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Abstract: 

This design summary report includes the final designs for the proposed 20,000 square foot 

medical/dental building and the surrounding property located in the Town of Oro Valley, 

Arizona. This theoretical project was assembled for the spring 2011 portion of the Civil 

Engineering Senior Capstone. The report includes an overview of the zoning requirements, 

LEED accreditation, site plan, traffic and intersection analysis, grading plan, drainage 

infrastructure, foundation and geotechnical designs, and structural design of the medical/dental 

building. The design team included six seniors in the Civil Engineering program at the 

University of Arizona.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Roles and Responsibilities Summary: 

The project design team consisted of six members: Lauren Ruth Case, Austin Urton, Spencer 

Tang, William Cory Steele, Matthew Munden, and Brandon Skalsky. Each member was assigned 

to an aspect of the development of the medical/dental building property based upon their 

expertise. These areas included zoning, LEED, site plan, grading, transportation, 

hydrology/drainage, geotechnical, and structural. Every member also provided assistance in 

areas other than their lead role according to the needs of the group.  

Lauren Case- Principle, Hydrology Lead, Grading 

Responsibilities as principle of the group included coordinating and planning group meetings, 

setting deadlines and keeping all group members accountable for their work, formatting and 

preparing written report and final PowerPoint presentation for the end of semester review, and 

actively reviewing designs from all portions of the project. Responsibilities as hydrology lead 

included delineating the watershed, calculating runoff, reservoir routing, basin design, storm 

drain design, and channel design. Although not a main role, another contribution for the project 

included the grading of the site.  

Austin Urton- Geotechnical Lead, Structural 

Responsibilities included soil analysis from bore-hole data, creation of a soil profile, design of 

foundation/footings for the building, and design of a retaining wall on site. Austin also designed 

the architectural floor plan and rendering of the building and provided assistance in the 

preparation of the final report and presentation.   

Spencer Tang- LEED and Zoning Lead, Structural 

Responsibilities included researching LEED accreditation for the medical/dental facility and 

determining how each area of design would fulfill necessary prerequisites and necessary points 

to meet LEED Silver along with determining the necessary requirements per the zoning of the 

property according to the Town of Oro Valley standards. Spencer also assisted in the load 

analysis of the structural component.  

William Cory Steele- Site Plan Lead, Transportation, Grading 

Responsibilities included design of the site plan in coordination with all other aspects of the 

development, assisting the transportation lead with traffic analysis, finalizing the grading plan, 

and drafting the site plan and grading sections of the report and presentation.  

Matthew Munden- Transportation Lead 

Responsibilities included traffic analysis for trip generation and the redesign of the main 

intersection on site, drafting of the transportation report and presentation.  



Brandon Skalsky-Structural Lead 

Responsibilities included the analysis and design of the structural components of the 

medical/dental building. This included load analysis and beam, column, and girder size selection 

as well as the drafting of the report and presentation.  
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1. INTRODUCTION 

 
G3 Engineering Inc. has been requested to perform civil engineering services for its client, Mick 

Mathieu, for the development of Parcel 1A. A 20,000 sq. ft medical/dental building is to be 

constructed at the site with a 30’ by 30’ atrium. Preliminary research and design has been in the 

areas of zoning of the site, soil analysis and foundation recommendations, flow routing and 

drainage structures, parking and traffic, structural engineering, and the overall site plan.  

 

2. ZONING 
The Oro Valley Zoning Code Revised will be conformed to during the design and construction 

of structures located on parcel 1A. The Oro Valley Zoning Code Revised includes limitations on 

structural elements as well as parking lot elements. Additionally, preferences given by the 

OVZCR will be used when applicable to the use of the building. The current zoning 

classification of the parcel is C-1, however a joint rezoning to C-2 classification of parcel 1A and 

4A has been applied for. The following is an overview of zoning laws required for C-2 zoning in 

accordance to the Oro Valley Zoning Code Revised. 

 

2.1 Structural 

Table S-1: Dimensional Requirements (Commercial), OVZCR 

Zoning 

District 

Min. 

Property 

Size 

[acres] 

 Yard 

Setbacks  

[ft] 

 Max Building 

Height [ft] 

Min. 

Open 

Space 

Max  

Floor 

Area 

Ratio 

  Front Side Rear    

C-2 10 20 0-50 0-50 30 20% 0.40 
Figure 1 

 

 A. Minimum Lot Size 

  1. The minimum property size requirement for C-2 zoning in the OVZCR is 10  

  acres. Lots that do not meet the size requirement, and are currently not zoned C-2  

  may apply for rezoning in accordance with Oro Valley. 

 B. Setbacks 

  1. Setbacks will be defined as the shortest straight line distance from the nearest  

  property or lot boundary to a main or accessory building, structure, sign located  

  on the same property or lot. 

  2. Setbacks are as seen in Table 23-2B of the OVZCR. 

 C. Max Building Height 

  1. The maximum building height shall be 30 [ft.] for C-2 zoning. The maximum  

  building height may exceed 30 [ft] with the allowance of an additional 

   a. Architectural elements may exceed the maximum building height by no  

   more than 10 [ft]. 

 D. Minimum Open Space 

  1. There must be a minimum of 20% minimum open space of the net lot area. 

 E. Max Floor Area Ratio 
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  4. The floor area of the building, divided by the total area of the lot in which the  

  building is located on may not exceed 0.40. 

 

2.2 Transportation 

 

 
Figure 2 

Figure T-1: Parking Space Dimensions (OVZCR) 

 

A. Parking Spaces 

 1. Minimum Dimensions for Typical Parking Spaces 

  a. Parking Angle: 90° 

  b. Space Width: 9.0 ft 

   i. For mobility impaired spaces, add a 5 ft adjacent aisle allowing   

   access to and from the side of a vehicle. 

  c. Space Depth: 20.0 ft 

  d. Aisle Width: 24.0 ft 

  e. Curb Length: 10.0 ft 

  f. Center to Center Width of Double Row and Aisle: 64 ft 

 2. Number of Parking Spaces and Mobility Impaired Parking Spaces 

  a. The number of parking spaces will be determined from the OVZCR  

  Table 27-14. Medical Office building will require 4.5 parking spaces for every  

  1000 sq ft. 

  b. The number of mobility impaired parking spaces will be determined from  

  Table T-1. 

 

Table T-1: Number of Mobility Impaired Parking Spaces, OVZCR 

Total Parking Spaces in Lot Min Required HDCPs 

1-25 1 

26-50 2 

51-75 3 

76-100 4 

101-150 5 

151-200 6 

201-300 7 
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301-400 8 

401-500 9 

501-1000 2% of total space 

Over 1000 20 spaces + 1 space for every 100 spaces 
Figure 3 

B. Parking Lot Layout 

 1. Landscaped Islands: Used to define parking lot entrances and ends of all   

 parking aisles and the location and pattern of primary internal access drives and to  

 proved pedestrian refuge areas. Every 9 spaces shall have a landscaped island.   

 Minimum dimensions are as follows: 

  a. Outside Edge to Outside Edge: 10 [ft] 

  b. Curb Width: 8 [in] 

  c. Outside Edge to Outside Edge of Curb: 40 [ft] or 20 [ft] for single row 

  d. Seen in Figure T-2 

 
Figure 4 

Figure T-2: Landscaped Island Design 

 

C. Off Street Loading: Office uses shall provide one (1) loading space for the first 5,000 to 

100,000 square feet with one (1) additional loading space for each additional 100,000 square feet 

of floor area or fraction thereof. OVZCR 

D. Fire Access: At least two driveways should be provided for circulation and emergency vehicle 

access, subject to Fire Marshall review. 

 

3. LEED 
For this project, G3 Engineering will be applying for LEED Silver accreditation. The design of 

this project will emphasize reducing excessive waste resources such as energy and water. The 

design will incorporate low water use landscaping, as well as renewable solar energy applicable 

to Arizona’s climates. The building will also be designed to incorporate a efficient, comfortable, 

and clean work environment to those visiting and working at the facility. 

 

3.1 Sustainable Sites 

Prerequisite: Construction Activity Pollution Prevention 

Reduce pollution from construction activity 

 

In order to reduce erosion and sediment pollution, the hired contractor will be required to work 

with the civil engineer to create and submit a Stormwater Pollution Prevention Plan as well as an 

Erosion and Sediment Control Plan. In accordance to LEED 2009, strategies such as temporary 
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and permanent seeding, mulching, earthen dikes, silt fencing, sediment traps, and sediment 

basins will be considered and chosen based on available resources. 

 

Sustainable Site credits that will be applied for include all Alternative Transportation credits by 

including 5% of our total parking designated to fuel efficient cars as well as an additional 5% of 

our total parking designated to carpools (12 points). Other alternative transportation credits that 

will be included in this project include an accessible bus stop, as well as a bicycle rack 

accompanied by a shower room. SS Credit 5.2 requires the maximization of open space 

exceeding local zoning requirements by 25%. In total, for this project, G3 Engineering will be 

applying for 13 Sustainable Site LEED points. 

 

3.2 Water Efficiency 

Prerequisite: Water Use Reduction 

Employ strategies that use 20% less water than the water use baseline. 

 

The water use baseline will be calculated in accordance to LEED 2009. Assumptions made 

during this calculation are as follows: 

 

 - 1:1 Gender Ratio 

 - 50 Full Time Equivalents 

 - 100 Daily Patients 

 

The appliances applicable in determining the water use baseline and the water use reduction for 

commercial buildings are toilets/closets, urinals, and faucets can be found in Table 1 of 

Appendix 11.2. The number of uses per day per occupancy are determined from Table 2 taken 

from the LEED 2009 Water Use Reduction Additional Guidance, available in Appendix 11.2.  

 

The water use baseline was determined to be 332.5 gallons per day. In order to satisfy the LEED 

Water Efficiency prerequisite, the water use baseline must be reduced by a minimum of 20% or 

66.5 gallons per day. Reductions made for this project involved using high efficiency faucets, 

toilets and urinals. 

 

Water Use Baseline Calculations 

Faucets (2.2 GPM) 

(50 * 3) + (100 * 0.2) = 170 Uses * 15 sec/Use * 1 min / 60 sec * 2.2 GPM =  

93.5 Gallons 

Toilets (1.6 GPF) 

(25 * 3) + (25 * 1) + (50 * 0.2) + (50 * 0.1) = 115 Flushes * 1.6 GPF = 184 Gallons 

Urinals (1 GPF) 

(25 * 2) + (50 * 0.1) = 55 Uses * 1 Gallon/Use = 55 Gallons 

Total: 332.5 Gallons 

 

Water Use Baseline w/ Reductions 

Faucets (0.5 GPM) 

170 Uses * 15 sec/Use * 1 min / 60 sec * 0.5 GPM = 21.25 Gallons 

Water Efficient Toilets ( 0.8 GPF) 
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(25 * 3) + (25 * 1) + (50 * 0.2) + (50 * 0.1) = 115 Uses * 0.8 Gallons/Use = 92 Gallons 

Urinals to Waterless Urinals (0 GPF) 

 (25 * 2) + (50 * 0.1) = 55 Uses * 0 Gallon/Use = 0 Gallons 

Total: 164.25 

% Reduction = (332.5 - 164.25) / 332.5 = 50.6% 

 

The standard water use baseline was reduced by 50.6%, thus according to the previous 

calculations, LEED WE Credit 3: Water Use Reduction is also satisfied for the maximum 

amount of 4 points. WE Credit 1: Water Efficient Landscaping will also be satisfied by installing 

landscaping that will not require a permanent irrigation system in accordance to LEED 2009, 

WE Credit 1, Option 1, Path 2 for another 4 points. In total, 8 points will be applied for in the 

LEED water efficiency category. 

 

3.3 Energy and Atmosphere 

Prerequisite 1: Fundamental Commissioning of Building Energy Systems 

Installation and calibration of energy-related systems 

 

Prerequisite 2: Minimum Energy Performance 

Establish the minimum level of energy efficiency for the proposed building and systems to 

reduce environmental and economic impacts associated with excessive energy use 

 

Prerequisite 3: Fundamental Refrigerant Management 

Reduce stratospheric ozone depletion 

 

According to Arizona Public Service (APS), outpatient healthcare HVAC systems amount to an 

annual cost of $0.70 per square foot accounting for approximately 30 – 50% of a commercial 

building’s annual electric bill. In order to obtain lower electric bill costs as well as satisfy the 

three LEED EA prerequisites, the mechanical engineer must establish a baseline building 

performance rating using Appendix G of ANSI/ASHRAE/IENSA Standard 90.1-2007. 

In order to reduce the effect on the atmosphere and excessive use of energy, technology such as 

solar water heaters, automatic lighting controls, non-CFC based HVAC&R, and renewable solar 

energy systems will be chosen dependant on available resources. 

 

3.4 Materials and Resources 

Prerequisite: Storage and Collection of Recyclables 

Facilitate the reduction of waste generated by building occupants 

 

In order to satisfy the prerequisite for LEED Materials and Resources, recycling bins will be 

placed throughout the building with concentrations in the atrium, lobbies, and break rooms. 

Since this is a new construction project, MR Credit 1.1 and 1.2 will not apply since they are 

based on the reuse of an existing building. However, credits 2 through 4 will be applied to the 

project. 

 

During construction, construction and demolition debris will be recycled or salvaged if 

applicable. Initially, it will be assumed that 50% - 75% of construction and demolition debris 

will be salvaged in order to acquire 1 LEED point from MR Credit 2: Construction Waste 
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Management. Recycled materials will be used when possible with an approximation of 5% of 

total materials being reused acquiring 1 LEED point from MR Credit 3: Materials Reuse. When 

the reuse of materials is unavailable, materials with recycled material will be prioritized, with an 

approximation of 20% of materials consisting of recycled content for another 2 LEED points. In 

total, 4 LEED points will be applied for in the LEED Materials and Resources content. 

 

3.5 Indoor Environmental Quality 

Prerequisite 1: Minimum Indoor Air Quality Performance 

Establish minimum IAQ performance 

 

Prerequisite 2: Environmental Tobacco Smoke Control 

Minimize exposure of building occupants, indoor surfaces, ventilation air distribution systems to 

ETS 

 

In order to maintain the high living standards of Oro Valley, a major priority of this project will 

be to establish a high IEQ for FTEs and patients that will visit this establishment. This will be 

achieved by monitoring CO2 levels in the building and allowing outdoor ventilation through the 

atrium. An indoor air quality (IAQ) management plan during construction will be required to be 

submitted by the contractor. Also, prior to occupancy, air sample testing will be required in 

accordance to LEED 2009.  

 

All adhesive and sealant materials will be required to conform to the South Coast Air Quality 

Management District Rule #1168. Low emitting materials will also be used for paints and 

coatings and the flooring system. In order to further reduce energy costs from excessive waste, 

control systems for lighting and thermal comfort systems will be installed. Daylight and views 

will be provided from the designed atrium as well as windows over viewing Pusch Ridge. 

 

4. SITE PLAN 
4.1 Summary of Previous Site Plan 

The original site layout had several issues. The angled parking aisles were the source of many of 

these issues. A combination of one and two way parking aisles was likely to cause confusion. 

The minimum aisle spacing and parking lot size was also not ideal for a medical office complex. 

There was also a worry about the walking distance from the furthest parking space to the 

building. Overall too much space was wasted on the site.  

 

4.2 Description of New Design 

The site layout has been almost completely revised; however several things were kept the same. 

The building will be located in the southeast corner of the lot. This location was chosen in order 

to take advantage of the view of the Pusch Ridge Mountain Range located to the east of the lot. 

The building is 134 ft X 80 ft. It is a two story building as chosen by the client. The atrium to the 

building is located in the east center of the building. This location was chosen as an architectural 

decision in order to take advantage of the Pusch Ridge Mountain view from the interior. Ten feet 

of open spacing is left around the building for landscaping to be provided.  

 

Most of these changes to the site layout stem from the adjustment of parking spaces from angled 

to perpendicular. With the number of spaces being relatively small, it was felt that angled 
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parking required more space than it saved; therefore, it was decided that perpendicular parking 

should be used for the site. This change decreased the longest walking distance a 

customer/patron can expect. Two-way aisles are used to eliminate any confusion by drivers.  

 

These aisles are 30 feet wide in all locations. There are a maximum 9 spaces between landscaped 

areas, as specified by the local zoning code. There are a total of 90 spaces at the site. The amount 

of spaces was dictated by the local zoning code. The parking spaces were widened to 12 feet to 

accommodate the patrons expected on site. The site can expect more disabled and elderly than 

most other developments; therefore, it was judged that spaces should be wider than required. As 

the building on site is a medical office building, extra handicaps spaces were added because of 

the patrons expected to visit the site.  There are LEED spaces located near the building in order 

to obtain the alternative fuel LEED credit for the project.  

 

Access to the site will be provided off both Oracle Road and Linda Vista Blvd. The intersection 

between these two access roads was judged to be a four-way stop. The access from Linda Vista 

continues until the northern most developed part of the lot. The access from Oracle continues 

until the near edge of the development. It does not reach the edge of the development as the 

channel lies there. From the edge of these two roads there are openings into the parking lot. It is 

estimated that the cost of the pavement for the road and parking layout to be $70,000 - $100,000. 

This estimate does not include labor or grading. 

 

LEED had a great effect in the design of the site plan. As mentioned above, alternative fuel 

spaces are provided near the building. Only 90 spaces are provided on site, the minimum 

required by the code. A large percentage of the lot is left undeveloped. Hopefully this will 

provide another LEED credit for limiting the disturbance to the natural environment. There will 

also be bicycle parking on site as well as a private changing room for any employees or patrons 

that choose to bike to the development. Furthermore, only native plants will be used on the site. 

Further information regarding LEED can be found in the LEED section. 

 

5. Transportation 
5.1 Summary of Previous Work 

The Fall 2010 Design Summary Report incorporated a mix of angled and perpendicular parking.  

The parking aisles were also a combination of one way and two ways.  The handicapped spaces 

were also at the minimum number required.  The parking spaces were also at the minimum width 

required by the Town of Oro Valley code.  The access to the parcel was on the northwest and 

southeast corners of the parcel.  All four parcels met at a four-way stop.  The parking lot was 

only on the west and south sides of the building.  Overall, the design for the parking lot and 

access were designed to the minimum standards. There have been significant changes this 

semester to the parking lot and access to allow for easier flow of traffic in and out of the parcel.  

