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Section 1: Executive Summary 

The city of Manchester, Iowa requested the services of HHDR Consultants to design a new cold storage 
facility and parking lot for their fire department. HHDR Consultants is made up of four civil engineering 
students led by project manager Soe M. Htet. He has worked on structural design of the new storage 
building with team member Abbie Dirks. The site design was completed by team members Benjamin 
Rowley and Francis Hart. The initial team meeting for this project began on August 24, 2020 and a 
finished report, presentation, and poster was delivered on December 11, 2020.  

Infrequently used equipment currently occupies space in the existing fire station that could be better 
utilized for everyday needs of the department. The new cold storage facility will serve as the primary 
location to store this equipment, including but not limited to a boat, a trailer, kayaks, and ice water and 
rescue equipment. The department initially proposed a 30’x30’ storage facility in the northwest corner of 
the lot; however, this configuration would not have been adequate to meet their storage requirements. 
Two building size alternatives were considered and presented to the Manchester Fire Department as well 
as multiple locations corresponding with maximized parking designs. After discussion, the final building 
design of 36’x40’ was chosen, and a location just north of the generator was selected in order to 
maximize parking.  

The Manchester Fire Department initially considered adding a wash bay but ultimately decided against 
pursuing this option at this time due to economics and parking capacity constraints. However, design 
considerations were made to allow for the addition of a wash bay on the north end of the building should 
the department decide to add one in the future. The storage facility will need to be expanded to 36’x49’ to 
fit a wash bay, and it should be noted that this larger design will reduce the amount of parking available 
by 2 stalls. Additionally, if the wash bay is added, a portion of the sidewalk and verge will need to be 
removed to accommodate an additional paved entrance into the parking lot. This is required so that 
firetrucks may enter and exit the wash bay without reversing or turning around.  

The final design with no wash bay consists of a 36’x40’ cold storage facility located just north of the 
existing generator and setback several feet further to the east than the existing fire station. This location 
maximized parking and allows for a total of 28 parking spaces including 12 spaces on the existing 
concrete, 14 new regular parking stalls, and 2 new ADA compliant parking spaces on the new concrete. 
Existing drains, located on the north end of the existing concrete and in the alleyway south of the parking 
lot, will collect runoff from concrete. The concrete slope has been designed to facilitate this.  

The storage building utilizes double fan trusses readily available from local retailers. Said trusses were 
designed to withstand gravity and lateral loads appropriate for a storage facility of its nature in accordance 
with applicable building codes and design standards. 14’ high and 8” thick reinforced concrete masonry 
unit (CMU) walls are responsible for supporting the roof trusses, providing lateral support, and 
transferring applied loads to the building’s foundations. The floor of the facility is a sloped 8” thick slab-
on-grade foundation with gutter openings for easy drainage. Cast-in-place continuous footings run the 
length of the building beneath the CMU walls to support the structure. Two 12’ tall garage doors will be 
located on the east wall. These doors are 12’ wide and 10’ wide to allow easy access for the trailer and 
boat. Additionally, one standard entrance door will be placed on the south wall and three windows will be 
located on the west wall of the storage building. A 6’x6’ utility closet is partitioned on the south-east 
corner for the electricity panel, water heater, and any other utility storage equipment. A sink will be 
located on the south wall near the standard entrance door and shelving for storage will be added to the 
south and west walls.  
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The storage building roof and walls will be insulated with blow-in cellulose insulation to achieve required 
R values for Climate Zone 6 in which Manchester, Iowa is located. Electricity and heating layouts have 
both been completed for the new storage building. The walls of the new building will be covered with 
brick façade to match the existing fire station. The interior walls of the storage building will be covered 
with fiber reinforced plastic which can be easily washed down by hose.  

The main challenge faced during this project was striking a balance between maximum storage space and 
maximum parking spaces on site. An additional challenge was keeping the overall project costs to a 
minimum in order to make implementation of the designs feasible. Constraints for this project included 
restrictions on the building’s placement location due to city codes and setbacks requirements. Finally, an 
oak tree in the northwest corner of the site required protection. No construction or changes to the site are 
to be implemented within a 15’ radius of this tree in to protect the roots. Additionally, during 
construction, the tree and its protected radius should be roped off to avoid any heavy vehicles driving 
above and damaging the roots. 

