft I I I I dlf 

I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if Tr =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Tr =1  = 18 ft I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 189 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 34.927 kip 

Strength Requirements Pur = 34.927 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 105 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7x 7 x 5/16 

¢cPn = 130 kip 
Pu 

U = • 100 = 80.769 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 5/16 for column B5 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 70 ft 2 
q 

L = A = 8.367 ft 
 

Use 8.5 ft square footing 
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Column B7 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 23 ft Distance away from next column to the right in plan view 
 

dlf = 16 ft Distance away from next column to the left in plan view 
 

duf = 0 ft Distance away from next column above in plan view 
 

ddf = 18 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 175.5 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 40.716 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 23.868 kip 
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view 

Roof Load Kr = 0 1 for roof bearing with no floor columns around, 
0 for non-roof bearing 

drr =I if Kr  =1  = 24 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 16 ft I I 24 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 16 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 31 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 31 f t 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 310 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 57.288 kip 

Strength Requirements Pur = 57.288 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 122 kip 

, ) 
 

Member Strength 
 

H = 26 ft 

¢cPn = 156 kip 
Pu 

U = • 100 = 78.205 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 8 x 8 x 1/4 for column B7 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 81.333 ft 2 
q 

L = A = 9.018 ft 
 

Use 9.5 ft square footing 
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Column B8 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 0 ft Distance away from next column to the right in plan view 
 

dlf = 23 ft Distance away from next column to the left in plan view 
 

duf = 0 ft Distance away from next column above in plan view 
 

ddf = 18 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 103.5 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 24.012 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 14.076 kip 
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view 

Roof Load Kr = 0 1 for roof bearing with no floor columns around, 
0 for roof bearing with floor columns around 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 23 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 23 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 31 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 31 f t 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 178.25 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 32.941 kip 

Strength Requirements Pur = 32.941 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 72 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 5/16 

¢cPn = 130 kip 
Pu 

U = • 100 = 55.385 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 5/16 for column B8 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 48 ft 2 
q 

L = A = 6.928 ft 
 

Use 7 ft square column 
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Column C3 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 26 ft Distance away from next column to the right in plan view 
 

dlf = 0 ft Distance away from next column to the left in plan view 
 

duf = 13 ft Distance away from next column above in plan view 
 

ddf = 18 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 201.5 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 46.748 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 27.404 kip 
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view 

Roof Load Kr = 1 1 for roof bearing with no floor columns around, 
0 for roof bearing with floor columns around 

drr =I if Kr  =1  = 26 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 13 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 18 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 201.5 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 37.237 kip 

Strength Requirements Pur = 37.237 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 112 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 5/16 

¢cPn = 130 kip 
Pu 

U = • 100 = 86.154 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 5/16 for column C3 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 74.667 ft 2 
q 

L = A = 8.641 ft 
 

Use 9 ft square footing 
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Column C5 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 16 ft Distance away from next column to the right in plan view 
 

dlf = 26 ft Distance away from next column to the left in plan view 
 

duf = 18 ft Distance away from next column above in plan view 
 

ddf = 13 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 325.5 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 75.516 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 44.268 kip 
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view 

Roof Load Kr = 0 1 for roof bearing with no floor columns around, 
0 for roof bearing with floor columns around 

drr =I if Kr  =1  = 16 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 26 ft I I 16 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 26 ft I 

dur =I if K r =1  = 18 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 13 f t I 

I I I d I I 18 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 13 f t 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 325.5 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 60.152 kip 

Strength Requirements Pur = 60.152 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 180 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 9 x 9 x 1/4 

¢cPn = 206 kip 
Pu 

U = • 100 = 87.379 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 9 x 9 x 1/4 for column C5 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 120 ft 2 
q 

L = A = 10.954 ft 
 

Use 11 ft square footing 
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Column C7 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 0 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 16 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 23 ft Distance away from next column to the right in plan view 
 

dlf = 0 ft Distance away from next column to the left in plan view 
 

duf = 18 ft Distance away from next column above in plan view 
 

ddf = 13 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 178.25 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 41.354 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 24.242 kip 
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view 

