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1. Team Information 
 
1.1 Team Name 
 
Our team name is Undergraduate Engineering & Preservation (U.E.P.). The team name focuses 
on who we are and the type of work we provide. 
 
1.2 Team Members 
 
Ali Almutairi is a senior at Oklahoma State University in civil engineering and graduating in 
May of 2022. He will be working for Kuwait Ministry of Electricity and Water. His previous 
experience as an undergraduate student are in steel design, structural analysis and concrete.    
 
Frances Boyd is a senior civil engineering student at Oklahoma State University. After 
graduation, she will begin her career working remotely for Olsson, Inc. She has five years of 
work experience from two previous internships - one as a general civil intern and one as a 
landscape architect technician. Both internships have contributed to proficiency in AutoCAD 
Civil 3D, grading design, and other general land development design. 
 
Gracie Fink is a senior at Oklahoma State University. After graduation she will start her career 
working for POWER Engineers in their Fort Worth office. She completed two internships with 
POWER Engineers where she helped design multiple overhead transmission lines. She is 
proficient in PLS-CADD and has professional experience working in a collaborative team 
setting. 
 
Justin Hoppe is a senior in civil engineering at Oklahoma State University graduating in May of 
2022, and will be working with Tanner Consulting in Tulsa. He has previous experience as an 
undergraduate researcher working with steel connections, which has given more insight into 
structural design. On top of structural design, he has other interests in geotechnics. Some of the 
skills he has are being concise while thinking and not stopping until the task is done. 
 
 
1.3 Team Contact Information 
  
Ali Almutairi 
Phone: 405-404-1043 
Email: alialmu@okstate.edu 
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Frances Boyd 
Phone: 417-619-8436 
Email: frances.boyd@okstate.edu  
 
Justin Hoppe 
Phone: 405-919-3210 
Email: justin.hoppe@okstate.edu 
 
Gracie Fink 
Phone: 620-440-7665 
Email: mary.g.fink@okstate.edu  
 
 
1.4 Vision and Management Philosophy 
 
Our team operated in a manner that was inclusive and encouraging to all team members. 
Through continuous communication with the Oklahoma State history department, we have 
provided our client with an optimal design while maintaining the historical importance of the 
site. As a team, we were open to all ideas and supported one another in achieving deadlines 
throughout the project. All team members filled their designated role while also contributing to 
brainstorming and technical work. In preparation for the team being affected by the ongoing 
pandemic, we established a system to create a video call with any team member who was unable 
to attend class in person to keep all members informed and involved in the daily work taking 
place. 
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2. Project Proposal 
 
2.1 Project Description 
 
The Carter G. Woodson school in Tullahassee, Oklahoma is a historical building with a cultural 
significance to the community. After an unfortunate fire in 2012, a large portion of the school 
was burned to a point beyond immediate repair. Despite the damage, the school has potential for 
preservation or even restoration on the remaining structure to protect the significance of the 
building to the community. 
 
 
2.2 Team Project Proposal 
 
The proposal focused on preserving the historical aspects of the remaining structure of the Carter 
G. Woodson school in Tullahassee, Oklahoma. The team met with history faculty member Dr. 
Laura Arata and the Mayor of Tullahassee, Ms. Keisha Currin, to get a preliminary 
understanding of the project design goals and constraints. A variety of ideas were discussed with 
the client during the meeting. After considering benefit vs. cost, the team put together four 
alternatives varying in levels of design and cost. Each of the alternatives included a base steel 
structure and some restoration of the existing structure. The client was able to review and 
compare the four alternatives to choose the one that best fit her needs. The direction of this 
project has ultimately been up to the client and the community of Tullahassee in collaboration 
with the OSU History Department. 
 
 
2.3 Client Contact Information 
 
Keisha Currin | Mayor 
Email: tullahasseeok@gmail.com 
 
Dr. Laura Arata 
Email: larata@okstate.edu 
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3. Applicable Codes & Standards 
 

● Wagoner County Building Permit Requirements 
○ https://www.ok.gov/wagonercounty/documents/Building%20Permit%20Req

uirements.pdf 
● Oklahoma Historic Preservation Standards and Guidelines 

○ https://omes.ok.gov/sites/g/files/gmc316/f/HPStandardsGuidelines.pdf  
● American Society of Civil Engineers 7-16 (ASCE) 

○ https://ascelibrary.org/doi/book/10.1061/9780784414248 
● International Building Code (IBC) 

○ https://www.ok.gov/oubcc/documents/2021%2009%2014%20IBC%202018
%20Permanent%20Rule.pdf  

● International Existing Building Code (IEBC) 
○ https://www.ok.gov/oubcc/documents/2021%2009%2014%20IEBC%202018

%20Permanent%20Rule.pdf  
● International Fire Code (IFC) 

○ https://www.ok.gov/oubcc/documents/2021%2009%2014%20Permanent%20
Rule%20IFC%202018.pdf  

● Americans with Disabilities Act (ADA)) 
○ https://www.ok.gov/odc/documents/SmallTownADA.pd 

 
 
 
 
 
 
  

https://www.ok.gov/wagonercounty/documents/Building%20Permit%20Requirements.pdf
https://www.ok.gov/wagonercounty/documents/Building%20Permit%20Requirements.pdf
https://omes.ok.gov/sites/g/files/gmc316/f/HPStandardsGuidelines.pdf
https://ascelibrary.org/doi/book/10.1061/9780784414248
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IEBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IEBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20Permanent%20Rule%20IFC%202018.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20Permanent%20Rule%20IFC%202018.pdf
https://www.ok.gov/odc/documents/SmallTownADA.pdf
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4. Project Constraints 
 
After meeting with the client and visiting the project site, six constraints for the project design 
were identified and have been detailed below. The constraints kept the project within its physical 
means while still considering the desired results of the community. 
 