The site design was completed using Civil 3D and includes the locations of existing and future utilities, 
stormwater drainage, access roads and sidewalks. Similarly, the parking lot has been designed using Civil 
3D as well to account for size, location, numbers of stalls, vehicle tracking, pavement type and thickness. 
The structural drawings of the cold storage facility were completed using Revit and includes the framing 
plans of the roof, floor, and foundations.  

The site design totals $26,700 with the highest costs resulting from the pavement and utility connections. 
The cost of structural design for the cold storage facility is estimated at $55,800 with the walls and 
overhead doors accounting for highest cost items. Interior structural costs, such as interior finishes and 
electrical and heating components, are estimated to cost $13,400. The total construction cost was found to 
be $140,500 which includes overhead and profit as well as a multiplier for inflation from 2011 to 2020.  

Contingency is estimated to be 10% of construction costs. Engineering and administration are estimated 
to be 20% of construction costs. This results in an added $14,100 for contingency and $28,100 for 
engineering and administration bringing the total project cost to $183,000.   
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Section 2: Organization and Qualifications 

1. Name of Organization 

HHDR Consultants 

2. Organization Location and Contact Information 

Soe M. Htet – Project Manager 

(347) 604 – 4099 

shtet@uiowa.edu 

3. Organization and Design Team Description 

Soe M. Htet - Project manager (Structural Engineering) 

Francis Hart - Civil designer (Management) 

Abbie Dirks - Structural designer (Structural Engineering) 

Benjamin Rowley - Civil designer (Transportation Engineering) 
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Section 3: Proposed Services  

1. Project Scope 

The Manchester Fire Station requested that our team design a cold storage facility to add storage 
space for a boat, a trailer, snow and ice rescue equipment, kayaks, grills, tents, and other 
infrequently used equipment. A 36’x40’ one story structure was designed to accommodate these 
storage requirements. Special considerations have been made when sizing the overhead doors to 
ensure that the boat and trailer are able to access the facility. The design includes one walk-in 
standard size door located on the south side of the facility and two 12’ tall overhang garage doors 
on the east side of the facility for full accessibility. The garage doors are 10’ and 12’ wide. In 
addition, the client expressed an interest in installing a wash bay within the new facility. The 
wash bay component was ultimately removed from the design due to cost considerations. 
However, the site has reserved a sufficient area to allow for the possibility of a future wash bay 
addition. 

Site Design 

The site has been designed to connect utilities (water, electric, and sewer) from their existing 
locations to the new cold storage facility. A new parking lot has been designed that connects with 
the old parking lot with the principal goal of maximizing on-site parking. The final parking 
design without a wash bay has 28 parking spaces and the parking design for the site with a wash 
bay added has 27 parking spaces. For both designs, the total spaces include two ADA stalls. 
Parking lot and site design aspects follow specifications from the SUDAS Design and 
Specifications Manual. Parking standards and ADA compliance will be found in the Iowa DOT 
Design Manual. 

Storage Building Design 

Structural design for the 36’x40’ cold storage building was separated into three main phases: roof 
design, wall design, and foundation design. The roof framing consists of 36’ 4/12 double fan 
trusses. 8” CMU walls support the roof framing and provide lateral load resistance. The 
foundation consists of continuous footings with slab-on-grade flooring.  Two 12’ tall garage 
doors will be located on the east wall of the storage building. These doors are 10’ and 12’ wide to 
allow easy access for the trailer and boat. Additionally, one standard entrance door is placed on 
the south wall, one window is on the south wall, and three windows will be located on the west 
wall of the storage building. A 6’x 6’ utility closet is partitioned in the south-east corner of the 
building to store electricity panels, a water heater, and other utility storage equipment. A sink will 
be located on the south wall just west of the entry door while shelving for storage will be added to 
the south and west walls. 
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2. Work Plan 

 

Figure 1: Fire Station Expansion Work Plan 
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1. Project Start and Data Collection 
i. Initial meetings with Professor Hanley and team to discuss progress and 

objectives 
ii. Introductory client contact meeting over Zoom 

 
2. Concept Development and Field Assessment 

i. Site visit with client 
ii. Determine and report a project schedule 

iii. Review details of the current site and applicable codes 
 

3. Design Concept Development 
i. Civil 3D model of the current site and parking lot 

ii. Revit 3D model of storage building and alternative options 
iii. Preliminary drawings 
iv. Preliminary cost estimate 