 

5.2 Description of New Parking Layout 

The building is located in the southeast corner of the lot.  The main parking lot is to the west 

with additional parking to the north and south of the building.  This allows for easy access to the 

building since the doors to the building are to the west along with emergency exits to the north 

and south.  The parking lot is set up this way so that pedestrians will not have to walk too far 
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from their cars to the building.  If the parking lot were only to the north, the average distance to 

the building would increase.   

 

There is one sidewalk per every six parking aisles to allow pedestrians to safely navigate the 

parking lot as required by the Town of Oro Valley.  Linda Vista and the north-south access road 

on the west side of the property will have sidewalks.  The north-south access road will have the 

sidewalk extend from the south until the west access to the parking lot is reached.  The sidewalk 

on Linda Vista will extend all the way from the west end to the east end of the property.  There is 

also at least one landscape area per every nine parking spots.  This landscape area is ten feet 

wide by 20 feet in length.  There is an additional sidewalk that is five feet in width that surrounds 

the building.  It is 23 feet in length and is 14.1 feet horizontal.  

 

 The parking spaces are perpendicular making it easier for patrons to park.  The parking spaces 

are 11 feet wide, which is above the ten feet required by Oro Valley.  This is to make it easier to 

park.  The parking aisles are also wide enough so that two vehicles can pass each other in 

opposite directions which make every area of the parking lot easy to access.  The parking aisles 

are 30 feet wide, allowing for fire access throughout the parking lot.  There is also a bicycle rack 

at the front of the building for those who prefer to ride their bikes to the building.  

There are six handicapped parking spaces which are above the required four spaces.  This is 

important as this is a medical-dental building and there are expected to be more handicapped 

people at this building than most buildings.  Also, of the six handicapped spaces, two are van-

accessible.   

 

The dumpster for the building is at the northeast corner of the lot, away from the main parking 

and out of the way as to not disrupt the flow of traffic.  There is also a loading area on the east 

side of the building, which is away from the main traffic, allowing for easy access.  There is a 

stop sign at the south exit of the parking lot for those exiting and one at the north side of the 

parking lot for those going northbound.  There is another stop sign at the southeast end of the 

parcel for those moving eastbound.   

 

The access roads between the four parcels intersect at a four-way stop.  The four-way stop adds a 

measure of safety by calming traffic. There is access to the parcels to the west and south via the 

access roads at the northwest and southeast corners of the parking lot respectively.  There is a 

curb break for increased access between the four way stop and the east side access.  All three 

access roads to the parking lot are wide enough for fire access. 

 

5.3 Turning Movement Counts and HCS Analysis 

The turning movements were counted at the intersection of Oracle and Linda Vista during the 

AM and PM hours and were used to determine the AM and PM peak hours.  The turning 

movements are attached Appendix 11.4. Most of the movements are for Oracle Northbound and 

Southbound.   

 

The movements generated from the parcel do not affect all possible movements.  For instance, 

vehicles approaching the parcel on Northbound Oracle will not turn left to arrive at the parcel.  

The movements generated are for AM & PM for both incoming and outgoing vehicles.  
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The existing movements and total traffic movements are shown in Figure 5 below.  The existing 

movements were multiplied by 1.03 and added to the generated movements to calculate the total 

movements.  These counts were then inputted into HCS+ (Highway Capacity Software) along 

with the signal timing to determine the intersection LOS (Level Of Service).   

 

 

HCS was used to determine future conditions of the Oracle and Linda Vista intersection.  The 

phase combination was equal for both the AM and PM hours.  Linda Vista receives ten seconds 

of green, three seconds of yellow and two seconds of all red time.  The next phase is for Oracle 

which has a phase for thru and right turns with permitted lefts and a protected left turn phase.  

The first phase has 57 seconds of green time and three seconds of yellow time.  The protected 

left turn phase starts up immediately after the yellow of the first phase and has ten seconds of 

green time, three seconds of yellow and two seconds of all red.  This phasing was determined to 

use lagging lefts because most signals in Pima County use lagging lefts and most drivers in the 

Town of Oro Valley are prepared for lagging lefts.  Some studies demonstrate that lagging lefts 

are slightly safer than leading lefts.  The red time was excluded between the 1
st
 movement and 

the protected lefts phase just as many lights execute in Tucson, which decreases delay at the 

intersection.  Also, the signal is actuated for Linda Vista, so if there are no vehicles queued up on 

Linda Vista, the light will not turn green for Linda Vista.  This also decreases intersection delay.   

 

The total cycle length is 90 seconds.  This was chosen as it is the common cycle length in Pima 

County and choosing 90 seconds enables the use of traffic progression, which is to coordinate the 

signal with nearby signals so that drivers have a green signal at one signal followed by a green 

signal at the next intersection.  This also decreases the intersection delay and increases the 

intersection LOS.  The intersection LOS is a B, which is good for the intersection.  Linda Vista 

Figure 5 
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received a D for both westbound and eastbound while Oracle received an A and a B for 

northbound and southbound respectively.  Most attention was paid to Oracle as most of the 

drivers are on Oracle.  

 

The adjusted saturated flow rate for Linda Vista Westbound and Eastbound are 1518 and 1514 

respectively.  For Oracle Northbound and Southbound the left turn and right turn it is 1805 and 

1615 respectively.   

 

HCS was also used for the existing conditions.  It was determined that the existing conditions for 

the Intersection LOS to be a B.  This is good because the Intersection LOS stayed a B from the 

existing conditions to the future conditions. 

 

6. GRADING 
By switching to perpendicular parking, amount of space required was greatly reduced. About a 

quarter of the northern end of the lot is left untouched under this site layout plan. This decreased 

the size and location of the detention basin. The detention basin is now located in the northwest 

corner above the parking lot. The basin will be surrounded by native plants to block the basin 

from view as well as limit public access to the basin. All landscaping on site will be done with 

native plants. Furthermore, in order to reduce the water necessary, low water use plants will be 

used. The native Saguaro on site will be moved and brought into some of the available open 

space on site. 

 

The finish floor elevation of the site is 2664 feet. This is not the highest point of the 

development, however, all ground near the building slopes away from the building. The site was 

graded to prevent the pooling of water at the site. All grading was done in AutoCAD Civil 3D 

with feature lines and COGO points.   

 

The intent of the grading plan is to have water flow in the middle of the parking aisles. The water 

will flow from the northwest end of the site to the southeast corner of the site. From there it 

flows into the sidewalk scuppers and into the detention basin. The top elevation basin has a top 

elevation of 2656 feet and a bottom elevation of 2654 feet. Further descriptions for the basin can 

be found in the hydrology section.  

 

Due to the grading plan, it was necessary to make a retaining wall along the western edge by the 

channel. This retaining wall is discussed in further detail in the Geotechnical section of the 

report. 

 

The grading plan includes the parking lot grading, the channel, and the detention basin. The cut 

and fill where calculated used AutoCAD Civil 3D. It was found that the grading plan generates 

around 15,700 cubic yards of fill. The amount of fill generated was 14,250 cubic yards. It is 

assumed that the net fill will be approximately equal to the net cut. Therefore, the haul costs is 

estimated to zero for the site. The graded area is estimated to be 17720 square yards. Grading 

costs are assumed to be $2 per square yards. The estimated grading cost is calculated to be 

$35,440. 
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All slopes and cross-slopes meet the minimum requirement by ADA, Pima County, and the 

Town of Oro Valley where applicable. Design of ramps, sidewalks, and storm drains will be 

designed according to the Pima County Design Standard Details. The only extreme slopes on the 

site are behind the building. However, because this is open landscaped space, the slopes are 

acceptable.  

 

7. HYDROLOGY/DRAINAGE 
7.1 Summary of Previous Work 

Drainage for Parcel 1A, as per the Town of Oro Valley standards, requires that the post 

development runoff does not exceed the existing conditions. In order to attain this, a detention 

basin was designed to attenuate the onsite developed flow below the pre-developed flow rate and 

the offsite existing flow was redirected around the site via a channel along the east and north 

property lines. All runoff was directed from the site to the wash running alongside Oracle Rd. 

through two storm drains under Parcel 4A. Preliminary research and design of required hydraulic 

structures was discussed in the Fall 2010 Design Summary Report during the first phase of this 

project.  

 

Research included determining whether the basin was a critical basin and reviewing Town of 

Oro Valley and Pima County standards for storm water drainage. For example, retention is not a 

viable design option for any basin in the Town of Oro Valley; therefore a detention basin is 

required.  

 

The designs from the Fall 2010 Design Summary Report hinged upon the calculation of the pre 

and post development runoff. This was performed by delineating the onsite and offsite 

watersheds and utilizing PC-Hydro to find the peak discharge for the 100, 50, 25, 10, 5, and 2 yr 

flood. All the topographical and geological data was determined through a provided 

topographical map, Pima County Mapguide, and Appendix D of PC Hydro. These discharges 

were used in the preliminary design of a detention basin, weir outlet, channel, and storm drains. 

These designs have since been improved based upon further iterations and improvement in land 

use.  

 

This report includes the final designs of the hydraulic structures to attain proper drainage from 

the site. It also provides a vegetative barrier detail for the detention basin and specifications for 

various other components, such as the oil-water separator.  

 

7.2 Detention Basin: 

Basin Design 

The Fall 2010 Design Summary Report detailed a detention basin designed to attenuate the 

onsite developed flow 47 cfs to below the existing conditions of 27 cfs. However, since then the 

development area of the parcel has decreased by approximately 1/3, thereby reducing the 

required capacity of the basin. A smaller onsite watershed was delineated to replace one of the 

previous onsite watersheds. The area was decreased from 2.9 acres to 0.9 acres and this change is 

shown in Figure 5. 

 



G3  

ENGINEERING 

12 

 
 New Watershed Delineation 

 
 
Old Watershed Delineation 

Figure 6 

 

Using this new watershed, the pre and post developed onsite discharges were calculated, once 

again in PC Hydro. Figure 7 below shows the Q100 for each watershed. The detailed hydrologic 

data sheets can be found in Appendix 11.6.  

 
OFFSITE Q100 (cfs) ONSITE EXISTING Q100 (cfs) ONSITE PROPOSED Q100 (cfs) 

OFF-1 33 ON-1 EXISTING 6 ON-1 PROPOSED 9 

OFF-2 33 ON-2 EXISTING 13 ON-2 PROPOSED 19 

OFF-3 46 TOTAL 19 TOTAL 28 

TOTAL 112 

Figure 7 
The Q100 proposed and existing for the onsite watersheds was used to calculate the basin size and 

capacity. The Modified Puls Method was used to route the flow and find the needed dimensions 

of the basin. It was also used to design the weir and orifice outlet structures. The theory of this 

method was described in the Fall 2010 Design Summary Report.  

 

Using the Modified Puls Method the Phase 1 basin was designed to be 100 feet long x 90 feet 

wide with a 3:1 (horizontal: vertical) side slope. It was 3 feet deep, which required a 6:1 14 ft 

wide maintenance ramp. The weir was sized to be a broad crested weir, 3.5 feet wide.  

 

This design was adequate for the previous discharge rates; however the basin capacity needed to 

be reduced because of the reduction in the onsite developed area. Additionally, only using one 

weir drastically limited flow for the smaller return period floods and the rectangular design did 

not satisfy Pima County and the Town of Oro Valley’s desire for a more naturally shaped basin. 
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Modifications to the calculation of the discharge in the Modified Puls Method in order to 

redesign the basin included a new equation for the volume and the addition of the orifice 

equations to increase discharge at lower flows.  

 

 Volume Equation: 

                                                                

Area Top 9691 

Area Bottom 5270.5 

dH Stage Depth 

Ptop (Perimeter) 406 

Z 4 

Figure 8 

Orifice Equations: (from Terry W. Sturm’s Open Channel Hydraulics) 

 

                                    

                              

 

Using these new equations the capacity of the new basin was determined to be 14,962 cubic ft. 

with a stage of 1.30 ft during the 100-yr flood, see hydrograph in Figure 8. The dimensions for 

this design at the maximum top width and length are 168.06 ft and 83.3 ft respectively with 4:1 

(horizontal: vertical) side slope. Details are provided in Appendix 11.6. The basin is designed 

with a natural curvilinear shape with radii no less than 10 feet as recommended by the ―Multiple 

Use Concepts and Aesthetic Design Guidelines‖ of the Pima County Stormwater 

Detention/Retention Manual. This basin will not require a fence or the prior maintenance ramp 

because it is less than 3 feet deep; this is according to the Pima County Stormwater 

Detention/Retention Manual. The bottom of the basin slopes towards the outlet at 0.5feet/foot. 

With these dimensions the basin will drain in 133 minutes, which conforms to the Oro Valley 

12-hour limit. The detention basin detail is available in Appendix 11.6. The outlet contains a one 

foot long weir and two 12 inch diameter pipes. This is shown in Figure 10 below. An overview 

of the discharge rates for each return period from this outlet configuration is detailed in Figure 

11.  

 
 

Figure 9 
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Figure 10 

 

Return Year Q Existing Q Developed Q Attenuated 

2 1.9 2.8 1.35 

5 5.5 6.6 3.21 

10 6.8 9.60 5.55 

25 10.7 14.7 9.86 

50 14.5 20.5 12.8 

100 19 28 16.17 

Figure 11 

Vegetative Barrier: 

All basins are required to have a 42‖ minimum barrier according to the Town of Oro Valley and 

Pima County drainage standards. Since this basin is only 2 feet deep the barrier specified can be 

solely vegetative. The vegetation chosen for this barrier was selected from the Town of Oro 

Valley native plant list and will include a combination of trees, shrubs, and cacti. The trees will 

include the Mexican Buckeye, Arizona Rosewood, Greythorn, Western Hackberry, Sonoran Palo 

Verde, and the Elephant Tree. The shrubs will include the Fairy Duster, Mexican Bird of 

Paradise, Hummingbird flower, and Trumpet Bush. The cacti will be a combination of the 

Golden Barrel Cactus, Saguaro Cactus, and the Desert Spoon and Soaptree Yucca. All of these 

native plants require either monthly watering or watering only for one month after planting, 

which will drastically reduce water use on site.  

 

Oil/Water Separator: 

In order to prevent pollution of downstream washes, such as the Canada Del Oro wash, an 

oil/water separator will be installed at the outlet of the basin. The specification will be for an 8 ft-

Diameter Downstream Defender® from Hydro International with a peak discharge capacity of 

15 cfs. The Downstream Defender® technology is a hydrodynamic separation device which is 

the preferred method of oil separation of the Town of Oro Valley. The inlet and outlet pipe 

diameter size is 24‖ which is the size of the designed storm drain. The detail for this oil/water 

separator is available in Appendix 11.6. 

 

7.3 Storm Drain Design: 

Three storm drains were designed to direct the flow off of Parcel 1A and into the existing wash 

along Oracle Rd. One of these storm drains is located in the northeast corner of the parking lot 

and will convey water to the detention basin. The additional storm drains will be draining into 

the wash along Oracle, one transmitting the discharge from the detention basin and the other 

from the channel. In order to convey the water from the site to the wash, the flow must go 
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through Parcel 4A by either open channels or through underground pipes. The latter was chosen 

because it would not reduce space for Parcel 4A.  

 

The storm drain discharging from the channel was designed as a culvert and was previously 

designed in the Fall 2010 Design Summary Report (details can be found in Appendix 11.6).  The 

final dimension of this storm drain was a 54- inch diameter reinforced concrete pipe (RCP) and 

445 ft long. The inlet will be a straight headwall with a single pipe as described by the ADOT 

standard B-11.11 (see Appendix 11.6). The exit will have rip-rap because the outlet velocity is 

less than 10 feet per second. The headwater was calculated to be 3.6 ft with a 2.34 ft fall at the 

inlet of the culvert to provide enough head on the pipe, and HW/D is less than 1.5 meeting the  

Town of Oro Valley requirements. 

 

The other two storm drains were designed based upon partly full flow in circular conduits. Partly 

full flow capacity design assumes full flow to be equivelent to a depth of flow to diameter ratio 

of 0.8 and that the flow is fully rough and turbulent. The initial diamter is determined by the 

characteristics of the pipe (manning’s roughness, slope, and discharge) and is then rounded up to 

the next available commercial pipe size. Then through a series of iterations the depth of flow is 

determined for this commercial pipe size to see whether it will be sufficient to obtain full flow 

(y/d=0.8). The slope was determined from the grading and manning’s n was assumed to be 0.024 

for a corrugated metal storm drain.   

 

The storm drain in the northeast corner was estimated to receive 10 cfs during the 100-yr event 

and the pipe draining to the wash along Oracle will have a maximum flow rate of approximately 

16 cfs based upon the 100-yr event discharge from the basin.  The entrance to the northeastern 

storm drain will be built according to Catch Basin type 1 standard detail 307 and Catch Basin 

Gutter Depression and Spacing Standard Detail 305. Based upon this criteria the size of both 

pipes was determined to be 24. Equations and the design criteria are provided in Appendix 11.6.  
 

7.4 Channel Design: 

The detention basin was designed to capture and attenuate only onsite flow within Parcel 1A. It 

will not be detaining the flow coming onto the lot from offsite, thus a channel around the site 

was designed. The channel was designed using Manning’s equation and uniform flow depth. 

This is an allowable approach to the design of this channel because it is less than 400 cfs. The 

channel was designed to convey only the offsite 100-year flood event, totaling a discharge of 112 

cfs. The channel will be a concrete lined trapezoidal shape with 1:1 side slopes. Figure 12 shows 

the input parameters and solutions to Manning’s equation. The top width was extended to 15 ft; 

however a 1.5 ft wide concrete slab will be required on either of the channel for slope protection.  
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Q100 (cfs) 66 112 

Y-  depth (ft) 0.63 1.08 

Top Width 11.27 12.16 

Top Width w/ Freeboard 13.27 14.16 

n (Manning’s for concrete) 0.015 0.015 

So 0.02 0.02 

b (ft) 10 10 

m 1 1 

Area (ft
2
) 6.74 11.95 

Velocity (ft/s) 9.67 13.25 

Froude Number 2.20 2.35 
Figure 12  

7.5 Other Drainage Features: 

Other drainage components for Parcel 1A include curb cuts and sidewalk scuppers that will help 

convey the water quickly to the basin. Curb cuts will not exceed 5 ft wide to avoid the use of 

bollards. The sidewalk scupper will be designed according to Pima County Standard Detail 

205.5. Curb cuts are shown on the site and grading plan.  

 

Passive rainwater harvesting will be used in all the areas which will allow for the reuse of water 

for any landscaped areas and reduce the size of the detention basin. However these areas will not 

be within 10 ft of the building as per the Town of Oro Valley drainage standards. Designing for 

water harvesting is highly recommended by the Town of Oro Valley and in combination with 

native plants, will give LEED credits for the development.  