Roof Load Kr = 0 1 for roof bearing with no floor columns around, 
0 for roof bearing with floor columns around 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 0 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 0 kip 

Strength Requirements Pur = 0 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 66 kip 

, ) 
 

Member Strength 
 

H = 16 ft HSS 5 x 5 x 1/4 

¢cPn = 93.8 kip 
Pu 

U = • 100 = 70.362 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column C7 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 44 ft 2 
q 

L = A = 6.633 ft 
 

Use 7 ft square footing 
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Column C8 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 0 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 16 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 0 ft Distance away from next column to the right in plan view 
 

dlf = 24 ft Distance away from next column to the left in plan view 
 

duf = 18 ft Distance away from next column above in plan view 
 

ddf = 13 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 186 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 43.152 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 25.296 kip 
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view 

Roof Load Kr = 0 1 for roof bearing with no floor columns around, 
0 for roof bearing with floor columns around 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 0 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 0 kip 

Strength Requirements Pur = 0 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 69 kip 

, ) 
 

Member Strength 
 

H = 16 ft HSS 5 x 5 x 1/4 

¢cPn = 93.8 kip 
Pu 

U = • 100 = 73.561 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column C8 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 46 ft 2 
q 

L = A = 6.782 ft 
 

Use 7 ft square footing 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 
Appendix F: Column Member Sizing 

CEE:4850 
 

 

 

Column D2 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 13 ft Distance away from next column to the right in plan view 
 

dlf = 0 ft Distance away from next column to the left in plan view 
 

duf = 0 ft Distance away from next column above in plan view 
 

ddf = 20 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 65 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 15.08 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 8.84 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 13 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 13 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 33 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 33 f t 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 107.25 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 19.82 kip 

Strength Requirements Pur = 19.82 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 44 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 6 x 6 x 5/16 

¢cPn = 79.6 kip 
Pu 

U = • 100 = 55.276 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 6 x 6 x 5/16 for column D2 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 29.333 ft 2 
q 

L = A = 5.416 ft 
 

Use 5.5 ft square footing 
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Column D3 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 15 ft Distance away from next column to the right in plan view 
 

dlf = 13 ft Distance away from next column to the left in plan view 
 

duf = 13 ft Distance away from next column above in plan view 
 

ddf = 19 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ ( duf dlf \ 
TAf =I + I • I + I - I • I= 181.75 f t 2 2 2 2 2 2 2 

, ) , ) , ) 
 

Pu1 = F1 • TAf = 42.166 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 24.718 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 15 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 15 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 13 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ ( ddr dlr \ 
TAr =I + I • I + I - I • I= 48.75 ft 2 

, 2 2 ) , 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 9.009 kip 

Strength Requirements Pur = 9.009 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 76 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 5/16 

¢cPn = 130 kip 
Pu 

U = • 100 = 58.462 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 5/16 for column D3 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 50.667 ft 2 
q 

L = A = 7.118 ft 
 

Use 7.5 ft square footing 
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Column D4 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 12 ft Distance away from next column to the right in plan view 
 

dlf = 15 ft Distance away from next column to the left in plan view 
 

duf = 13 ft Distance away from next column above in plan view 
 

ddf = 19 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 216 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 50.112 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 29.376 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 12 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 15 ft I I 12 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 15 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 19 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 19 f t 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 128.25 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 23.701 kip 

Strength Requirements Pur = 23.701 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 104 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 5/16 

¢cPn = 130 kip 
Pu 

U = • 100 = 80 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 5/16 for column D4 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 69.333 ft 2 
q 

L = A = 8.327 ft 
 

Use 8.5 ft square footing 
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Column D5 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 16 ft Distance away from next column to the right in plan view 
 

dlf = 12 ft Distance away from next column to the left in plan view 
 

duf = 13 ft Distance away from next column above in plan view 
 

ddf = 19 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 224 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 51.968 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 30.464 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 16 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 12 ft I I 16 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 12 ft I 

dur =I if K r =1  = 13 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 19 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 19 f t 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 224 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 41.395 kip 