 
4. Structural Design 

i. Roof Design: Design of roof framing members using structural analysis software 
to comply with applicable design codes. 

ii. Wall Framing Design: Design of wall framing members using structural analysis 
software to comply with applicable design codes. 

iii. Foundation Design: Design of foundations and flooring using structural analysis 
software to comply with applicable design codes. 

iv. Preliminary MEP Design 
v. Structural Drawings: Drafting of appropriate structural drawings using Revit 

 
5. Site Design 

i. Drainage 
ii. Grading and Parking Pavement Elevations: Design new concrete to line up with 

existing parking lot and alleyway elevations 
iii. Parking Layout: Maximize parking spaces on lot 
iv. Utilities: Connecting water, sanitary sewer, and electricity to the new storage 

building 
 

6. Project Management and Coordination 
i. Determine cost of project and budget break down 

ii. Compose drafts of final report, presentations, and poster 
iii. Presentation of design 
iv. Compose final report, presentations, and poster 

 

Project manager Soe Htet and team member Abbie Dirks split up work on structural design. Team 
members Benjamin Rowley and Francis Hart worked on site design. All team members took part 
in data collection, design concept development, and project management and coordination.  
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Section 4: Constraints, Challenges, and Impacts 

1. Constraints  

This project was primarily constrained by the space available on site. The current fire station, the 
generator on the east side of the empty lot and a tree in the northwest corner all are fixed elements 
that could not be changed, restricting where building was acceptable on site. The current parking 
lot pavement was required to remain as is, therefore the new parking lot will be expanded off the 
existing lot. In addition, setback limits enforced by the city have been considered and limited 
expansion near edges of the lot.  

2. Challenges  

The fire department requested storage space for several large objects including a boat, trailer, and 
wash bay. In order to accommodate all these elements, the storage building constructed needed to 
be relatively large. The department also requested that the parking capacity on site be maximized, 
however, space is limited on site. One challenged was balancing the amount of space allotted to 
parking and to the storage building in order to maximize both. A specific budget was not 
discussed, but since this project is supported by the community keeping project costs to a 
minimum was an important consideration at every step of the process. The size of the cold 
storage facility was limited by removing the wash bay in order to make implementation of the 
project realistic. A large portion of the existing sidewalk is greatly damaged and will need to be 
repaved. Finally, our team was asked to create the parking lot so that it was as accessible as 
possible for snowplows. Our design allows for easy access to the majority of the lot, although it 
may still be difficult to clear the site between the new storage building, generator, and existing 
fire building. This was a comprise made to allow for more parking and storage.  

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

The addition of a storage building will give the fire department easy access to equipment and 
improve overall organization, which in turn will have a positive impact on the community by 
allowing the department to respond to calls as quickly as possible. The parking on site is 
sometimes used for nearby community events, therefore, expanding the parking will positively 
impact community members who choose to park here. The church next door was specifically 
mentioned as a community who uses the lot for overflow parking, and this expansion will benefit 
them. Another advantage of an expanded parking lot is that extra pavement provides additional 
space for outdoor storage and room for outdoor work such as cleaning of equipment when cars 
are not using the space.  
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Section 5: Alternative Designs That Were Considered 

Two alternatives for storage buildings were discussed with Manchester at our second meeting. Several 
locations for the storage facility with corresponding parking lot options were explored as well. One such 
location considered was adjacent to and north of the generator and current fire station, slightly set back 
from the west property line.  This location allowed for more parking spaces but made snow removal more 
difficult between the existing building, generator, and new storage building. Another alternative location 
considered was along the west property line setback to be parallel with the current Manchester Fire 
Department building. This option resulted in fewer parking spaces and made the possibility a future wash 
bay more difficult to implement but would have made snow removal simpler near the generator. 

The first building size presented to Manchester was a 36’x36’ building. This was the original footprint 
proposed during the project kickoff and would have provided enough space for a boat, a trailer as well as 
limited shelving. This option was determined to be unsatisfactory and failed to meet all the storage 
requirements requested.  

The second building size presented had a larger dimension of 36’x49’. This option provided enough space 
for a wash bay in addition to the storage space for the equipment mentioned previously. This option was 
the best fit for the fire departments storage needs. However, it would have cost more and reduced the area 
available for parking.  