 

8. GEOTECHNICAL 
8.1 Site Overview 

The purpose of the geotechnical portion of this design task is to develop an adequate foundation 

based on the conditions of the soil as well as the requirements of the proposed building. Due to 

the building loads and the soil strengths, the appropriate foundation for this two-story, 20,000 

square foot medical-dental building is a shallow spread footing. Two footings were designed for 

the structure (specifications for which can be found in Appendix 11.7); one was developed for 

the interior columns, which carry more load, while the other was developed for the perimeter 

columns, which carry lesser loads. The proposed footings measure 4’x4’, and 5’x5’.  

 

To better understand the capacity of the soil on the site, it is important to analyze the soil 

conditions. This process was limited in scope to the information provided in the Geotechnical 

Report presented to G3 Engineering. The site under development (Parcel 1A) is a 5-acre site and 

has a natural slope of approximately 30:1 (or 3%) directed from the southeast to northwest 

corners resulting in an elevation change of 2668 ft to 2646 ft, respectively. The geotechnical 

report provided information on borehole testing of the site, which concluded that the soil content 

on the site is comprised of Silty Sand (SM), with trace amounts of Silty Clay (SC). Boreholes B-

4 and B-6 were located on Parcel 1A, with B-4 being located almost directly under the location 

of the proposed building. As a result, information obtained from borehole B-4 was relied upon 

heavily throughout the analysis of the site and the design of the footings.  
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Based on an analysis of the site’s soil conditions, it was found that the soil is relatively dense 

throughout the site at an approximate depth of 6 ft below the current elevation. At depths above 6 

ft, however, the soil is medium in density, which may be problematic if the footings are 

constructed on a soil of this density. This medium density soil from borehole B-4 compressed 

under an applied pressure of 2.5 ksf by 13.8% when inundated with water. Thusly, the medium 

density soil that comprises the top 6 ft of soil on the site, must undergo compression to 

adequately support the building.  To ensure a proper density of roughly 130 pcf, the top 6 ft of 

soil should be over-excavated to ensure sufficient foundation support. Based on information 

provided by RS Means Construction Data, the price of over-excavation of the site is $5.56 per 

cubic yard. Based on the 6 foot excavation depth, and the 84’x136’ footprint of the building, the 

approximate cost of over-excavation of the site will be $14,000. 

 

8.2 Design Requirements 

Initial parameters were determined using the site conditions specified in the geotechnical report 

provided to G3 Engineering. These parameters were based off of the standard penetration 

number N-values from the geotechnical report. These N-values were then corrected with a 

composite correction factor CRSBNE which takes into consideration the errors in the on-site testing 

the soil. With these corrected N-values, correlations could be determined between other values 

that are necessary for the analysis of the footings. These correlations were used to gain better 

insight into the characteristics of the soil and the parameters and certain depths. Parameters 

included the bulk unit weight (ϒ) of the soil, the critical state (φ'cs) and peak (φ'p) fiction angles, 

the elastic (E) and shear (G) modulus’ of the soil, Poisson’s ratio (v), and the relative density 

(Dr). The design parameters included a bulk unit weight of 130 pcf, a peak friction angle of 42°, 

and an elastic modulus of 740,000 psf. All designs and checks using allowable stress design 

(ASD) consider a factor of safety (FS) of 3.  

 

The bearing capacity of the soil was checked using two equations as a means of ensuring soil 

stability. One set of bearing capacity calculations focuses on specific design factors of the 

footing and soil, while the other focuses on the N-value. With the methods chosen, the initial 

dimensions of the footing are assumed, while all other factors were determined using the 

parameters of the soil. Once the allowable bearing capacity calculations were determined, they 

were compared to the actual load that would be imposed on the footing. The allowable bearing 

capacity (Qa) must be larger than that of the imposed load in order for the footing to be 

considered adequate. For the interior footings, the largest load considered was 160 kips. With a 

5’x5’ footing size, the Qa values determined by the two methods were 780 and 480 kips.  The 

largest load for exterior footings was 84 kips; and with a 4’x4’ footing, the Qa values were 480 

and 270 kips. Thus, according to bearing capacity, the footing sizes are more than adequate. The 

primary equations for bearing capacity are shown below. 

                                                  ;       
  

  
     

                   
  

 
  ;          

    

  
 

 

While the bearing capacity values seem large, thus making the footing sizes seemingly 

inefficient, it is due to the settlement of the foundations that the footings must be 4’x4’ and 

5’x5’. The settlements (ρ) of the footings were determined using Meyerhof (1965) equations, 

which are based on SPT values. These equations taking into consideration not only the N-values 
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of the soil, but also the allowable bearing capacity, as well as the dimensions of the footing. 

Settlement for this site was considered acceptable as long as it did not exceed1 inch. Likewise, 

differential settlement was not to exceed B/6, where B is the length of one side of the footing. 

For the 4’x4’ footing, the maximum settlement was .58 inches, while the 5’x5’ footing 

experienced an acceptable maximum settlement of .74 inches.  The greatest difference in 

settlement (Δsmax) was .36 inches, which translates to a maximum differential settlement of 

.000785. The primary equations for settlement are shown below.  

 

  
   
  

          

  
   
  

   
 

 
 
  

          

 

The bearing capacity and settlement of the soil both take into consideration gravity loads on the 

structure, however there are moments and horizontal loads imposed that must be accounted for. 

Checking the eccentricity (e) of the loads is a means by which the footing size can be deemed 

serviceable when considering all of the loads that will be imposed on the footings. What the 

eccentricity shows is that the relation of loads on the footing may not be perfectly centered; 

checking this parameter ensures no rotation at the base of the footing. Eccentricity considers the 

lateral and axial forces acting at the top of the footing, the moment imposed by such forces as 

seismic loads, as well as the weight of the footing itself. The relation of these forces can be seen 

in the equation below. Once the eccentricity if determined, it is compared to the value B/6. The 

B/6 value must be greater than that of the eccentricity in order for the footing to be considered 

adequate. For the 5’x5’ footing, the eccentricity was determined to be .22, while the B/6 value 

was .83. The 4’x4’ footing had an eccentricity of .43, with a B/6 value of .67. Thusly, both the 

5’x5’ and 4’x4’ footings are adequate when considering non-vertical loading. 

 

  
       

   
 

 

8.3 Footing Design 

Unlike the design requirements for the soil, which use ASD, the footings were designed using 

the LRFD reliability theory. This is due to that fact that the structural components of the building 

are designed using LRFD values, and the footings are often considered structural elements. The 

footings were designed checking one-way shear and punching shear, and the development length 

of the steel bars was checked as well. Checking one-way and punching shear are a means of 

determining the thickness of the footing. As with bearing capacity determination, certain 

parameters must be assumed in order for a final value to be determined. In this case, the 

thickness of the footing needs to be assumed in order to check it against the one-way and 

punching shear values; as long as the values determined are less than that of the assumed value, 

then shearing is not an issue in the footing. In both the 4’x4’ and 5’x5’ footings, the thickness 

was determined to be acceptable at 12 inches. This is including a 3.5 inch concrete cover at the 

base to protect the steel. Required d equations (d is the thickness of the slab minus the 3.5 inch 

bottom cover) based on one-way and punching shear are shown below. 
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Once the thickness of the footing was determined, the area of steel reinforcing was found by 

calculating the value 
  

    
 and determining the corresponding ρ value, which in this case is a ratio 

of the reinforcement in the footing to that of the footing thickness and width. The area of steel 

reinforcing necessary for the footing is determined by the equation:      . The required area 

of steel was determined for both the 4’x4’ and 5’x5’ footings. The 5’x5’ interior footings require 

2.3 in
2
 of steel, which translates to 8 #5 bars totaling 2.45 in

2
. The 4’x4’ exterior footings require 

1.75 in
2
 of steel, translating to 6 #5 bars at a total area of 1.84 in

2
. As the equations for this steel 

only considers a two-dimensional figure, the steel must be placed running in both directions of 

the footing in order to produce a steel grid in the bottom of the footing.  

 

Lastly, the development length (ld) had to be checked in order to determine if the length of steel 

in the footing would be adequate in supporting the applied tensile loads. In determining the 

development length, the diameter of the steel bar as well as many other factors are considered. 

These factors include reinforcement location (ψt), coating (ψe), and reinforcement size (ψs) 

factors, as well as the lightweight aggregate concrete factor (λ). It was determined that the 

minimum development length was well below that of the available development length for both 

the 4’x4’ and 5’x5’ footings, thus offering sufficient area for which to place the reinforcing steel 

bars. The equation for determining the development length of the soil can be seen below.  

 
  
  

 
 

  

  

     

      

      

  

 

8.4 Retaining Wall 

Due to the finished floor elevation of 2664 feet, the southeast corner of the property requires a 

retaining wall to support the soil that will not be excavated in that corner of the property. As the 

lot has a natural slope, the retaining wall will have a maximum height of 5 feet, but will slope 

down from that height towards the north on the east side of the site. Oro Valley design guidelines 

suggest retaining walls be no higher than 4 feet, and be terraced if any taller. Due to the stepped 

style of the retaining wall and the small area that will actually require the full 5 foot wall height, 

it is not suggested that terracing be employed in this design. The retaining wall will be 

constructed of CMU block at a height and depth of 8 inches, and a length of 16 inches per block. 

The wall will be reinforced with rebar, and will sit on a reinforced concrete strip footing. The 

wall is located to the west of the channel, but loads from this channel do not need to be 

considered due to the fact that the channel is lined in concrete.  

 

Initial parameters for the retaining wall are based on the soil properties found at borehole B-4. 

The bulk unit weight of the soil is assumed to be 115 pcf, while the peak friction angle is 37°. 

The soil pressures and the design of the retaining wall reinforcements were calculated using a 

height of 5 feet to ensure that the maximum load and height were considered. Force from the soil 

increases with depth, and is referred to as the lateral earth pressure and acts at a height of 1/3 of 

the total height. This earth pressure is found from the equation:     
 

 
      

 , where Ka is the 

active lateral earth pressure coefficient. From this pressure, the moment was determined, and the 
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area of the steel required for proper reinforcement was then determined. The required area of 

steel per linear foot of wall was determined to be .05 in
2
/ft. With that, it is suggested that #3 bars 

be implemented at a spacing of 24 inches. The area of steel was determined using the equation 

below. (Calculations and Designs can be found in Appendix 11.7) 

 

      
  

      
 
  

 

 

8.5 Recommendations 

Based on the collapsible nature of the soil at depths of 0-6 feet, it is recommended that the soil be 

over-excavated to 6 feet to avoid any large amounts of settlement when the soil is loaded. Due to 

the variation of column loads on the interior and the exterior of the building, two reinforced 

spread footing designs will be implemented on the site. The 4’x4’ footing will be used for all 

perimeter columns, while the 5’x5’ footing will be implemented for all interior columns. These 

footings will be reinforced with steel to prevent shear, as well as tensile failure at the bottom of 

the footing. It was necessary to use different dimensions on the footings not only because of the 

variation in column loads, but if all footings were 5’x5’, the differential settlement between the 

interior and perimeter footings would be too great. By decreasing the size of the outside footings, 

the differential settlement is decreased significantly.  

 

Based on information provided, as well as that found using RS Means estimation, the estimated 

final cost of the construction of the foundation and the retaining wall on the site is $140,000. 

(Price breakdown can be found in Appendix 11.7) 

 

9. STRUCTURAL ANALYSIS AND DESIGN 
9.1 Floor Plan 

The floor plan for the 20,000 square foot medical-dental building was designed to accommodate 

the column layout that had been previously designed. The structure is rectangular in shape, 

which offers simplicity to the structural design and analysis. Designed to take in the panoramic 

views offered by Pusch Ridge, the atrium is placed in the rear (eastern face) of the building. 

Also, waiting rooms, offices, and exam rooms are placed on the outside perimeter of the building 

whenever possible to further take advantage of the desert views. The central portion of the 

building consists of the two-story entry/ lobby area, public restrooms, as well as a large split 

staircase which opens to the atrium. Three separate waiting rooms face the interior of the atrium, 

which offers an abundance of natural light. 

 

The building consists of six separate business spaces. Two business spaces are larger and would 

accommodate two to three practicing physicians; one office was designed as a general practice, 

while the other was designed to accommodate a dental practice. Three of the other four business 

spaces are not as large, and were designed for smaller practices, where there would be only one 

physician or other medical professional. Lastly one space was designed with a large open area to 

be used as a physical therapy practice.  

 

All bathrooms were designed to be ADA compliant so that they were easily accessible by 

wheelchair users with a 5 foot diameter 360 degree wheelchair turning clearance. Doorways 

were designed with the same sensibility, and are all 36 inches in width. Following IBC standards, 
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stairways are designed with a 6 inch rise and a 12 inch run, and are all designed with a minimum 

width of 5 feet. To ease flow, hallways also follow IBC and ADA standards and are designed at a 

minimum width of 5 feet. Lastly, restrooms are included in each business space, as well as on the 

first and second floors of the public spaces of the building so as to meet the requirements of the 

building and its intended use. Business spaces consist of one to two restrooms depending on size. 

Located on both the first and second floor of the public space of the building are designated 

men’s and women’s restrooms, as well.  

 

9.2 Gravity Load Analysis 

The gravity loads of the building were calculated by finding the weight per unit area of the floors 

and roof. The dead loads considered for the floor included the concrete (42 PSF), the steel form 

deck (1.8 psf), fiberboard, steel channel, mechanical ducts, and mechanical equipment (17 psf 

total), and self-weight of the steel, which varied depending on the member being analyzed. The 

total dead load was taken as 69 psf for the floor beams and 78 psf for the floor girders and 

columns. The dead load for the roof was taken to be nearly the same as that of the floor. Total 

roof beam dead load was 69 psf while the total dead load for roof girders and columns was 74 

psf. 

 

The live loads were calculated using the procedures outlined in chapter four of ASCE 7-05. The 

equation           was used to find the live load of the roof.    was taken as the standard 

roof live load of 20 psf. The reduction factor   was dependent on tributary area of the member 

under consideration and a value of one was used for    because of the absence of slope on the 

roof. The equation           
  

      
  was used to find the live load of the floor.    was 50 

psf for office areas, 80 psf in corridors, and 100 psf in lobbies.     was dependent on the type of 

member being evaluated and can be found on page 13 of ASCE 7-05.   was the tributary area of 

the member under consideration. For each member being designed, a live load ratio was found 

which took into account the architectural use of the floor. 

 

The load per unit length was calculated for the beams and girders. This value was found by 

multiplying dead and live load psf by the width of the member. The maximum dead load per unit 

length of the floor beams was 0.76 k/ft. The maximum live load per unit length of the floor 

beams was 0.90 k/ft. The maximum dead and live loads per unit length of the roof beams was 

0.76 k/ft and 0.19 k/ft, respectively. The maximum dead and live load per unit length for each 

beam was found using an excel spreadsheet. Additionally, the maximum dead and live load per 

unit length of the floor girders was found to be 1.91 k/ft and 1.18 k/ft respectively. The 

maximum dead and live load per unit length of the roof girders was 1.81 k/ft and 0.3 k/ft 

respectively. 

 

9.3 Lateral Load Analysis 

Wind Load 

The process used for analyzing wind load is that found in chapter six of ASCE 7-05. The 

pressure (P) on the exterior of the building is found by the equation         , where    is the 

velocity pressure at height z (ft.) above ground level, G is the gust factor (.85), and    is the 

external pressure coefficient. The velocity pressure,   , equals 0.00256        
   (ASCE 7-05 

pg. 27) where    is the velocity pressure exposure coefficient,     is a topographical factor (one 
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for Town of Oro Valley),    is a directional factor, V is the wind velocity (ASCE 7-05 pg. 32), 

and I is an importance factor. Additionally,    equals      
 

  
 

 

 
 for 15’      and      

  

  
 

 

 
 

for z   15’, where    is the gradient length, z is the elevation, and   is given in ASCE 7-05. The 

importance factor, I, can be found in table 6-1 of ASCE 7-05. The value of the external pressure 

coefficient,   , was found to be 0.80.  

 

The pressure equation was used to calculate the force on the building. The wind load was 

considered to be uniform from an elevation of 15 feet down to the ground. A tributary area was 

then found for each girder and the wind loads in that area were added together and applied to that 

girder. 

 

The equation used to calculate the force on the leeward side of the building is        , where 

P is the pressure,    is the velocity pressure at the highest point of the building, G is the gust 

factor (0.85), and    can be found on page 49 of ASCE 7-05. Though it was calculated, uplift 

was not considered because it was negligible compared to the weight of the building. 

 

Seismic Load 

The process used for determining seismic loads was taken from ASCE 7-05. Seismic analysis 

involved the use of several different factors. The seismic base shear, V, is calculated using the 

equation      . Here,    is the seismic response coefficient and W is the total dead load. The 

seismic response coefficient is calculated by the equation     
   

   
 .     is 

 

 
   , where 

        . For the Town of Oro Valley,    is a standard value of 0.35.    represents a function 

of site class. Typical site classes can be found on page 115 of ASCE 7-05 and was found to be 

1.53 for this location. R is the Response Modification Factor located in section 12 of ASCE 7-05 

and is a value of four for this building because of the use of ordinary steel moment frames. I is 

the Occupancy Importance Factor and is 1.25 because this building is seismic use group III. 

There are upper and lower bounds to take into consideration when finding   . The upper bound 

for    is 
   

  
 

 
 
 where T is 

 

 
, and the lower bound for    is 0.1    . 