Strength Requirements Pur = 41.395 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 124 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 8 x 8 x 1/4 

¢cPn = 156 kip 
Pu 

U = • 100 = 79.487 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 8 x 8 x 1/4 for column D5 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 82.667 ft 2 
q 

L = A = 9.092 ft 
 

Use 9.5 ft square footing 
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Column D7 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 24 ft Distance away from next column to the right in plan view 
 

dlf = 16 ft Distance away from next column to the left in plan view 
 

duf = 13 ft Distance away from next column above in plan view 
 

ddf = 19 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ ( ddf drf \ 
TAf =I + I • I + I - I • I= 206 ft 2 2 2 2 2 2 2 

, ) , ) , ) 
 

Pu1 = F1 • TAf = 47.792 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 28.016 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 24 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 16 ft I I 16 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 12 ft I 

dur =I if K r =1  = 13 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 19 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ ( ddr drr \ 
TAr =I + I • I + I - I • I= 206 ft 2 

, 2 2 ) , 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 38.069 kip 

Strength Requirements Pur = 38.069 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 114 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 8 x 8 x 1/4 

¢cPn = 156 kip 
Pu 

U = • 100 = 73.077 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 8 x 8 x 1/4 for column D7 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 76 ft 2 
q 

L = A = 8.718 ft 
 

Use 9 ft square footing 
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Column D8 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 0 ft Distance away from next column to the right in plan view 
 

dlf = 24 ft Distance away from next column to the left in plan view 
 

duf = 13 ft Distance away from next column above in plan view 
 

ddf = 0 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 78 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 18.096 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 10.608 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 24 ft I I 16 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 12 ft I 

dur =I if K r =1  = 13 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 78 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 14.414 kip 

Strength Requirements Pur = 14.414 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 44 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 6 x 6 x 5/16 

¢cPn = 79.6 kip 
Pu 

U = • 100 = 55.276 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 6 x 6 x 5/16 for column D8 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 29.333 ft 2 
q 

L = A = 5.416 ft 
 

Use 5.5 ft square footing 
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Column E2 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 0 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 16 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 13 ft Distance away from next column to the right in plan view 
 

dlf = 0 ft Distance away from next column to the left in plan view 
 

duf = 19 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 107.25 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 24.882 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 14.586 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 0 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 0 kip 

Strength Requirements Pur = 0 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 40 kip 

, ) 
 

Member Strength 
 

H = 16 ft HSS 4 x 4 x 5/16 

¢cPn = 55.8 kip 
Pu 

U = • 100 = 71.685 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 4 x 4 x 5/16 for column E2 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 26.667 ft 2 
q 

L = A = 5.164 ft 
 

Use 5.5 ft square footing 
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Column E4 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 0 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 16 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 12 ft Distance away from next column to the right in plan view 
 

dlf = 15 ft Distance away from next column to the left in plan view 
 

duf = 19 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 222.75 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 51.678 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 30.294 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 0 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 0 kip 

Strength Requirements Pur = 0 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 82 kip 

, ) 
 

Member Strength 
 

H = 16 ft HSS 5 x 5 x 1/4 

¢cPn = 93.8 kip 
Pu 

U = • 100 = 87.42 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column E4 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 54.667 ft 2 
q 

L = A = 7.394 ft 
 

Use 7.5 ft square footing 
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Column E7 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 0 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 16 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 0 ft Distance away from next column to the right in plan view 
 

dlf = 16 ft Distance away from next column to the left in plan view 
 

duf = 19 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 132 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 30.624 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 17.952 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 0 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 0 kip 

Strength Requirements Pur = 0 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 49 kip 

, ) 
 

Member Strength 
 

H = 16 ft HSS 4 x 4 x 5/16 

¢cPn = 55.8 kip 
Pu 

U = • 100 = 87.814 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 4 x 4 x 5/16 for column E7 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 32.667 ft 2 
q 

L = A = 5.715 ft 
 

Use 6 ft square footing 
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Column F2 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 13 ft Distance away from next column to the right in plan view 
 

dlf = 0 ft Distance away from next column to the left in plan view 
 

duf = 14 ft Distance away from next column above in plan view 
 

ddf = 0 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 45.5 f t 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 10.556 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 6.188 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 13 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 14 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 45.5 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 8.408 kip 

