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Group 1 Consulting Co. 

Stillwater, OK 74074 

 

February 26, 2016 

 

207 Engineering South 

Stillwater, OK 74078 

 

 

Dear Dr. Veenstra, 

Our team has completed the site development plans for the proposed apartment complex located at 4th 

and Ramsay. Attached is the report documenting the engineering calculations and final design 

recommendations. 

As requested by the developer, the report includes the following information: 

1. The structural design for the attached parking garage.  

2. An analysis of the existing utilities system   

3. A hydrological analysis of the site for both pre and post development 

4. The proposed grading for the site 

5. A transportation analysis of the surrounding area. 

 

Thank you for allowing our group to complete the design and assessment of the project. We look forward 

to hearing from you and can be contacted by phone at (123-456-7890) or by email (group1@okstate.edu) 

to answer any further questions. 

 

Sincerely, 

 

Group 1 Consulting Co. 

Stillwater, OK 74074 
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Introduction 

 

Mega Developers, LLC is undergoing an apartment complex project in the urban core of 

Stillwater, Oklahoma, close to Oklahoma State University’s campus. This project includes the 

construction of two large apartment buildings that will have retail space, as well as a multi-story 

parking garage. The two apartment buildings will be five stories tall and have a total of 451 

bedrooms. The project site will be fully developed as it will end up having up to 95 percent lot 

coverage. Our Senior Design group was chosen as the single consultant for the project. Our 

duties included project management, design, and construction of the project. We were fully 

responsible for meeting the scope, schedule, budget, and quality objectives of the project 

including traffic, environment, surveying, design, and construction administration. 
 

Our project design and management tasks included coordinating all aspects of the project to 

ensure the best value for the developement, good time management, and efficient work. We 

submitted biweekly progress reports so that the developers were fully aware of everything that 

was happening. In order to accommodate for the traffic increase in the area, we conducted a 

traffic analysis to determine if our surrounding intersections needed traffic control modifications. 

We also had to account for the increase in water demand created by the new apartment complex. 

Because of this, we were responsible for analyzing the current system and determining whether 

or not additional piping would be needed to meet the added water demand. We also had to 

address the increase in water leaving the property. Our responsibilities for the sewer system in 

connection with the apartment complex included choosing where the new sewer pipes would go, 

where they would tie into, and then designing the actual piping system. Sewage is not the only 

water leaving the site. Our stormwater and hydrology systems needed to be designed so that they 

would have a low impact development. The structural elements of the project were very 

complex. They included developing a grading plan, designing the foundation, and then creating 

the entire design and layout of the parking garage. Last but not least, we developed a 

construction schedule of this apartment complex as well as a cost estimation. After completing 

all of these tasks, we have designed and constructed an efficient and quality apartment complex. 
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Project Overview 

 

As the lead consultant for the new apartment complex being constructed by Mega Developers, 

LLC, we have numerous important tasks to complete. These tasks include structural and 

foundation design for the parking garage, water and sewer utility improvements, hydraulic 

evaluations, grading plans, and transportation studies. 
 

The structural aspect of the project began with the foundation design. We were given soil data of 

the surrounding area that allowed for us to create a plan for our cast-in-place piers. From here we 

completed the rest of the foundation work and moved on to the structural design of the parking 

garage. This structure was to be constructed out of reinforced concrete. Our responsibilities 

consisted of full design, including columns, beams, slabs, and walls. We then focused on the 

water and wastewater improvements. For the water distribution system, we evaluated the current 

system conditions to see if it could support the additional water demand. We were to decide if 

any new piping would be necessary. The wastewater system consisted of us designing and 

placing the new sewage lines and then tieing into an existing system. Our group then conducted a 

hydraulic evaluation of the site to determine where we would run the stormwater runoff. This 

was designed with a low impact approach. To finish off the site development, we did the final 

grading around the apartment complex. Lastly, we completed a traffic analysis to determine if 

traffic control improvements were needed at the surrounding intersections.   
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Transportation Analysis 

 

We assumed that the apartment complex has a total of 420 units for a traffic point of view instead of the 

actual 451 units assuming that a few residents don’t drive or that they have shared cars. The total number 

of trip generated by the construction of the apartment complex was calculated using ITE trip generation 

rates for an apartment. We assumed that the garage has a single exit on Hester Street. The time of peak 

traffic flow for the trips generated was calculated as between 4pm and 5pm on a weekday from the traffic 

flow distribution percentage provided to us in the Traffic Impact Analysis report. See Appendix A. 

Transportation Analysis for the exact turning lane counts. 

 
 

The parking garage has a single exit on Hester street so we analyzed the traffic intersections at 4th and 

Hester, and 6th and Hester to determine the current traffic capacity. This was done using the turning 

movement data for the 2 intersections provided to us in the Traffic Impact Analysis report. We then used 

a growth rate of 2% per annum to obtain the future traffic demand in the design year of 2020.  
 