The lateral force,   , induced at any level is determined by the equation        . The 

parameter    is found by the equation 
    

 

     
  

   

, where    represents the total dead load at the 

particular floor of interest, and    represents the total dead load at the    floor. In addition,    

denotes the building height at the particular floor of interest, and    denotes the building height at 

the     floor. The parameter, k, is an exponent related to the structure period, and is found 

through linear interpolation between the values of k=1 when T=0.5 and k=2 when T=2.5. 

Finally, the load acting on each individual frame at each individual floor,   , was found simply 

dividing the total roof on the floor by the number of frames in the building. 

 

9.4 Axial Load Analysis 

Axial loads for columns were found by calculating the vertical load applied to the column. First, 

a tributary area for the floor and external wall was found for each column. This area was 

different for each column and was dependent on the column spacing. Total un-factored dead and 

live loads for each column are as follows: 
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Figure 13 

 

 
Figure 14 

 

Additional axial load considered included girder shear. Axial girder shear loads are generated 

from the unbalanced moment that exists in the girders of the frame. Girder shear loads were 

calculated by finding the difference in the moments at opposite ends of the girders and dividing 

by the span of the girders. The value that resulted from this process represented a couple that was 

oriented in such a way that it acted as an additional column axial force. This analysis proved that 

exterior columns were the only columns affected by girder shear. Results from axial load 

analysis can be found in Appendix 11.8. 

 

9.5 Moment Analysis 

Gravity Load 

Moment analysis of the beams was very straightforward due to the fact that the connections are 

assumed to have no moment resistance. With this assumption, the moment in the beams was 

determined through the analysis of a statically determinate, simply supported beam. The design 

moment that was used for the beams was the bending moment applied to the mid-span of a beam 

with uniform loading, 
   

 
, where w is the uniform load intensity, and   is the span of the beam. 

This value was the maximum moment of the beam. 

 

Since the girders were assumed to be connected to the columns with moment resistance 

connections, the moment analysis became statically indeterminate. As a result, an approximate 

method was used to analyze the moment in the girders in order to simplify the complexity of the 

structural analysis required. The approximate method used is called the DeWolfe method. This 

method makes an approximation of the locations of zero bending moment along the span. These 

locations were assumed to be hinges, effectively making the problem statically determinate. The 

internal reactions at these theoretical hinges was found using the expression 
  

 
, where w is the 

uniform load intensity and   is the span between the hinges. This force was then used to find the 

bending moment at the girder supports by drawing a free body diagram of the girder segment 

between the theoretical hinge and the support. The moment at the support end of this segment 

was found by summing the bending applied at the support by internal hinge force and the 

Total Axial Dead Load (unfactored) (kips)

A B C D E F

1 33.73 61.10 68.47 68.47 61.10 33.73

2 61.03 116.80 131.81 131.81 116.80 61.03

3 61.03 116.80 131.81 131.81 116.80 61.03

4 33.73 61.10 68.47 68.47 61.10 33.73

Total Axial Live load (unfactored) ( kips)

A B C D E F

1 13.20 20.87 22.81 22.81 20.87 13.20

2 20.85 31.83 32.23 32.23 38.56 20.85

3 20.85 31.83 42.51 42.51 36.69 20.85

4 13.20 20.87 22.81 22.81 20.87 13.20
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uniform load acting along the girder. The hand calculations done using this method can be found 

in Appendix 11.8. 

 

Lateral Load 

The Portal method was used to analyze the beams and girders in order to find the moment 

applied to them by lateral forces. The Portal method uses theoretical hinge points to create a 

statically determinate frame. These theoretical hinge points are located at mid-span of the 

girders. The internal lateral forces at the column hinges that resist the external lateral load are 

assumed to be H and 2H for the exterior and interior columns, respectively. From this, the 

internal shear forces at the mid-floor locations were calculated by summing the resistive forces in 

terms of H and setting it equal to the sum of the applied lateral forces acting on the building 

between the roof and the floor of interest. After the H values were determined, free body 

diagrams of the frame segments between the hinges were drawn and moments were determined 

for the girders and columns through analysis of a free body diagram. 

 

9.6 LRFD Load Combinations 

Economy and consistency were considered in design of the members of the structure. The Load 

and Resistance Factor Design method was used to design the beams, girders, and beam columns. 

When analysis was completed and maximum loads were known, design of members began 

starting with beams, then girders, and finally beams columns. Nelson studs were used for the 

design of beams, making the un-braced length of the beams zero for all calculations. Nelson 

studs were not considered for girders during the design of this structure because they were not 

designed as composite members. The un-braced length of the girders was the beam spacing, 

either 9.3 or nine feet depending on the location of the girder. 

 

The load combinations considered for beams were as follows: 

 

1.4D 

1.2D + 1.6L 

 

Combinations considered for girders and beam columns were as follows: 

 

1.4D 

1.2D + 1.6L + 0.5(   or S or R) 

1.2D + 1.6(   or S or R) + (0.5L or 0.8W) 

1.2D + 1.6W + 0.5L +0.5(   or S or R) 

1.2D + 1.0E + 0.5L + 0.2S 

 

9.7 Structural Design 

Beam Design 

The beams in the building were designed with consideration towards both strength and 

serviceability. The first step in beam design was to find the most economical and constructible 

beam layout. It was found that beam spacing of nine feet for the outside panes of each frame and 

9.3 feet for the inside panes was most economical. Next, a proper steel form decking was 

selected with enough strength to span the 9.3 foot beam length. The decking chosen was 20-
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gauge two inch LOK floor. The same steel form decking was used for the floor and roof 

throughout the building. 

  

The beams were designed to take advantage of composite action between the compressive 

strength of concrete in the floor and the tensile strength of steel in the beams. Construction 

deflections were checked to confirm that they were within a tolerable limit of L/360 inches. 

Loads taken into account when considering construction deflection include the weight of the 

concrete (42 psf), steel form decking (1.8 psf), self-weight of the beams (5 psf), and a 

construction live load of 20 psf. Because the beams are simply supported, only gravity loads 

were taken into account in their design. The load combination 1.2D+1.6L was controlling. It was 

found that W 16 x 26 sections would be used for all beams except for the center of the building, 

between column lines C and D, where a W 18 x 35 members will be used. 

 

The composite action in the beams is only possible with Nelson studs being welded on top of the 

beam. The Nelson studs protrude into the concrete, which allows the beam to interact with the 

concrete and makes them one unit. For the beams in the middle of the building from column C to 

D the beams will have 28 pairs of ¾‖ Nelson studs. The rest of the beams in the structure will 

have 19 pairs of 5/8‖ studs. 

 

Girder Design 

The controlling load combination for the floor girder design was 1.2D+1.6L+0.5Lr. It was 

determined that the girders in the interior frames would be W 21 x 48. For the floor girders in the 

exterior frames, W 18 x 35 was used. 1.2D+1.6Lr+ (L or 0.8W) was the controlling load 

combination for the roof girders. W 18 x 35 was the girder member used for the roof girders in 

the interior and exterior frames. All girders were grade 50 steel. 

 

Beam Column Design 

To begin the calculation of beam columns, the critical load combinations and critical column 

segments had to be determined. To do this, the amplification factors for gravity and lateral 

moment,    and   , were assumed to be 1.0 and 1.3, respectively (Table C-C2.2 of AISC). This 

was done in order to calculate     for each of the load combination/segments in question. The 

initial effective length factors,   and   , were not initially calculated, but taken from the AISC 

steel manual. Appendix 11.8 was used to find an average b value and average p value for a W 14 

section based on un-braced length,   , and factored length, KL, respectively. These values were 

used to calculate          , where    is the total axial load acting on an individual column. 

The load combination/segment that resulted in the highest           value was considered to 

be the critical load combination. The controlling load combination for all beam columns in the 

structure was 1.2D + 1.0E + 0.5L + 0.5(   or S or R).  

 

Once the critical load information was determined, the    and     loads were used with the 

interaction equation,          , and set equal to 1 in order to solve for          . From this, a 

member was selected from the steel manual and checked to see if it was x or y axis critical. The 

member’s p and    values were taken from the steel manual based on un-braced length and 

factored length, and were used with the interaction equation to determine if the member would 

work. If it did not, a larger member was tried until one did work with the equivalency equation. 

Using the selected member, new K values were calculated through the use of G values and the 
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alignment chart (Figure C-C2.4 of AISC manual). The G value nearest the first floor was taken 

to be 1.0 as the ground floor to column connection was considered to be fixed. Once the updated 

K values were acquired, values of p and    of the member were found using KL and   , 

respectively. If the member failed, a larger member was considered and the process started again. 

If the member passed, the values of    and    were recalculated. The new B values were then 

applied to their respective moments. The new moment was then applied to the interaction 

equation. Depending on whether the    value became higher or lower than initially assumed, a 

larger or smaller member could be tried at this point. If a different member was tried, new K and 

B values would again need to be calculated. 

 

It was determined that the columns of the exterior frames would be W 14 x 30 Grade 50 steel. 

The columns of the interior frames would be W 14 x 34 Grade 50 steel. Calculations for 

determining beam columns can be found in Appendix 11.8.  

 

9.8 Connections 

The connections between the various members of the structure were not designed. However, it is 

known that the connection between the beams and girders will be copes and the connection  

between the girders and columns will be moment connections.  Below are examples of what each 

connection may look like.  

Figure 15 
The connections between the columns and the footings will involve a plate welded to the bottom 

of the column and anchor bolts coming up from the footing and into the steel plate, effectively 

making a fixed connection. The above picture is an example of this connection. 

 
Figure 16 
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Above is an example of a cope connection between a beam and a girder. A plate is welded to the 

web of the girder, which has holes to make a bolted connection to the beam. There is also a cut 

out in the top of the beam to allow room for the flange of the girder.  

 
Figure 17 

 

Above is an example of a moment connection between a girder and a column. There is a plate 

bolted to the top and bottom flanges of the girder, which is welded to the column. There is also a 

plate welded to the column, which bolts to the web of the girder. 

 
Figure 18       Figure 19 

 

Shown above are examples of connections for an eccentric frame brace.  

 



G3  

ENGINEERING 

28 

The connections between the columns and the footings will involve a plate welded to the bottom 

of the column and anchor bolts coming up from the footing and into the steel plate, effectively 

making a fixed connection.
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11.1 Zoning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11.2 LEED 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Commercial Fixtures, Fittings, and Appliances Current Baseline 

Commercial Toilets 1.6 gallons per flush [gpf] 

Commercial Urinals 1.0 [gpf] 

Commercial Restroom Faucets 2.2 [gpm] at 60 [psi] 

Commercial Prerinse Spray Valves Flow rate ≤ 1.6 [gpm] 

Table 1 LEED 2009 for New Construction and Major Renovations 

 

Fixture Type Duration FTE Transient Retail Customer Students 

Water Closet (F) n/a 3 0.5 0.2 3 

Water Closet (M) n/a 1 0.1 0.1 1 

Urinal (F) n/a 0 0 0 0 

Urinal (M) n/a 2 0.4 0.1 2 

Lavatory Faucet 15 3 0.5 0.2 3 

Shower 300 0.1 0 0 0 

Kitchen Sink 15 1 0 0 0 

Table 2 LEED 2009 Water Use Reduction Additional Guidance 



11.3 Site Plan  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

P
R

O
D

U
C

E
D

 
B

Y
 
A

N
 
A

U
T

O
D

E
S

K
 
E

D
U

C
A

T
I
O

N
A

L
 
P

R
O

D
U

C
T

PRODUCED BY AN AUTODESK EDUCATIONAL PRODUCT

P
R

O
D

U
C

E
D

 
B

Y
 
A

N
 
A

U
T

O
D

E
S

K
 
E

D
U

C
A

T
I
O

N
A

L
 
P

R
O

D
U

C
T



11.4 Transportation 
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    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              
SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              
Green            10.0  0.0                        86.0  10.0  0.0              Green            10.0  0.0                        86.0  10.0  0.0              Green            10.0  0.0                        86.0  10.0  0.0              Green            10.0  0.0                        86.0  10.0  0.0              
Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    
All Red          2.0                              1.0   2.0                    All Red          2.0                              1.0   2.0                    All Red          2.0                              1.0   2.0                    All Red          2.0                              1.0   2.0                    
                                                   Cycle Length: 120.0   secs                                                     Cycle Length: 120.0   secs                                                     Cycle Length: 120.0   secs                                                     Cycle Length: 120.0   secs  
____________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary___________________________
Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              
Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            
Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      118       1415      0.62   0.08    62.7   E    62.7   E               LTR      118       1415      0.62   0.08    62.7   E    62.7   E               LTR      118       1415      0.62   0.08    62.7   E    62.7   E               LTR      118       1415      0.62   0.08    62.7   E    62.7   E               
                                                                                                                                                                                                                                                                                                                            
Westbound                                                                      Westbound                                                                      Westbound                                                                      Westbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      119       1423      0.80   0.08    84.7   F    84.7   F               LTR      119       1423      0.80   0.08    84.7   F    84.7   F               LTR      119       1423      0.80   0.08    84.7   F    84.7   F               LTR      119       1423      0.80   0.08    84.7   F    84.7   F               
                                                                                                                                                                                                                                                                                                                            
Northbound                                                                     Northbound                                                                     Northbound                                                                     Northbound                                                                     
L        319       1805      0.03   0.85    10.9   B                           L        319       1805      0.03   0.85    10.9   B                           L        319       1805      0.03   0.85    10.9   B                           L        319       1805      0.03   0.85    10.9   B                           
T        3709      5176      0.37   0.72    6.9    A    6.9    A               T        3709      5176      0.37   0.72    6.9    A    6.9    A               T        3709      5176      0.37   0.72    6.9    A    6.9    A               T        3709      5176      0.37   0.72    6.9    A    6.9    A               
R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           
Southbound                                                                     Southbound                                                                     Southbound                                                                     Southbound                                                                     
L        478       1805      0.12   0.85    3.6    A                           L        478       1805      0.12   0.85    3.6    A                           L        478       1805      0.12   0.85    3.6    A                           L        478       1805      0.12   0.85    3.6    A                           
T        3709      5176      0.68   0.72    10.5   B    10.3   B               T        3709      5176      0.68   0.72    10.5   B    10.3   B               T        3709      5176      0.68   0.72    10.5   B    10.3   B               T        3709      5176      0.68   0.72    10.5   B    10.3   B               
R        1157      1615      0.02   0.72    4.9    A                           R        1157      1615      0.02   0.72    4.9    A                           R        1157      1615      0.02   0.72    4.9    A                           R        1157      1615      0.02   0.72    4.9    A                           
         Intersection Delay = 11.7  (sec/veh)   Intersection LOS = B                    Intersection Delay = 11.7  (sec/veh)   Intersection LOS = B                    Intersection Delay = 11.7  (sec/veh)   Intersection LOS = B                    Intersection Delay = 11.7  (sec/veh)   Intersection LOS = B           
                                                                                                                                                                                                                                                                                                                            
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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AM Peak Future ConditionsAM Peak Future ConditionsAM Peak Future ConditionsAM Peak Future Conditions
                  HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                  
                                                                                                                                                                                                                                                                                                                            
Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      
Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             
Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             
Period: AM Peak Future Conditions       Year  : 2011                           Period: AM Peak Future Conditions       Year  : 2011                           Period: AM Peak Future Conditions       Year  : 2011                           Period: AM Peak Future Conditions       Year  : 2011                           
Project ID: CE 408                                                             Project ID: CE 408                                                             Project ID: CE 408                                                             Project ID: CE 408                                                             
E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         
                                                                                                                                                                                                                                                                                                                            
_________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY_______________________
           |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |   
           | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |   
           |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|   
No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   
LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   
Volume     |31   7    55   |55   7    57   |11   1717 27   |87   2935 24   |   Volume     |31   7    55   |55   7    57   |11   1717 27   |87   2935 24   |   Volume     |31   7    55   |55   7    57   |11   1717 27   |87   2935 24   |   Volume     |31   7    55   |55   7    57   |11   1717 27   |87   2935 24   |   
Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   
RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               
______________________________Signal Operations______________________________________________________________Signal Operations______________________________________________________________Signal Operations______________________________________________________________Signal Operations________________________________
Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         
EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              
SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              
Green            10.0  0.0                        57.0  10.0  0.0              Green            10.0  0.0                        57.0  10.0  0.0              Green            10.0  0.0                        57.0  10.0  0.0              Green            10.0  0.0                        57.0  10.0  0.0              
Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    
All Red          2.0                              0.0   2.0                    All Red          2.0                              0.0   2.0                    All Red          2.0                              0.0   2.0                    All Red          2.0                              0.0   2.0                    
                                                   Cycle Length: 90.0    secs                                                     Cycle Length: 90.0    secs                                                     Cycle Length: 90.0    secs                                                     Cycle Length: 90.0    secs  
____________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary___________________________
Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              
Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            
Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      158       1425      0.63   0.11    45.8   D    45.8   D               LTR      158       1425      0.63   0.11    45.8   D    45.8   D               LTR      158       1425      0.63   0.11    45.8   D    45.8   D               LTR      158       1425      0.63   0.11    45.8   D    45.8   D               
                                                                                                                                                                                                                                                                                                                            
Westbound                                                                      Westbound                                                                      Westbound                                                                      Westbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      157       1416      0.81   0.11    65.2   E    65.2   E               LTR      157       1416      0.81   0.11    65.2   E    65.2   E               LTR      157       1416      0.81   0.11    65.2   E    65.2   E               LTR      157       1416      0.81   0.11    65.2   E    65.2   E               
                                                                                                                                                                                                                                                                                                                            