A. Existing structure must remain intact as requested by the client to maintain exterior 
appearance. The final design of the exterior should look as close to possible as the 
original exterior of the structure. Residents hope to pass the school on to future 
generations and would like to see the school as they once did when they were children. 
 

B. Provide protection for the existing structure by using a steel structure to support the 
existing walls. The steel structure will be designed from the interior of the school to 
support the roof load without depending on the existing school walls. Furthermore, the 
design of this steel structure will meet all codes and standards. 
  

C. Develop a range of projects that meet different budget requirements, and offer the client 
several alternatives at different cost levels to fit the best option for their budget. The 
remains of the school have been reviewed by an engineer recently who concluded that the 
existing walls are sound; therefore, each alternative includes the existing structure as a 
base. 
 

D. Design window frames to fit inside existing walls. Each of the window openings in the 
sandstone walls have differing dimensions and no support on the top. The team must 
determine the most effective way to place windows in the existing openings without 
affecting the existing structure and ensuring the roof has proper support. See Appendix 
13.4 for a model of the window openings. 
 

E. Use existing utility connections. The original school had utilities leading to the kitchen 
and restrooms. The location of the existing utilities shall be utilized for all alternatives in 
the design process. This limited the variety of the alternative designs. 
 

F. Design structure with consideration of community input. 
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5. Summary of Data Gathered and Analyzed 
 
Throughout the design process, information was gathered pertaining to the remaining existing 
structure and its geographical location. All related information has been compiled below, 
including a floor map study, soil report, topography report, building dimensions, and the overall 
condition of the remaining structure.  
 
5.1 Original Building Condition 
 
During the February group site visit to Tullahassee, the existing walls were determined to be 
stable. The structure had a concrete slab foundation that could be seen under one-third the length 
of the school. The remaining length of the school was covered in ash, brush, and other debris, 
and at the time of the site visit, it was uncertain if the concrete foundation extended to the 
perimeter of the building. After further research and communication with the mayor, it was 
determined that the foundation supported all remaining structures within the building and was in 
good condition. A Tullahassee community clean-up was planned to clear the foundation to get a 
better idea of the existing conditions. There were no remaining floors. See pictures below for 
reference. 
 

 
Figure 1 - Interior view of the west wall within the north section of the building. 
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Figure 2 - Interior view of the east wall within the north section of the building. 
 

 
Figure 3 - Interior view of existing south section of building, facing south.  
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5.2 Flood Map 
 
The FEMA flood map for the site shows that the school is located in Zone X - an area of minimal 
flood hazard. There will be no concern for flooding in the design process. See Figure 4 below for 
the FEMA flood map. 
 

 
Figure 4 - FEMA National Flood Hazard Layer FIRMette 
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5.3 Soil Map 
 
The soil map for the site is made up of two-thirds Okay Loam (1-3 percent slopes) and one-third 
Taloka Silt Loam (1-3 percent slopes). On the USDA web soil survey map, the Okay Loam is 
labeled OaB and the Taloka Silt Loam is labeled TaB. There are no foreseeable issues with the 
existing soil conditions. See Figure 5 below for the USDA web soil survey map, and refer to 
Table 1 for existing soil types.  

 
Figure 5 - Soil map 
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Table 1 - Soil map table 
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5.4 Topographic Map 
 
The topographic map displays contours for the site and areas surrounding the site. The site likely 
drains north and north-east into one of the various branches of Big Creek. See Figure 6 below for 
the USGS topographic map and project location. 

 
Figure 6 - Topographic Map 
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5.5 Building Dimensions 
 
The building dimensions are shown in a sketch of the design model for the building. The exterior 
has dimensions of 160’ x 49’, but the interior is more detailed. Vertical dimensions for the 
building are not included because they are not accurate and were simply used to make the model. 
See Figure 7-9 below for detailed dimensions of the building. 
 

 
Figure 7 - Plan view of the existing building. 
 

 
Figure 8 - Elevation view on the west side of the existing building. 
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Figure 9 - Elevation view on the east side of the existing building.  
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6. Alternatives Analysis 
 
To adequately serve the communities wants and needs for the final design, four alternatives were 
drafted and presented to the mayor. The first alternative was designed to meet the basic structural 
needs of the community. Each design thereafter included additional building amenities with 
increased costs. Each alternative and its components are detailed below in Sections 6.1-6.4. 
Ultimately, the first alternative was the most economical option while the fourth alternative was 
the least economical option. A decision matrix was created to accurately analyze and compare 
the alternatives. See Section 6.5 for the results of the decision matrix. 
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6.1 Alternative 1 
 
Alternative 1 covered only the basic needs of the client. The client needed a functional building 
to be used for community events. The requirements to achieve a functional building include the 
design of internal support (steel structure), a roof, a kitchen, restrooms, a large open room for 
gathering, windows, new flooring, and sidewalks around the building to accommodate ADA 
standards (see Figure 10). The roof would be designed to sit on the steel structure. The kitchen 
and gathering room would be designed with interior walls and joists will also be designed for the 
floors in the southern section. The gathering room would include a history display created by the 
OSU History Department. 
 

 
Figure 10 - Floor plan of Alternative 1. 
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6.2 Alternative 2 
 
Alternative 2 included the basic needs of the client as well as supplemental wants for the project. 
In addition to the components listed in Alternative 1, this alternative would include a stage in the 
gathering room and restrooms in the southern section of the building (see Figure 11). The stage 
would be designed in the same location as the original building; however, the restrooms would 
be located directly south of the stage - not in their original location. 
 