 



CIVE 4043 - Spring 2016 Group #1 - 7 

 



CIVE 4043 - Spring 2016 Group #1 - 8 

  



CIVE 4043 - Spring 2016 Group #1 - 9 

 
 

To estimate the traffic demand in 2020 with the additional demand generated by the construction of the 

apartment complex, we distributed the apartment traffic through the intersections of 4th & Hester and 6th 

& Hester. We estimated that 65% of the residents will be returning home to the apartments from work or 

school between 4pm - 5pm on a weekday and thus constitute the incoming traffic. Consequently, we 

assumed that 35% of the residents will be leaving the parking garage during the peak hour for recreational 

purposes or for dinner. These percentages were estimated from the ITE trip generation counts for an 

apartment complex. The apartment traffic was then traffic was then distributed amongst the intersections 

based on existing 2016 traffic turning movements. See Appendix A. Transportation Analysis for further 

details on traffic counts.These estimated traffic counts for 4th & Hester, 6th & Hester are shown below.  
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Based on these projected traffic counts in 2020 with the addition of the apartment complex, the traffic 

growth is not sudden and the current traffic components are sufficient to deal with the increase in demand. 

Since these counts are based on the worst case scenario with all the residents of the apartment complex 

entering and leaving the garage during the peak hour between 4pm-5pm, which is unlikely in reality, we 

can conclude that the increase in traffic will still be at a Level of Service of C for 4th & Hester, and C or 

borderline D for the intersection at 6th and Hester. This summary of traffic counts is shown in the graph 

below: 
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Figure 1. Summary of intersection demand 

 

From the above analysis we can conclude that the current transportation facilities at both intersections are 

sufficient to meet future demands in 2020. There are 2 recommendations that we would like to make: 
 

1. In the year 2020, pedestrian traffic will substantially increase because of the proximity of the 

apartment complex to the Oklahoma State campus. Cyclists will also increase. To account for 

higher pedestrian traffic, an increase in the current width of the sidewalks from 4ft to 6ft would 

be needed.  

2. 4th street needs to be repaved and repainted for a smoother surface finish. All the existing 

potholes need to be fixed. Repair and maintenance of the currently existing 4th St. would be 

sufficient to meet future demands. No changes need to be made with traffic signals and signs.  
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Water Utilities 

 

Our responsibilities for the water distribution system of the apartment complex included analyzing the 

current system and determining whether or not additional piping would be needed to meet the added 

water demand.  
 

Our approach with the analyzation of the water system began with taking the given information and 

creating a schematic of the current system. We were provided with a layout of the water pipes including 

their size, material, and junction elevations. The lengths of the pipes were acquired from Google Maps. 

We were given the maximum and average daily usages at each junction. From there we calculated a peak 

factor and created charts consisting of the hours versus their multipliers. The fire hydrants and their 

variables were placed into the system as well. The 24-inch water main on University Avenue was 

designated as the reservoir for our system. The elevation of the reservoir was adjusted so that the fire 

hydrant pressures in the system would match what was given to us. Once the pressures were correct, we 

could confirmed that our design was running like the current system. This gave us a hydraulic grade line 

of 1,075 feet. We then added the additional demand that the apartment complex would bring, including 

the fire demand. All of these characteristics and values were plugged into the appropriate controls in 

WaterCAD and the system was run.  
 

We then evaluated the pressures in each junction of the system. According to the Stillwater Engineering 

Standards, the pressure cannot exceed 100 psi but cannot be below 45 psi. The pressures in our system 

were far outside of these values. Because our system was not working in the desired range with the added 

demand, we determined that extra piping would be needed. We decided to add a 10” PVC pipe from the 

24” line on University Avenue and run it straight down Ramsey Street to the apartment junction. We 

chose this size because it was greater than the minimum diameter of 6” and it was able to sufficiently 

supply the demand of the apartment at a desired pressure. We chose PVC as the material because of its 

higher performance values, relatively low costs, and its long lifetime. This pipe would be buried 4 feet 

below the ground level to meet the city standards. A manhole will be placed approximately in the middle 

of this line, which would be 350 feet South of the intersection at University Avenue and Ramsey Street. 

This additional piping solved the problem. In our adjusted system, the lowest pressure in the system was 

found to be 66 psi and the highest was 86 psi. The pressure at the apartment junction was 76 psi. All of 

these pressures are well within the desired pressure range. The surrounding water distribution system can 

now sufficiently supply the additional water demand.  
 

The water distribution system schematic and plan and profile views can be seen below. Flex tables and 

water demand calculations can be found in Appendix B-1. Water Utilities Tables 
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Figure 2-Water Distribution System Schematic 
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Figure 3-Plan and Profile Views of New Water Line 
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Wastewater Utilities 

 

Our responsibilities for the sewer system in connection with the apartment complex included choosing 

where the new sewer pipes would go, where they would tie into, and then designing the actual piping 

system.  
 

Our goal was to design a gravity-based system so that no pumps would be needed. We decided the place 

the sewer lines along Fourth Avenue, run them west, and tie into the existing 10-inch line running north 

and south along Washington Street. Our pipes would start at the intersection of Fourth and Hester, run to 

Fourth and Ramsey, and then tie into Fourth and Washington. This would allow for the system to flow 

downhill. These pipes would be buried 3 feet under ground level beneath Fourth Avenue in order to stay 

within the right of way. We calculated a design flow for the system based on the number of residents in 

the apartment. The design flow was found to be 0.365 cfs. We were given the elevation at each 

intersection, along with the length of each section. From here we were able to calculate the slopes and 

ensure that they were greater than the minimum slope of 0.0033 ft/ft. We then calculated the required 

diameter of the pipe. For the section running from Hester to Ramsey, we found the needed diameter to be 

5.35 inches. However, the Stillwater Engineering Standards state that the minimal sewer pipe size is 8 

inches, so this is what they size of our pipe would be. The pipe capacity was then checked to make sure it 

could support the system, which it could support 2.13 cfs. This is far greater than the needed 0.365 cfs. 

