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1.0 Project Introduction 

1.1 Project Purpose 
The Ponderosa Fire Station (Station 82) is located in Bellemont, Arizona.  The existing station 
requires additional living quarters for firefighters, a room for hosting community events, more 
office spaces for staff, and a vehicle bay for storing a battalion chief vehicle or ambulance.  
Currently the existing fire station can only comfortably house two firefighters, but occasionally 
the fire station holds up to five firefighters at a time.  The client would like to add a community 
room as community events are currently held in the firetruck bay.   Adding a community room is 
the client’s priority for the project. The goal of this project is to design a building addition that 
flows with the existing station and meets all codes and regulations, as well as meets the client’s 
requests. 

1.2 Project Background 
Station 82 is in Bellemont, Coconino County, Arizona on 1.4- acre of land. Figure 1 below shows 
the location of the station in relation to the state of Arizona. The site is located 12 miles west of 
Flagstaff off Route 66 on Shadow Mountain Drive. Figure 2 and 3 show the street view of the 
existing station.  

  

Figure 1: Ponderosa Fire Station in Bellemont in relation to Arizona [1] 
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Figure 2: North Face of the Existing Station 

 

Figure 3: Street View of Existing Station 
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1.3 Original Site Plan 
The original site of the fire station has a parking lot on the west side of the building, an entry and 
exit driveway east of the building, and driveway located north of the building. The existing 
structure is 81’-2” x 80’. It is constructed of a prefabricated metal frame. Figure 4 shows a site 
plan with existing and proposed structure. 

 

Figure 4: Job Site with Existing and Proposed Stations 

1.4 Project Limitations 
The team will not design the structural framing of the building. The building frame design will be 
provided by a steel manufacturer contracted by the client. The team will not be designing and 
creating an electric plan for the building addition. The team will also not design mechanical 
components of the building addition such as the HVAC system.   

1.5 Project Objectives 
The major objectives of the project are to design the floor plan, foundation plan and anchor bolt 
plans as required to meet the client’s requests.  Construction costs and a metal frame company 
will be determined to potentially start construction in the Fall 2019. 

2.0 Technical Work 
2.1 Site Investigation 
A site investigation was conducted to get an understanding of the current state of the station 
and determine the needs for the new addition. The team walked through the site, measured, and 
recorded the dimensions of the features in the building such as the size of rooms, hallways, 
windows, and doors.  
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2.1.1 Land Survey 
As a team, a land survey of the site was conducted using Spectra Precision SP80 GNSS GPS unit 
with a Spectra Precision Ranger Pro with Survey Pro data program. Specific points including edge 
of pavement, trees, sign, and building corners were stored under the 1000 numbers. Topo points 
were stored under the 2000 numbers. When conducting the main topo for the proposed addition 
on the existing pad, shots were taken in a grid manner at a 5-6ft intervals.  

2.1.2 Survey Analysis 
Data was uploaded in to AutoDesk Civil 3D and topographic map was created of the site.  Figure 
5 shows a topographic with the site layout of the existing driveway, parking lot and building.  

 

 

Figure 5: Topographic map and site layout of fire station area. 

 

2.2 Geotechnical Soil Properties 
The design of the foundation requires that certain properties of the surrounding soil be found by 
performing field and laboratory tests on soil samples.  The team was able to obtain these soil 
properties from a geotechnical report provided by Capstone Homes for their Flagstaff Meadows 
project located directly south of the fire station, hence no assumptions were needed.  The team 
will design the foundation of the fire station addition based on the soil properties determined in 
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the Flagstaff Meadows geotechnical report since the soil tested in this project is in close proximity 
to the fire station. The Flagstaff Meadows project consisted of over 30 boring samples over their 
development site which is located south of the fire station which can be seen below in Figure 6 
[2]. The circles around boring samples No.1, 2, 3, 4, 5, 8, 10, 13, and 26 indicate the boring 
samples that were used to determine the soil properties as these boring samples had laboratory 
test performed them.  The soil properties that are needed for the foundation design are the 
physical properties of the soil, swelling pressure, expansion index, and the soil bearing capacity.  
The physical properties of the soil include the sieve analysis of the soil, the liquid limit (LL), and 
the plasticity index (PI).  

 

Figure 6: Site map of boring hole locations with fire station labeled for reference [2]. 

