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ABSTRACT''
'
The'goal'of'this'project'was'to'design'a'multipurpose'three;story'building'that'
creates'a'new'hub'for'businesses'and'student'housing,'encompassing'a'complete'
transportation,'hydrological,'structural,'and'geotechnical'design'of'the'building'and'
site'while'adhering'to'al'applicable'building'codes.''Based'on'calculations'of'
expected'daily'trips,'turning'movement'analysis,'and'Highway'Capacity'Software'
analysis,'the'new'site'plan'is'designed'to'optimize'parking'spaces,'landscaped'areas,'
and'access.''Along'with'a'newly'designed'grading'plan,'a'hydrological'flood'analysis'
was'done'to'design'underground'stormwater'storage'tanks'and'the'final'grading'
plan.'The'building'itself'was'designed'as'a'steel;braced'moment'frame'designed'to'
support'gravity,'wind,'and'seismic'loading'per'the'LRFD'procedure.''Utilizing'the'
LRFD'critical'load'combination'the'most'economical'size'of'structural'members'
including'beams,'columns,'girders,'lateral'bracing,'and'connections'where'chosen.''
The'design'was'then'entered'into'SAP2000'to'model'the'building'behavior.''Given'
the'column'loads'and'soil'properties,'the'site’s'soil'bearing'capacity'was'calculated'
to'design'isolated'footings'with'reinforcing'tensile'rebar.'Decisions'were'made'to'
use'recycled'materials'and'energy'and'water'efficient'systems'in'order'to'achieve'
LEED'Platinum'accreditation.'
'
' '



TEAM'MEMBER'ROLES'AND'RESPONSIBILITIES''

'

Gabriela'Brambila':'I'was'the'lead'for'the'structural'aspect'of'the'project.''Structures'

was'one'of'the'largest'part'of'the'project'as'it'encompassed'picking'the'best'layout'

for'the'structure,'completing'several'load'analyses,'designing'all'structural'

members,'and'then'making'detailed'drawings'for'all'components.''I'was'responsible'

for'making'sure'all'structural'aspects'of'the'project'were'complete'on'time'and'

correctly.''I'personally'did'a'complete'gravity'load'analysis,'analyzed'lateral'loading'

for'lateral'bracing,'and'created'part'of'the'excel'to'do'this'analysis.''I'then'utilized'

the'analyses'to'pick'the'appropriate'members'for'the'different'structural'

components.''I'was'also'responsible'for'making'detailed'drawings'of'the'different'

member'connections'and'bending'moments.''In'addition,'this'year'I'motivated'by'

team'to'participate'in'the'College'of'Engineering'Design'Day'and'we'were'the'first'

ever'Civil'Engineering'senior'design'team'to'participate.'''

'

Mireya'Moleres:'She'was'the'team'lead'for'the'project.''She'was'responsible'for'the'

architectural'aspect'of'the'project,'assisting'with'structures,'and'creating'a'3D'

model'of'the'building.''As'team'lead,'she'was'in'charge'of'making'sure'the'team'was'

making'good'progress'and'relaying'information'to'us'from'our'mentor.''Mireya'

helped'me'design'the'architectural'floor'plan'and'took'the'lead'in'designing'the'

exterior'architecture'of'the'building.''For'the'structural'aspect,'Mireya'did'a'lateral'

load'analysis,'designed'the'lateral'bracing,'and'designed'how'the'building'wall'

materials'would'be'connected'to'the'structural'steel'frame.''She'also'made'the'

SAP2000'structural'model'to'verify'the'designed'members.'''

'

Joel'Amarillas:''He'was'the'transportation'co;lead'and'responsible'for'LEED.''For'

transportation'he'assisted'in'conducting'a'traffic'movement'count,'calculated'the'

expected'daily'trips'and'worked'with'Blake'Brennan'to'design'the'parking'layout.''

He'conducted'research'to'find'the'City'of'Tucson'parking'requirement'and'

specifications.''He'was'also'the'lead'for'the'LEED'initiatives.''He'researched'the'

different'LEED'initiatives'possible'and'incorporated'them'into'our'design'to'reach'

LEED'Platinum'accredidation.'''

'

Blake'Brennan:''He'was'the'transportation'co;lead'and'assisted'with'hydrology.''He'

also'assisted'in'conducting'a'traffic'movement'count,'worked'in'creating'the'final'

parking'layout,'and'made'details'drawings'of'the'parking'lot'and'other'details.''He'

conducted'a'traffic'analysis'utilizing'Highway'Capacity'Software.''He'also'assisted'in'

creating'the'site'grading'plan.'''

'

Haley'Koesters:'She'was'the'hydrology'lead.''She'did'a'complete'hydrological'

analysis'including'utilizing'the'software'PC;Hydro'to'create'hydrographs'for'

different'stormwater'events.''From'this'she'researched'different'stormwater'

retention'and'detention'systems'and'picked'the'best'one'the'building.''She'also'

designed'the'grading'for'the'site'and'created'a'detailed'topographic'drawing'of'the'

proposed'site.''She'also'made'sure'to'check'the'requirements'for'landscaping'and'

designed'the'overall'landscaping'plan.''