 
Figure 11 - Floor plan of Alternative 2. 
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6.3 Alternative 3 
 
Alternative 3 built on Alternative 2 with additional wants of the client. These additional wants 
included an outdoor concrete pad extending from the kitchen, a fence enclosing the concrete pad, 
and two small classrooms behind the stage in the southern portion of the building (see Figure 
12). The concrete pad would be a usable space for community events, and the fence would help 
keep stray dogs out while keeping children close to the building. The restrooms would be 
designed in the same location as the original building for this alternative. 
 

 
Figure 12 - Floor plan of Alternative 3.  
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6.4 Alternative 4 
 
Alternative 4 built on Alternative 3 and included all the additional wants of the client. This 
alternative was the most expensive option. The design included an awning, an extension of the 
western kitchen window, and landscape design near the entrances of the school (see Figure 13). 
The awning would be on the west side of the building, hanging over the concrete slab. The 
awning would span about 35 feet across the length of the concrete patio and extend the entire 
width of the concrete patio (approximately 20 feet). The northwest (kitchen) window would be 
extended downward to include a sliding window for ease of access to the kitchen from the 
outside. The landscape design would mainly include small shrubs and groundcovers. 
 

 
Figure 13 - Floor plan of Alternative 4. 
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6.5 Decision Matrix 
 
The team created a decision matrix to weigh each alternative against each other using a list of 
criteria that represented the basic needs of the project. A scale from 1 to 5 was used – 5 being the 
best and 1 being the worst – to rank the four alternatives in each category. The decision matrix 
below shows the alternatives ranked by their total score, with the highest score showing the most 
practical alternative choice for this project. See Figure 14 to review the decision matrix scores. 
Alternative 1 received the highest score overall.  
 

 
   Figure 14 - Decision Matrix 
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7. Description of Selected Approach 
 
The team met with the client and presented the four alternatives as well as the scores from the 
decision matrix. Based on the information provided, the client preferred the design of Alternative 
3 and 4, but ultimately chose for the team to design Alternative 4. The chosen alternative did not 
have the highest score in the decision matrix due to high cost, but it would provide the client and 
community with a design that went above and beyond the basic components needed for the 
restoration of the school. Due to uncertain funding and an uncertain construction timeline, the 
decision to design Alternative 4 also made the most sense as the project can be broken down into 
individual components (steel infrastructure, concrete patio, landscape, etc.) to decide which parts 
would be included in the final construction plans once the budget was finalized. To preserve the 
historical importance of the building, the design of this alternative focused on matching the 
original layout of the building as closely as possible. In the final design, the bathrooms, kitchen, 
stage, and classrooms were placed in their respective original locations with only minor 
alterations or additions (see Figure 15). 
 

 
Figure 15 - Plan view of selected approach.  
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7.1 Structure  
 
The original concrete foundation and stone walls remain standing on the site. In order to keep the 
original stone walls as the exterior of the building, the team decided to place steel structures 
within the frame of the north and south section of the building. The steel structures will be 
connected to the stone walls to prevent any shifting or movement of the walls. The frame of the 
steel structure was designed to be slightly taller than the original walls to ensure that the pitch of 
the roof would extend over the stone walls. The columns of the steel structure will be encased to 
prevent injury to visitors, but the rest of the steel structure will remain visible in the final design. 
The purpose of this is to make the stone walls visible on the interior of the building and to 
preserve the character of the original building. Two separate structures have been designed to 
meet the requirements of the existing structure. The span lengths between columns in both steel 
structures were heavily influenced by the original layout of the building due to the location of 
existing stone columns, existing window placement, etc. All steel structures have been designed 
in accordance with the AISC Steel Manual to ensure the integrity of the design.  
 
7.2 ADA Accessibility 
 
The original building was built prior to current ADA requirements, and therefore most of the 
existing building entrances were not ADA accessible. Each entrance was redesigned to meet 
ADA specifications and requirements to ensure that all persons have access to the building (see 
Figure 16). The final design of the building required to include proper bathroom facilities with 
ADA accessibility. Two restrooms in the south section have been designed in their original 
location, and an additional restroom has been included in the north section next to the kitchen as 
there is no ADA accessibility between the north and south sections of the building. With these 
three restrooms, there is access for all persons to utilize the facilities. Each restroom interior also 
meets ADA requirements to ensure ease of use (see Figure 17). 
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Figure 16 - Proposed ADA accessible entrance with ramp and guardrails. 
 

 
Figure 17 - Model of an ADA accessible restroom. 
(Source: https://www.partitionsandstalls.com/ada-bathroom-layout.html)  
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7.3 Outdoor Awning and Patio 
 
During a site visit, Carter G. Woodson alumni expressed their desire for the restored building to 
include an outdoor space connected to the north section of the building. To accommodate this, a 
concrete patio was designed on the west side of the north section (see Figure 18). An awning was 
designed to provide cover for the concrete patio. The awning was designed using the same steel 
as the interior steel frames to maintain consistency throughout the project. The client also 
expressed the desire to have the west kitchen window open up to the patio to allow for food to be 
passed directly from the kitchen to the patio. In order to include this in the final design, the 
existing stone surrounding the window must be cut out to make the window an accessible height. 
The concrete patio also extends underneath the west kitchen window to accommodate the foot 
traffic by this window. A chain link fence has been designed to enclose the entire patio. 

 
Figure 18 - Plan view of proposed concrete patio.  
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8. Summary of Engineering Design and Analysis 
 
8.1 Structural 
 
8.1.1 Design of Steel Structures 
Both interior steel structures were designed within the standards of the AISC Steel Manual. The 
interior structures will be made with A992 Grade 50 steel. The layout of the structures were 
limited by the existing stone walls. All of the columns were placed to strategically avoid 
obstructing the building’s entrances and windows. The loading on the structure was determined 
using the ASCE 7-22 standards and the LRFD load combinations. Once the total load of 60.89 
lb/ft² was determined, the load was applied to the respective tributary areas of each structure. See 
Figure 19 below for the proposed layout of the northern steel structure. 