2.2.1 Physical Properties 
The physical properties of the soil provided by the Flagstaff Meadows’ geotechnical report can 
be seen below in Table 1.  The soil description for the soil classification group symbols can be 
seen below in Table 2. Table 3 was used to classify the plasticity of the soil based on the plasticity 
index (PI) found in Table 1.  The boring samples that had a sieve analysis and PI test performed 
can be found in the left column titled “Boring No.”  The results of the sieve analysis and plasticity 
index were used to help determine the classification of the soil where each boring sample was 
taken.  The team also looked at the soil description in the boring logs for Boring No. 2 and Boring 
No. 26 as these boring samples were closest to where the fire station project is located to help 
determine the type of soil the foundation was to be built on.  The Boring logs can be found in 
Appendix A: Flagstaff Meadows Boring Logs.  Based on the physical properties test results in Table 
1 for Boring No. 1 and 3 and the soil description in the boring logs for Boring No. 2 and 26, it was 
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determined that the soil the addition would be built consists of clayey sand and fat clays that 
have a medium to high plasticity [2].  No groundwater was encountered based on the boring logs 
found in Appendix A: Flagstaff Meadows Boring Logs [2]. 

Table 1. Soil properties from testing [2]. 

 

Table 2. Soil description [2]. 

 

Table 3. Soil plasticity of fine-grained soils [2]. 

 

2.2.2 Swelling Pressure 
The consolidation test results provided by the Flagstaff Meadows project geotechnical report can 
be seen below in Table 4.  The consolidation test reports from the geotechnical report can be 
found in Appendix B: Flagstaff Meadows Project Consolidation Test Reports.  Consolidation tests 
were done on Boring samples No. 4, No. 5, and No. 7.  The swelling pressures and percent swell 
values determined by the consolidation test for the Flagstaff Meadows project will be used for 
the foundation design of the fire station addition to help design against heaving and swelling.   
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Table 4. Consolidation test results. 

 

2.2.3 Soil Expansion 
The soil expansion properties provided by the Flagstaff Meadows project geotechnical report can 
be seen below in Table 5.  The soil properties tables from the geotechnical report can be found 
in Appendix C: Flagstaff Meadows Project Soil Properties Tables.  Soil expansion test were done 
on Boring samples No. 4, No.5, No. 10, and No.13.  The tests concluded that the soil surrounding 
the fire station had a very low to low potential of expansion [2].  The team will use this 
information in the foundation design of the fire station addition to help design against heaving 
and swelling.  Heaving and swelling of the soil underneath the foundation is a concern for this 
project because of the high amounts of clayey soils on the site. 

Table 5. Soil expansion properties. 

 

2.2.4 Soil Bearing Capacity 
The soil bearing capacity of the soil was found to be 1500 pounds per square foot (psf) based on 
the Flagstaff Meadows geotechnical report [2]. This is good because it is consistent with what is 
expected for soil that is classified as clayey sand [3]. This is the soil bearing capacity the team will 
use for the foundation design. 

2.3 Structural Design 
2.3.1 Design Perimeters 
The project design will follow the 2018 International Building Code (IBC 2018), which is the 
adopted code for Coconino County. According to the code, the snow load for a roof must be 
designed for 40 pounds per square foot (psf) [4]. The international building code also states that 
the wind load for any structural building in climate zone 5b (which Bellemont is) must be designed 
for 120 mile per hour which is 30 psf [4]. [5]The areas of the beams and column in the existing 
fire station were used to estimate the dead load of the steel frame building. The areas of the 
steel beams and columns were then multiplied by the unit weight of steel to calculate the dead 
load of the steel of 75 plf and 15 psf for the mechanical, plumbing and electrical [5]. The decking 
dead load is 10psf and 40 psf for the floor live load which would include people, chairs, table, 
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firetrucks, etc. [6]. The walls that will be installed for the proposed structure is gypsum board 
walls which has 4 psf as a dead load [5]. For the girder a 30 psf of dead load was used [5]. The 
team will use the IBC 2018 to figure out the points loads on the concreate slabs. The load 
combination equation below total load on the foundation was determined from the largest load. 
It was determined that equation 2 determined the max load of 99.24 kips on the foundation. The 
tributary areas in figure 10, for the six proposed foundation columns were used to determine the 
force on each column. For columns 1, 3, 4 and 6 the load was determined to be 29.8 kips. For 
columns 2 and 5 the load was determined to be 55.1 kips. The shear force from wind for columns 
3 and 6 was determined to be 15.2 kips. The max uplift due to wind was determined to be 30 psf. 
A shear force from wind was determined to be 29.2 psf. 