The maximum and minimum velocities were evaluated to make sure they met the desired range set forth 

by the city of Stillwater. The maximum average velocity was 5 fps and the maximum peak velocity was 7 

fps. The minimum velocity was 2 fps. All of our velocities fell in those ranges. This section had a 

hydraulic grade line of 899 feet. This process was repeated for the section running from Ramsey to 

Washington. It was found to have a diameter of 5.81 inches would was bumped up to 8 inches as well and 

it met all capacity and velocity requirements. This section had a hydraulic grade line of 888 feet. All of 

the pipes would be PVC material due to its high performance values and reasonable costs. These pipes 

would be buried at least 3 feet below ground level to meet the city standards. Manholes would be installed 

at each intersection. This would be 3 feet in diameter so that city engineering standards would be met. 

There is currently a 6 inch PVC sewer pipe on our development site that we will not need and are 

choosing to abandon.  
 

The plan and profile views can be seen below. Pipe calculations can be found in Appendix B-2. 
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Figure 4- Plan and Profile View of New Sewer Line 
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Hydrology 

 

Hydrologically we were responsible for determining the hydrological conditions of the site and 

developing a stormwater management plan. This included determining the site characteristics pertaining 

to surface runoff, the predevelopment and post-development peak runoff flow rates, and the design and 

function of a detention facility if necessary. It was the goal of our team to develop an accurate, effective, 

and feasible hydrological assessment and stormwater detention plan. The team’s process and conclusions 

are presented below.  
 

In order to determine the predevelopment site characteristics our team consulted the NRCS Online Web 

Soil Survey, the given AutoCad file of the existing site conditions including a topographic survey of the 

site, and regular site visits. From the NRCS Online Web Soil Survey we were able to determine the soil at 

our site is Norge Urban Land Complex with 1-5% slopes with a C-grade hydrological classification. 

Using the existing site autocad file we were given  we were able to determine a total area of the site to be 

approximately 2.5 acres including the sidewalks surrounding the property on the East, North, and West 

sides extending from the property boundary.  
 

The next step was to determine the watershed characteristics of the site. This included determining the 

number of control points that where water exits the site, assigning the drainage areas the contribute to 

each respective control point, and lastly developing the characteristics of each drainage area used to 

effectively calculate the predevelopment runoff values for the site. Using the existing site AutoCad file 

combined with site visits we were able to determine three control points where water enters the 

stormwater drainage system of Stillwater, Oklahoma, and assign the respective areas that contribute to 

these control points.  
 

The first control point is located on the corner of 4th and Ramsey and accounts for approx. 1.23 acres. 

From control point 1 the storm water flows west on 4th St. to Washington St., where the water either 

enters the storm sewer system on Washingston St. or flows South to inlets located at 6th St. The second 

control point is located at the Southwest corner of the property and has a contributing area of approx. 1.12 

acres. As seen, water that contributes to this point exits the property boundary at two locations but is 

rejoined some distance along Ramsey St. From the second control point water flows South on Ramsey St. 

until it enters the storm sewer system at an inlet on 6th St. The third control point is located in the 

Southeast corner of the property and has a contributing area of 0.15acres. This area is mainly consists of 

the East sidewalk. The water from this control point travels South on Hester street and enters the storm 

sewer system at inlets located on 6th St. The diagram showing the control points, their respective areas, 

and flows to the storm sewer are shown in Figure 5. below.  
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Figure 5- Pre-development flow diagram 

 

Next, WinTR55 small watershed analysis program was used to model each drainage area. The inputs used 

in the program were calculated using each individual drainage area. The curve-number detail was 

determined by the program after the area of each type of land cover (impervious, grass, etc.) were 

calculated using the dimensions presented in the existing site AutoCad file. Time of concentration  and 

reach detail was determined by the program with the input of  the type of flow expected at the site. The 

time of concentration for control point one and three were calculated to be less than 0.1hr causing the 

program to default to the minimum value of 0.1hr. The inputs and respective output for each control point 

are presented in Appendix B. Hydrological Inputs and Calculations . Allowing the 100 year-24 hr 

frequency storm to control the design, the predevelopment peak flow rates for control points 1, 2, and 3 

were determined as 12.70 cfs (cubic feet per second), 10.11 cfs, and 1.47 cfs respectively.  
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Figure 6 - Post Development Flow Diagram 

 

To determine the post-development peak flow rates the relative same process as described above was 

used. The same three control points were used and the respective areas were decided in a manner to 

optimize the amount of water that we were able to flow off of the site. The control points and their 

assigned areas are presented in figure 7 below. As shown, it is assumed that the area in the north portion 

will flow from the roof in a manner that it contributes to the area of control point 1 on the corner of 4th 

and Ramsey. In addition the area in the south, including the parking garage is assumed to flow to control 

point 2. The area contributing to control point 3 is the same portion of the sidewalk as the predevelopment 

conditions. WinTR55 small watershed analysis program was employed to determine the post 

development peak runoff rates and hydrographs.  Due to the floor plan of the building to be 95% lot 

coverage, a conservative CN value of 98 was selected for areas 1 and 2 which assumes the entire area is 

impervious cover. The reach detail used for the calculation was designed as a very large channel with 1% 

slope which conservatively allows the water to flow from points in a manner faster than that in the field. 