 
Figure 19 - Plan view of the north section roof layout. 
 
The northern section has a tributary area of two feet on either side of the girder beams that 
extends the length of the beam. The irregular spacing of the roof beams due to constraints from 
the existing building required all the girders to be designed conservatively with the longest bay 
length of 25 feet. This allowed for all beams and columns connected to the girders to be identical 
to make for ease of construction while ensuring the safety of the design. After finding the proper 
distributed load on the beams, the structural analysis and design software SkyCiv was used to aid 
in the design process of the beams and columns in the north section. Figures 20-23 below show 
the structural analyses of the beams and columns modeled in the software.  
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Figure 20 - SkyCiv analysis of roof girder. 
 

 
Figure 21 - SkyCiv analysis of roof beam. 
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Figure 22 - SkyCiv analysis of column. 
 

 
Figure 23 - SkyCiv analysis of ridge beam. 
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8.1.2 Connection Specifications for North Section: 
Connections for the north section were designed following the guidelines in the textbook Unified 
Design of Steel Structures, 3rd Ed. by Louis F. Geschwindner, Judy Lui, and Charles J. Carter. 
These guidelines follow the standards laid out in the AISC Steel Manual. Since the North section 
was designed conservatively to serve the loading at the largest bay, all steel members are 
identical at each type of connection. Therefore, only one specification is provided for each 
connection type. See Figures 24-27 below to see the modeled connections specifications for the 
north section. 
 

 
Figure 24 - Simple connection of roof girder to roof beams in the north section. 
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Figure 25 - Moment connection of roof beam to column in the north section. 
 

 
Figure 26 - Moment connection of roof beam to ridge beam in the north section. 
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Figure 27 - Moment connection of column base plate in the north section.  
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8.1.3 Design of South Structure: 
The south structure was designed in two separate pieces, a smaller section that is only a gable 
roof and a larger section that is a cross-gable roof. The smaller section was designed first 
because most of the sections would be able to be transferred over to the larger section. The steel 
type decided upon was A992 Grade 50 steel to match the northern structure and the wind load of 
60.89 lb/ft² applied to the structure as well. Columns were placed to limit window blockage and 
to accommodate for the cross-gable roof. See Figure 28 for the proposed layout of the steel 
structure. 

 
Figure 28 - South structure layout. 
 
The beams have a tributary area of 8 feet by 25 feet and connect into the girders using a simple 
connection. Most of the beams and connections were identical because there was no variation in 
the loading. Many beams being identical allowed for most girders and columns to be identical as 
well. Hand calculations were done to find all of the sections as well as connections. The cross-
gable was unable to be done because the design would hinder interior space and block one of the 
entrances. Figure 29 shows what would be the steel placement for a cross-gable section 
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Figure 29 - Cross-gable steel placement.  
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8.1.4 Connection Specifications for South Section: 
Connections for the South section were designed following the guidelines in the textbook 
Unified Design of Steel Structures, 3rd Ed. by Louis F. Geschwindner, Judy Lui, and Charles J. 
Carter. These guidelines follow the standards laid out in the AISC Steel Manual. The column 
base connection was done using the AISC Base Plate and Anchor Rod Design Steel Guide 2nd 
Ed. The girder to girder connection is designed using the AISC Extended End-Plate Moment 
Connections Seismic and Wind Applications 2nd Ed. See Figures 30-33 to see the modeled 
connections specifications. 
 

 
Figure 30 - Simple connection between beam and girder.  
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Figure 31 - Moment connection between girder and column 
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Figure 32 - Connection between column and ground 
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Hi  
Figure 33 - Extended end plate connection between girders 
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8.1.5 Connection Specifications for Awning: 
 

 
Figure 34 - Moment connection of beam to column. 
 
 

 
Figure 35 - Simple connection of girder to beam. 
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Figure 36 - Moment connection of girder to column.  
 
 

 
Figure 37 - Moment connection of column base plate. 
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Figure 38 - Steel column connection for awning into concrete patio. 
(Source: https://www.oas.org/cdmp/document/codedraw/sectiond.htm) 
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8.1.6 Steel Quantities 
The steel beam quantities and lengths required to construct the infrastructure of the building and 
the awning are detailed below in Table 2. The table divides quantities into three categories: the 
north section, south section, and the awning. The section type(s), quantities, and lengths are 
provided for each type of member per category. 
 

Steel Beams 

Member Section Quantity Length 

North Section 

Girders W8x35 42 14.25' 

W8x35 14 24' 

Roof Beams W10x45 10 29.5' 

Ridge Beam WT15x45 1 70.9' 

Columns W8x35 10 19.1' 

South Section 

Beams W8x35 20 25' 

W8x35 3 8' 

W8x35 2 24' 

W8x35 2 15.75' 

W8x35 1 13.5' 

W8x35 1 17' 

Girders W14x43 10 27' 

W14x35 2 12' 

Columns W8x35 9 16' 

 HSS 1 16’ 

Awning 

Girders W8x67 10 17.5' 

Beams W8x40 3 20' 

Columns W10x26 3 16' 

Columns W10x26 3 8’ 

Table 2 - Steel beam quantities and lengths. 
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8.1.7 Interior Design  
The interior design of the building includes walls, flooring, and a stage. The detailed design of 
the internal components was limited due to time constraints, but the construction will follow 
typical standards and specifications. Figure 39 shows the typical anatomy of an interior wall. The 
walls will have studs spaced 16 inches on center and will frame out all windows and doorways as 
specified below where it is necessary. The floor and stage will be constructed according to 
Figure 40. The joists will be spaced 16 inches on center and the headers will be spaced at five 
feet on center. The stage will be built at a higher elevation with four foot taller footings.  
 