'
Nawar'Sadeq:'He'was'the'geothechnical'lead'and'designed'the'foundation'for'the'
building.''He'conducted'a'soil'analysis'utilizing'the'provided'soil'properties.''This'
included'determining'if'any'problematic'soils'were'present'and'creating'soil'
profiles.''Utilizing'loading'from'the'structural'design'he'designed'the'appropriate'
foundation'for'the'building'including'the'structure,'reinforcement,'and'connection.'''
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1. INTRODUCTION 
A three story building that incorporates retail, office, and residential space will be built on the Southwest 
corner of University Blvd and 3rd Ave in Tucson, Arizona. Located in the West University Historic 
District in Tucson, Plaza del Tiempo will be a center for the local community. Time Market, a 
marketplace and restaurant home to the area since 1930, will be included in the new building as well as 
another leasable retail space. Office space will accommodate Young Life as well as provide office space 
for another local business or organization. Additionally, eighteen studio apartments will be built with 
views of the local areas to provide housing to students. The building’s prime location off of University 
Blvd and proximity to the Tucson Street Car will make it a valuable retail, office, and residential space. 

 

 
Figure 1.1 Aerial image of project site outlined in red 

 
Owner requirements for the space specify a minimum of both 12,000 square feet of retail and office space 
as well as eighteen apartments at 750 square feet each. An atrium of 900 square feet will also be included 
in the space. The building must abide by local zoning laws as well as historical district requirements. In 
addition to adhering with the needs of the local community, the new building will be respective of our 
environment and design decisions will be designed to achieve LEED accreditation.  

2. ZONING 
Parcels 117-03-3190 and 117-03-3180 both currently reside in the West University Historic District of 
Tucson, Arizona. Parcels 117-03-3190 and 117-03-3180 will be re-zoned from Historical Commercial 
One (HC-1) to Historical Commercial Three (HC-3) to allow for a maximum building height of 50 (ft) as 
specified in the City of Tucson summary of zoning classifications. The table also specifies a perimeter 
yard between buildings within the same zone as 0 (ft). An official request and application for rezoning 
will be submitted to the City of Tucson and can be seen in Appendix E. The building will be designed 
with a 20 foot first floor to accommodate retail and office space, and 12 foot second and third floors for 
the additional office and apartments. A 3 foot parapet wall will make the total building height 47 feet. The 
parcel layout of the site is shown in Appendix E.  

The proposed building usages are all approved under COT section 2.5.5 for C-3 Zoning. Young Life and 
the additional office space falls under section 2.5.5.2 A.1 Administrative and Professional Office, so it is 
permitted within the new C-3 Zoning. Time Market can be classified under section 2.5.5.2 A.12 Food 
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Service and 2.5.5.2 B.2 Food and Beverage Sales and the additional retail space will be leased as a 
general merchandise store and falls under section 2.5.5.2 B.3 General Merchandise Sales, so both are 
permitted within the new C-3 Zoning.  The eighteen residential apartments are a residential land use and 
Section 2.5.5.1 Purpose states that “residential and other related uses are permitted”, therefore the 
apartments will be permitted within the new C-3 Zoning. Parking to the West and South of the building 
falls under 2.5.5.2 A.17 Parking, so it is also permitted within the new C-3 Zoning. 

Section 3.2.12 Solar Considerations outlines requirements and restrictions on solar energy use for buildings. 
Section 3.2.12.1 states that “the use of solar energy collectors for the purpose of providing energy for 
heating or cooling is permitted in all zones, whether as part of a principal structure or as an accessory 
structure”, so the use of solar panels on the building’s roof is permitted. 

Since the site falls in West University Historic District, historical guidelines require that new construction 
match conditions of existing buildings. Because of this, there is no required setback for the building. 
However, due to COT requirements for sight triangles according to Development Standard 3-01.5.2, proper 
setbacks were calculated in order to provide safety to all vehicles exiting the site. The building is setback 
at 15’ from the outer edge of University Blvd. 

3. PARKING AND TRANSPORTATION 
3.1 Parking Lot Design 
 
The overall layout of the parking lot remained very similar to the initial design. However, a few 
changes were made in order to improve the safety, efficiency, driver comfort, and access into the 
proposed building site.  
 
First, to increase safety, overhangs were added to the parking spots in order to prevent drivers from 
running into landscaped areas. This would prevent damage to both the landscaping of the site and the 
driver. Along with the addition of the overhang, concrete parking curbs were added to each space. 
Curbing throughout the lot was designed in accordance with the Development Standard 3-01.3.2. 
Sidewalks were also added to the perimeter of the proposed building site in order to increase 
pedestrian accessibility. The minimum width for the sidewalks was determined to by 5-feet, once 
again in accordance with Development Standard 3-01.3.3. A significant change to the site was the 
relocation of the handicap accessible parking spaces from across the western PAAL driveway to 
directly adjacent to the building. This eliminated the need for a large striped crossing area, which 
would have been required in order to increase safety when crossing the driveway. With the current 
design, pedestrians with disabilities or in wheelchairs will not need to cross any roadways in order to 
reach the building. 
 
Also regarding safety, sight triangles were created for each access point into the building’s parking 
area. This was done in order to increase driver safety when exiting the lot. Sight triangles were 
designed with a 20-foot stem and varying distances on the near and far sides of the vehicle. This 
design was in accordance with Development Standard 3-01.5.2  After determining that the east 
access point did not meet sight triangle requirements, it was relocated further south than its initial 
position. All sight triangle designs for the access ways surrounding the proposed building site are 
located in detail 1 of Appendix A. In order to meet sight triangle requirements, all landscaping was 
designed to not prevent drivers from seeing the roadways surrounding the site. Any area located 
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within the sight triangle of a vehicle exiting the lot either had no landscaping present or landscaping 
smaller than 30”, per development standard 2-06.3.7.  
 