This resulted in higher peak flow rates allowing for a conservative design. The inputs and output used for 

the post-development calculation are detailed in Appendix C Hydrological Inputs and Calculations The 

peak flow rates for the controlling 100yr frequency 24 hour storm for points 1, 2, and 3 were determined 

as 12.67 cfs, 13.79 cfs, and 1.47 cfs respectively. The peak flow for control point 3 was not changed 

because it is outside of the property boundary and is not going to undergo further development.  
 

With pre and post development peak flows determined, we were able to determine the need for a 
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stormwater detention facility. Control points 1 and 3 did not exceed the predevelopment conditions and 

therefore there is no for detention of water that exits these point. For control point 1 this occurred because 

of the smaller contributing area, and for control point 3 this occurred because the area remained 

unchanged. For control point 2 however, the post-development exceeds the predevelopment peak runoff 

rates and therefore detention is required to reduce the peak runoff flow below the predeveloped 

conditions. In this case we need to ensure the peak runoff at control point 2 does not exceed 10.11 cfs. To 

do this our team investigated two options, the first would be to detain all of the water that flows to control 

point 2 and release it at a predesigned rate, and the second would be to detain only a part of the water and 

release it at the design rate.  
 

To evaluate both options, our team needed to estimate the size of the detention facility for each case. The 

calculations used to determine the size of detention facility for each case are presented in Appendix C 

Hydrological Inputs and Calculation. In the first case, the detention facility would need at least 1728 

cubic feet of volume (approx. 13,000 gal.) and would require routing all water in the drainage area to the 

detention system and then controlling the release to allow for 10 cfs of flow. The second would detain 

water from the east most 0.7 acres of the facility and would require a detention volume of 2392 cubic feet 

of volume and allow for a controlled release of approx. 4.0 cfs.  
 

Looking at the site layout, our team determined the best location for a detention facility would be either 

an aboveground or belowground system located in the area of the driveway on the southwest corner of the 

property. This location is would allow for easy access to the detention facility for possible maintenance 

and allows for greater flexibility in the design. After selecting this option our team selected going with the 

second option presented above. This option allows for the water from the west 0.5 acres of the drainage 

area to be directly deposited from the roof to Ramsey St., while the water from the east 0.7 acres to be 

deposited directly into the detention facility. With this option selected we decided to locate the detention 

facility at the west most portion of the driveway located in the southwest corner of the property. This 

allows for the water to flow from the detention facility directly onto the driveway that is designed to carry 

the flow to Ramsey street.  A figure showing the location of the detention facility and the approximate 

flow of water are presented in figure 7 below. 
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Figure 7 -Flow Diagram w/ Detention Facility  

  
With the detention facility sized and located, we were then able to determine operation of the detention 

facility. Our team investigated two options, a gravity flow facility and a modified pump flow facility. The 

gravity flow system would be an above ground system (fig. 8) consisting of at least an 18,000 gal tank 

with an orifice at the bottom to limit the flow of water to 4 cfs. The tank would need to have an overflow 

above the 17,900 gal mark in case of malfunction. The tank would have a manhole at the top to allow for 

entrance into the tank. Due to this being such a large tank to place above ground, and the negative 

aesthetics of the situation, our team decided to pursue the underground option.  
 

For the underground option, our team selected a modified pump flow facility similar to the one presented 

in figure 9. In this case, the facility would be a concrete vault approximately 10 x 10 x 25 ft. It would 

operate by water flowing through a channel that is controlled by an orifice that would only allow 4.0 cfs 

through the channel. If the channel were to experience more than 4.0 cfs it would fill up and overflow into 

the tank. The emptying of the tank would be controlled by a pump that would lift the water back into the 

channel and allow the water to exit the facility. The bottom of the channel would be the same elevation as 

the road causing the top of the facility to extend approximately 1.5 ft above the ground surface. In order 

to provide maintenance to the facility a manhole would be installed. In order to drain the facility in less 

than 4 hours, a pump of at approx. 75 gpm will be needed.  
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Figure 8 - Above ground detention                                                 Figure 9- Below ground detention 

 

Based on the following options, our team selected the aboveground option. This is primary due to the 

increased cost with installing a below ground system and the added maintenance cost included with an 

underground pumped design.  
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Structural Design 

 

Structurally, we were tasked with designing the parking garage facility for the project. This included 

deriving the loads for the structure from International Building Code 2009 and American Society of Civil 

Engineers/Structural Engineering Institute 7-2010 as well as designing the structural elements such as 

beams, columns, and piers out of reinforced concrete using the design standards presented in American 

Concrete Institute 318-2014 and PCI Design Handbook: Precast and Prestressed Concrete 7th Edition. 

The vast majority of the computations were carried out using Microsoft Excel Spreadsheets derived by 

the structural design team members. 