The building interior will include the construction of walls, flooring, and a stage. All of these 
will combine to create the layout (as shown in Figure 15 in Section 7). Due to limited time, the 
completed design of all interior elements were not able to be designed in detail, but this report 
has included typical specifications of each element. 

 
Figure 39 - Anatomy of an interior wall. 
(Source: https://www.mycarpentry.com/framing-a-wall.html) 
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Figure 40 - A typical floor joist layout. 
(Source: https://www.pinuphouses.com/floor-joist-spacing/) 
 
8.2 Geotechnical / Foundation 
 
The existing foundation on the project site will remain. The foundation has been inspected by an 
engineer within the past few years who found no issues. The only new construction will consist 
of concrete sidewalk around the building and an outdoor concrete patio. Construction will occur 
on the following two types of soil: taloka silt loam and okay loam. Both soils are generally 
conducive of a sturdy geotechnical foundation for construction of concrete structures. There is no 
area of concern in regard to the geotechnical aspects of the design. 
 
The outdoor concrete patio was designed to comfortably fit approximately 50-75 guests. The 
final dimensions for the concrete patio are 61.35’ by 20.55’ with a small additional section near 
the northeast corner to connect to the kitchen window. The small section is 16.30’ by 4.45’. The 
total square footage for the patio is about 1,333 square feet. The concrete will be reinforced with 
wire meshing mid-depth to hold the weight of the steel awning and the foot traffic. The 
reinforcement was particularly necessary due to the design decision to not provide any joints on 
the patio. The awning weighs approximately 15,434 pounds. The awning is 20’ x 35’ (700 square 
feet) making the total load per square foot for the concrete patio to hold is about 22 pounds per 
square foot. The number was rounded up to 40 pounds per square foot to account for any dead 
and live loads that the patio will hold. To account for 40 pounds of load per square foot, the patio 
was designed with a concrete thickness of five inches. The chosen type of concrete was Portland 
cement concrete at a strength of 3,500 psi with a layer of gravel fill to be installed underneath the 



47 

layer of concrete. See Figure 41 for details on the concrete patio installation. The chain link 
fence that encloses the patio has a circular concrete footing that will be poured approximately 
two feet below the existing surface with a radius of 4”. See Figure 42 for details on the chain link 
fence installation. 
 

 
Figure 41 - Concrete pavement detail for outdoor patio and sidewalks. 
(Source: https://www.architekwiki.com/details/sidewalk-concrete-walkway-paving) 
 
 

 
Figure 42 - Footing detail for chain link fence. 
(Source: https://www.northmiamifl.gov/799/Chain-Link) 
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8.3 Environmental Effects 
 
Although the project site is small and contains a pre-built foundation, it is essential to conduct an 
environmental analysis to ensure the design of additional concrete structures will not impact any 
endangered species in the surrounding area. To do so, a report was created with Information for 
Planning and Consultation (IPaC) to get an overview of the endangered species in the area and to 
see if any of the endangered species have a critical habitat within the project site boundaries.   
 
From the report, it appears there is a presence of the following endangered or threatened species: 

- Gray bats 
- Northern long-eared bats 
- Piping plover 
- Red knot 
- American burying beetle 
- Monarch butterfly 

However, there is only a critical habitat for the piping plover and a proposed critical habitat for 
the red knot. Further action needs to be taken to receive permission to construct within the 
project limits. See full IPaC report in Appendix 13.2 for further details. 
 
8.4 Construction and Constructability 
 
The primary goal of this project is to analyze the feasibility of rehabilitating the existing 
structure. The majority of the steel structures are to be placed in the interior of the existing stone 
walls. The original design plan was to place columns six inches away from the walls to allow for 
installation of threaded rods to hold the columns. However, the major hindrance in this design is 
the existing concrete foundation that makes proper installation of threaded rods more difficult. 
This is an issue that needs further consideration. This design provides sufficient spacing between 
the column-girder connection and the wall to allow for ease of construction. Additionally, the 
awning was designed separate from the main steel frame to eliminate the need for extra steel or 
labor costs. 
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9. Sustainability Analysis 
 
The sustainability for this project was analyzed by following the Envision: Sustainable 
Infrastructure Framework Guidance Manual created by Institute for Sustainable Infrastructure. 
The manual is divided into five categories, Quality of Life, Leadership, Resource Allocation, 
Natural World, and Climate and Resilience. Each of the five categories is divided into several 
specific subcategories. The number of subcategories that are addressed on a project are relative 
to the rate of sustainability on a project. The Carter G. Woodson Rehabilitation Project addresses 
the five subcategories below. 
 
 
9.1 Quality of life  

 
Envision: Sustainable Infrastructure Framework Guidance Manual version 3 

 
QL1.1 Improve Community Quality of life: The town of Tullahassee is in need of a 
community building. Through the rehabilitation efforts laid out in this report they are given a 
building that addresses their needs and wants. Through many meetings with town officials and 
community alumni, the designed building provides the town with a replica of their original 
gathering place that offers space for community events, access to a kitchen, and classroom 
spaces to use for any type of activity that would benefit the town.  
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Envision: Sustainable Infrastructure Framework Guidance Manual version 3 
 

QL1.6 Minimize Construction Impacts: The rehabilitation efforts taken throughout the project 
have allowed the minimization of construction impacts. By using the existing foundation and 
stone walls there is no demolition that will take place. Eliminating the demolition of the building 
would cut down on the construction timeline and the job would be completed quicker. The 
building is also one of two buildings on the plot of land. This would minimize the need to alter 
the communities daily activities and provide lots of open land to place construction equipment.  
 