After a second meeting with the Manchester Fire Department and discussing the available options, it was 
concluded that the 36’x40’ storage facility was the most ideal option. The extra 4’ length would allow for 
additional storage shelves without sacrificing parking capacity. Ultimately, it was decided that a wash bay 
was too expensive to include at this time but may be an addition the department could reconsider at a 
future date. The first location discussed, closer to the generator and slightly set back from the west 
property setback line, was therefore chosen. This location allowed for maximizing the parking capacity 
and made the possibility of a future wash bay easier to implement.  
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Section 6: Final Design Details 

Site Design: 

 Paving and elevations 

A new parking lot has been designed to line up with the existing lot in order to increase parking 
capacity. This can be accomplished by clearing the existing ground then preparing and 
compacting a 6” subgrade using native materials. A 6” granular subbase will then sit on top of the 
compacted subgrade. Finally, the subbase will be topped with a 6” layer of Portland Cement 
Concrete (PCC) paving. The 6” PCC was determined by using a website called Pavement 
Designer to see the thickness that would be needed to support the loads. The thickness from 
Pavement Designer was compared to the minimum thickness required by SUDAS. Since the 
thickness determined by Pavement Designer was 3.75”, it is under the SUDAS minimum so the 
minimum SUDAS thickness of 6” was used for the parking lot thickness. A parking surface 
drawing is available in the Project Drawing Set (P-1) and includes elevations taken at the top of 
pavement. The subbase and subgrade should be elevated accordingly. The east side and south side 
of the parking lot will match the existing elevation of the existing parking lot (east) and the 
existing alley (south).  

Drainage 

The parking lot will funnel all water that falls onto the pavement centrally and then to one of the 
existing storm water intakes on both the south and east sides of the pavement. The parking lot is 
designed into two sections, a top half, and a bottom half. The top half is designed so water slopes 
from the north and south to meet in the middle and then flows to the east towards the existing 
intake. This top half is designed to have a slope of 1.5%. Runoff calculations were performed 
using the Rational Method and using chapter 3 of the Iowa Storm Water Management Manual. 
The 5-Yr and 25-Yr peak runoff flows were 0.31 ft3/s and 0.48 ft3/s, respectively. The bottom half 
is designed so the water slopes from the east and west to meet in the middle and then flows south 
towards an existing storm intake which is in the alley. This bottom half is designed to have a 
slope of 3.5%. The bottom half of the parking lot was calculated using the same method as above. 
The 5-Yr and 25-Yr peak runoff flows were 0.16 ft3/s and 0.25 ft3/s, respectively. The slope of the 
top half and bottom half don’t meet the same slope because the existing alley and parking lot are 
at different elevations so in order to have the proposed lot meet existing, the slopes of the 
proposed lot will have to vary as shown in the Project Drawing Set (P-1). 

Parking layout 

A parking space striping layout is also included in the Project Drawing Set (P-2). The new 
parking lot design without a wash bay will allow for 12 parking spaces on the original pavement, 
14 additional regular spaces on the new pavement, and 2 ADA accessible spaces also on the new 
pavement. According to SUDAS, with less than 25 parking stalls, there should be 1 ADA 
accessible parking stall. One additional stall than was necessary was added to create more ADA 
accessibility. If a wash bay is added there will be room for the same 12 original parking spaces on 
the old pavement as well as 13 new regular spaces and 2 new ADA spaces on the new concrete. 
This results in a total of 28 parking spaces without a wash bay and 27 if a wash bay is added.  

Utilities 
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Both the existing sanitary sewer and water service utility lines have been designed to connect to 
the new storage facility. There will be a new 6” PVC sanitary sewer that connects from the 
storage building to the existing 8” sanitary sewer in the alley. This pipe will run north to south as 
the new storage facility is located north of the existing sanitary line. On the north end of the 
storage building there will be a clean out added for a potential drain if a wash bay is added in the 
future. In the middle of the storage building a floor drain will be included and pavement slab will 
be laid at a 0.5% slope to direct water towards this central drain. The water service will run from 
the north side of the property, as shown on the Proposed Utilities Drawing in the Project Drawing 
Set (P-5 and P-6), down to the south side of the storage building. The service will connect to the 
existing pipe at a gate valve and will be a ¾” PVC pipe that ends at the sink located on the south 
wall of the building. There is no new proposed storm sewer since the pavement should allow the 
water to flow to the existing intakes in the parking lot and alley. More information in Appendix 
A. 