  

The layout of the structural elements had to be changed from the original layout due to the required floor 

to floor clear spacing of ten feet provided by the customer and the required floor to bottom of beam clear 

spacing of seven feet. With the original number of columns and the span requirements, it was quickly 

obvious that the provided spacing was not adequate to meet these clear spacing specifications using a 

reinforced concrete structure. Because our design computations were carried out through excel 

spreadsheets, the design group was able to optimize a modified column spacing for a reinforced concrete 

structure that could provide a way to meet these limits without far exceeding the requirements with a non-

economical design. The final optimized layout required us to increase the number of columns from 12 to 

41. The increase represents the minimum depth that can be achieved with a Prestressed concrete design vs 

a precast, reinforced design. The change from having the greatest span of more than 60 ft. to one of 32 ft. 

allowed for an immense decrease in the depth of the cross section based on the limit found in ACI 318-14. 

This value went from a required minimum depth of more than three and a half feet to a value of two feet 

two inches. While this change results in an overall increase in the amount of raw materials necessary to 

construct the parking garage, and thus an increase in cost, the change increases the structural redundancy 

to improve the safety and reliability of the structure in the event of a localized failure. The final layout is 

shown in the figure below: 
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 Figure 10. Structural Floor Layout 

 

The ultimate goal during design was to provide a safe and reliable structure that would be capable of 

handling the loads sustained on the parking garage while retaining the serviceability that the users would 

require. Load derivation from Chapter 16 of IBC 2009 consisted of determining the Occupancy Category 

for the structure prior to using the tables to determine the live, snow, wind, rain, and earthquake loads for 

an Occupancy Category of II and a location in Stillwater, OK. The exact dead load was used in 

conjunction with an additional 5 psf load to cover the effect of MEP loading. The additional 5 psf was not 

taken into account in the combinations that included a wind or seismic uplift component, per ASCE 7-10 

requirements. The exact loads are presented in Appendix C. Structural Design Calculations 

  

Design for each structural element consisted first of determining the maximum distributed load from the 

strength design load combinations presented in ACI 318-14 and the tributary width and span length at the 

location of the element. Preliminary beam dimensions are selected based on these values, such as the 

beam depth and height. From this, the dead weight of the element can be distributed over the area and 

included in the calculations for the ultimate load. After this, the ultimate moment and shear were 
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calculated based on pre-determined support conditions, in our case simply supported beams resting on 

column corbels. From the maximum moment calculated from the load cases, the flexural steel was 

calculated using the Goal Seek function. Goal Seek was used because the equation in ACI 318-14 for 

flexural reinforcement is a quadratic function. The exact number of steel bars used was calculated for 

each iteration for a variety of rebar sizes, which allowed the structural engineer to optimize the beam to 

require the least amount of material possible while also providing the necessary strength. Shear 

reinforcement was selected similarly, but unlike the triple shear zone method found in ACI 318-14, a 

single spacing was selected across the span of the bridge to increase the provided ductility and 

redundancy. Required shear reinforcement and spacing was calculated using the equations in ACI 318-14 

for multiple locations throughout the span to ensure that the provided amount was always adequate for the 

ultimate value imposed by the load. 

  

The necessary serviceability checks were also performed at each iteration. The clear spacing limit of the 

maximum of either the diameter of the longitudinal bar chosen or a value of one inch was calculated for a 

single, double, and triple layer of reinforcing bars. Because the optimal location of reinforcement is 

further down the depth of the cross section, the least number of layers allowed by the clear spacing limit 

could be chosen to provide the maximum flexural capacity. Another check necessary for the serviceability 

of the structure was the deflection limit equal to one sixteenth the value of the span. This value changes 

for each element, so an excel spreadsheet was necessary to calculate each additional iteration of the 

design of each element. Deflection in concrete beams is based on the lesser of the cracked or gross 

moment of inertia, which depends on cross sectional properties, so for each change in these values, no 

matter how minimal, had an effect on the deflection values of the element. It was necessary to keep in 

mind how each design element influenced deflection as it was the controlling aspect of most of the design 

process. Knowing the smaller details of design, as well as keeping the bigger picture in mind was 

necessary to optimize the elements. The ultimate tensile strain in the longitudinal steel was also calculated 

to verify that the element was in the tensile failure mode and not in the compression zone. This ensures 

that in the event of failure, the failure will occur in a slow, ductile fashion, not the drastic, sudden failure 

that a compression failure event would incur. By ensuring that the element is always in the tension failure 

zone, it greatly simplified the design process and the optimization of the required reinforcing. 

  

In addition to the clear spacing, ultimate tensile strain of the steel, and the deflection requirements, the 

necessary lap splices, developmental length, and reinforcing ratio in each member was also calculated. 

These values are necessary to detail to provide adequate force transfer between elements and to develop 

the composite action between the steel reinforcing and the precast concrete elements. The reinforcing 

ratio minimum requirement of 0.015 is provided to ensure adequate composite interaction while the 

maximum requirement of 0.08 is to prevent the overcrowding of bars in the cross section. Each of the 

values were compared to the limits as stated in ACI 318-14, with the amount of reinforcing or cross 

sectional properties changed to verify that each was alright. 

  

Column and beam-column connection was performed in a similar fashion, with similar calculation checks 

occurring at each step and iteration of the process. Because the corbel connections are simply a short span 

cantilever beam with an angled compression zone, the design was very straightforward and easily able to 

draw upon the calculations performed in the beam and girder design calculation sheets. Column design 
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consisted of a similar series of design iterations at each location to provide adequate support for the 

structure, with each column being a single continuous element upon which precast beams, girders, and 

slab sections can rest without additional requirements for other supporting elements. This simplified the 

design of the columns by providing purely axial loading effects without a significant moment applied. 