Strength Requirements Pur = 8.408 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 26 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 5 x 5 x 1/4 

¢cPn = 37.2 kip 
Pu 

U = • 100 = 69.892 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column F2 satisfies this preliminary design 

 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 
Appendix F: Column Member Sizing 

CEE:4850 
 

 

Footing Design: 
Pu 

A = = 17.333 ft 2 
q 

L = A = 4.163 ft 
 

Use 4.5 ft square footing 
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Column F3 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 15 ft Distance away from next column to the right in plan view 
 

dlf = 13 ft Distance away from next column to the left in plan view 
 

duf = 14 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ ( ddf dlf \ 
TAf =I + I • I + I - I • I= 150.5 ft 2 2 2 2 2 2 2 

, ) , ) , ) 
 

Pu1 = F1 • TAf = 34.916 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 20.468 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 15 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 13 ft I I 15 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 14 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 14 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ ( ddr dlr \ 
TAr =I + I • I + I - I • I= 150.5 ft 2 

, 2 2 ) , 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 27.812 kip 

Strength Requirements Pur = 27.812 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 84 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 1/4 

¢cPn = 108 kip 
Pu 

U = • 100 = 77.778 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 1/4 for column F3 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 56 ft 2 
q 

L = A = 7.483 ft 
 

Use 7.5 ft square footing 
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Column F4 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 15 ft Distance away from next column to the right in plan view 
 

dlf = 15 ft Distance away from next column to the left in plan view 
 

duf = 14 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 210 ft 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 48.72 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 28.56 kip 
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view 

Roof Load Kr = 0 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 15 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 15 ft I I 15 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 15 ft I 

dur =I if K r =1  = 14 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 14 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 105 f t 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 19.404 kip 

Strength Requirements Pur = 19.404 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 97 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 1/4 

¢cPn = 108 kip 
Pu 

U = • 100 = 89.815 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 1/4 for column F4 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 64.667 ft 2 
q 

L = A = 8.042 ft 
 

Use 8.5 ft square footing 
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Column F6 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 13 ft Distance away from next column to the right in plan view 
 

dlf = 16 ft Distance away from next column to the left in plan view 
 

duf = 14 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ ( ddf drf \ 
TAf =I + I • I + I - I • I= 157.5 ft 2 2 2 2 2 2 2 

, ) , ) , ) 
 

Pu1 = F1 • TAf = 36.54 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 21.42 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 13 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 16 ft I I 16 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 12 ft I 

dur =I if K r =1  = 14 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 14 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ ( ddr drr \ 
TAr =I + I • I + I - I • I= 157.5 f t 2 

, 2 2 ) , 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 29.106 kip 

Strength Requirements Pur = 29.106 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 88 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 7 x 7 x 1/4 

¢cPn = 108 kip 
Pu 

U = • 100 = 81.481 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 7 x 7 x 1/4 for column F6 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 58.667 ft 2 
q 

L = A = 7.659 ft 
 

Use 8 ft square footing 



Fall 2022 University of Iowa Civil Engineering Senior Design 
Old Stone School City of Lansing, IA 
Appendix F: Column Member Sizing 

CEE:4850 
 

 

 

Column F7 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 0 ft Distance away from next column to the right in plan view 
 

dlf = 13 ft Distance away from next column to the left in plan view 
 

duf = 14 ft Distance away from next column above in plan view 
 

ddf = 0 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 45.5 f t 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 10.556 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 6.188 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 13 ft I I 16 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 12 ft I 

dur =I if K r =1  = 14 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 13 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 45.5 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 8.408 kip 

Strength Requirements Pur = 8.408 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 26 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 5 x 5 x 1/4 

¢cPn = 37.2 kip 
Pu 

U = • 100 = 69.892 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column F7 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 17.333 ft 2 
q 