Northbound                                                                     Northbound                                                                     Northbound                                                                     Northbound                                                                     
L        405       1805      0.03   0.79    27.4   C                           L        405       1805      0.03   0.79    27.4   C                           L        405       1805      0.03   0.79    27.4   C                           L        405       1805      0.03   0.79    27.4   C                           
T        3278      5176      0.56   0.63    10.0+  B    10.1   B               T        3278      5176      0.56   0.63    10.0+  B    10.1   B               T        3278      5176      0.56   0.63    10.0+  B    10.1   B               T        3278      5176      0.56   0.63    10.0+  B    10.1   B               
R        1023      1615      0.03   0.63    6.2    A                           R        1023      1615      0.03   0.63    6.2    A                           R        1023      1615      0.03   0.63    6.2    A                           R        1023      1615      0.03   0.63    6.2    A                           
Southbound                                                                     Southbound                                                                     Southbound                                                                     Southbound                                                                     
L        418       1805      0.22   0.79    11.3   B                           L        418       1805      0.22   0.79    11.3   B                           L        418       1805      0.22   0.79    11.3   B                           L        418       1805      0.22   0.79    11.3   B                           
T        3278      5176      0.95   0.63    23.2   C    22.8   C               T        3278      5176      0.95   0.63    23.2   C    22.8   C               T        3278      5176      0.95   0.63    23.2   C    22.8   C               T        3278      5176      0.95   0.63    23.2   C    22.8   C               
R        1023      1615      0.03   0.63    6.2    A                           R        1023      1615      0.03   0.63    6.2    A                           R        1023      1615      0.03   0.63    6.2    A                           R        1023      1615      0.03   0.63    6.2    A                           
         Intersection Delay = 19.8  (sec/veh)   Intersection LOS = B                    Intersection Delay = 19.8  (sec/veh)   Intersection LOS = B                    Intersection Delay = 19.8  (sec/veh)   Intersection LOS = B                    Intersection Delay = 19.8  (sec/veh)   Intersection LOS = B           
                                                                                                                                                                                                                                                                                                                            
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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PM Peak ExistingPM Peak ExistingPM Peak ExistingPM Peak Existing
                  HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                  
                                                                                                                                                                                                                                                                                                                            
Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      
Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             
Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             
Period: PM Peak Existing                Year  : 2011                           Period: PM Peak Existing                Year  : 2011                           Period: PM Peak Existing                Year  : 2011                           Period: PM Peak Existing                Year  : 2011                           
Project ID: CE 408                                                             Project ID: CE 408                                                             Project ID: CE 408                                                             Project ID: CE 408                                                             
E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         
                                                                                                                                                                                                                                                                                                                            
_________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY_______________________
           |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |   
           | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |   
           |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|   
No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   
LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   
Volume     |23   1    23   |15   3    32   |33   2335 12   |16   1656 15   |   Volume     |23   1    23   |15   3    32   |33   2335 12   |16   1656 15   |   Volume     |23   1    23   |15   3    32   |33   2335 12   |16   1656 15   |   Volume     |23   1    23   |15   3    32   |33   2335 12   |16   1656 15   |   
Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   
RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               
______________________________Signal Operations______________________________________________________________Signal Operations______________________________________________________________Signal Operations______________________________________________________________Signal Operations________________________________
Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         
EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              
SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              
Green            10.0  0.0                        86.0  10.0  0.0              Green            10.0  0.0                        86.0  10.0  0.0              Green            10.0  0.0                        86.0  10.0  0.0              Green            10.0  0.0                        86.0  10.0  0.0              
Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    
All Red          2.0                              1.0   2.0                    All Red          2.0                              1.0   2.0                    All Red          2.0                              1.0   2.0                    All Red          2.0                              1.0   2.0                    
                                                   Cycle Length: 120.0   secs                                                     Cycle Length: 120.0   secs                                                     Cycle Length: 120.0   secs                                                     Cycle Length: 120.0   secs  
____________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary___________________________
Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              
Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            
Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      125       1502      0.42   0.08    54.6   D    54.6   D               LTR      125       1502      0.42   0.08    54.6   D    54.6   D               LTR      125       1502      0.42   0.08    54.6   D    54.6   D               LTR      125       1502      0.42   0.08    54.6   D    54.6   D               
                                                                                                                                                                                                                                                                                                                            
Westbound                                                                      Westbound                                                                      Westbound                                                                      Westbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      131       1566      0.43   0.08    54.5   D    54.5   D               LTR      131       1566      0.43   0.08    54.5   D    54.5   D               LTR      131       1566      0.43   0.08    54.5   D    54.5   D               LTR      131       1566      0.43   0.08    54.5   D    54.5   D               
                                                                                                                                                                                                                                                                                                                            
Northbound                                                                     Northbound                                                                     Northbound                                                                     Northbound                                                                     
L        373       1805      0.10   0.85    6.1    A                           L        373       1805      0.10   0.85    6.1    A                           L        373       1805      0.10   0.85    6.1    A                           L        373       1805      0.10   0.85    6.1    A                           
T        3709      5176      0.72   0.72    11.1   B    11.0   B               T        3709      5176      0.72   0.72    11.1   B    11.0   B               T        3709      5176      0.72   0.72    11.1   B    11.0   B               T        3709      5176      0.72   0.72    11.1   B    11.0   B               
R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           
Southbound                                                                     Southbound                                                                     Southbound                                                                     Southbound                                                                     
L        319       1805      0.06   0.85    13.4   B                           L        319       1805      0.06   0.85    13.4   B                           L        319       1805      0.06   0.85    13.4   B                           L        319       1805      0.06   0.85    13.4   B                           
T        3709      5176      0.51   0.72    8.1    A    8.1    A               T        3709      5176      0.51   0.72    8.1    A    8.1    A               T        3709      5176      0.51   0.72    8.1    A    8.1    A               T        3709      5176      0.51   0.72    8.1    A    8.1    A               
R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           R        1157      1615      0.01   0.72    4.9    A                           
         Intersection Delay = 10.8  (sec/veh)   Intersection LOS = B                    Intersection Delay = 10.8  (sec/veh)   Intersection LOS = B                    Intersection Delay = 10.8  (sec/veh)   Intersection LOS = B                    Intersection Delay = 10.8  (sec/veh)   Intersection LOS = B           
                                                                                                                                                                                                                                                                                                                            
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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PM Peak Future ConditionsPM Peak Future ConditionsPM Peak Future ConditionsPM Peak Future Conditions
                  HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                                    HCS+: Signalized Intersections Release 5.21                  
                                                                                                                                                                                                                                                                                                                            
Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      Analyst: Matt                           Inter.: Oracle/LV                      
Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             Agency: G3                              Area Type: All other areas             
Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             Date:   3/11/2011                       Jurisd: Town of Oro Valley             
Period: PM Peak Future Conditions       Year  : 2011                           Period: PM Peak Future Conditions       Year  : 2011                           Period: PM Peak Future Conditions       Year  : 2011                           Period: PM Peak Future Conditions       Year  : 2011                           
Project ID: CE 408                                                             Project ID: CE 408                                                             Project ID: CE 408                                                             Project ID: CE 408                                                             
E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         E/W St: Linda Vista                     N/S St: Oracle                         
                                                                                                                                                                                                                                                                                                                            
_________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY________________________________________________SIGNALIZED INTERSECTION SUMMARY_______________________
           |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |              |  Eastbound    |  Westbound    |  Northbound   |  Southbound   |   
           | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |              | L    T    R   | L    T    R   | L    T    R   | L    T    R   |   
           |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|              |_______________|_______________|_______________|_______________|   
No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   No. Lanes  |   0   1   0   |   0   1   0   |   1   3   1   |   1   3   1   |   
LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   LGConfig   |       LTR     |       LTR     | L     T    R  | L     T    R  |   
Volume     |24   3    24   |48   5    34   |34   2604 19   |25   1706 16   |   Volume     |24   3    24   |48   5    34   |34   2604 19   |25   1706 16   |   Volume     |24   3    24   |48   5    34   |34   2604 19   |25   1706 16   |   Volume     |24   3    24   |48   5    34   |34   2604 19   |25   1706 16   |   
Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   Lane Width |     12.0      |     12.0      |12.0 12.0 12.0 |12.0 12.0 12.0 |   
RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   RTOR Vol   |          0    |          0    |          0    |          0    |   
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               Duration    0.25      Area Type: All other areas                               
______________________________Signal Operations______________________________________________________________Signal Operations______________________________________________________________Signal Operations______________________________________________________________Signal Operations________________________________
Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         Phase Combination 1     2     3     4 |            5     6     7     8         
EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     EB  Left          A                   | NB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     WB  Left          A                   | SB  Left   P     A                     
    Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                               Thru          A                   |     Thru   P                           
    Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                               Right         A                   |     Right  P                           
    Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                                   Peds                              |     Peds                               
NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              NB  Right                             | EB  Right                              
SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              SB  Right                             | WB  Right                              
Green            10.0  0.0                        57.0  10.0  0.0              Green            10.0  0.0                        57.0  10.0  0.0              Green            10.0  0.0                        57.0  10.0  0.0              Green            10.0  0.0                        57.0  10.0  0.0              
Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    Yellow           3.0                              3.0   3.0                    
All Red          2.0                              0.0   2.0                    All Red          2.0                              0.0   2.0                    All Red          2.0                              0.0   2.0                    All Red          2.0                              0.0   2.0                    
                                                   Cycle Length: 90.0    secs                                                     Cycle Length: 90.0    secs                                                     Cycle Length: 90.0    secs                                                     Cycle Length: 90.0    secs  
____________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary_______________________________________________Intersection Performance Summary___________________________
Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              Appr/   Lane       Adj Sat     Ratios       Lane Group   Approach              
Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            Lane    Group     Flow Rate  __________     __________  ___________            
Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              Grp     Capacity     (s)     v/c    g/C     Delay LOS   Delay LOS              
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      Eastbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      161       1453      0.35   0.11    38.4   D    38.4   D               LTR      161       1453      0.35   0.11    38.4   D    38.4   D               LTR      161       1453      0.35   0.11    38.4   D    38.4   D               LTR      161       1453      0.35   0.11    38.4   D    38.4   D               
                                                                                                                                                                                                                                                                                                                            
Westbound                                                                      Westbound                                                                      Westbound                                                                      Westbound                                                                      
                                                                                                                                                                                                                                                                                                                            
LTR      162       1461      0.62   0.11    45.1   D    45.1   D               LTR      162       1461      0.62   0.11    45.1   D    45.1   D               LTR      162       1461      0.62   0.11    45.1   D    45.1   D               LTR      162       1461      0.62   0.11    45.1   D    45.1   D               
                                                                                                                                                                                                                                                                                                                            
Northbound                                                                     Northbound                                                                     Northbound                                                                     Northbound                                                                     
L        405       1805      0.10   0.79    8.9    A                           L        405       1805      0.10   0.79    8.9    A                           L        405       1805      0.10   0.79    8.9    A                           L        405       1805      0.10   0.79    8.9    A                           
T        3278      5176      0.90   0.63    18.7   B    18.5   B               T        3278      5176      0.90   0.63    18.7   B    18.5   B               T        3278      5176      0.90   0.63    18.7   B    18.5   B               T        3278      5176      0.90   0.63    18.7   B    18.5   B               
R        1023      1615      0.02   0.63    6.2    A                           R        1023      1615      0.02   0.63    6.2    A                           R        1023      1615      0.02   0.63    6.2    A                           R        1023      1615      0.02   0.63    6.2    A                           
Southbound                                                                     Southbound                                                                     Southbound                                                                     Southbound                                                                     
L        405       1805      0.07   0.79    23.8   C                           L        405       1805      0.07   0.79    23.8   C                           L        405       1805      0.07   0.79    23.8   C                           L        405       1805      0.07   0.79    23.8   C                           
T        3278      5176      0.59   0.63    10.5   B    10.6   B               T        3278      5176      0.59   0.63    10.5   B    10.6   B               T        3278      5176      0.59   0.63    10.5   B    10.6   B               T        3278      5176      0.59   0.63    10.5   B    10.6   B               
R        1023      1615      0.02   0.63    6.1    A                           R        1023      1615      0.02   0.63    6.1    A                           R        1023      1615      0.02   0.63    6.1    A                           R        1023      1615      0.02   0.63    6.1    A                           
         Intersection Delay = 16.2  (sec/veh)   Intersection LOS = B                    Intersection Delay = 16.2  (sec/veh)   Intersection LOS = B                    Intersection Delay = 16.2  (sec/veh)   Intersection LOS = B                    Intersection Delay = 16.2  (sec/veh)   Intersection LOS = B           
                                                                                                                                                                                                                                                                                                                            
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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Turning Count Movements: 

 

 

  



 

  



 

 



11.5 Grading 
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11.6 Hydrology/Drainage 
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HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE 

Pima County Regional Flood Control District 

Client: ~3 Engin~~ring __ ..___._.__.. ... ___..... Prepared by: Lauren Case 

Project Name: _~enior Design ____. ____ _____. . ___ . Date: 3/29/11 

Concentration Point: ... Q~:.!JI'pring___ .___ ...__ Job#: HYDRO 

Watershed Area: 0.9 ac Watershed Type: Undeveloped-f()Othills ____ 

Reach 

Reach No. Height (Hi) Length (Li) Slope (Si) Basin Factor (Nb) 

Length of Watercourse (Lc): 358 feet Mean Slope: 0.0335 _..._..._--. 

Length to Cen. of Gravity (Lca): 179 feet Weighted Basin Fac.: 0.035 
--- ~~...

Veg. Cover Type(s): _ Desert Brush ... Veg. Cover Density: 34 % 

RETURN PERIOD: 100-years 

Rainfall Depths: NOAA Atlas 14 (90% UCL) @ Latitude: 32.3828 Longitude: -110.9610 

Duration: 5-min 10-min IS-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr 24-hr 
I Point Values (in)
IAreal Values {in} 

0.90 
0.90 

1.38 
1.38 

1.71 
1.71 

2.30 
2.30 

2.85 
2.85 

3.18 
3.18 

3.35 
3.35 

3.66 
3.66 

4.01 
4.01 

4.68 
4.68 

Soils Data 

Soil Type Percent Curve # (CN) Adj. Curve # (CN*) RunoffCoef. (C) 
B 40 82. 86.79 0.559 
C 60 87. 90.37 0.659 
D 0 0.000 
lmf!: 3 99. 99. 0.959 

Weighted RunoffCoef. (Cw): 0.629 Lesser Return Periods 
Time of Concentration: 5.0 min 

Rainfa1l Intensity (i) @ Tc: 10.80 inlhr 

Runoff Supply Rate (q) @ Tc: 6.79 inlhr 

PEAK DISCHARGE: 6.0 cfs 

Return Period Ratio 
2-year 0.10 
5-year 0.23 
10-year 0.35 
25-year 0.55 

PC-Hydro, Ver 5.4.2 



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE 

Pima County Regional Flood Control District 

Prepared by: Lauren Case 

Project Name: Senior Date: 3/29111 
Client: ~9I Engine~ering 

.-----~--

Concentration Point: ON-l~l'ting Prop ........ _~___ Job#: HYDRO 

--~ 

Watershed Area: 0.9 ac Watershed Type: Undeveloped-Foothills...-.::..,.~--..~ 

Watercourse Data By Reach I 

Reach No. Height (Hi) Length (Li) Slope (Si) Basin Factor (Nb) 
t 12.0 358 0.0335 .035 

Length of Watercourse (Lc): 358 

Length to Cen. of Gravity (Lea): 179 
---.-.~ 

Veg. Cover Type{s): Desert Brush 

feet 

feet 

Mean Slope: 0.03c3_5:~~~~_~._ 

Weighted Basin Fac.: 0.035 

Veg. Cover Density: 34 % 

RETURN PERIOD: 100-years 

Rainfall Depths: NOAA Atlas 14 

• Duration: 
Point Values (in) 
Areal Values (in) 

5-min 
0.90 
0.90 

10-min 
1.38 
1.38 

15-min 
1.71 
1.71 

30-min 
2.30 
2.30 

60-min 
2.85 
2.85 

2-hr 
3.18 
3.18 

3-hr 
3.35 
3.35 

6-hr 
3.66 
3.66 

12-hr 
4.01 
4.01 

24-hr 
4.68 
4.68 

Soils Data 
........

Soil Type 
B 
C 
0 
ImD. 

Percent 
40 
60 
0 
85 

Curve # (CN) 
82. 
87. 

99. 

Adj. Curve # (CN*) 
86.79 
90.37 

99. 

Runoff Coef. (C) 
0.559 
0.659 
0.000 
0.959 

Weighted RunoffCoef. (Cw): 0.908 _..__~ ...........~ Lesser Return Periods 

Time of Concentration: 5.0 min Return Period Ratio Qpeak 
2-year 0.10 0.9Rainfall Intensity (i)@ Tc: 1O.8~0___ inlhr 
5-year 0.23 2.0

Runoff Supply Rate (q) @ Tc: 9.80 inlhr to-year 0.35 3.0 
25-year 0.55 4.7PEAK DISCHARGE: 8.6 cfs 
50-year 0.75 6.5 

PC-Hydro, Ver 5.4.2 



HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE 

Pima County Regional Flood Control District 


,iOiJif6Di
:I17&l:{'f 

Prepared by: Lauren Case 

Project Name: ..... Senior Desigrl Date: 3/29111 
Client: ~~ Engineering mmm~ c=.:::.__. 

.m___ 

Concentration Point: mmO~-2 Sprin~.m. __~. Job #: HYDRO 

Watershed Area: 2.0 ac Watershed Type:. l.J.I1develop~d-Footl1ill~ 

Watercourse Data By Reach 

Reach No. 
I 

Height (Hi) 
18.0 

Length (Li) 
457 

Slope (Si) 
0.0394 

Basin Factor (Nb) 
.035 

Length of Watercourse (Lc): 457 feet Mean Slope: 0.0394 

Length to Cen. of Gravity (Lca): _22_9__.. 

Veg. Cover Type(s): De.sert.B_ru._.s:..hm ....... __.~. 

feet Weighted Basin Fac.: 0.035-_..... 

Veg. Cover Density: _3.4m~ __.m. % 

RETIJRN PERIOD: 100-years 

Rainfall Depths: NOAA Atlas 14 (90% UCL) @ Latitude: 32.3828 Longitude: -110.9610 

Duration: 5-min 10-min 15-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr 24-hr 
Point Values (in) 0.90 1.38 1.71 2.30 2.85 3.18 3.35 3.66 4.01 4.68 
Area.lyalues (in) 0.90 1.38 1.71 2.30 2.85 3.18 3.35 3.66 4.01 4.68 

Soils Data 

Percent Curve # (CN) Adj. Curve # (CN*) RunoffCoef. (C) 
40 82. 86.79 0.559 
60 87. 90.37 0.659 
o 0.000 

Weighted RunoffCoef. (Cw): ... 0.884 Lesser Return Periods 
Time of Concentration: 5.0 mm Return Period Ratio _ .._----

2-year 0.10 1.9Rainfall Intensity (i) @ Tc: 10.80 inlhr 
5-year 0.23 4.4

Runoff Supply Rate (q) @ Tc: 9.55 inlhr 
10-year 0.35 6.6 
25-year 0.55 10PEAK DISCHARGE: 19 cfs

__ m •• 14 

PC-Hydro, Ver 5.4.2 



·..... ......---~- ~-~-

HYDROLOGIC DATA SHEET FOR PIMA COUNTY FLOOD PEAK PROCEDURE 

Pima County Regional Flood Control District 


Prepared by: Lauren Case 

Project Name: ~~nior D~ign. Date: 3/29/11 

Concentration Point: ON-2§pring Job#: HYDRO 

Client: G3 Eflgineering~ 

Watershed Area: 2.0 ac Watershed Type: Undevelop~:Foo.!hills . 