  

The slab, designed as a rigid diaphragm connecting the exterior simple column and beam supports to the 

shear wall allowed for complete design of a lateral force resisting system capable of absorbing the loads 

from wind and seismic events. 

  

The exact calculations for each element, with labels in the heading on each page, can be found in the 

design spreadsheets attached in Appendix D 1 Structural Design Calculations  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CIVE 4043 - Spring 2016 Group #1 - 28 

Foundation Design 

 

The geotechnical investigation provided undrained shear strength and shear angle values for six separate 

borings taken over the area that the parking garage will sit. Using these values, the foundation design 

team members were able to calculate the design strength vs. depth for three differently sized piers. A deep 

foundation, such as drilled, cast in place piers, was chosen primarily for the fact that a shallow foundation 

would not have been adequate for the soil structure and the high values of load experienced by the large 

reinforced concrete parking structure. Piers were chosen over driven piles due to the noise level and cost 

that is required by the equipment necessary to drive piles deep into the earth. Because the structure is 

nearby residential, commercial, and educational facilities, the noise level of the necessary construction 

equipment is an important thing to consider. The primary design codes utilized for the foundation design 

were in Chapter 1810 Deep Foundations of IBC 2009, ACI 336.3R Report on Design and Construction of 

Drilled Piers, and in ACI 318-14 Chapter 25. 

  

From the structural engineering group members, the maximum axial, moment, and shear values were 

obtained. Using the maximum moment value, it was determined that a two and a half foot diameter pier 

would be most cost effective to provide the necessary flexural capacity of the reinforced concrete pier and 

necessary side bearing force to prevent uplift of the structure. A Microsoft Excel spreadsheet was created 

in conjunction with the base design strength charts that calculated the required depth of each pier at the 

location of each column and pier. To do this, each boring location was provided with coordinates in 

Northing and Easting directions and the depth and design strength determined based on the ultimate axial 

load. Similarly, each column and wall junction was given coordinates where the South-Westernmost 

column was chosen as the origin point. From the coordinates, depths, and strengths, an equation was 

derived in excel that was able to calculate the inverse distance weighted average based on the boring logs 

that surrounded it. Similar to a weighted average, which calculates a basic interpolation between two 

points, the inverse distance weighted average is able to calculate the weighted average between multiple 

points of reference. The main application of the inverse distance weighted average is in interpolating 

topographical and similar environmental factors, so the application to the varying strength and depth 

requirements at a point in the middle of four boring locations at different distances allowed for a more 

precise estimate of the necessary depth and strength provided at each location. This is the reason that the 

design provides the necessary strength without over utilizing material and construction resources in 

assuming the worst case throughout the site. 

  

The design for the reinforcing of each pier is the same, due to similar axial loads and to optimize 

constructability when casting each pier. The design was done using a combination of an excel spreadsheet 

to determine factors and an interaction diagram obtained from ACI Special Publication 7. The strength 

safety factor of 0.65 was used to modify the design as noted in ACI 318-14 from when the original 

publication was produced. The design of eight longitudinal #10 bars with a #5 spiral tie with an inclined 

pitch of 5.0 inches provided the necessary strength without exceeding the limits imposed by ACI 318-14 

Chapter 7 for clear spacing, axial shortening, and minimum reinforcing values, as reflected in the design 

spreadsheet in Appendix D 2. Foundation Design Calculations 
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Grading Plan 

 

We were asked to create the grading plan for the proposed site. We were given elevations and a 

topographical map of the site that was from a recent survey. As a team, we worked to provide a grading 

plan that minimized excess cut and fill as well as one that could accompany the new utility lines that were 

needed for the project.The existing topography can be seen below 

 
Figure11- Grading plan topography 
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Figure 12 - Existing site topography 

 

To start the process, we took the elevations given in the construction drawings and used the finished floor 

elevations to start determining the initial ground elevations for our site. Our lot has 95% building 

coverage so we decided to place more emphasis on the slab layout rather than the hydrology of the site. 

The property line does not include the existing sidewalks or roads. We focused mainly on the earthwork 

within the property line. We set the highest point of the lot on the Northeast corner at 905’. We then 

compared the proposed elevations with the elevations for our updated utilities. The highest point of our 

utilities line was also located on the northeast corner at 900’. The proposed elevation allowed for proper 

cover for the new lines. After checking the utilities height, we used the proposed site layout and began to 

hand draw the contours we needed for the grading.  
 

To model our grading plan and calculate our total cut and fill, we used a combination of Google Earth and 

Revit. Google Earth contains existing topography and allows users to take sections and import it into 

CAD software. Using Revit we were able to manipulate the surface to get the required elevations. The 

final drawing can be seen below. When we imported the topography from Google Earth, the relative 

elevation was lost. To correct this in our model, we established a control point on the imported surface 

and made all the elevations relative to this point. On our grading plan. The elevation 0’ is equivalent to 

900’ in the field. After grading, we had an excess of 3863 cubic yards of cut.  
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Construction Management 

 

Project Estimation: 
 

We used a unit cost analysis to estimate the overall cost of our parking garage. The four main sections 

that were analyzed are sewage line installation, water line installation, grading, structural elements, 

detention facility and interiors. Interiors include electrical wiring, elevators, staircases and fire protection 

equipment. The parking garage has 6 floors including the basement. The actual floor area is 113,363 sq. 

ft. but for estimation purposes the area per floor was assumed to be 113,000 sq. ft. The costs for all the 

components of the garage were calculated using 2011 RS Means. The unit price includes material cost, 

equipment cost and labour cost. Once the project cost was estimated, the total cost was multiplied by the 

location factor for Oklahoma. According to RS means, construction in Oklahoma costs 80% of the 

national average. Once all the costs were calculated, the location factor was applied to get the final project 

cost.  
 