L = A = 4.163 ft 
 

Use 4.5 ft square footing 
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Column G3 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 15 ft Distance away from next column to the right in plan view 
 

dlf = 0 ft Distance away from next column to the left in plan view 
 

duf = 14 ft Distance away from next column above in plan view 
 

ddf = 0 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 52.5 f t 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 12.18 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 7.14 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 15 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 0 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 14 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 0 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 52.5 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 9.702 kip 

Strength Requirements Pur = 9.702 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 30 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 5 x 5 x 1/4 

¢cPn = 37.2 kip 
Pu 

U = • 100 = 80.645 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column G3 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 20 ft 2 
q 

L = A = 4.472 ft 
 

Use 4.5 ft square footing 
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Column G6 Analysis 

Assumptions (if needed) 

� Risk factor IV 
� Foundation to Roof 26' 
� Foundation to 2nd floor 16' 

 
 
 

Define Variables 

Tr = 1 1 for roof bearing, 0 for non-roof bearing 

H =I if Tr =0  = 26 ft 
I I I I Hf I else 
I I I I Hr 
I 

First Floor Load 

drf = 0 ft Distance away from next column to the right in plan view 
 

dlf = 15 ft Distance away from next column to the left in plan view 
 

duf = 0 ft Distance away from next column above in plan view 
 

ddf = 14 f t Distance away from next column below in plan view 
 

( drf dlf \ ( duf ddf \ 
TAf =I + I • I + I= 52.5 f t 2 2 2 2 2 

, ) , ) 
 

Pu1 = F1 • TAf = 12.18 kip 
 

Second Floor Load 
 

Pu2 = F2 • TAf = 7.14 kip 
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view 

Roof Load Kr = 1 1 matching, 0 for non-matching 

drr =I if Kr  =1  = 0 ft Distance away from next column to the right in plan view 
I I I I drf I else I I 

I dlr =I if Kr =1  = 15 ft I I 0 ft I I I I dlf 
I else Distance away from next column to the left in plan 
I I I I 0 ft I 

dur =I if K r =1  = 0 ft Distance away from next column above in plan view 
I I I I duf I I else ddr =I if Kr =1  = 14 f t I 

I I I d I I 0 ft I I  df 
Distance away from next column below in plan view I 

I else 
I I 0 ft 
I I 

( drr dlr \ ( dur ddr \ 
TAr =I + I • I + I= 52.5 ft 2 

, 2 2 ) , 2 2 ) 

 
Pur = Fr • TAr = 9.702 kip 

Strength Requirements Pur = 9.702 kip 
 

( Pu1 + Pu2 + Pur \ 
Pu =ceil I 

kip 
I kip = 30 kip 

, ) 
 

Member Strength 
 

H = 26 ft HSS 5 x 5 x 1/4 

¢cPn = 37.2 kip 
Pu 

U = • 100 = 80.645 Percent strength of column utilized 
¢cPn 

Design Summary 
 

An HSS 5 x 5 x 1/4 for column G6 satisfies this preliminary design 
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Footing Design: 
Pu 

A = = 20 ft 2 
q 

L = A = 4.472 ft 
 

Use 4.5 ft square footing 
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Truss Manufacturing Design 
 

Truss design to be performed by cold roll steel truss 
manufacturer. Designs should be completed for a risk 
category IV building with the following load, span, and 
truss dimensions. 
Area A Truss Requirements 

 

H = 11 ft Truss height is 11 ft. 
 

Length = 37 ft Truss 2 be designed for a 33 ft. span including a 2 ft. overhang on either side. 
 

S = 87 psf Truss to be designed for this snow loading. 
 

D = 34 psf Truss to be designed for this superimposed dead load. 
 

W = 10 psf Truss to be designed for this wind load. 
 

Wu =- 26 psf Truss to be designed for this wind uplift. 

 

Area B Truss Requirements 
 

H = 11 ft Truss height is 11 ft. 
 

Length = 37 ft Truss 2 be designed for a 33 ft. span including a 2 ft. overhang on either side. 
 

S = 87 psf Truss to be designed for this snow loading. 
 

D = 34 psf Truss to be designed for this superimposed dead load. 
 

W = 10 psf Truss to be designed for this wind load. 
 