 
9.2 Resource Allocation   

 
Envision: Sustainable Infrastructure Framework Guidance Manual version 3 

 
RA1.2 Use Recycled Materials: One of the main goals of this rehabilitation project was to use 
the existing structure as the base for the structural design. By utilizing the existing structure, the 
quantity of required project materials was reduced significantly. This not only cuts costs, but also 
allows the school to maintain its original exterior appearance. The community of Tullahassee 
hoped to maintain the original outward appearance of the building, and the team was able to 
accommodate this request. 
 

 
Envision: Sustainable Infrastructure Framework Guidance Manual version 3 

RA 2.2 Reduce Construction Energy Consumption: Due to the utilization of the existing 
structure, the construction of this project avoids the need for demolition. Avoiding demolition 
removed the need for demolition equipment, the clean up of demolished materials, and reduced 
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the amount of new materials to be delivered to the site. This reduces the number of trucks, truck 
trips, and amount of equipment needed on the project site, and in turn reduces the overall fuel 
consumption required throughout the duration of the project. 

 

9.3 Leadership  

 
Envision: Sustainable Infrastructure Framework Guidance Manual version 3 

 
LD1.3 Provide for Stakeholder Involvement: The team initiated weekly meetings with the 
client to keep all parties informed. The client’s input at these meetings was directly integrated 
into the design of the building. The team planned a site visit in early February to meet with the 
client in-person. This helped establish a relationship early on in the design of the project. The 
final design aligns with the clients needs and wants for the project. 
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10. Risk and Uncertainty Considerations 
 
Throughout the design process, the team ran into several obstacles that limited accuracy and 
contributed to risk and uncertainty in the final design. The biggest obstacle was the design of the 
original cross-gable roof located at the southeast entrance. The steel sections required to make 
the cross-gable would interfere with the entrance and a large section of open area in the 
southeastern section of the building. The required steel columns would also make it impossible 
for the southeast entrance to be ADA compliant. As this is the primary entrance to the building, 
it was necessary to keep this entrance accessible. One alternative solution that was considered 
was to install a wooden cross-gable section onto the main interior steel frames through a 
plywood base. This would allow the roof to maintain its original look and function. However, it 
was unknown if the plywood base would be able to handle the added stresses of the wind load 
from the cross-gable section and, additionally, it was difficult to determine which connections 
would make this design possible. Therefore, instead of a steel or wooden cross-gable, a steel 
gable section was designed to allow for a functional roof with a gutter along the base to prevent 
molding between the roof and existing stone walls. 
 
Some of the other areas of concern included the stability of the existing stone walls, material 
conditions of the existing stone walls, and the existing grading/elevations. The existing stone 
walls were not designed to handle earthquake excitations. Structures built during the 1940s often 
were not designed to withstand earthquakes. Many buildings structurally similar to the school 
have been destroyed due to earthquake activity. However, the risk of structural failure is 
dramatically reduced as the roof is designed to be connected to the interior steel frames. This 
removal of the lump mass will decrease displacements of the wall during earthquakes and/or 
heavy wind activity.  
 
The condition of the stone walls was also unknown. This was due to many factors: potential 
damage from the 2012 fire, years of being left to the elements, and multiple sections of stone 
wall that were cut out after the initial construction for bay doors. There are also multiple sections 
of the existing wall with no sandstone pieces attached. This was likely due to a poor or 
incomplete job of pouring concrete during the original construction of the building. The 
existence of air pockets within the walls also created a concern for potential plant growth that 
could cause further damage to the structure. The wall sections adjacent to the bay doors would 
have to be completely reconstructed and rebuilt to match the pre-existing walls, which would 
prove to be a difficult and expensive undertaking. 
 
The final area of concern was a lack of survey information about the existing site, including the 
site elevations, contours, and existing utility structures within the project area. Without a proper 
survey, the site could not be properly graded. Although the project site appeared mostly flat upon 
inspection, a survey would be necessary to verify. The design of the new building was done 
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under the assumption that the building or surrounding area do not exceed typical, acceptable 
slopes. In the case that the existing structure was found to be exceeding typical slopes, the design 
would have to be adjusted to account for this to avoid any potential damage to the existing or 
new structure. The exact site contours should also be verified to ensure the drainage run-off 
direction is the same as expected from existing contours found on Google Maps. 
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11. Project Cost Estimate 
 
The cost estimate for this project was determined using RSMeans. See Figure 43 below for an 
itemized list of the materials needed to construct the project. The estimate has subsections 
designated by the different design components of the project. By dividing the cost estimate into 
the different components, the town of Tullahassee will be able to easily remove the optional 
components once there is a finalized budget. This also gives the town a clear idea of the cost-
heavy components of the project. The primary and required components of the project include 
the north and south interior steel structures, the concrete sidewalks, and the roof. These sections 
are essential to maintain the overall stability of the building. The optional components include 
the concrete patio, landscaping, and the awning. The cost of the interior could be lowered as well 
if more open space is desired. The unit cost of each item includes both the material cost and 
construction cost. The quantities of all items were estimated using the known dimensions of the 
design elements. The quantities were also rounded up to err on the side of caution. The subtotal 
of the project is a sum of each subsection. A 40% contingency was then added to the subtotal. 
This was determined by adding a standard 20% contingency with an additional 20% to account 
for the risks and uncertainties in the cross-gable section of the roof and the condition of the 
existing stone walls as mentioned in Section 10. After adding the contingency, the project total 
was estimated to be $731,000. 
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Table 3 - Detailed cost estimate. 
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Table 4 - Continued detailed cost estimate. 
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12. Project Summary and Conclusions 
 
In summary, Undergraduate Engineering & Preservation was successful in creating a 
rehabilitation design for the Carter G. Woodson school in Tullahassee, Oklahoma. These designs 
included multiple steel structures to support a roof and an awning, the layout of the interior, 
ADA-compliant entrances and restrooms, and a concrete patio with sidewalks surrounding the 
building. Rehabilitation of the structure will allow Tullahasse to have a new space to hold events 
for the community. The patio, the large gathering room, the stage, and the classrooms all have 
many potential uses for the community, and the display room in the south of the structure will 
give space to display the history of the school. 
 