Trees were added throughout the site in order to meet the requirements set forth by the City of 
Tucson’s Development Standard 2-06.3.3. This required that the trunks of trees be located no further 
than 30 feet from any parking space throughout the lot. Also, the minimum requirement of trees per 
parking space, required by Development Standard 2-06.3.3, is one tree for every fifteen parking 
spaces. In order to meet this requirement, trees were added to landscaped areas on the perimeter of 
the site and within the medians.  However, this number was greatly exceeded. Trees were also added 
to the perimeter as required by Development Standard 2-06.3.4 in order to create a visual screen for 
residents surrounding the parking facility. 
 
To increase accessibility to the parking lot, the access point to the south of the site was relocated to 
be in-line with the middle parking lane. This allowed for a better location for trash, which was not 
moved from its initial south-west position. The trash enclosure is no longer diagonal to the site, but 
facing north, to allow better vehicle flow when the collector is in place. The design for the trash 
enclosure is a 10-foot square measuring 5-feet tall. The masonry of the enclosure is 6” thick. This 
design is in accordance with Development Standard 6-01.4.1. There is also nothing overhead of the 
trash enclosure to allow for the required 25-feet needed by the collection vehicle. The design also has 
a hinged gate in the front. This design was chosen in order to keep trash in and create visual 
protection for the site. Curbing around the trash collector was redesigned in order to allow for 
collection vehicles to enter and exit the lot with ease. All turning areas throughout the site were 
analyzed using an AASHTO SU-30 vehicle in order to ensure that trash collectors can easily 
maneuver throughout the lot. The SU-30, which is fairly larger than the trash collection vehicles used 
by the City of Tucson, was chosen in order to be conservative. See details 1 through 3 in Appendix A 
for vehicle paths throughout the lot. 
 
The final changes made to the design pertained to visibility for vehicles exiting and entering the site. 
On 3rd St, just east of the building, there were on-street parking spots that prevented vehicles from 
safely exiting the east access point. Therefore, multiple on-street parking spots were removed. By 
removing the on-street parking spaces on E 3rd St, the loading and unloading area for the proposed 
building also increased. Sheet C1: General Cite Plan and sheet C2: Parking Lot Details show the 
proposed parking lot design as well as details. 

 
In accordance to City of Tucson Land Use Code, the minimum amount of parking spots were 
determined. The site plan was designed to have 89 motor vehicle spaces, 8 handicap accessible 
spaces, and 21 bicycle racks. On the opposite side of the west parking area, there are 10 compact 
vehicle spots which will serve for church parking, 3 of which have electric car charging stations. 
Church parking is not taken into account in our total number of parking spots and its design was not 
altered in the proposed parking lot design. 
 
3.2 Turning Movement Analysis 
 
Turning movement counts were conducted to analyze the volume of through, left-turning, and right-
turning movements made by vehicles coming from different intersection approaches. The counts 
were made at two separate intersections: University Blvd/Euclid Ave & University Blvd/4th Ave. 
Two 2-peak hour segments were recorded for each intersection, creating a total of four turning 
movement tables. See details 5 and 6 in Appendix A.  
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Regarding the intersections and directional approaches, the intersection of University Blvd and 4th 
Ave has a three phase timing plan, detailed in Figure 3.2.2. The timing plan was estimated to have 
green times of 9, 20, and 30 seconds to each phase, respectively. Every phase has 3 seconds of 
yellow time and 1 second of all red time. Each approach has a left turn lane and a through/right lane. 
Due to the City of Tucson’s sun link train being required to take a westbound left turn, the cycle 
begins with and all west movement. This clears the intersection and makes room for the train, 
eliminating delays between stations. The intersection design for this intersection can be seen in the 
figures below.  
 

                
                      Figure 3.2.1: Intersection Design                 Figure 3.2.2: Phase Timing Plan 
   
The intersection of University Blvd and Euclid Ave is a two phase intersection, detailed in Figure 
3.2.2. The timing plan was estimated to have green times of 22 and 40 seconds to each phase, 
respectively. Also, every phase has 3 seconds of yellow time and 1 second of all red time. The 
northbound and westbound approaches have through, left, and through/right lanes, while the 
eastbound and westbound approaches lack the extra through lane. The intersection design for this 
intersection can be seen in the figures below. 
 

                   
                                        Figure 3.2.3: Intersection Design       Figure 3.2.4: Phase Timing Plan 
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The four turning movement tables were used in order to calculate the hourly volume for analysis, 
which is the hour within the 2-hour period that has the maximum volume of vehicles. From the 
tables, one can also obtain the maximum 15-min volume within the chosen hour of analysis. This 
value is then used to calculate the Peak Hour Factor (PHF), which is more commonly used to 
calculate Level of Service (LOS). The Peak Hour Factors were calculated and can be seen from the 
tables in details 5 and 6 of Appendix A. 
 
Using the total daily trips determined for both the AM and PM peak hours, the impact of the trips 
into and out of the site on the surrounding intersections can be determined. First, by analyzing the 
buildings different access points and using judgement when determining the most probable vehicle 
routes into and out of the parking area from each approach, the additional trips per approach could be 
determined. By mapping out the two intersections for both AM and PM peak hours, the different 
routes were determined (Refer to details in Appendix A). Below are the tables regarding the 
additional expected daily trips to be added on to the existing volumes of both intersections directional 
approaches. 
 