Storage Building Design: 

Structural components were calculated using structural analysis programs and are designed to 
comply with local building ordinances, IBC, ASCE, ACI, AISC and all other applicable standards 
and codes. 3D renderings of the proposed structure are provided for reference and structural 
drawing have been drafted as part of the final deliverable. 

Roof 

A hip and gable roof with an east-west orientation spanning 36’ and sloped at a pitch of 4:12 was 
chosen in order to match the aesthetics of existing fire station and to maintain a low profile within 
the neighborhood. Double fan wooden trusses were selected as the primary roof framing member 
over steel alternatives due to their relative ease of availability and cost effectiveness for a facility 
of this size and loading. Due to wide variability in species, grading and sizing of truss 
components amongst manufacturers, all truss calculations presented assumed the use of 2”x8” 
No.1 Douglas Fir Larch for bottom chord, top chord, and web members. Said truss members were 
modeled in RISA 2D as pinned simply supported beams and subjected to the appropriate gravity 
and lateral load criteria. The results of the analysis were used to ensure the truss members met the 
required bending, shear and bearing resistance in accordance with NDS 2018. Design calculations 
for the truss can be reviewed on pages 44 through 47 of Appendix C.  The trusses themselves are 
spaced 4’-0” OC across the 40’ north-south span of the facility. CFR insulated steel metal roof 
panels will be implemented for weathertight roof performance. An insulation R value of 49 was 
calculated as necessary for roof insulation in Manchester, Iowa which is located in Climate Zone 
6 according to the US Department of Energy (see Appendix B Figure 5 and Figure 6). 42” wide 
panels with 6” deep insulation will provide an R value of 49.75 which is greater than the 
requirement of 49. These panels use vertical side seaming and a lock and groove system to reduce 
joints that need to be sealed and make installation simple. The panels are predrilled for fasteners 
so that they can be easily screwed onto the wooden truss roof system below.   

 

 

 

Walls 
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8”x8”x16” grouted CMU blocks made up the building’s exterior walls. A brick façade is applied 
to the exterior to match the aesthetic of the existing fire station. The exterior walls extend 14’ 
above grade, 1’-6” below grade and are designed using NWC (w = 150 PCF) with a compressive 
strength of 4000 PSI. In accordance with Ch. 11 ACI 318-19, 60 grade #4 vertical reinforcement 
bars placed 1’-6” OC and 60 grade #4 horizontal reinforcement bars placed 1’-0” OC are 
provided for shear and flexural resistance. The reinforced CMU was determined to meet the 
required shear, bending, axial and slenderness ratio requirements as recommended by ACI 318-
19. These calculations can be reviewed on pages 55 to 57 of Appendix D. 

Prefabricated steel lintels were selected to support the load bearing on the windows and doors. 
Three separate lintel designs have been calculated for the 12’ wide garage door, the 10’ wide 
garage door, and the standard size entrance door and windows. Dead load calculations for bearing 
on these lintels can be viewed on pages 57-62 of Appendices D. Drawings of these lintels can be 
reviewed on S-09. Lintels will sit on steel plates above doors and windows and be anchored to the 
CMU walls. Dead loads bearing on the lintels were checked to be sufficiently smaller than the 
acceptable total ultimate dead load allowed for each prefabricated lintel. Lengths of lintels were 
calculated to be greater than the length of the clear span plus two times the height of the lintel 
according to the AISC 15th Edition Steel Design Manual. The 12’ wide opening uses a lintel with 
length of 13.8 ft. The 10’ garage opening will be fitted with a lintel that is 13.3’ long. Finally, the 
standard sized entry door and 4 standard sized window gaps will be fitted with lintels that are 6.9’ 
long.   

Fiber reinforced plastic (FRP) is used for the interior finish for its water resistance and ability to 
be hosed down for cleaning purposes. According to the US Department of Energy walls in 
Climate Zone 6 require insulation R values of 13, see Appendix B Figure 5 and Figure 6. It is 
most cost effective to install a 3.5” thick layer of blown in cellulose insulation alongside a 0.9” 
thick sheet of FRP rather than exclusively using FRP. The insulation from the blown in cellulose 
will result in an insulation R value of 13.3, greater than the requirement of 13.  