Watercourse Data By Reach 

Reach No. Height (Hi) Length (Li) Slope (Si) Basin Factor (Nb) 
I 18.0 457 

Length of Watercourse (Lc): 457 feet Mean Slope: 0.0394 

Length to Cen. ofGravity (Lea): 229 feet Weighted Basin Fac.: 0.035 

Veg. Cover Type(s):pesert Brus._h.......____.. Veg. Cover Density: 34 % 

RETURN PERIOD: 100-years 

Rainfall Depths: NOAA Atlas 14 (90% UCL) @ Latitude: 32.3828 Longitude: -110.9610 

• Duration: 5-min 10-min IS-min 30-min 60-min 2-hr 3-hr 6-hr 12-hr 24-hr 
Point Values (in) 0.90 1.38 1.71 2.30 2.85 3.18 3.35 3.66 4.01 4.68 
Areal Values (in) 0.90 1.38 1.71 2.30 2.85 3.18 3.35 3.66 4.01 4.68 

Soils Data 

Soil Type Percent Curve # (CN) Adj. Curve # (CN*) RunoffCoef. (C) 
B 40 82. 86.79 0.559 
C 60 87. 90.37 0.659 
D o 0.000 

Weighted RunoffCoef. (Cw): 0.629 Lesser Return Periods 

Time of Concentration: 5.0 min Return Period Ratio Qpeak 
2-year 0.10 1.3Rainfall Intensity (i) @ Tc: 10.80 inlhr 
5-year 0.23 3.1

Runoff Supply Rate (q) @ Tc: 6.79 inlhr 
10-year 0.35 4.7 
25-year 0.55 7.4PEAK DISCHARGE: 13 cfs 

~--- .....-  50-year 0.75 10 

PC-Hydro, VeT 5.4.2 



Hydraulic Structures Cost Estimate

Unit Cost Unit Cost

Rip Rap
1
 ($/sq ft) $45.00 56.00 $2,520.00

Concrete (channel) ($/cu. Yd) $75.00 277.00 $20,775.00

8"x16" Brick
2
 ($/sq yd) $10.65 34.00 $362.10

24" CMP ($/ft) $15.00 300.00 $4,500.00

Basin
3
 ($/acre-ft) $41,600.00 0.34 $14,268.80

Extra Grading ($/sq yd) $2.00 1688.89 $3,377.78

Oil/Water Separator
5
 ($/cfs) $1,500.00 15.00 $22,500.00

54" RCP
4
 ($/linear ft) $140.00 440 $61,600.00

Sub-Total $129,903.68

10% Increase $12,990.37

Total $142,894.05
1
 http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse&Rbutton=detail&bmp=39

2
http://www.maconline.org/tech/estimating/cost/cmucost/cmucost/cmucost_13.html

3
http://www.stormwatercenter.net/Assorted%20Fact%20Sheets/Tool6_Stormwater_Practices/Pond/Dry%20ED%20Pond.htm

4
http://www.ncp-inc.com/price2.html

5
http://www.fhwa.dot.gov/environment/ultraurb/3fs14.htm 



Channel Design: Manning’s Equation 

 

 

 

Concrete Channel Trapezoidal Channel 
  Q (cfs) 65.2 cfs A 6.74 

So 0.02 
 

V 9.67 

b (ft) 10 ft Froude 2.20 

m 1 
   Iteration n  Q (Mannings) yi+1 

 1 0.0150 65.2000 0.63 
 

  
Top Width  11.27 

 

  

Top Width w/ 
Freeboard 13.27 

 

Concrete Channel Trapezoidal Channel 
  Q cfs) 112 cfs A 11.95 

So 0.02 
 

V 13.25 

b (ft) 10 ft Froude 2.35 

m 1 
   Iteration n  Q (Mannings) yi+1 

 1 0.0150 158.3919 1.08 
 

  
Top Width  12.16 

 

  

Top Width w/ 1' 
Freeboard 14.16 

 



Basin Routing 

Project 
        Area 
  

don't exceed 
    Q100 

ex 19.00 0.85ex 16.15 
     Q100 

dev 28.00 
   

Area Top 9691 at the base 
 

Tr 13.60 min 
  

Area 
Bottom 5270.5 at the base 

 
∆T 1.36 min 

  
dH 2 

ratio horizontal to 
vertical 

         Time 
Step Time q/Qp Inflow I1+I2/2 S/∆T +O/2 Outflow Storage Stage 

 
Minutes 

 
(cfs) (cfs) (cfs) (cfs) (cf) (ft) 

0 0.00 0.00 0.00 
 

0.00 0.00 0.000 0.00 

1 1.36 0.03 0.70 0.35 0.35 0.00 0.000 0.00 

2 2.72 0.09 2.44 1.57 1.92 0.00 0.000 0.00 

3 4.08 0.16 4.48 3.46 5.38 0.13 374.038 0.05 

4 5.44 0.24 6.80 5.64 10.89 0.44 748.075 0.10 

5 6.80 0.35 9.69 8.25 18.70 0.85 1122.113 0.15 

6 8.16 0.45 12.63 11.16 29.00 2.53 2244.225 0.30 

7 9.52 0.58 16.13 14.38 40.84 3.95 2992.300 0.40 

8 10.88 0.74 20.66 18.40 55.29 6.42 4114.413 0.55 

9 12.24 0.89 24.84 22.75 71.63 9.26 5236.525 0.70 

10 13.60 1.00 28.00 26.42 88.78 12.32 6732.675 0.90 

11 14.96 0.92 25.87 26.94 103.40 13.77 7854.788 1.05 

12 16.32 0.84 23.49 24.68 114.31 14.73 8602.863 1.15 

13 17.68 0.76 21.17 22.33 121.91 15.21 8976.900 1.20 

14 19.04 0.68 18.98 20.08 126.78 15.69 9350.938 1.25 

15 20.40 0.60 16.91 17.95 129.03 16.17 9724.975 1.30 

16 21.76 0.55 15.26 16.09 128.94 16.17 9724.975 1.30 

17 23.12 0.48 13.50 14.38 127.15 15.69 9350.938 1.25 

18 24.48 0.42 11.87 12.68 124.14 15.69 9350.938 1.25 

19 25.84 0.37 10.42 11.14 119.59 15.21 8976.900 1.20 

20 27.20 0.32 9.04 9.73 114.11 14.73 8602.863 1.15 

21 28.56 0.28 7.90 8.47 107.85 13.77 7854.788 1.05 

22 29.92 0.24 6.75 7.32 101.40 13.29 7480.750 1.00 

23 31.28 0.21 5.88 6.31 94.43 12.80 7106.713 0.95 

24 32.64 0.18 5.01 5.45 87.07 11.83 6358.638 0.85 

25 34.00 0.16 4.41 4.71 79.95 11.34 5984.600 0.80 

26 35.36 0.14 3.81 4.11 72.72 9.26 5236.525 0.70 

27 36.72 0.12 3.33 3.57 67.03 8.28 4862.488 0.65 

28 38.08 0.10 2.86 3.09 61.84 7.33 4488.450 0.60 

29 39.44 0.09 2.52 2.69 57.21 6.42 4114.413 0.55 

30 40.80 0.08 2.18 2.35 53.14 5.55 3740.375 0.50 

31 42.16 0.07 1.98 2.08 49.67 5.55 3740.375 0.50 

32 43.52 0.06 1.78 1.88 46.00 4.73 3366.338 0.45 

33 44.88 0.06 1.58 1.68 42.95 3.95 2992.300 0.40 

34 46.24 0.05 1.37 1.47 40.48 3.95 2992.300 0.40 

35 47.60 0.04 1.12 1.25 37.78 3.21 2618.263 0.35 

36 48.96 0.03 0.84 0.98 35.55 3.21 2618.263 0.35 



 

14961.5 ft 3̂

Volume = (Atop-Areabottom)*(dH/2)+Abot*dH Weir Eq.

yc 0.2 Used Here ? Depth is

Weir 1 feet ? Storage / ?T User set.

Storage Indicator Table Discharge

Stage Storage O O / 2 S / ? T S/?T+O/2 Outflow Storage Stage

(cf) (cfs) (cfs) (cfs) (cfs)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.05 374.04 0.13 0.06 4.58 4.65 0.13 374.04 0.05

0.10 748.08 0.44 0.22 9.17 9.39 0.44 748.08 0.10

0.15 1122.11 0.85 0.43 13.75 14.18 0.85 1122.11 0.15

0.20 1496.15 1.35 0.67 18.34 19.01 1.35 1496.15 0.20

0.25 1870.19 1.91 0.96 22.92 23.87 1.91 1870.19 0.25

0.30 2244.23 2.53 1.27 27.50 28.77 2.53 2244.23 0.30

0.35 2618.26 3.21 1.61 32.09 33.69 3.21 2618.26 0.35

0.40 2992.30 3.95 1.97 36.67 38.64 3.95 2992.30 0.40

0.45 3366.34 4.73 2.36 41.25 43.62 4.73 3366.34 0.45

0.50 3740.38 5.55 2.77 45.84 48.61 5.55 3740.38 0.50

0.55 4114.41 6.42 3.21 50.42 53.63 6.42 4114.41 0.55

0.60 4488.45 7.33 3.66 55.01 58.67 7.33 4488.45 0.60

0.65 4862.49 8.28 4.14 59.59 63.73 8.28 4862.49 0.65

0.70 5236.53 9.26 4.63 64.17 68.80 9.26 5236.53 0.70

0.75 5610.56 10.28 5.14 68.76 73.90 10.28 5610.56 0.75

0.80 5984.60 11.34 5.67 73.34 79.01 11.34 5984.60 0.80

0.85 6358.64 11.83 5.92 77.92 83.84 11.83 6358.64 0.85

0.90 6732.68 12.32 6.16 82.51 88.67 12.32 6732.68 0.90

0.95 7106.71 12.80 6.40 87.09 93.49 12.80 7106.71 0.95

1.00 7480.75 13.29 6.64 91.68 98.32 13.29 7480.75 1.00

1.05 7854.79 13.77 6.88 96.26 103.14 13.77 7854.79 1.05

1.10 8228.83 14.25 7.12 100.84 107.97 14.25 8228.83 1.10

1.15 8602.86 14.73 7.37 105.43 112.79 14.73 8602.86 1.15

1.20 8976.90 15.21 7.61 110.01 117.62 15.21 8976.90 1.20

1.25 9350.94 15.69 7.85 114.59 122.44 15.69 9350.94 1.25

1.30 9724.98 16.17 8.09 119.18 127.27 16.17 9724.98 1.30

1.35 10099.01 16.66 8.33 123.76 132.09 16.66 10099.01 1.35

1.40 10473.05 17.14 8.57 128.35 136.92 17.14 10473.05 1.40

1.45 10847.09 17.62 8.81 132.93 141.74 17.62 10847.09 1.45

1.50 11221.13 18.11 9.05 137.51 146.57 18.11 11221.13 1.50

1.55 11595.16 18.60 9.30 142.10 151.40 18.60 11595.16 1.55

1.60 11969.20 19.08 9.54 146.68 156.22 19.08 11969.20 1.60

1.65 12343.24 19.57 9.79 151.27 161.05 19.57 12343.24 1.65

1.70 12717.28 20.06 10.03 155.85 165.88 20.06 12717.28 1.70

1.75 13091.31 20.55 10.28 160.43 170.71 20.55 13091.31 1.75

1.80 13465.35 21.05 10.52 165.02 175.54 21.05 13465.35 1.80

1.85 13839.39 21.54 10.77 169.60 180.37 21.54 13839.39 1.85

1.90 14213.43 22.04 11.02 174.18 185.20 22.04 14213.43 1.90

1.95 14587.46 22.53 11.27 178.77 190.03 22.53 14587.46 1.95

2.00 14961.50 23.03 11.52 183.35 194.87 23.03 14961.50 2.00

2.05 15335.54 23.53 11.77 187.94 199.70 23.53 15335.54 2.05

2.10 15709.58 24.04 12.02 192.52 204.54 24.04 15709.58 2.10

2.15 16083.61 24.54 12.27 197.10 209.37 24.54 16083.61 2.15

2.20 16457.65 25.05 12.52 201.69 214.21 25.05 16457.65 2.20

2.25 16831.69 25.55 12.78 206.27 219.05 25.55 16831.69 2.25

2.30 17205.73 26.06 13.03 210.85 223.89 26.06 17205.73 2.30

2.35 17579.76 26.58 13.29 215.44 228.73 26.58 17579.76 2.35

2.40 17953.80 27.09 13.54 220.02 233.57 27.09 17953.80 2.40

2.45 18327.84 27.60 13.80 224.61 238.41 27.60 18327.84 2.45

2.50 18701.88 28.12 14.06 229.19 243.25 28.12 18701.88 2.50

2.55 19075.91 28.64 14.32 233.77 248.09 28.64 19075.91 2.55

2.60 19449.95 29.16 14.58 238.36 252.94 29.16 19449.95 2.60

2.65 19823.99 29.69 14.84 242.94 257.78 29.69 19823.99 2.65

2.70 20198.03 30.21 15.11 247.52 262.63 30.21 20198.03 2.70

2.75 20572.06 30.74 15.37 252.11 267.48 30.74 20572.06 2.75

2.80 20946.10 31.27 15.63 256.69 272.33 31.27 20946.10 2.80

2.85 21320.14 31.80 15.90 261.28 277.18 31.80 21320.14 2.85

2.90 21694.18 32.33 16.17 265.86 282.03 32.33 21694.18 2.90

2.95 22068.21 32.87 16.43 270.44 286.88 32.87 22068.21 2.95

3.00 22442.25 33.40 16.70 275.03 291.73 33.40 22442.25 3.00

3.05 22816.29 33.94 16.97 279.61 296.58 33.94 22816.29 3.05

3.10 23190.33 34.48 17.24 284.20 301.44 34.48 23190.33 3.10

3.15 23564.36 35.03 17.51 288.78 306.29 35.03 23564.36 3.15
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Storm Drain Design: 

Basin to Oracle 

 

 Parking Layout to Basin 

 

 

 

 

n 0.024

Qmax 16.17 cfs

d1.56(nQ/kS^1/2)^3/8

S 0.022

Next Comm Size Pipe

d 1.92673 2

A 3.141593

AR^(2/3) 1.756

y/D ? A P R AR^(2/3)

0.8 4.428595 2.70177 4.428595 0.610074 1.943434

0.75 4.18879 2.54469 4.18879 0.6075 1.825292

0.73 4.097583 2.46615 4.097583 0.601855 1.758

Corrugated Metal

Outlet Pipe Design

NE Corner

n 0.024

Qmax 10 cfs

d1.56(nQ/kS^1/2)^3/8

S 0.008

Next Comm Size Pipe

d 1.945045 2

A 3.141593

AR^(2/3) 1.801

y/D ? A P R AR^(2/3)

0.8 4.428595 2.70177 4.428595 0.610074 1.943434

0.75 4.18879 2.54469 4.18879 0.6075 1.825292

0.74 4.142902 2.513274 4.142902 0.606646 1.801

Corrugated Metal

Storm Drain



Oil/Water Separator 
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11.7 Geotechnical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



Cost Estimation 

 

 

 

Material Unit Cost/unit Amount Total Cost

Concrete C.Y. 500 200 100000

Structural Steel Lb 2 4000 8000

CMU ft2 8.86 962.5 8527.75

Excavation C.Y. 5.56 2540 14122.4

Compaction C.Y. 1.2 2540 3048

6" Gravel under slab C.Y. 40 211.5556 8462.2222

TOTAL 142160.37
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11.8 Structural Analysis and Design 
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ATRIUM

30x30
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MEN

WOMEN

ELEV.

MAINT.

JANITOR

B

B

B

B

B

B

RISER

ELECTRICAL

OFFICE

OFFICE

OFFICE

OFFICE

LAB

BREAK

BREAK

BREAK

EXAM

EXAM

EXAM

EXAM

EXAM

EXAM EXAM

EXAM

EXAM

EXAM

EXAM

EXAM

EXAM

EXAM

EXAM

LAB

WAITING/LOBBY

WAITING/LOBBY

WAITING/LOBBY

ADMIN.

ADMIN.

ADMIN.

ADMIN.

STOR.