Table 6. Design Loads Used, 

 

Equation 1. Wu = 1.4D 

Equation 2. Wu = 1.2D +1.6L +0.5S  

Equation 3. Wu = 1.2D + 1.6S + 0.5W (DETERMINNG FACTOR) 

Equation 4. Wu = 1.2D + 1.0W + L + 0.5S 

Equation 5. Wu = 1.2D + 1.0E + L + 0.2S (NOT USED) 

Equation 6. Wu = 0.9D + 1.0W 

Equation 7. Wu = 0.9D + 1.0E (NOT USED) 

Table 7. Trib Areas 
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Figure 7. Tributary area of proposed layout 

2.3.2 Anchor Bolt Design 
Anchor bolts will be used to secure the six metal frame columns to the foundation. 1-inch ASTM 
F1554-36 steel bolts will be used in accordance to ACI 318-14. The uplift force was calculated to 
be 22.7 kips and a shear force of 19.6 kips. Figures 9, 10 and 11 show the detail design of the 
anchor bolt section. The pullout strength, nominal strength and shear strength of the anchor 
bolts were checked for failure using ACI 318-14 section 17. It was determined that the anchor 
bolt design is adequate to with stand the uplift and shear force. 

2.3.3 Foundation Design 
A slab foundation with 6’ x 7’ square footings will be used for areas 1, 3, 4 and 6. A 15’ x 5’ 
square footing will be used for areas 2 and 3 (see figure 11). Figure 9 and 10 show the 
foundation specs with rebar locations. Rebar size and spacing was determined using ACI 318-
14. 19 #4 rebar with 4” spacing will be used for the footing. #4 rebar with a 16” spacing will be 
used for the slab. Concrete specifications are class A C40/50 which were determined from ACI-
318-14. Table 8 below show the different classes of concrete. 
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Table 8. Concrete specifications 

 Class of concrete  Age Average of Three 
Consecutive 
Specimens 

Minimum any 
One Specimen 

Note  

A 28 days  4,500 psi 4,000 psi For all reinforced 
concrete  

B 29 days  3,000 psi 2,500 psi For pipe cradles, 
collars, non-
reinforced 
concrete, etc.  

 

2.4 Construction Documents 
2.4.1 Floor Plan 
The addition will be a 46’x 80’ structure. The addition includes two dormitories, a kitchen 
expansion, a community room, a public restroom, two offices, and a chief bay. The dormitories 
were designed to replicate the layout of the existing dormitories. The community room is 
approximately 1066 sf was designed to hold approximately 50 people and complies with the 2018 
International Fire Code (IFC). According to the IFC Section 1004, an assembly room without fixed 
seating must have a minimum of 15sf per occupant [7]. The chief bay was designed considering 
the dimensions of a TYPE I ambulance which is the largest vehicle that it will store. The 3500 TYPE 
1 CHEVY 2018 measures 95”X 105” x 285” and can be seen in Appendix D. Figure 8 shows the 
existing and proposed floor plan. 
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Figure 8: Floor Plan of Existing and Proposed Structures 

2.4.2 Site Plan 
The site plan in figure 4 depicts the existing and proposed structures, the existing parking lot and 
driveway, and shows that the minimum setback requirements are met. According to the 
Coconino Zoning Ordinance, the setbacks for a semi- public use building such as a fire station 
must be a minimum of 20 feet from all property lines [8]. 

2.4.4 Foundation Plan and Details 
#8 rebar will be used as reinforcing strength bars according to ACI 318-14 [9]. Table 9 shows the 

design parameters used for to calculate the foundation size 

Table 9. Design parameters for the foundation 

Design Parameters 

Name Symbol Load 

Yield Strength fy 40,000 psi 

Compressive Strength f'c 3,00 psi 

Soil Bearing Capacity gamma 1,500 psf 

Roof Dead Load DL 18.3 kips 

Roof Live Load LL 36.8 kips 
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Figure 9, and 10 below show the foundation specs with rebar location. 

 

Figure 9. Foundation Specs with Rebar Location 

 

 

Figure 10. Foundation Specs with Rebar Location 
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Figure 11 below shows the footings that will be used for the design. 

 

 

Figure 11. Design Footing 

 

2.4.5 Anchor Bolt Plan and Details 
Table 10 below shows the design parameters for the anchor bolts. Figure 12 and 13 show more 

details for the anchor bolts. 

Table 10. Design parameters for the anchor bolt. 