 

Foundation and Footings 

Continuous footings were chosen to act as the foundations for the structure. The footings are 
designed to be cast-in-place using NWC (wc = 150 PCF) with a compressive strength f’c of 4000 
PSI. To accommodate for a soil bearing capacity of 100 kN/m2, the footings are 1’-6” thick, 4’ 
wide and run the entire length of the structure beneath the walls. In accordance with ASCE 7-16, 
the footings were designed to meet bearing and uplift requirements. 60 grade #4 rebars spaced 10’ 
along the transverse direction and 22 60 grade #8 rebars along the span of the footings are 
provided as recommended by ACI 318-19. A sloped 8” thick concrete slab is designed to rest 
directly above the grade to serve as flooring. This is in accordance with ACI 318 bearing strength 
requirements which can be viewed in Table 8 of Appendix B.  A channel located at the center of 
the slab running along the north-south span accommodates the gutter.   

 

 

Interior Building Design: 

Electrical Design and Layout 
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The storage building was designed to maximize the productivity of those working inside it. 
Twenty-two 15-amp duplex receptacle outlets were chosen to be positioned across all 3 walls, 
inside the utility closet, in between the overhead doors and in the ceiling centered with the 
overhead doors. The 6 outlets positioned on the north wall reside on one 15-amp circuit breaker, 
the 6 outlets positioned on the west wall reside on one 15-amp circuit breaker, and 6 outlets 
positioned on the south wall and in the utility closet reside on another 15-amp circuit breaker. The 
final 4 outlets, two between the overhead doors and one for each overhead door, remain on one 
15-amp circuit breaker. US National Electrical Code, Section 210.52, calls for outlets to be no 
more than 6 feet apart and the outlets designed in the storage building are spaced every 6 feet, 
except in the corners of the building. Two 100-amp electrical panels will be required to power the 
storage building. This takes into account everything in the current plan, while also leaving a 
buffer for future growth. A visual representation of the aforementioned electrical design and 
layout is included in the Project Drawing Set, drawing E-1. 

 

Lighting Fixture Layout 

Three columns of 3 LED tube lights were chosen to illuminate the space. Visual 3D (see 
Appendix G - Bibliography) was used to select the specific model of light fixture, EMS L48 
6000LM IMACD MD 80CRI 40K. Each column of light fixtures is controlled by their own 
switch. There are two locations for these switches, one set is located on the south wall and the 
second set is located between the overhead doors. All exterior walls will be illuminated by 12.5” 
LED dusk-to-dawn soffit lights, 4 on each side spaced 10’ apart on the east and west walls, and 9’ 
apart on the north and south walls. The two sets of switches to control these exterior lights will be 
located in the northeast corner of the storage building and just inside the door on the south wall. 
A visual representation of the aforementioned lighting fixture layout is included in the Project 
Drawing Set, drawing E-2.  

 

Heating, Ventilation 

A forced air furnace is to be installed in the utility closet. This furnace will exhaust to the exterior 
through a short PVC pipe. Duct work will connect to the furnace to transfer warm air throughout 
the building and for general circulation. A tankless water heater will also be installed in the same 
utility closet, then being connected to the sink. The tankless heater is designed to handle 1-2 
bathrooms, so will prove sufficient for the storage building. The main focus of the heating design 
is to keep everything from freezing. Those working inside the storage building will not do so at 
extended periods of time so it was deemed not necessary to heat the interior to that of a residential 
building. A visual representation of the aforementioned heating and ventilation layout is included 
in the Project Drawing Set, drawing HV-1. 
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Section 7: Engineer’s Cost Estimate 

Both a basic construction estimate and an estimate with this construction cost plus overhead and profit 
increased for inflation from 2011 to 2020 were calculated. Costs for the project can be separated into 
three main categories site design, structural design, and interior building costs such as heating and 
electricity. Site design costs include grading and utility work and lines. The largest costs from structural 
design are due to CMU walls, wood trusses, and roofing materials. These three categories together total a 
cost of $98,000. When overhead and profit are added in this results in a total construction cost of 
$121,000 in 2011 and jumps to $140,500 in 2020 after inflation is factored in.  A breakdown of individual 
costs per item can be viewed in Figure 2 below. All individual costs were found and calculated using RS 
Means. RS Means rounding standards were applied to our costs and total cost estimations and can be 
viewed in Table 3.  