138'

86'

5'

5'
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Roof Beam Excel Calculations 



 
 

 

 

Beam Layout

Areas Girder Spacing 25 26 32 26 25

Trib Widths A B C D E

5.5 1 137.5 143 143 137.5

9 2 225 234 234 225

9 3 225 234 234 225

9.15 4 228.75 237.9 292.8 237.9 228.75

9.33 5 233.25 242.58 298.56 242.58 233.25

9.33 6 233.25 242.58 298.56 242.58 233.25

9.15 7 228.75 237.9 292.8 237.9 228.75

9 8 225 234 288 234 225

9 9 225 234 288 234 225

5.5 10 137.5 143 176 143 137.5

Live Loads

Roof Live Load Lo (psf) 20

R1

1 1 1 1 1

2 0.975 0.966 0.966 0.975

3 0.975 0.966 0.966 0.975

4 0.97125 0.9621 0.9072 0.9621 0.97125

5 0.96675 0.95742 0.90144 0.95742 0.96675

6 0.96675 0.95742 0.90144 0.95742 0.96675

7 0.97125 0.9621 0.9072 0.9621 0.97125

8 0.975 0.966 0.912 0.966 0.975

9 0.975 0.966 0.912 0.966 0.975

10 1 1 1 1 1

R2

1

Lr=Lo*R1*R2 20 20 20 20

19.5 19.32 19.32 19.5

19.5 19.32 19.32 19.5

19.425 19.242 18.144 19.242 19.425

19.335 19.1484 18.0288 19.1484 19.335

19.335 19.1484 18.0288 19.1484 19.335

19.425 19.242 18.144 19.242 19.425

19.5 19.32 18.24 19.32 19.5

19.5 19.32 18.24 19.32 19.5

20 20 20 20 20

Construction live loads will be 20 psf 20

Roof Beam Analysis and Design



 
 

 

Construction Loads 63.8 Factored 84.56

Dead Loads

Additional Loads considered

Accounstical Fiber board 1 Air conditioners

Suspended Steel Channel 2 320 psf

Mechanical Duct Allowance 4 or analyze as a 4 ton point load in various areas

Roof Decking 1.8

mech equipment 10

concrete 42

misc 3

Additional self weight will be 5 psf for beams

Total Roof DL 63.8 Total Roof DL with additional self weight

(without beams) 68.8

f'c 4

Full Service Loads ( Factored) (psf)

108.56 108.56 108.56 108.56

107.76 107.472 107.472 107.76

107.76 107.472 107.472 107.76

107.64 107.3472 105.5904 107.3472 107.64

107.496 107.19744 105.40608 107.19744 107.496

107.496 107.19744 105.40608 107.19744 107.496

107.64 107.3472 105.5904 107.3472 107.64

107.76 107.472 105.744 107.472 107.76

107.76 107.472 105.744 107.472 107.76

108.56 108.56 108.56 108.56 108.56

Full service factore Wu 0.60 0.60 0.60 0.60

0.97 0.97 0.97 0.97

0.97 0.97 0.97 0.97

0.98 0.98 0.97 0.98 0.98

1.00 1.00 0.98 1.00 1.00

1.00 1.00 0.98 1.00 1.00

0.98 0.98 0.97 0.98 0.98

0.97 0.97 0.95 0.97 0.97

0.97 0.97 0.95 0.97 0.97

0.60 0.60 0.60 0.60 0.60
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check           

  ok ok   ok ok 

  ok ok   ok ok 

  ok ok   ok ok 

  ok ok ok ok ok 

  ok ok ok ok ok 

  ok ok ok ok ok 

Check strength in full structure

be Asfy

45 45 45 45 384 384 384 384

75 78 78 75 384 384 384 384

75 78 78 75 384 384 384 384

75 78 96 78 75 384 384 515 384 384

75 78 96 78 75 384 384 515 384 384

75 78 96 78 75 384 384 515 384 384

75 78 96 78 75 384 384 515 384 384

75 78 96 78 75 384 384 515 384 384

75 78 96 78 75 384 384 515 384 384

45 45 45 45 45 384 384 515 384 384

a d'

2.51 2.51 2.51 2.51 11.10 11.10 11.10 11.10

1.51 1.45 1.45 1.51 11.60 11.63 11.63 11.60

1.51 1.45 1.45 1.51 11.60 11.63 11.63 11.60

1.51 1.45 1.58 1.45 1.51 11.60 11.63 12.56 11.63 11.60

1.51 1.45 1.58 1.45 1.51 11.60 11.63 12.56 11.63 11.60

1.51 1.45 1.58 1.45 1.51 11.60 11.63 12.56 11.63 11.60

1.51 1.45 1.58 1.45 1.51 11.60 11.63 12.56 11.63 11.60

1.51 1.45 1.58 1.45 1.51 11.60 11.63 12.56 11.63 11.60

1.51 1.45 1.58 1.45 1.51 11.60 11.63 12.56 11.63 11.60

2.51 2.51 3.37 2.51 2.51 11.10 11.10 11.67 11.10 11.10

phi Mn (k-ft) Mu (service)

319.54 319.54 319.54 319.54 46.65 50.45 50.45 46.65

334.00 334.83 334.83 334.00 75.77 81.73 81.73 75.77

334.00 334.83 334.83 334.00 75.77 81.73 81.73 75.77

334.00 334.83 485.17 334.83 334.00 76.95 83.00 123.67 83.00 76.95

334.00 334.83 485.17 334.83 334.00 78.35 84.51 125.88 84.51 78.35

334.00 334.83 485.17 334.83 334.00 78.35 84.51 125.88 84.51 78.35

334.00 334.83 485.17 334.83 334.00 76.95 83.00 123.67 83.00 76.95

334.00 334.83 485.17 334.83 334.00 75.77 81.73 121.82 81.73 75.77

334.00 334.83 485.17 334.83 334.00 75.77 81.73 121.82 81.73 75.77

319.54 319.54 450.64 319.54 319.54 46.65 50.45 76.43 50.45 46.65
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check Serviceability

Ec 3644.14743

n 7.95796563

btr Atr

5.65 5.65 5.65 5.65 14.14 14.14 14.14 14.14

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 12.06 9.80 9.42 23.56 24.50 30.16 24.50 23.56

9.42 9.80 12.06 9.80 9.42 23.56 24.50 30.16 24.50 23.56

9.42 9.80 12.06 9.80 9.42 23.56 24.50 30.16 24.50 23.56

9.42 9.80 12.06 9.80 9.42 23.56 24.50 30.16 24.50 23.56

9.42 9.80 12.06 9.80 9.42 23.56 24.50 30.16 24.50 23.56

9.42 9.80 12.06 9.80 9.42 23.56 24.50 30.16 24.50 23.56

5.65 5.65 5.65 5.65 5.65 14.14 14.14 14.14 14.14 14.14

Ybar Itr

5.16 5.16 5.16 5.16 915.07 915.07 915.07 915.07

3.98 3.90 3.90 3.98 1016.17 1023.04 1023.04 1016.17

3.98 3.90 3.90 3.98 1016.17 1023.04 1023.04 1016.17

3.98 3.90 4.33 3.90 3.98 1016.17 1023.04 1636.07 1023.04 1016.17

3.98 3.90 4.33 3.90 3.98 1016.17 1023.04 1636.07 1023.04 1016.17

3.98 3.90 4.33 3.90 3.98 1016.17 1023.04 1636.07 1023.04 1016.17

3.98 3.90 4.33 3.90 3.98 1016.17 1023.04 1636.07 1023.04 1016.17

3.98 3.90 4.33 3.90 3.98 1016.17 1023.04 1636.07 1023.04 1016.17

3.98 3.90 4.33 3.90 3.98 1016.17 1023.04 1636.07 1023.04 1016.17

5.16 5.16 6.35 5.16 5.16 915.07 915.07 1383.32 915.07 915.07

wl using only live loads (klf) Deflection in service

0.11 0.11 0.11 0.11 0.04 0.04 0.04 0.04

0.18 0.17 0.17 0.18 0.05 0.06 0.06 0.05

0.18 0.17 0.17 0.18 0.05 0.06 0.06 0.05

0.18 0.18 0.17 0.18 0.18 0.05 0.06 0.08 0.06 0.05

0.18 0.18 0.17 0.18 0.18 0.05 0.06 0.08 0.06 0.05

0.18 0.18 0.17 0.18 0.18 0.05 0.06 0.08 0.06 0.05

0.18 0.18 0.17 0.18 0.18 0.05 0.06 0.08 0.06 0.05

0.18 0.17 0.16 0.17 0.18 0.05 0.06 0.08 0.06 0.05

0.18 0.17 0.16 0.17 0.18 0.05 0.06 0.08 0.06 0.05

0.11 0.11 0.11 0.11 0.11 0.04 0.04 0.06 0.04 0.04

Total deflection including construction Is deflection tolerable?

0.32 0.37 0.37 0.32 yes yes yes yes

0.51 0.60 0.60 0.51 yes yes yes yes

0.51 0.60 0.60 0.51 yes yes yes yes

0.52 0.61 0.83 0.61 0.52 yes yes yes yes yes

0.53 0.62 0.84 0.62 0.53 yes yes yes yes yes

0.53 0.62 0.84 0.62 0.53 yes yes yes yes yes

0.52 0.61 0.83 0.61 0.52 yes yes yes yes yes

0.51 0.60 0.81 0.60 0.51 yes yes yes yes yes

0.51 0.60 0.81 0.60 0.51 yes yes yes yes yes

0.32 0.37 0.51 0.37 0.32 yes yes yes yes yes



 
 

 

 

 

 

Floor Beam Excel Calculations 

 

Length of Girders (ft) 27

28

Length of Beams (ft) 25

26

32

f'c for concrete 4

Beam spacing (s) for  26 ft girder 28 ft girder 31 ft girder

9 9.15 9.3 6

Beams
Live Load

d 50 offices

80 corridors

100 lobbies

L values (w)

Deck thickness 2

Slab thickness 2.5

Same layout for roof



 
 

 

 

 

Construction Full Structure (dead only)

service service Factored service

steel 5 6 slab +deck 43.8

slab 42 50.4 Fiber board 1

deck 1.8 2.16 steel channel 2

LL 20 32 mech duct 4

68.8 90.56 mech equip 10

self weight 3

misc 4.2

9' trib area 68

Select Beam based on construction stage beam length Wu(k.ft) Wu (for deflectionMu(kft) Trial section Trial I construction deflection

Find Wu 24 0.81504 0.6192 58.68288 W16x26 301 0.423627287

25 0.81504 0.6192 63.675 301 0.498768473

9.3' trib area

25 0.842208 0.63984 65.7975 301 0.515394089

26 0.842208 0.63984 71.16658 301 0.602938186

6' trib area

31.00 0.54336 0.4128 65.27112 301.00 0.786130191

Live loads (psf) unfactored Live Load (w)(k/ft) unfactored

Trib Area Beams A B C D E

5.5 1 50 50 100 50 0.28 0.28 0.55 0.28

9 2 57.5 82.5 100 50 0.52 0.74 0.90 0.45

9 3 57.5 82.5 100 50 0.52 0.74 0.90 0.45

9.15 4 57.5 75 100 50 0.53 0.69 0.92 0.46

9.33 5 57.5 57.5 98 50 0.54 0.54 0.91 0.47

9.33 6 57.5 57.5 65 53 0.54 0.54 0.61 0.49

9.15 7 72.5 56 100 65 72.5 0.66 0.51 0.92 0.59 0.66

9 8 65 56 100 65 57.5 0.59 0.50 0.90 0.59 0.52

9 9 62 62 100 100 72.5 0.56 0.56 0.90 0.90 0.65

5.5 10 50 50 100 72.5 0.28 0.28 0.55 0.40

Length 25 26 32 26 25

Live load (psf) factored Total Factored Wu

Beams A B C D E A B C D E

1 80 80 160 80 1.5 1.5 2.2 1.5

2 92 132 160 80 1.6 1.9 2.2 1.5

3 92 132 160 80 1.6 1.9 2.2 1.5

4 92 120 160 80 1.6 1.8 2.2 1.5

5 92 92 156.8 80 1.6 1.6 2.2 1.5

6 92 92 104 84.8 1.6 1.6 1.7 1.5

7 116 89.6 160 104 116 1.8 1.6 1.4 1.7 1.8

8 104 89.6 160 104 92 1.7 1.5 1.4 1.7 1.6

9 99.2 99.2 160 160 116 1.6 1.6 1.4 2.2 1.8

10 80 80 160 116 1.5 1.5 2.2 1.8



 
 

 

  

 

 

 

 

 

 

As d

6.49 6.49 6.49 6.49 13.7 13.7 13.7 13.7

7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7 15.7

7.68 7.68 7.68 7.68 7.68 15.7 15.7 15.7 15.7 15.7

6.49 6.49 6.49 6.49 13.7 13.7 13.7 13.7

Is

199 199 199 199

301 301 301 301

301 301 301 301

301 301 301 301

301 301 301 301

301 301 301 301

301 301 301 301 301

301 301 301 301 301

301 301 301 301 301

199 199 199 199

Calculating I of composite beam

Ec 3644

n 7.95829 be, L/8 (in)

btr 49.5 51 51 49.5

75 78 78 75

75 78 78 75

75 78 78 75

75 78 78 75

75 78 78 75

75 78 96 78 75

75 78 96 78 75

75 78 96 78 75

49.5 51 51 49.5



 
 

 

 

 

 

s/2 Be

66 66 66 66 49.5 51 51 49.5

108 108 108 108 75 78 78 75

108 108 108 108 75 78 78 75

109.8 109.8 109.8 109.8 75 78 78 75

111.96 111.96 111.96 111.96 75 78 78 75

111.96 111.96 111.96 111.96 75 78 78 75

109.8 109.8 39 109.8 109.8 75 78 39 78 75

108 108 78 108 108 75 78 78 78 75

108 108 39 108 108 75 78 39 78 75

66 66 66 66 49.5 51 51 49.5

btr Atr

6.22 6.41 6.41 6.22 15.55 16.02 16.02 15.55

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 9.80 9.42 23.56 24.50 24.50 23.56

9.42 9.80 4.90 9.80 9.42 23.56 24.50 12.25 24.50 23.56

9.42 9.80 9.80 9.80 9.42 23.56 24.50 24.50 24.50 23.56

9.42 9.80 4.90 9.80 9.42 23.56 24.50 12.25 24.50 23.56

6.22 6.41 6.41 6.22 15.55 16.02 16.02 15.55

Ybar Itr

4.22 4.16 4.16 4.22 674.19 678.52 678.52 674.19

3.98 3.90 3.90 3.98 1026.90 1034.20 1034.20 1026.90

3.98 3.90 3.90 3.98 1026.90 1034.20 1034.20 1026.90

3.98 3.90 3.90 3.98 1026.90 1034.20 1034.20 1026.90

3.98 3.90 3.90 3.98 1026.90 1034.20 1034.20 1026.90

3.98 3.90 3.90 3.98 1026.90 1034.20 1034.20 1026.90

3.98 3.90 5.53 3.90 3.98 1026.90 1034.20 889.02 1034.20 1026.90

3.98 3.90 3.90 3.90 3.98 1026.90 1034.20 1034.20 1034.20 1026.90

3.98 3.90 5.53 3.90 3.98 1026.90 1034.20 889.02 1034.20 1026.90

4.22 4.16 4.16 4.22 674.19 678.52 678.52 674.19



 
 

 

 

 

 

a d'

W14X22 1.93 1.87 1.87 1.93 12.3 12.3 12.3 12.3

W16x26 1.51 1.45 1.45 1.51 13.1 13.1 13.1 13.1

W16x26 1.51 1.45 1.45 1.51 13.1 13.1 13.1 13.1

W16x26 1.51 1.45 1.45 1.51 13.1 13.1 13.1 13.1

W16x26 1.51 1.45 1.45 1.51 13.1 13.1 13.1 13.1

W16x26 1.51 1.45 1.45 1.51 13.1 13.1 13.1 13.1

W16x26 1.51 1.45 2.45 1.45 1.51 13.1 13.1 13.6 13.1 13.1

W16x26 1.51 1.45 1.45 1.45 1.51 13.1 13.1 13.1 13.1 13.1

W16x26 1.51 1.45 2.45 1.45 1.51 13.1 13.1 13.6 13.1 13.1

W14x22 1.93 1.87 1.87 1.93 12.3 12.3 12.3 12.3

Asfy

324.5 324.5 324.5 324.5

384 384 384 384

384 384 384 384

384 384 384 384

384 384 384 384

384 384 384 384

384 384 384 384 384

384 384 384 384 384

384 384 384 384 384

324.5 324.5 324.5 324.5

be As*fy a d' phi Mn
72 384 1.568627 13.13431 378.2682 299.7 299.0 299.0 299.7

75 384 1.505882 13.10294 377.3647 377.4 376.5 376.5 377.4

377.4 376.5 376.5 377.4

377.4 376.5 376.5 377.4

75 384 1.505882 13.10294 377.3647 377.4 376.5 376.5 377.4

78 384 1.447964 13.07398 376.5307 377.4 376.5 376.5 377.4

377.4 376.5 390.9 376.5 377.4

48 384 2.352941 13.52647 389.5624 377.4 376.5 376.5 376.5 377.4

377.4 376.5 390.9 376.5 377.4

299.7 299.0 299.0 299.7



 
 

 

 

 

Mu Beams A B C D E IS phi Mn > Mu
1 113.6 122.9 183.7 113.6 YES YES YES YES

2 122.1 162.4 183.7 113.6 YES YES YES YES

3 122.1 162.4 183.7 113.6 YES YES YES YES

4 124.1 155.9 186.8 115.5 YES YES YES YES

5 126.1 136.4 187.3 117.4 YES YES YES YES

6 126.1 136.4 145.9 120.9 YES YES YES YES

7 141.3 132.4 185.5 143.5 141.3 YES YES YES YES YES

8 130.5 130.2 185.5 141.1 122.1 YES YES YES YES YES

9 127.1 137.5 185.5 183.7 138.9 YES YES YES YES YES

10 113.6 122.9 183.7 138.9 YES YES YES YES

Serviceability of Each beam

using unfactored live load

dead load w

0.12 0.14 0.29 0.12 0.38 0.38 0.38 0.38 0.38

0.15 0.25 0.31 0.13 0.62 0.62 0.62 0.62 0.62

0.15 0.25 0.31 0.13 0.62 0.62 0.62 0.62 0.62

0.16 0.24 0.31 0.14 0.63 0.63 0.63 0.63 0.63

0.16 0.18 0.31 0.14 0.64 0.64 0.64 0.64 0.64

0.16 0.18 0.21 0.15 0.64 0.64 0.64 0.64 0.64

0.20 0.18 0.84 0.20 0.20 0.63 0.63 0.63 0.63 0.63

0.17 0.17 0.71 0.20 0.15 0.62 0.62 0.62 0.62 0.62

0.16 0.19 0.82 0.31 0.19 0.62 0.62 0.62 0.62 0.62

0.12 0.14 0.29 0.18 0.38 0.38 0.38 0.38 0.38

Construction Deflection Total Deflection

0.46 0.54 0.54 0.46 0.58 0.68 0.83 0.58

0.50 0.58 0.58 0.50 0.65 0.84 0.89 0.63

0.50 0.58 0.58 0.50 0.65 0.84 0.89 0.63

0.51 0.59 0.59 0.51 0.66 0.83 0.91 0.64

0.52 0.60 0.60 0.52 0.68 0.79 0.92 0.65

0.52 0.60 0.60 0.52 0.68 0.79 0.81 0.66

0.51 0.59 1.36 0.59 0.51 0.70 0.77 2.20 0.80 0.70

0.50 0.58 1.34 0.58 0.50 0.67 0.76 2.05 0.78 0.65

0.50 0.58 1.34 0.58 0.50 0.66 0.77 2.16 0.89 0.69

0.46 0.54 0.54 0.46 0.58 0.68 0.83 0.64



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pass (if not design by hand) shear studs will be designed by hand