Although the proposed design will not be constructed immediately due to other projects already 
in progress, the additional time allows for some concerns about the existing structure and cross-
gable roof to be inspected and handled appropriately. Not all design concerns were able to be 
met with the current design or cost estimate as they are out of the scope of the project. These 
include the stage, electrical system, plumbing, and HVAC system. The design and cost of these 
elements will be left for a professional to assess. 
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13. Appendices 
 
13.1 - References 

● Wagoner County Building Permit Requirements 
○ https://www.ok.gov/wagonercounty/documents/Building%20Permit%20Requireme

nts.pdf 
● Oklahoma Historic Preservation Standards and Guidelines 

○ https://omes.ok.gov/sites/g/files/gmc316/f/HPStandardsGuidelines.pdf  
● American Society of Civil Engineers 7-16 (ASCE) 

○ https://ascelibrary.org/doi/book/10.1061/9780784414248 
● American Society of Civil Engineers 7-22 (ASCE) 

○ https://sp360.asce.org/PersonifyEbusiness/Merchandise/Product-
Details/productId/276865145?_ga=2.105837515.955683875.1649796822-
623055044.1646761971 

● International Building Code (IBC) 
○ https://www.ok.gov/oubcc/documents/2021%2009%2014%20IBC%202018%20Per

manent%20Rule.pdf  
● International Existing Building Code (IEBC) 

○ https://www.ok.gov/oubcc/documents/2021%2009%2014%20IEBC%202018%20Pe
rmanent%20Rule.pdf  

● International Fire Code (IFC) 
○ https://www.ok.gov/oubcc/documents/2021%2009%2014%20Permanent%20Rule%

20IFC%202018.pdf  
● Americans with Disabilities Act (ADA)) 

○ https://www.ok.gov/odc/documents/SmallTownADA.pd 
● Abandoned Oklahoma 

○ https://abandonedok.com/carter-woodson-school/ 
● Institute for Sustainable Infrastructure, Envision Manual version 3 

○ https://canvas.okstate.edu/courses/120856/files/13269517/download?download_frd=1 
● Roof Online 

○ https://roofonline.com/weights-measures/weight-of-roofing-materials/ 
● Unified Design of Steel Structures, 3rd Ed. 
● American Institute of Steel Construction Base Plate and Anchor Design, 2nd Ed. 

○ https://www.construccionenacero.com/sites/construccionenacero.com/files/u11/ci33_
321_aisc_design_guide_1_-_column_base_plates_-_2nd_edition.pdf 

● American Institute of Steel Construction Steel Construction Manual, 15th Ed. 
● American Institute of Steel Construction Extended End Plate Moment Connections 

Seismic and Wind Applications, 2nd Ed. 
○ http://www.abarsazeha.com/images/ScinteficResources/DesignGuide/DG04.pdf  

 
  

https://www.ok.gov/wagonercounty/documents/Building%20Permit%20Requirements.pdf
https://www.ok.gov/wagonercounty/documents/Building%20Permit%20Requirements.pdf
https://omes.ok.gov/sites/g/files/gmc316/f/HPStandardsGuidelines.pdf
https://ascelibrary.org/doi/book/10.1061/9780784414248
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IEBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20IEBC%202018%20Permanent%20Rule.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20Permanent%20Rule%20IFC%202018.pdf
https://www.ok.gov/oubcc/documents/2021%2009%2014%20Permanent%20Rule%20IFC%202018.pdf
https://www.ok.gov/odc/documents/SmallTownADA.pdf
https://abandonedok.com/carter-woodson-school/
https://canvas.okstate.edu/courses/120856/files/13269517/download?download_frd=1
https://roofonline.com/weights-measures/weight-of-roofing-materials/
https://www.construccionenacero.com/sites/construccionenacero.com/files/u11/ci33_321_aisc_design_guide_1_-_column_base_plates_-_2nd_edition.pdf
https://www.construccionenacero.com/sites/construccionenacero.com/files/u11/ci33_321_aisc_design_guide_1_-_column_base_plates_-_2nd_edition.pdf
http://www.abarsazeha.com/images/ScinteficResources/DesignGuide/DG04.pdf
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13.2 - Site Investigation Information 
 
13.2.1 Information for Planning and Consultation Report 
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13.3 Client Meetings 
 
13.3.1 Client Meeting 1/28/22 
This was the first meeting with the client, as well as with members of the history department. 
The main agenda was for introductions and to start getting an idea of what both groups will be 
doing. 
 
13.3.2 Client Meeting 1/31/22 
The purpose of this meeting was to form a basis for what the town was wanting from the projects 
and some of the history of the town. Discussion over the town having a bi-annual homecoming 
as well as family gatherings made the project be focused on providing for the community as a 
whole. The shell of the building is salvageable and is wanted to be kept as well as there not being 
any present documents over the building. An OU group was going to be in town for two days 
and the group was extended an invite. Grants and other forms of revenue weren’t defined 
because of trying to finish audits. 
 
13.3.3 Client Meeting 2/6/22 
Only one member was able to go to Tullahassee and gather information from the town about 
what they would like to see from the building. Discussions with the mayor and others from the 
community gave a large amount of ideas for what can be done with the building and set a layout 
for what can be done. Major things that were asked were to have the building have a kitchen, a 
stage, classrooms, and an outside area for the community to use. An awning on the West side of 
the building was proposed and greatly liked as well as extending a window to allow for access to 
the kitchen from the outside. Viewing the building also showed that the structure was stable, but 
needed major repairs to the walls from the fire and where the fire department cut out bay doors. 
 