 
Table 3.2.1: AM peak hour trip impact 

 

 
Table 3.2.2: PM peak hour trip impact 

 
Finally, in order to determine the impact of the expected daily trips created by the proposed 

building on the surrounding intersections, Highway Capacity Software (HCS) was used. HCS is a 
software developed by the McTrans Center at the University of Florida. Using the HCS software, the 
impact of increased vehicular volume at an intersection on each directional approach was measured. 
By adding the additional trips created to each of the existing approach volumes, the HCS software 
could determine the approach delay, intersection delay, and the LOS for both the approach and 
intersection. Then, by comparing these results to the results obtained from the initial intersection 
volumes, the impact of the proposed building on the existing roadways and intersections could be 
determined. Located in Appendix A are the reports for both the initial and adjusted conditions at each 
intersections. Below, in Table 3.2.3 and Table 3.2.4, are the summary of results obtained from the 
HCS results. 
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Table 3.2.3: HCS results for intersection of University Blvd and 4th Ave 
 

 
Table 3.2.4: HCS results for intersection of University Blvd and Euclid Ave 

 
From the results obtained through HCS analysis, several conclusions were made. First, the 
proposed building and the facilities it will entail will not create enough daily trips to significantly 
impact the intersections or roadways surrounding the site. Due to the PHF for the AM peak hour 
changing from 0.86 and 0.88 before the proposed building to 0.9 after, which is considered the 
standard value when analyzing future conditions, delay and v/c actually decreased. However, 
because the amount of trips being added to the intersection was not a significant number, it can 
be concluded that the intersections surrounding the site would not be severely affected. Unlike 
the AM peak hour, the delay and v/c for the PM peak hour actually increased, due to a PHF 
change from 0.98 and 0.95 to 0.9. Once again however, the impact to the intersection was not 
enough to significantly lower the overall LOS. The only approach that actually had a lowered 
overall LOS was the Northbound AM movement on Euclid Blvd. The LOS of this roadway 
changed from A to B. However, LOS of both intersections was overall not affected by the 
additional trips being created. Therefore, after using the HCS software to thoroughly analyze the 
effect that the proposed building would have on the surrounding intersections, it was determined 
that the trips created throughout the day would not significantly impact the intersections in a 
negative way. 
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4. SITE AND GRADING PLAN 
 
4.1 Fire Truck and Emergency Access 
 
In order to accommodate for emergency vehicles to have full access to any part of the building, 
driveways and corners for the site were redesigned. By widening the roadways and redesigning 
corners, the site was able to accommodate for emergency vehicle access. The 24’ PAAL driveways 
throughout the lot account for fire lanes to the west and south of the building. To the north, the 
curbing will remain red in order to allow for emergency vehicle use if necessary. On the east side of 
the site, the loading zone will act as a dual usage area. Along with being a loading/unloading area, it 
will also act as a fire lane. On the southeast corner of the proposed building, landscaping was 
removed in order to allow for fire trucks to drive over the curb to enter the lot if necessary. 
 
A new fire hydrant was also added to the site, near the southeast corner of the building. Although the 
proposed building required a fire-flow of 2000-2250 gallons per minute per the International Fire 
Code, which would demand the addition of two fire hydrants to the site rather than one, only one was 
added due to the building’s proposed sprinkler system. Because the sprinkler system designed 
throughout the building was created in accordance with section 903.3.1.1 of the International Fire 
Code, a 75% reduction in the fire-flow was now required. Therefore it was determined that only one 
fire hydrant needed to be added to the site. The FDC connection is also located on the southeast 
corner of the building near the fire hydrant. Both can be seen on Sheet C1: General Site Plan. The 
location of the fire hydrant and FDC connection are right next to the fire lane in the loading zone so 
major traffic and the street car are not blocked on University Blvd  in the event of an emergency fire.  
 
4.2 Grading Plan 
 
The proposed grading plan is shown on C3: Site Grading Plan. The plan indicates that all runoff 
originating on the site (separate from the building’s rooftop) will be directed away from the building, 
and will intercept landscaped areas on-site prior to discharging onto the site’s surrounding streets via 
the four vehicle access points. 
 
The area just west of the building will mainly discharge off the site onto University Blvd to the north, 
or onto the existing development just west of the project site boundary. This particular area posed an 
issue in regards to grading, since the site currently drains to this low point to the west. The best 
solution was to match the existing grading along the entire western boundary of the project site, 
which is indicated on the grading plan.  
 
There is a high point in elevation just southwest of the building in the street, which will direct the 
runoff flowing just south of this point to flow down the alley and off onto 4th Street. The parking lot 
south of the building and east of the alley is graded as such so that a portion of the runoff will 
discharge onto 4th Street via a vehicle access point. A very small portion of runoff will discharge onto 
3rd Avenue to the east, due to its higher existing roadway elevation. 
 
There are 2 ft. curb cut openings shown to be located at the lower ends of the landscaped areas, 
which will allow for runoff to exit the contained landscaped areas and then off-site. The grading plan 
shows the proposed contours, flow arrows, and detailed spot elevations for the project site. There are 
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3 cross sections of the site shown on C3: Site Grading Plan, which detail the proposed grading at the 
specified locations.  
 