OK OK OK OK

OK OK redesign OK

OK OK redesign OK

OK OK redesign OK

OK OK redesign OK

OK OK OK OK

OK OK redesign OK OK

OK OK redesign OK OK

OK OK redesign redesign OK

OK OK OK OK



 
 

 

Girder excel calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interior Exterior Interior Exterior

A,F B,E C,D A,F B,E C,D A,F B,E C,D A,F B,E C,D

1.4D 76.02 1 156.8 88.62 180.6 180.6 81.48 165.2 165.2 90.58 184.8 184.8

1.2D+1.6L+0.5Lr 87.56 164.32 164.32 102.04 189.04 189.04 158.48 257.92 257.92 177 292.64 292.64

1.2D+1.6Lr+(L or 0.8W) 88.8 166.88 166.88 103.28 191.6 191.6 125.24 214.3 214.3 139.74 242.3 242.3

1.2D+1.6W+L+0.5Lr 74.64 148.87 148.87 86.59 170.62 170.62 133.72 231.58 231.58 148.22 259.58 259.58

1.2D+1.0E+L 81.36 150.6 150.6 92.16 171 171 117.14 194.4 194.4 124.94 211.2 211.2

Max Factored Load 88.8 166.88 166.88 103.28 191.6 191.6 158.48 257.92 257.92 177 292.64 292.64

Trial Section W 12X 26 W 18 X 35 W 18 X 35 W 12X 26 W 18 X 35 W 18 X 35 W 18 X 35 W 21 x 44 W 21 x 44 W 18 X 35 W 21 x 44 W 21 x 44

Deflection

Use W 12 X 26 W 18 X 35 W 18 X 35 W 12 X 26 W 18 X 35 W 18 X 35 W 18 X 35 W 21 X 48 W 21 X 48 W 18 X 35 W 21 X 48 W 21 X 48

Floor GirdersRoof Girders

Kips (from hand calcs)

Max Moment DL manually entered 54.3 112 112 63.3 129 129 58.2 118 118 64.7 132 132

Max Moment LL manually entered 14 18.7 18.7 16.3 21.4 21.4 55.4 72.7 72.7 62.1 83.9 83.9

Max Moment WL 1.55 3.2 3.2 1.55 3.2 3.2 5.3 10.8 10.8 5.3 10.8 10.8

Max Moment EL 16.2 16.2 16.2 16.2 16.2 16.2 42 42 42 42 42 42



 
 

 

 

Column Axial Loads 

 

Column Analysis and Design

Dead Load for Roof (psf)

68.8 27

28

Dead Load for Floor (psf) 27

68.8

Floor Live Load (psf)

Lo from floor beams

Kll 4

office 50

corridor 80

lobby 100

Roof Live Load (psf)

 Lo 20

R1 0.6 this is because all areas are . 600 ft^2

R2 1 no slope



 
 

 

 

 

 

 

 

column line Layout

25 26 32 26 25

A B C D E F

1

2

3

4

Tributary Areas of columns

168.75 344.25 391.5 391.5 344.25 168.75

343.75 701.25 797.5 797.5 701.25 343.75

343.75 701.25 797.5 797.5 701.25 343.75

168.75 344.25 391.5 391.5 344.25 168.75

Unfactored dead loads (K)because the psf is the same the dead loads for the roof and floor are the same

11.61 23.6844 26.9352 26.9352 23.6844 11.61

23.65 48.246 54.868 54.868 48.246 23.65

23.65 48.246 54.868 54.868 48.246 23.65

11.61 23.6844 26.9352 26.9352 23.6844 11.61

Live Load floor ratios (interior columns)(psf)

65 65 65 65 65 65

65 57 50 50 75 65

65 57 75 75 70 65

65 65 65 65 65 65

Reduced First Floor Live Loads (kips)

9.07 14.64 16.01 16.01 14.64 9.07

14.62 21.31 20.56 20.56 28.04 14.62

14.62 21.31 30.84 30.84 26.17 14.62

9.07 14.64 16.01 16.01 14.64 9.07

Reduced Roof Live loads (kips)

2.025 4.131 4.698 4.698 4.131 2.025

4.125 8.415 9.57 9.57 8.415 4.125

4.125 8.415 9.57 9.57 8.415 4.125

2.025 4.131 4.698 4.698 4.131 2.025



 
 

 



 
 

 

Total Axial Dead Load (unfactored) (kips)

30.62 54.77 61.27 61.27 54.77 30.62

54.70 103.89 117.14 117.14 103.89 54.70

54.70 103.89 117.14 117.14 103.89 54.70

30.62 54.77 61.27 61.27 54.77 30.62

Total Axial Live load (unfactored) ( kips)

13.20 20.87 22.81 22.81 20.87 13.20

20.85 31.83 32.23 32.23 38.56 20.85

20.85 31.83 42.51 42.51 36.69 20.85

13.20 20.87 22.81 22.81 20.87 13.20

Total Wind Load (unfactored) (kips)

1.1 1.1 1.1 1.1 1.1 1.1

1.1 1.1 1.1 1.1 1.1 1.1

1.1 1.1 1.1 1.1 1.1 1.1

1.1 1.1 1.1 1.1 1.1 1.1

Total E Load (unfactored) (kips)

4.4 4.4 4.4 4.4 4.4 4.4

4.4 4.4 4.4 4.4 4.4 4.4

4.4 4.4 4.4 4.4 4.4 4.4

4.4 4.4 4.4 4.4 4.4 4.4

1.4D 42.9 76.7 85.8 85.8 76.7 42.9

76.6 145.4 164.0 164.0 145.4 76.6

76.6 145.4 164.0 164.0 145.4 76.6

42.9 76.7 85.8 85.8 76.7 42.9

1.2D+1.6L+0.5Lr 55.0 93.9 104.2 104.2 93.9 55.0

93.8 165.7 180.9 180.9 176.4 93.8

93.8 165.7 197.4 197.4 173.5 93.8

55.0 93.9 104.2 104.2 93.9 55.0

1.2D+1.6Lr+(L or 0.8W) 43.6 78.0 87.3 87.3 78.0 43.6

77.9 148.1 167.0 167.0 148.1 77.9

77.9 148.1 167.0 167.0 148.1 77.9

43.6 78.0 87.3 87.3 78.0 43.6

1.2D+1.6W+L+0.5Lr 50.4 86.0 95.4 95.4 86.0 50.4

85.9 153.8 169.5 169.5 160.5 85.9

85.9 153.8 179.7 179.7 158.6 85.9

50.4 86.0 95.4 95.4 86.0 50.4

1.2D+1.0E+L 51.7 86.3 95.4 95.4 86.3 51.7

86.2 151.9 167.0 167.0 158.6 86.2

86.2 151.9 177.3 177.3 156.7 86.2

51.7 86.3 95.4 95.4 86.3 51.7

Axial Factored Loads (K)



 
 

 

 

 

 

 

 

 

 

 

 

 

Minor loads, applied to all columns

Roof

DL 3.7

LL 0.6

WL 0.3

EL 1.2

Floor

DL 3.1

LL 1.5

WL 0.8

EL 3.2

Girder Shear (unfactored) (K)

Dead Load Moments (k-ft) (below first floor) Dead Load Moments (k-ft) (above first floor)

12.3 25 25 25 25 12.3 16.3 33.2 33.2 33.2 33.2 16.3

3.25 7 7 7 7 3.25 4.5 8.64 8.64 8.64 8.64 4.5

3.25 7 7 7 7 3.25 4.5 8.64 8.64 8.64 8.64 4.5

12.3 25 25 25 25 12.3 16.3 33.2 33.2 33.2 33.2 16.3

Live Load Moments (l-ft) (below first floor)

11.77 15.4 15.4 15.4 15.4 11.77 4.2 5.5 5.5 5.5 5.5 4.2

3.35 4.15 4.15 4.15 4.15 3.35 2.3 2.7 2.7 2.7 2.7 2.3

3.35 4.15 4.15 4.15 4.15 3.35 2.3 2.7 2.7 2.7 2.7 2.3

11.77 15.4 15.4 15.4 15.4 11.77 4.2 5.5 5.5 5.5 5.5 4.2

Wind Load Moments (k-ft) (below first floor)

7.56 7.56 7.56 7.56 7.56 7.56 1.55 3.2 3.2 3.2 3.2 1.55

15.12 15.12 15.12 15.12 15.12 15.12 3.1 6.4 6.4 6.4 6.4 3.1

15.12 15.12 15.12 15.12 15.12 15.12 3.1 6.4 6.4 6.4 6.4 3.1

7.56 7.56 7.56 7.56 7.56 7.56 1.55 3.2 3.2 3.2 3.2 1.55

Earthquake Load Moments (k-ft) (below first floor)

25 25 25 25 25 25 16.2 16.2 16.2 16.2 16.2 16.2

41.85 41.85 41.85 41.85 41.85 41.85 32.4 32.4 32.4 32.4 32.4 32.4

41.85 41.85 41.85 41.85 41.85 41.85 32.4 32.4 32.4 32.4 32.4 32.4

25 25 25 25 25 25 16.2 16.2 16.2 16.2 16.2 16.2



 
 

 

 

 

Column Factored Moment Loads (k-ft) from ground to floor

1.4D 17.22 35 35 35 35 17.22

4.55 9.8 9.8 9.8 9.8 4.55

4.55 9.8 9.8 9.8 9.8 4.55

17.22 35 35 35 35 17.22

1.2D+1.6L+0.5Lr 33.592 54.64 54.64 54.64 54.64 33.592

9.26 15.04 15.04 15.04 15.04 9.26

9.26 15.04 15.04 15.04 15.04 9.26

33.592 54.64 54.64 54.64 54.64 33.592

1.2D+1.6Lr+(L or 0.8W) 26.53 45.4 45.4 45.4 45.4 26.53

19.02 23.52 23.52 23.52 23.52 19.02

19.02 23.52 23.52 23.52 23.52 19.02

26.53 45.4 45.4 45.4 45.4 26.53

1.2D+1.6W+L+0.5Lr 38.626 57.496 57.496 57.496 57.496 38.626

31.442 36.742 36.742 36.742 36.742 31.442

31.442 36.742 36.742 36.742 36.742 31.442

38.626 57.496 57.496 57.496 57.496 38.626

1.2D+1.0E+L 51.53 70.4 70.4 70.4 70.4 51.53

49.1 54.4 54.4 54.4 54.4 49.1

49.1 54.4 54.4 54.4 54.4 49.1

51.53 70.4 70.4 70.4 70.4 51.53



 
 

 

Wind Load calculations 

 

Moments for footings

Wind Load Moments (k-ft) (below first floor)

7.56 7.56 7.56 7.56 7.56 7.56

15.12 15.12 15.12 15.12 15.12 15.12

15.12 15.12 15.12 15.12 15.12 15.12

7.56 7.56 7.56 7.56 7.56 7.56

Earthquake Load Moments (k-ft) (below first floor)

25 25 25 25 25 25

41.85 41.85 41.85 41.85 41.85 41.85

41.85 41.85 41.85 41.85 41.85 41.85

25 25 25 25 25 25

Dead

6.15 12.5 12.5 12.5 12.5 6.15

1.625 3.5 3.5 3.5 3.5 1.625

1.625 3.5 3.5 3.5 3.5 1.625

6.15 12.5 12.5 12.5 12.5 6.15

Live

5.885 7.7 7.7 7.7 7.7 5.885

1.675 2.075 2.075 2.075 2.075 1.675

1.675 2.075 2.075 2.075 2.075 1.675

5.885 7.7 7.7 7.7 7.7 5.885

90

0.85

1

7 Surface Roughness Category B

1200 Exposure Category B

1

0.85

enclosed

N/A

0.8

-0.3

gust effect factor G

enlclosure classification

Internal pressure coefficient

External pressure coefficient (Cp)

Leeward Cp

Basic Wind Speed, V

Wind directionality factor, Kd

Importance Factor

alpha

Zg

topographic factor Kzt



 
 

 

 

 

 

 

 

Seismic Load Calculations 

Windward

Kz 15ft <z<z

z z<15ft v

Roof 27 0.68 11.98

2nd floor 13.5 0.57 10.13

Leeward

z

30 0.70 12.35

Uplift

h/L <=0.5 Cp

0 to 33/2 -0.9

33/2 to 33 -0.9

33 to 66 -0.5

66 to 84 -0.3

Velocity Pressure (qh)

Velocity Pressure (qz)

Trib Width Windward Force (K)

Design Wind Load (p) (lb/ft^2) Trib heightFrame 1 2 3 Frame 1 2 3

8.15 9.75 12.5 25.5 29 0.99 2.03 2.30

6.89 13.5 1.37 2.80 3.19

Leeward Force (K)

-0.38 -0.78 -0.89

-0.53 -1.08 -1.23

Moments Caused by Wind (K-ft)

Roof Girders Floor Girders Columns

A, F B,C,D,E A, F B,C,D,E A,F (exterior)A, F (interior)B,C,D,E (exterior)B,C,D,E (interior)

1.55 3.2 5.3 10.8 3.7 7.4 7.56 15.12



 
 

 

 

 

 

 

 

 

 

 

 

Floor wx hx hx^k wxhx^k Cvx Fx Pi

R 1061.7 89 878.170634 932353.762 0.29690215 64.0400125 16.0100031

7 1018.2 75 678.176143 690518.948 0.21989139 47.4292526 11.8573132

6 1018.2 64 533.74247 543456.582 0.17306031 37.3280699 9.33201746

5 1018.2 53 401.473203 408780.016 0.13017341 28.0776229 7.01940572

4 1018.2 42 282.557233 287699.774 0.09161617 19.7610584 4.9402646

3 1018.2 31 178.630724 181881.803 0.05791911 12.4928041 3.12320103

2 1037.1 20 92.1627221 95581.9591 0.03043747 6.56517956 1.64129489

Sum 7189.8 3140272.84 1 215.694 53.9235

k= 1.51

Cs= 0.03

Floor wx hx hx^k wxhx^k Cvx Fx Pi

R 842.58 27 35.8476795 30204.5378 0.64760165 87.0225074 14.5037512

2 973.32 13.5 16.88661 16436.0752 0.35239835 47.3540926 7.89234876

Sum 1815.9 40.5 52.7342895 46640.613 1

L 136

W 84

k= 1.086

Cs= 0.074

Earthquake Loads from Portal Method

Moment (k-ft)

Exterior Roof Girders 16.2

Intierior Roof Girders 16.2

Exterior Floor Girder 42

Interior Floor Girder 42

Exterior Column 25

Interior Column 32.4



 
 

Beam column Excel Calcs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Floor WT GS Total (kips) WT GS Total WT GS Total WT GS Total WT GS Total

R

11.61 3.7 15.31 2.03 0.6 2.63 0.00 0.00 0.00 0.00 0.3 0.30 0.00 1.2 1.20

2.00

11.61 3.1 14.71 0.00 0.00 0.00 9.10 1.5 10.60 0.00 0.8 0.80 0.00 3.2 3.20

1.00

Foundation

Total 30.02 2.63 10.60 1.10 4.40

Floor WT GS Total WT GS Total WT GS Total WT GS Total WT GS Total

R

23.70 0.00 23.70 4.10 0.00 4.10 0.00 0.00 0.00 0.00 0.3 0.30 0.00 1.2 1.20

2.00

41.40 0.00 41.40 0.00 0.00 0.00 14.60 0.00 14.60 0.00 0.8 0.80 0.00 3.2 3.20

1.00

Foundation

Total 65.10 4.10 14.60 1.10 4.40

E

Outside Interior

DL LR

DL LR L W

Column Axial Loads (k)

W EL
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0.000 0.000 0.000 0.000

16.254 33.180 33.180 16.254

22.820 6.300 6.300 22.820

+

0.000 0.000 0.000 0.000

5.180 5.180 0.000 0.000 5.180 5.180

0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

13.932 28.440 28.440 13.932

19.560 5.400 5.400 19.560

+

0.000 0.000 0.000 0.000

4.440 4.440 0.000 0.000 4.440 4.440

0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

17.180 35.000 35.000 17.180

38.392 10.760 10.760 38.392

+

1.240 2.480 2.480 1.240

5.400 5.400 0.000 0.000 5.400 5.400

0.240 0.240 0.240 0.240 0.240 0.240

0.000 0.000 0.000 0.000

14.947 30.490 30.490 14.947

25.445 7.075 7.075 25.445

+

2.480 4.960 4.960 2.480

4.740 4.740 0.000 0.000 4.740 4.740

0.480 0.480 0.480 0.480 0.480 0.480

NON-SWAY

NON-SWAY

NON-SWAY

NON-SWAY

SWAY

SWAY

SWAY

SWAY

LOAD COMBINATION: 1.4D

LOAD COMBINATION: 1.2D + 1.6L + 0.5Lr

LOAD COMBINATION: 1.2D + 1.6Lr + 0.5L(OR 0.8W)

LOAD COMBINATION: 1.2D + 1.6W + 0.5L + 0.5Lr



 
 

 

 

 

 

 

0.000 0.000 0.000 0.000

32.508 91.140 91.140 32.508

17.220 4.550 4.550 17.220

+

0.000 0.000 0.000 0.000

9.520 9.520 0.000 0.000 9.520 9.520

0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

43.439 103.530 103.530 43.439

14.760 3.900 3.900 14.760

+

0.000 0.000 0.000 0.000

10.860 10.860 0.000 0.000 10.860 10.860

0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

35.662 91.980 91.980 35.662

20.645 5.575 5.575 20.645

+

6.048 12.096 12.096 6.048

9.870 9.870 0.000 0.000 9.870 9.870

0.880 0.880 0.880 0.880 0.880 0.880

0.000 0.000 0.000 0.000

33.429 87.470 87.470 33.429

20.645 5.575 5.575 20.645

+

12.096 24.192 24.192 12.096

9.210 9.210 0.000 0.000 9.210 9.210

1.760 1.760 1.760 1.760 1.760 1.760

NON-SWAY
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