Structural cost was calculated on a linear foot or square foot basis. The length of all the columns were 

added together and multiplied by the unit price per linear foot. Beams and girders costs were also 

estimated in a similar way. To obtain the total slab area, the floor area of the garage was multiplied by 6 

to account for the floor area of all 6 floors.  
 

The total project cost after accounting for location factors was estimated to be $ 4470624.48. All the costs 

for the structure, grading, utilities and detention are given below.  
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Project Scheduling: 
 

We used RS Means for the scheduling for the parking garage. Additionally, we used a current 

construction project to adjust our time for the schedule. There is a parking garage being built on the south 

side of Stillwater that is of comparable size and material. It will take a total of 183 days to complete the 

structural elements of the parking garage. That is assuming an eight hour work day and not working on 

Saturday and Sunday. 
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Appendix A - Transportation Analysis 

 

Determining Peak Hour capacity using the traffic distribution on a weekday.  
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Peak Hour counts for Hester & 4th, Hester & 6th for 2016 and 2020 
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Appendix B-1  Water Utilities Tables and Calculations 

 

Water Demand: 

Residential Flow = 451 residents x 150 gal/unit/day = 67,650 GPD 

To Accommodate for Retail Flow = + 10,000 GPD = 80,000 GPD 

Design Flow = 80,000 GPD = 3,333 GPH = 55.55 GPM 

Design Flow + Fire Demand = 80,000 GPD + 8,640,000 GPD = 8,720,000 GPD = 363,333.33 GPH 

 Fire Demand: 

8,640,000 GPD = 360,000 GPH = 6,000 GPM 

Intersection Max Day 

Usage 

(GPH) 

Max Day 

Usage 

(GPM) 

Average 

Usage 

(GPH) 

Average 

Usage 

(GPM) 

Peak 

Factor 

3rd and Hester 223.80 3.73 95.01 1.58 2.4 

3rd and Knoblock 281.60 4.69 103.46 1.72 2.7 

4th and Hester 282.73 4.71 132.80 2.21 2.1 

4th and Knoblock 421.65 7.03 100.39 1.67 4.2 

4th and Ramsey 338.83 5.65 126.86 2.11 2.7 

4th and Washington 1002.60 16.71 314.95 5.25 3.2 

6th and Hester 289.47 4.82 128.28 2.14 2.3 

6th and Knoblock 506.00 8.43 200.30 3.34 2.5 

6th and Ramsey 418.00 6.97 165.24 2.75 2.5 

6th and Washington 706.17 11.77 262.48 4.37 2.7 

7th and Hester 268.02 4.47 53.88 0.90 5.0 

7th and Knoblock 164.40 2.74 69.57 1.16 2.4 

7th and Ramsey 132.00 2.20 48.89 0.81 2.7 
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Apartment Unit + Fire     363333.33 6055.56 2.5 

 

 

JUNCTION TABLE 

Junction Elevation (ft) Pressure (psi) 

1 889 78.3 

2 896 75.3 

3 903 72.2 

4 915 67.0 

5 884 80.4 

6 878 83.0 

8 870 86.4 

9 886 79.5 

10 896 75.2 

11 896 75.2 

12 914 67.4 

13 892 76.9 

14 883 80.8 

15 903 72.1 

16 899 73.9 

17 906 70.9 

18 917 66.2 

19 884 80.4 

20 892 76.9 

21 903 72.1 



CIVE 4043 - Spring 2016 Group #1 - 39 

22 914 67.4 

23 883 80.8 

24 899 73.9 

25 906 70.9 

26 917 66.2 

27 883 80.8 

29 884 80.4 

30 892 76.9 

31 883 80.8 

32 906 70.9 

33 917 66.2 

34 914 67.4 

35 903 72.1 

37 899 73.9 

44 880 82.0 

45 886 79.7 

46 878 82.8 

47 904 71.7 

48 896 75.1 

49 894 76.1 

50 881 81.6 

Apartment Complex 892 76.9 

 

 

 

HYDRANT TABLE 
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Hydrant Elevation (ft) Pressure (psi) 

1 878 83.0 

2 897 74.7 

3 881 81.7 

4 904 71.8 

5 907 70.5 

6 897 74.8 

7 896 75.2 

8 884 80.4 

9 878 83.0 

 

 

 

PIPE TABLE 

Pipe Length (ft) Diameter (in) Material 

1 355 8 PVC 

4 677 8 DIP 

5 393 8 PVC 

6 366 8 PVC 

7 381 8 PVC 

9 373 8 ACP 

10 386 8 CIP 

11 425 8 ACP 

12 386 10 CIP 

13 397 10 CIP 

14 2000 24 CIP 

15 253 8 PVC 

16 253 6 PVC 

17 395 4 CIP 

23 733 4 CIP 

24 750 4 CIP 
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26 373 6 ACP 

27 386 6 ACP 

28 425 8 ACP 

30 360 6 PVC 

31 345 6 PVC 

33 400 4 CIP 

34 400 4 CIP 

36 395 6 DIP 

91 140 8 ACP 

92 195 8 ACP 

93 533 8 CIP 

94 212 8 CIP 

95 126 8 PVC 

96 224 8 PVC 

101 369 8 PVC 

103 351 8 PVC 

104 341 4 CIP 

105 342 4 CIP 

106 348 8 DIP 

107 379 8 DIP 
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Appendix B-2 Wastewater Utilities Tables and Calculations 