Design Parameters 

Name Load 

Steel Anchor Bolt ASTM F1554-36 

Shear Load 19.6 kips 

Uplift Load 22.7 kips 
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Figure 12. Cone of failure for the anchor bolts. 

 

Figure 13. Detailed layout of the anchor bolt plate on the footing column. 

2.5 Design Alternatives 
Two design alternatives were developed for the layout of the building addition.  Figure 14 

below displays Alternative 1 for the proposed building addition.  Alternative 1 consisted of 

three additional dorm rooms, a hallway that connects the community room to the dorm living 

quarters, an additional restroom, the chief’s vehicle bay, an electrical room, and a smaller 

community room and reception area.  Figure 15 below displays Alternative 2 for the proposed 

building addition.  Alternative 2 consisted of two additional dorm rooms, a wall that separates 

the community room from the dorm living quarters, an additional restroom, the chief’s vehicle 

bay, an electrical room, and a larger community room and reception area.   
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Figure 14. Design alternatives 1. 
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Figure 15. Design alternative 2. 

2.6 Final Design Recommendations 
Alternative 2 was chosen as the final design.  Alternative 2 was chosen as the client preferred 

this design alternative.  This was due to the wall adding more privacy for the firefighters as 

opposed to having a hallway that connects the community room and the dorm living quarters.  

This design also has a larger community room and reception area which was a priority for the 

client.  This design also allows easier access to the restroom for the community members.   

3.0 Summary of Engineering Work 
3.1 Scope 
The scope of work changed from the initial proposal phase. The original scope order was site 

investigation, metal frame company research, structural design, construction documents, and 

project deliverables. Upon further research, the metal frame company research was removed 

due to the lack of feedback and communication from the different companies contacted. In the 

initial proposal, a section for conducting a soils analysis of the site was removed because a 

previous soils reports of the surrounding area was obtained from the client. The new scope 
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order changed to site investigation, structural design, construction documents and project 

deliverables. 

3.2 Schedule 
The original Gantt Chart in Appendix E had to be adjusted with the changes in the scope of 

work. The new Gantt Chart can be reference in Appendix E. The new changes do not change the 

original critical path. However, a major difference in the schedule is the start of construction 

documents that were expected to be started later. As the scope of the project unfolded, the 

site plan, cover page and floor plan could be started earlier than expected. Tasks that were with 

the foundation plans took longer than expected due to the complexity and accuracy needed.  

4.0 Summary of Engineering Costs 
4.1 Cost of Implementation 
To determine the cost of implementation the team used resources from ADOT construction 

bids. The cost was broken down in three categories, the excavation and fill, reinforced concrete 

with rebar and anchor bolts, and proposed metal frame cost. Table 11 below shows a 

breakdown of the construction costs. The cost for excavation, backfill and concrete work 

includes labor. The total cost comes to $89,932. This does not include the interior walls, interior 

furnishings or M.P.E. 

Table 11. Estimated cost of construction. 

 

4.2 Cost of Engineering Services 
The scope of work required five positions, a senior engineer, engineer, field technician, drafter 

and an intern. Table 12 below shows the expected engineering costs associated with the 

project. The previous cost of services was estimated at $69,494. The new actual cost was 

determined to be $58,833. The difference in cost was due to the removal of the lab testing and 

metal frame research tasks. Surveying task took alt less time than previously estimated due to 

previous experience and usage of new technology. The construction documents and design 

processes took longer than expected due. In the end there was a saving of $10,661 in 

engineering services. 
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Table 12. New cost of services compared to old cost. 

 

5.0 Conclusion 
The design of the Ponderosa Fire Station building addition required the team to devise a 

solution that addressed the existing station’s current limitations and the client’s needs as well 

as meet all codes and regulations.  The final layout of the building addition met the client’s 

needs by adding additional living quarters for the firefighters, a community room for events, 

offices for the staff and the fire chief, expending the kitchen area, and adding a vehicle bay.  

The designs of the anchor bolts and foundation were done following the codes and design 

parameters given by the IBC 2018, Coconino County, and ACI 318-14 Code which meant all 

codes and regulations were met.   
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Appendix 

Appendix A: Flagstaff Meadows Project Boring Logs 
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Appendix B: Flagstaff Meadows Project Consolidation Test Reports 
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Appendix C: Flagstaff Meadows Project Soil Properties Tables 
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Appendix D: 3500 Type I Chevy 2018 Ambulance Specifications 
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Appendix E: Gantt Chart Original and New 

 