13.3.4 Client Meeting 2/9/22 
This meeting was to have the whole group see the structure and get measurements of the 
structure to be able to start designing the structure. Discussions over the ideas from 2/6/22 
happened to ensure clarity for the whole group as well as the mayor.  
 
13.3.5 Client Meeting 2/20/22 
Discussion over the decision matrix and collecting some extra measurements. 
 
13.3.6 Client Meeting 4/8/22 
Discussion over the design up to that point and what was left of the semester. A brief discussion 
over a cost analysis happened and the mayor was looking forward to it.  
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13.4 Data and Analysis 
 
13.4.1 Hand Calculations - Design of North Section and SkyCiv Results 
 
Load Combinations: 

 
 
Design of Girder Beams: 

 
Design of Roof Beams: 
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Design of Ridge Beam: 
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Design of Columns: 
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Design of beam to girder connection: 
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Design of beam to column connection: 
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Design of beam to ridge beam: 
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Design of column base plate: 
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13.4.2 Hand Calculations - Design of South Section 
 
Design of Beams: 
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Design of 30 ft section beams: 
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Design of Girder: 
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Design of Column: 

  



79 

Design of Girder to Column Connection:
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Design of Beam to Girder Connection:
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Design of Column Base Connection:
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Girder to Girder Connection:
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13.4.3 Hand Calculations - Design of Awning 
 
Design of Column and Beam: 
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Design of Girder: 
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Design of Connection Beam to Column: 
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Design of Connection Girder to Column: 
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Design of Connection Girder to Beam: 
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Design of Column Base Plate Connection: 
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13.5 - Team Management Plan 
 
Team Name - Undergraduate Engineering and Preservation  
 
Team Members 
Frances Boyd is a senior civil engineering student at Oklahoma State University. After 
graduation, she will begin working remotely for Olsson, Inc. She has five years of work 
experience from two previous internships - one with Olsson, Inc as a general civil intern and one 
with R.L. Shears Company as a landscape architect technician. Both internships have contributed 
to proficiency in AutoCAD Civil 3D, grading design, and other general land development 
design. 

Gracie Fink is a senior at Oklahoma State University. Her plans after graduation include starting 
her career working for POWER Engineers in their Fort Worth office. She completed two 
internships with POWER Engineers where she helped design multiple overhead transmission 
lines. She is proficient in PLSCadd and has a lot of experience working in a team setting.  

Justin Hoppe is a senior in civil engineering at Oklahoma State University graduating in May of 
2022, and will be working with Tanner Consulting in Tulsa. He has previous experience as an 
undergraduate researcher working with steel connections, which has given more insight into 
structural design. On top of structural design, he has other interests in geotechnics. Some of the 
skills he has are being concise while thinking and not stopping until the task is done. 

Ali Almutairi is a senior at Oklahoma State University in civil engineering and graduating in 
May of 2022. He will be working for Kuwait Ministry of Electricity and Water. His previous 
experience as an undergraduate student include steel design, structural analysis and concrete.    

 
Leadership Plan 

- Manager is the person that makes sure everyone is staying on task and will be the 
primary mediator of any issues the group may face. The team member filling this role 
will be Gracie. 

- Coordinator is the person who will be in direct contact with our clients and school 
contacts. The team member filling this role will be Ali 

- Editor will be in charge of making sure all of our submissions are cohesive and have no 
grammatical errors. They will make sure papers and slideshows are presented as one 
document. The team member filling this role will be Frances. 

- Secretary will be in charge of taking notes during meetings and class periods. They will 
be in charge of collecting all the ideas we come up with and keeping them organized. The 
team member filling this role will be Justin. 
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Communication Plan  
Our communication plan is based on ensuring everyone will know what is happening by 

using One Note to keep track of our schedule and what tasks need to be done. On top of the One 
Note, every Monday we will have a group discussion about what each member has accomplished 
over the weekend and what we still need to work on throughout the week. We plan on being in 
person in class and can meet in zoom in case we need to do extra work as a team or if someone 
becomes sick. In the case of someone becoming sick, they would need to alert the team so we 
can meet over zoom at the beginning of class and participate during class time. 

  
Meeting Schedule 

We have identified that the group can meet outside of class on Tuesday nights at 7:00PM 
over zoom. This will be a time to discuss any issues/concerns we may have but we plan to 
address the bigger issues during class time when we can meet in person. 

  
Preliminary Team Goals - 

-  The first goal for the team is to communicate with all members of the team to complete 
the project. We have arranged to utilize all meeting times to ensure a proactive approach 
when counseling our client, and plan to communicate continuously. 

- The second goal for the team is to create an inclusive environment for teamwork and 
teambuilding. 

- The third goal for the team is to apply all the knowledge that we have learned from our 
education at Oklahoma State University as a civil engineering student. 

- The fourth goal for the team is to improve our presentation skills by practicing before the 
presentation day to make sure all team members feel confident.  

- The fifth goal for the team was to design proposals that would encompass the needs of 
our client when evaluating several alternatives before the final design. 

 
Tasks and Milestone Plan 

Tasks will be laid out in the OneNote and everyone can see the progress of all tasks. We 
will evaluate tasks assigned at the beginning of every week and make adjustments as needed. 
Every Monday we will provide an update to the team of where we are on our tasks. If a problem 
of missing deadlines is reoccurring, we will have a group meeting to discuss these issues face to 
face. We will be understanding of life getting in the way of deadlines but each member will need 
to come to the group in advance with missed deadlines and a plan of how they will accomplish 
their task. 
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Team Vision 
As a group we will aim to keep open and continuous lines of communication with our 

campus partners in an effort to preserve the historical importance of the site. As a team we will 
be open to all ideas and support one another in achieving deadlines throughout the project.  
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