The grading plan also shows the updated FFE of the building to be 2400.5 ft, which is above the 
minimum 2400.3 ft previously calculated based on the proposed site’s hydrology.  This updated FFE 
value is based off of existing elevations of the site’s surroundings, specifically the elevation of 3rd 
Avenue near the southeastern edge of the building. Cross section 3-3 demonstrates how this roadway 
elevation became the control parameter in determining the building’s FFE. 
 
Due to the building’s FFE of 2400.5 ft. and the existing roadway elevations along the northern edge 
of the building, steps are needed at the north entrances to the building. For each of the three entrances 
at the north side of the building, the number and height of the steps are indicated on the grading plan.  
Also due to the building’s FFE and the existing roadway elevations along the northern and eastern 
edges of the building, the building’s foundation will need to be exposed along these edges in order to 
compensate for the decrease in elevation between the building and the surrounding roadway. The 
foundation will be covered with concrete and any exposed foundation will match the exterior 
finishes. 
 
All flow originating on-site will be directed onto the surrounding roadways, except for some portions 
of the northwest corner. Issues arose when attempting to match the proposed grading and the existing 
grade just east of the church. Currently, the parking lot on the site is sloped towards the church 
building. Since the proposed building’s FFE increased the elevation on the eastern portion of the site, 
it was decided that the best outcome is to match the existing grade. Therefore, some of the site’s 
runoff will flow towards the church, as it does so currently. 
 
4.3 Landscaping 
 
The proposed landscaping plan and the requirements set by the City of Tucson are outlined on sheet 
C1: General Site Plan and were followed throughout the design process.  
 
An inventory of the types and amounts of recommended trees and plants is also provided on the 
landscaping plan. All plants were chosen from the City of Tucson Drought Tolerant Plant List, and 
photos of each type are included in Appendix B. After these plants reach the end of their 
establishment period, which is 2 years from the time of planting, they will need little to no 
supplemental irrigation. For these first 2 years, a “Type B” irrigation system is proposed to meet the 
site’s landscape water demand, and the system will utilize the rainwater harvested from the building 
roof. The irrigation system will also use City of Tucson potable water to supplement the harvested 
water during dry periods. To supply the irrigation system with flow, a submersible pump would need 
to be installed in one of the underground tanks, which would also include a float measure, so that 
when the tanks are empty, the measure will allow for the city water line to be tapped into and used 
for irrigation. The rainwater harvested in the underground storage tanks is designed to meet the City 
of Tucson requirement of supplying at least 50% of the annual landscaping water demand.  After 5 
years, the irrigation system will be shut off and abandoned in place; the landscaping will then rely on 
passive water harvesting alone. 
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5. HYDROLOGY AND DRAINAGE 
 

5.1 Design of Stormwater Management System 
 

As determined previously, the project site does not lie within a critical or balanced basin; therefore, 
Pima County does not require the implementation of a detention system on the proposed site. 
However, the proposed development’s increase in impervious area will also increase the amount of 
stormwater runoff originating on the site. To ensure that the proposed development will not increase 
potential for flood hazards, the Pima County requirement for a site lying within a balanced basin has been 
followed for this design. The requirement is as stated in the Pima County Stormwater Detention/Retention 
Manual: “Stormwater retention/detention facilities shall be incorporated within all new developments to 
the extent necessary to ensure that, at a minimum, the post development 2-, 10-, and 100-year peak 
discharges from the site will not exceed the predevelopment values.” In order to follow the balanced basin 
requirement, the 2-, 10-, and 100-year event hydrographs and total runoff volumes were previously 
generated using PC Hydro for the existing and projected conditions. The previously determined 
hydrology of the site under the existing, projected, and proposed conditions are shown below in Table 
5.1.1. 
 

Condition Runoff Volume [cubic feet] 
2-year 5-year 10-year 100-year 

Existing 6,100 8,800 11,700 18,900 
Projected 7,100 9,800 12,700 20,700 
Proposed 5,100 7.800 10,700 16,900 

Table 5.1.1: Runoff volume for various storm durations 
 
The detention capacity for this site was determined based on the volumetric difference between the 100-
year existing and projected runoff values, since the 100-year event saw the largest increase in volume. 
The detention volume was previously found to be 1,815 ft3. 
 
Regardless of whether a site lies within a critical or balanced basin, Pima County requires a threshold 
retention system be incorporated within all commercial developments larger than one acre in size.  The 
required threshold retention capacity is defined as the volumetric difference between the 5-year existing 
and projected runoff values. The required threshold for the proposed site was previously determined to be 
963 ft3. 
 
The proposed design for the site’s stormwater management system has remained consistent with that 
of the previous report. The proposed location of the design is shown on C3: Site Grading Plan and in 
detail 1 in Appendix B. There will be three underground rainwater harvesting tanks installed 
underneath the sidewalk and pavement at a location 10 ft. south of the proposed building. Each tank 
has a capacity of 2500 gallons, or nearly 334 ft3. The tanks will capture runoff from the building’s 
roof via a pipe network that is placed in a parallel configuration, as shown on C4: Retention System 
Design. The parallel configuration is to ensure that all three tanks will always hold the same level of 
rainwater. As previously mentioned in the landscape design section, an irrigation system will be 
installed throughout the site, with at least half of the annual landscaping water demand being 
supplied from the rainwater harvested in these three tanks. A submersible pump will be placed at the 
bottom of one of the tanks to transport the water to the irrigation system, and a float valve and pipe 
will also be installed and tied into the nearby City of Tucson potable water line, in the case that city 
water needs to be tapped into. 
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Overflow piping will be installed in a parallel configuration from the underground tanks to twelve 
underground stormwater retention chambers. These chambers will have a 12” bed of graded stone 
underneath them, which will allow for the runoff to infiltrate into the subsurface and recharge the 
groundwater table. These chambers will provide adequate capacity to ensure the threshold retention 
requirement is always met. Each chamber has a capacity of nearly 82 ft3, so a total of 12 required 
chambers will be used, and together they will have a capacity of 984 ft3. 
 