 

Design Flow = 0.365 cfs 

Minimum Slope = 0.0043 ft/ft (Table 7.3) 

n = 0.013 

  

Hester to Ramsey: 

Length = 356 feet 

Change in Elevation = 903 ft – 892 ft = 11 ft 

Slope = 0.031 ft/ft = 3.1 % (Design Slope) 
  

Pipe Size: 

Diameter = ( )0.375 = ( )0.375 = 4.13 inches 

  

Half-Full: 

Diameter = 1.73( 8/3 = 1.73( 8/3 = 5.35 inches 

                                                             City Standard Minimum Pipe Size = 8 inches 

                                                             Buried 3 feet below ground surface, PVC pipe 

  

Pipe Capacity: 

Flow = D8/3S1/2 = (8/12)8/3(0.031)1/2 = 2.13 cfs 

  

Hydraulic Elements Chart: (n = constant) 

 =  = 0.1716 →   = 0.28 → d = 0.28 x 8 = 2.24 inches 

Velocity-Full =  =  = 6.1 ft/s (Max Velocity) < 7 ft/s 

From  = 0.28:  = 0.75 → v = 4.58 ft/s (Average Velocity) < 5 ft/s 
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Ramsey to Washington: 

Length = 350 feet 

Change in Elevation = 7 ft 

Slope = 0.020 ft/ft = 2.0 % (Design Slope) 
  

Pipe Size: 

Diameter = ( )0.375 = ( )0.375 = 4.48 inches 

  

Half-Full: 

Diameter = 1.73( 8/3 = 1.73( 8/3 = 5.81 inches 

                                                             City Standard Minimum Pipe Size = 8 inches 

                                                                   Buried 3 feet below ground surface, PVC pipe 

  

Pipe Capacity: 

Flow = D8/3S1/2 = (8/12)8/3(0.020)1/2 = 1.71 cfs 

  

Hydraulic Elements Chart: (n = constant) 

 =  = 0.2135 →   = 0.32 →  d = 0.32 x 8 = 2.56 inches 

Velocity-Full =  =  = 4.9 ft/s (Max Velocity) < 7 ft/s 

From  = 0.32:  = 0.80 →  v = 3.92 ft/s (Average Velocity) < 5 ft/s 
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Appendix C - Hydrological Inputs and Calculations 

 

Predevelopment Peak Runoff Inputs and Output 

 

 
 

Post-Development Peak Runoff Inputs and Output 

 

 

 

 
 

Sizing of Detention Facility 

 

Case 1- Detaining all water to control point 2 

In order to properly size the detention facility the team used the hydrograph generated from 

WinTR55 to determine the the volume of water exceeding the allowable flow of water. 
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Assuming the allowable outflow is 10 cfs, we determined the area under the hydrograph that was 

greater than 10 cfs. The hydrograph used in case 1 is below.  
 

 
Using the zoom function in the program, we determined the time intervals where the hydrograph 

was above 10 cfs. The portion of the graph used for analysis is presented below.  
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The time interval used for analysis was t1-11.85hr and t2=12.04. We were then able to calculate 

the area under the curve by assuming the graph closely resembles that of a parabola. 
 

Area=2/3bh 

 b=12.04 - 11.85 = 0.19 hr = 684 sec. 

 h=13.79 - 10.00 = 3.79 cfs 

Area=(⅔)*(684s)*(3.79cfs) = 1728.25 cubic ft = 12,928 gal 
 

Volume of Detention = Area under Curve = 12,928 gal 
 

Case 2-Detain only East 0.70 Ac.  
 

The volume for case two was determined in the same manner with different constraints. The 

peak flow from this area is 7.76 cfs. To determine the maximum allowable flow we assumed the 

work case scenario. This assumes west 0.50 ac was at peak flow. The allowable flow would then 

equal the maximum peak flow from the west 0.5 ac subtracted from the maximum allowable 

flow from the control point. 
 

     Allowable flow from Area = Max allowed from control point - peak flow from 0.5 ac. 

= 10.11 cfs - 6.07 cfs = 4.04 cfs 
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The same process was used as presented in Case 1 to determine the area under the hydrograph. A 

picture of the hydrograph used is presented below.  
 

 
Assuming the area is equal to that of a parabola we can determine the volume of detention 

needed. By zooming in closer on each section one is able to obtain more accurate results.  
 

 Volume = Area under hydrograph 

  Area = ⅔ bh 

   b=12.06-11.795= 0.27 hr = 954 s. 

   h=7.76-4.04  = 3.72 cfs 

Area = ⅔ * 954s * 3.72 cfs = 2365.92 cubic feet = 17,698 gal. 
 

Volume = Area = 17,698 gal 
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Appendix D-1 Structural Design Calculations 
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Appendix D-2 Foundation design calculations 
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Appendix E- Construction Management  
 

Project Schedule using Microsoft Project. 
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