Wu =- 26 psf Truss to be designed for this wind uplift. 
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Area C Truss Requirements 
 

H = 11 ft Truss height is 11 ft. 
 

Length = 26 ft Truss 2 be designed for a 30 ft. span including a 2 ft. overhang on either side. 
 

S = 87 psf Truss to be designed for this snow loading. 
 

D = 34 psf Truss to be designed for this superimposed dead load. 
 

W = 10 psf Truss to be designed for this wind load. 
 

Wu =- 26 psf Truss to be designed for this wind uplift. 

 

Area D Truss Requirements 
 

H = 11 ft Truss height is 11 ft. 
 

Length = 35 ft Truss 2 be designed for a 31 ft. span including a 2 ft. overhang on either side. 
 

S = 87 psf Truss to be designed for this snow loading. 
 

D = 34 psf Truss to be designed for this superimposed dead load. 
 

W = 10 psf Truss to be designed for this wind load. 
 

Wu =- 26 psf Truss to be designed for this wind uplift. 

 

Area E Truss Requirements 
 

H = 11 ft Truss height is 11 ft. 
 

Length = 33 ft Truss 2 be designed for a 29 ft. span including a 2 ft. overhang on either side. 
 

S = 87 psf Truss to be designed for this snow loading. 
 

D = 34 psf Truss to be designed for this superimposed dead load. 
 

W = 10 psf Truss to be designed for this wind load. 
 

Wu =- 26 psf Truss to be designed for this wind uplift. 
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Isolated Footings Check: (Check for Largest Footing Size) 
 

Footing Size: Column Size Column Load: Assumptions: 
B = 11 ft Bcol = 9 in Pc = 180 kip qu = 1.5 ksf 
H = 11 ft ')'con = 150 pcf 
t f = 2.5 ft f ' c = 4000 psi 
h = t f f y = 60 ksi 

cc = 3 in 
Db= 1.128 in 

Compute Effective Depth: 
d = h - cc - Db = 25.872 in 

 
Bearing Pressure: 

qu = 1.5 ksf 

Check One Way Shear: 
( B - Bcol \ 

VuOneWay = qu • B • 
2 

- d\ = 48.989 kip 
\ ) 

¢ VcOneWay = 0.75 • (2 • 1 • f ' • psi • B • d\ = 323.985 kip 
\ c ) 

 
Check =I if ¢ VcOneWay > VuOneWay 

I I I Ireturn “Okay” I else 
I I I Ireturn “Fail” I 

 
Check = “Okay” 
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Check Punching Shear: 

V = q • (B 2 - (B + d\
2 \ = 168.833 kip 

uPunching u \ \  col ) ) 
 

,6 = 1 as= 20 bo = 2 • (\B col + d\) + 2 • (\B col + d\) = 11.624 ft 

 
( ( 4 \ ( as• d \\ 

¢ VcPunching = 0.75 • min 4 , 2 + 
,6 \

, 2 + 
b 

\\• 1 • f ' c • psi • bo • d = 684.728 kip 
\ \ ) \ o  )) 

Check =I if ¢ VcPunching > VuPunching 
I I I Ireturn “Okay” I else 
I I I Ireturn “Fail” I 

 
Check = “Okay” 

 
Check Bending Moment: 

( B - Bcol \ ( B - Bcol \ 
M u = qu • B • 

2 
\ • 

4 
\ = 216.691 kip • ft Moment Required 

\ ) \ ) 
Steel Required: 

pmin = 0.0018 

Asreq = pmin • B • h = 7.128 in 2 
 

Provided Steel: Provide 8 # 9 Rebar 
 

As= 8 • 1 in 2 = 8 in 2 
 

Bar Spacing: 
BarSpacemax = min (3 • h , 18 in) = 18 in 

BarSpace = B = 33 in Space Rebar the max 18in 
4 

Flexural strength of single reinforced rectangular section: 
depth = h = 2.5 ft As = 8 in 2 

Db y  = c + = 3.564 in b= B = 11 ft 
s1 c 2 

dt = depth - ys1 = 0.671 m ,61 = 0.85 
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,61 • 0.85 • f ' c • b 3 • dt 
As= • = 63.03 in 2 

f y 8 
 

Depth of Concrete Compression Block: 