Runoff originating on the site and not on the building’s roof will be directed to intercept landscaped 
areas throughout the site to allow for passive water harvesting. As shown on C3: Site Grading Plan, 
the site and landscaped areas are graded as such so that all runoff will eventually discharge off the 
site onto surrounding the streets. 
 
5.2 Water Surface Elevations 
 
The flood elevations on the site and in each underground tank and chamber are shown in Table 5.2.1 
below. These elevations were determined based on volumes generated from the 1-hour precipitation 
depth for each storm event, the site area, roof/building footprint, and the footprints and heights of 
both the underground harvesting tanks and retention chambers. The dimensions for the heights of the 
tanks and chambers, as well as profiles of each showing the water surface elevations for the 2-, 10-, 
and 100-year events are shown on C4: Retention System Design. Based on the determined elevations 
below, the initial overflow measure from the tanks to the retention chambers would already be 
utilized during a 2-year, 1-hour storm event. In the event of a 10-year, 1-hour storm, an additional 
overflow measure would need to be considered as well, since all 12 of the retention chambers would 
already be full. Therefore, an emergency overflow measure would need to be installed prior to the 
occurrence of a 50-year, 3-day storm, which was given as the design parameter for this project. The 
water surface elevations for a 50-year, 3-day storm were still analyzed and are provided below. 
  

Water Surface Elevations [ft.] Excess 
Runoff 

Volume [cf] Storm Event On-site In each underground 
tank 

In each underground 
chamber 

2-year, 1-hour 0.083 5 0.95 - 
10-year, 1-hour 0.130 5 2.50 162.00 
50-year, 1-hour 0.179 5 2.50 973.25 
50-year, 3-day 0.338 5 2.50 3585.75 
100-year, 1-hour 0.200 5 2.50 1330.75 

Table 5.2.1: Water Surface Elevations 
 
5.3 Overflow Measures 
 
The additional overflow measure consists of perforated underdrain piping surrounding the 12 
underground retention chambers; the location of this pipe network is shown on C3: Site Grading Plan 
and in detail 1 in Appendix B, and a profile of the chambers also shows the underdrain piping. When 
the retention chambers reach capacity, any excess water will seep into the underdrain piping, and 
hydrostatic pressure will consequently push the water to exit through numerous bubblers, located 
within landscaped areas throughout the site. This overflow measure is simple to implement, and it 
will ensure that any roof runoff not able to be held in the tanks or chambers has a means to escape in 
the event of a large storm. 
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6. STRUCTURAL 
 
6.1. Fire Proofing and IBC Requirements 
 
Fire proofing of the steel for the building will follow the International Building Code (IBC) provisions in 
Chapter 7. Proper encasements and protection systems will be installed in accordance with sections 704 
for structural members and 711 for horizontal assemblies. Walls and partition walls will have proper fire 
resistance ratings following provisions in sections 705-710. The overall fire resistance of the building will 
be determined from Ch. 5 of ASCE 29 for steel assemblies. Fire sprinkler systems, and proper egress will 
be installed to ensure safety and provide emergency exits from the building in case of fire in accordance 
with 907.2.3 Group E occupancy. There is one exterior stairwell as well an interior stairwell and elevator. 
Stairwells are 5 ft in width in each direction, so they exceed the minimum width of 36’’ for egress and 
allow for more spacious movement. Additionally there will be smoke detection system in the atrium in 
accordance with section 907.2.14 as well as an emergency alarm system in accordance with section 
907.5.  Last, every room is under 150 ft from an exit, which is much lower than the 250 ft maximum. 
 
The mechanical system will follow IBC provisions in Chapter 5 for ventilation for both residential and 
commercial kitchens in sections 505-508. Laundry dryer exhaust procedures will also be followed in 
section 504. The mechanical system in the building centers around the MEP core in the middle of the 
building to provide AC, heat, and electric power to the entire building. AC units will be placed on the 
building roof and ventilation will fit within the three foot false ceiling height on all floors. No false 
ceiling will be installed on first floor retail to keep high ceilings in the space. 

 
6.2 LRFD Load Analysis Procedure 
 
ASCE 7-05 Load Resistance Factor Design procedure was used for both wind and seismic load 
calculations. Method 2 in Chapter 6 of ASCE 7-05 details the design procedure for wind loading 
considering topographic location of the site and the height of the building. Wind load calculations and 
references within ASCE 7-05 Chapter six are provided in Appendix C. Seismic design procedure began 
with determining the site’s spectral response acceleration for short period (Ss) and for 1 second (S1) by 
using the zip code of the site. These were found to be 0.2897 and 0.0815, respectively. Complete seismic 
design calculations, references, and assumptions are provided in Appendix C. A summary of the 
windward and seismic loads acting on each floor node of the building is as follows: 
 