After this total construction cost was calculated allowances for contingency as well as engineering and 
administration were included. 10% of the 2020 construction cost with overhead and profit was added as 
contingency and 20% of this cost was added for engineering and administration. A total of $14,100 was 
added for contingency and $28,100 was added for engineering and administration. This brings the total 
project cost to $183,000.   

 

Figure 2: RS Means Cost Estimation (2011 Prices) 
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Table 1: Construction Costs 

Category Items Cost 

Structural Design Walls $36,700 
 Windows and Doors $8,500 

 Foundation, Floor, and Drain $6,425 
 Roof $4,200 
 Total Structural Costs $55,800 

Site Design 6” Pavement $23,000 
 Utilities $2,075 

 Grading $1625 
 Total Site Costs $26,700 

Interior Structural Costs Electrical $6,525 

 Interior Finishes $5,525 
 Heating $1,325 
 Total Interior Costs $13,400 

Total Construction Cost  $98,000 

Construction Cost Including Overhead and Profit (2020) $140,500 
 

Table 2: Total Project Cost 

Category Cost    

Construction Cost Including Overhead and Profit (2020) $140,500 

Contingency $14,100 

Engineering and Administration $28,100 

Total Project Cost $183,000 

 

Table 3: RS Means Rounding Standards 
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Section 8: Proposal Attachments 

Appendix A: Site Design Calculations and References 

Pavement Standards: 

 

Figure 3: Pavementdesigner.org Screenshot of Parking Lot Requirement Results 

  

Pavement Designer website did not reach the minimum requirements that were specified in SUDAS so 
the pavement thickness was altered according to SUDAS Design Manual. Pavement was designed with a 
6” subbase and 6” subgrade for the equivalence of the 12” subgrade. That is why the desirable value of a 
6” pavement was chosen. 

Table 3: SUDAS Table 8B-1.03: Pavement Thickness for Light Loads 
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Parking Standards: 

Most of the design criteria for the parking lot and parking stalls was found in SUDAS Design Manual, 
Chapter 8. For the parking stalls, according to SUDAS Design Manual Chapter 8B-part C.1, the Facility 
Type is for “Low turnover” which requires a stall width of 8’-6”. 

Table 4: SUDAS Table 8B-1.01 Recommended Minimum Widths for Parking Stalls 

 

 

The parking dimensions for all the spots were done using Vehicle Tracking from Civil 3D which were up 
to SUDAS standards for the different parking angles. 

Table 5: SUDAS Table 8B-1.02: Minimum Parking Dimensions 

 

The number of parking spaces in the new lot are determined based off of the design that is chosen by the 
client. All options are under 25 parking spaces. The number of accessible spaces is based off of SUDAS 
Design Manual Chapter 8C-part B.2. 
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Table 6: SUDAS Table 8C-1.02: Minimum Accessible Parking Ratios 

 

For spaces between 1 to 25, the minimum number of accessible spaces is 1 and that space needs to be van 
accessible. 1 van accessible spot and 1 car accessible spot was deemed sufficient. 

  

Water Service Placement: 

Water mains and services need to be placed at a certain depth below the surface in order to be under the 
freeze line. According to SUDAS Design Manual Chapter 4C part B.6, the minimum depth of cover in 
Delaware County should be 5’. 

 

Figure 4: SUDAS Figure 4C-1.01 Minimum Depth of Cover for Water Main Installation 

 

Sanitary Sewer Placement: 

The separation of the water service and the sanitary sewer should be at least 18” from the top of the 
sanitary and the bottom of the water service as stated in SUDAS Design Manual Chapter 8C part G.1. 
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Appendix B: Structural Design References 

 

Figure 5: Insulation Climate Zones from Energystar.gov 

 

 

Figure 6: Insulation Climate Zone R-Value Requirements from Energystar.gov 
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Figure 7: Soil analysis for our site by the United States Department of Agriculture (USDA) 

 

Table 7: Food and Agricultural Organization (FAO) of the United Nations Soil Bearing Capacities  

 

Table 8: ACI Table A1.2: Allowable Distribution Loads 
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Appendix C: Structural Design Roof Calculations 
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Appendix D: Structural Design Wall Calculations
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Appendix E: Structural Design Foundation and Footing Calculations 
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Appendix F: Gantt Chart 
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