As• f y 
a = = 8.426 in 

0.85 • f ' c • b 

¢ M = 0.9 • 
( 

• f • 
(
d - a \\ = (\6.143 • 103 \) kip • ft 

n  As y 2 \\ \ \ )) 
 

Check =I if ¢ Mn > M u 
I I I Ireturn “Okay” I else 
I I I Ireturn “Fail” I 

 
Check = “Okay” 
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Area = 76177 - ft 2 = 1.749 acre 

 
To determine the rainfall intensity i, time of concentration must be found 

 
The method to determine the time of concentration is the NRCS velocity method is used. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Apre.dev.impervious = 41892 ft 2 = 0.962 acre 
Apre.dev.pervious = Area - Apre.dev.impervious = 0.787 acre 
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The recurrence interval selected for calculation is a 10 year storm event 
 
 

Copen.space =.35 
Cimpervious =.90 

10 year recurrence interval, hydrologic soil group D 
10 year recurrence interval, hydrologic soil group D 

 
Cpre.dev = 

(\.Apre.dev.impervious - Cimpervious )\ + (\.Apre.dev.pervious - Copen.space\) = 0.652 
Area 

Apost.dev.impervious = 45782 ft 2 = 1.051 acre Apost.dev.pervious = Area - Apost.dev.impervious 

 
 

Cpost.dev = 
(\.Apost.dev.i mpervious - Cimpervious \) + (\.Apost.dev.per vious - Copen .space\) = 0.681 

Area 

Shallow concentrated flow (along gutters) 
 

L = 501 - ft 

S =.0245 - ft 
ft 

Length of longest flow path 
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Figure C3-S3-1 indicates that the average velovity is 3.2 ft/s 

V = 3.2 ft 
s 

T = L = 0.043 hr 
t V Tc = Tt = 0.043 hr Tc = 2.609 min Tc = 156.563 s 

 

Watershed time of concentration remains the same between post development and 
pre development 
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I 

I 

 
 

i 5min 
= 7.86 in 

hr 
i 10min 

= 4.94 in 
hr 

 
 

(\.i 5min - 

 
 
i 10min )\ in 

i 2.61min = i 10min + (2.61 min - 10 min ) - 
5 min - 10 min 

= 9.256 
hr 

i pre.dev = i 2.61min 
= 9.256 in 

hr 

i post.dev = i 2.61min 

( 
= 9.256 in 

hr i pre.dev 

 
Area \ 

 
 

f t 3 

 
 

ft 3 

Q10yr pre.dev =ICpre.dev - 
I in 
\. hr 

- 
acre 

I-
 

) 

= 10.561 
s s 

( 
Q10yr post.dev =ICpost.dev - 

I 
\. 

i post.dev 

in 
hr 

Area \ 
- 

acre 
I-

 
) 

ft 3 
s 

 
= 11.016 ft 3 

s 

 
PercentChange = Q10yr post.dev - Q10yr pre.dev 

 
= 4.305% 

Q10yr pre.dev 

 
Development does not have significant effect on the existing storm structure, 
no additional storm structures are needed during site development. 



 

 

Appendix J: Gantt Chart 
 

 
 
 
 



 

 

- 

15 Oct 16 Oct - 22 Oct 23 Oct - 29 Oct 30 Oct - 05 Nov 06 Nov-12 Nov 

13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31 2 3 4 5 6 7 8 9  10  11  12  13 

 
 

 
 
 
 

 
 
 
 
 
 
 

Client 
 

 
 
 
 
 
 
 

13 Nov - 19 Nov 20 Nov - 26 Nov 27 Nov - 03 Dec 
 

12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30 3 4 

04 Dec - 10 Dec 
 

5 6 7 8 9  10  11  12 

 
 
 
 
 
 
 
 
 
 
 
 

Prepare Construction Documents 
 

Finalize Project Draft 
 

- Project Presentation Rehearsal 
 

• Project Presentation 
 

Finalize Project 
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