Node Windward (kip) Leeward (kip) Seismic (k) 
Roof 2.253 -1.611 33.638 

3rd Floor 2.596 -2.148 25.533 
2nd Floor 3.517 -2.863 15.887 

Table 6.2.1 Summary of Lateral Loading at Floor Nodes 
 

Lateral loading from wind and seismic are used to determine the girder and column moments for each 
floor and frame within the building. Girder moments and column (1-4) moments are calculated using the 
Portal method, which assumes a hinge at the tributary height of each floor to calculate the shear 
transferred across the frame. This method also assumes the interior girders take twice the shear of the 
exterior girders. 
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ASCE 7-05 was also utilized to conduct complete gravity load analysis including dead and live loads.  
Dead and live loads were calculated for different building usages including retail, office, corridor, decks, 
and study areas.  The values from ASCE 7-05 for different dead loads were considered including the self-
weight of the frame, floor and ceiling finishes, weight of the steel deck, mechanical duct allowance, and 
an extra allowance for miscellaneous loads.  These loads (in psf) were then utilized to find the loading on 
the different floors.  The girder and column bending moments due to gravity loads were then calculated 
based on the DeWolf method.  The DeWolf method provides equations to assume hinges at specified 
distances on each girder in order to analyze the frames. The method also assumes that the unbalanced 
moment at each girder-column connection is distributed evenly between the top and bottom column.  
Since each of the six frames has a different applied load, the frame with the maximum moment was 
utilized to continue with the load analysis. 
 
Utilizing the calculated girder and column bending moments due to wind, seismic, and gravity loads, 
maximum frame moment tables were created, which includes tables for girder moments, girder shear due 
to moment, and column moments for both interior and exterior girders and columns.  These values, along 
with tributary dead and live loads, were then utilized to calculate column axial loads for both interior and 
exterior columns.   
 

Critical Girder Moments (k-ft) 

Floor 
Exterior Girders Interior Girders 

Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5 
R to 3 501 492 631 496 463 381 374 480 378 360 
3 to 2 476 887 558 570 617 381 666 433 445 492 
2 to 1 476 833 541 575 593 381 579 406 439 458 

Table 6.2.2 Critical Girder Moments 
 

Critical Column Moments (k-ft) 

Floor Exterior Interior 
Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5 

R to 3 269 303 465 307 264 111 122 184 130 163 
3 to 2 142 264 166 174 191 55 142 77 94 128 
2 to 1 142 247 161 186 187 55 142 77 127 130 

Table 6.2.3 Critical Column Moments 
 

Critical Column Axial Loads (k) 

Floor Exterior Interior 
Case 1 Case 2 Case 3 Case 4 Case 5 Case 1 Case 2 Case 3 Case 4 Case 5 

R 93 90 113 90 81 147 144 185 145 128 
3 185 235 213 191 184 288 362 336 297 284 
2 275 376 310 290 284 426 572 482 445 434 
1 362 538 411 391 385 563 843 648 611 599 

Table 6.2.4 Critical Column Axial Loads 
 
After complete analysis of gravity and lateral loading and moments created across the structure, LRFD 
load combinations from Chapter 1 of the ASCE 7-05 were tested to determine the critical combination of 
each frame and floor system. Load cases 1 through 5 were considered in the analysis of girder and column 
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moments and column axial loads and critical forces are shown in Tables 6.2.2-6.2.4. The critical moments 
seen in the above tables are used to design each section member. Examples of beam, girder, and column 
design are shown in Figures 6.3.1, 6.3.2, and 6.4.1. 
 

6.3 Beam and Girder Design 

Beam design will take into account only the dead and live loads for the tributary area of each beam as 
they will solely be subject to gravity loading. Beam design checks both deflection requirements for roof 
and floor as well as a shear check. Girder design will take into account both shear from lateral loading and 
gravity loading of the tributary area. Girders will be checked for deflection and shear requirements. Since 
the concrete slabs are considered to brace both the beams and girders through shear bolts along the entire 
span, the unbraced length for both is considered to be zero. This eliminates possibility of lateral torsional 
buckling and failure by slenderness ratio. Using an unbraced length of zero, smaller size members can be 
selected because they have an increased moment capacity. Table 4-1 Beam Graph from the AISC manual 
was used to select members based on moment and unbraced length. The most economical section was 
chosen in each case. Example calculations are shown below. 

 

 

 

Figure 6.3.1: Example of Girder Design for 2nd Floor 
Exterior Girder 

 

Figure 6.3.2: Example of Beam Design for Floor Beam 

 

Mmax = wL2/8 = 252 k-ft
Vmax = wL/2 = 33.6 k

Lb=0 Cb=1.0 
Lb < Lp so ΦbMn = ΦbMp  =0.9FyZx

Zreq = 67.2 in3

By beam graph (Tabel 3-10) and Beam Table (3-2) 
W16 x 40 Grade 50 Steel for floor beams 

Check Shear 
d= 16 in 

tw= 0.305 in 

Ix= 518 in4

φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu

131.76 > 33.6 ##
CheckDeflection  Using unfactored live load only

δmax= 5wL4/384EIx
= 0.786545 in

δall= 1 in
δmax < δall 1

slab continously braces beam 

Mmax= 832.81 k-ft
Lb=0 girder braced on side by slab 

Try: W 27 x 94
Check Deflection 

I= 3270 in4

δall= 1.33333333 in
δmax= 5wL4/384EIx wL= 1.95 k/ft

1.18 in
δmax < δall 1

Check Shear 
d= 29.5 in

tw= 0.47 in
φvVn ≥ Vu

0.9x(0.6)FyAw ≥ Vu

374.355 ≥ Vu 374.355

from Beam Graph     
(Table 3-10) 
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6.4 Column Design 

Column design took into consideration the column axial load and moments generated by lateral and 
gravity loading. The frame is analyzed as either unbraced (sidesway permitted) or braced (no sidesway) 
according to the critical load combination determined by axial loads and column moments. For all column 
cases, LRFD load case 2, 1.2D +1.6L +0.5Lr, was determined to be the critical load case, meaning the 
frame was analyzed as a braced frame since lateral loading is not critical.  

The columns will span the entire height of the building, thus no splicing is required. The column height is 
thus 47’ in the three story areas and 35’ in the two story areas. The column on the first floor has the 
longest unbraced length of 20’ and has the largest axial load, so this column is considered the critical 
section and was used to design the column section. Exterior, interior, and corner columns were all 
designed separately since the axial loads will differ due to the varying tributary areas of each. 

 

Figure 6.4.1: Example of Column Design for Exterior Column Floor 2 to 1 

6.5 Lateral Bracing Design 

Lateral bracing is placed along Section 1 between frames B and C and along section 4 between frames E 
and F to resist lateral loading in the weak direction of the building. It is placed as far as possible from the 
building’s center of moment of inertia and spans all three stories of the building. The lateral bracing is a 
simple diagonal bracing and was designed as a tension member. The force in each member was calculated 

Critical Load Combo:
Pr = 376.35 Lb = 20

Mntx = 247.49
Initially assume:

kx= 1.2 Lx = 20 kxLx = 24
ky = 0.8 Ly = 20 kyLy = 16

Select Trial Section: W14 x 90
From Table 6-1 : p x 10-3 = 1.02 w.r.t kyLy

b x 10-3= 1.65 w.r.t Lb

Test Interaction Equation: pPr + bMntx < 1.0
= 0.79224 < 1

-OK-
Find Actual kx value:
Moment of Inertia for Column 1  = 999 Length = 12

Column 2 = 999 Length = 20
Girder 1 = 3270 Length = 40
Girder 2 = 0 Length = 30

G top = 1.629
G bottom = 1 Since Fixed

Look up k x  value from Alignment charg Fit C-A-7.1 for sidesway inhibited

kx = 0.81
Check if y-axis is still critical:

kxLx/kyLy = 1.0125
1.66

rx/ry > kxLx/kyLy -OK-
rx /ry of column section =
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using statics and the same wind and seismic procedure as described previously.  Chapter D, Design of 
Members for Tension and equations (D2-1) through (D2-3) in addition to Table D3-1 in the AISC manual 
were checked to determine the area of steel required to support the tension. Single angles bolted to a 
gusset plate, which is welded to the beam and column, will create a pin connection for the lateral bracing 
to the vertical system. ¾” diameter A992 bolts at 3” O.C spacing with 3” edge distance are used in the 
design. Gage distance was determined from Table 1-7A. Single angles were chosen because they are 
economical and will be hidden within the walls. The angles were checked for tension capacity as well as 
checked for block shear failure. Detailed calculations for each are shown in Appendix C. Design 
produced the following members for lateral bracing: 

Floor Angle Size 
Roof to 3rd L4x4x1/2 
3rd to 2nd L5x5x1/2 
2nd to 1st L6x6x5/8 

Table 6.5.1: Lateral Bracing Sections 

6.6 Connection Design 

Moment connections will exist between columns and the foundation as well as between columns and 
girders spanning the east and west direction, which comprise the moment frame. These connections 
provide the frame with the necessary rigidity to not only connect the different structural elements but also 
withstand the lateral and gravity loads of the building. These moment connections consist of angles on 
both sides of the girder web bolted to the column and a weld or angle connecting the girder flange to the 
column.  The beams and girders will be connected as pin shear connections to allow rotation but not 
translation. These connections consist of an angle on both sides of the beam, which are bolted to the beam 
and the girder. Sheet S3: Structural Details, depicts images of typical connections throughout the building 
structure. 

6.7 External Material Connection to Frame 

The exterior of the building is white stucco and is connected to the steel frame through a series of wire 
and drainage mesh. There is an exterior sheathing that the mesh is attached to that is attached to the steel 
frame. Inside each wall where no steel column exists, there are lightweight steel stud walls spaced at 24’’ 
O.C since all interior walls are not load bearing walls. The walls are lined with a high performance LEED 
accredited insulation and finished on the exterior with a 1/2’’ drywall. These materials were used to 
calculate the weight of exterior walls used in dead and seismic load calculations, totaling 15 psf. A detail 
of the exterior material connection can be seen on sheet S3: Structural Details and additional detail of 
roofing material connection can be seen in Appendix C.  

6.8 Final Design and Sap2000 Modeling 

Once every member was designed according to the AISC manual and checked for stress, deflection, and 
shear, member sizes were inputted into Sap2000 structural modeling software. Beams for the floor were 
designed as W16x40 and for the roof were W16x31. Girder sizes vary depending on edge location and 
exterior versus interior girders. Sizes range from W27x94 for exterior floor girders to W18x35 for interior 
roof girders. Interior and exterior columns were both designed as W14x90 sections and corner columns 
were W14x74. Sheet S1: Beam and Girder Plan details the member sizes chosen for all beams and girders 
on all three floors. Sheet S2: North-South Elevations details all column sizes and lateral bracing members. 
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Sap2000 Modeling was used in order to perform deflection, shear, and stress checks as well as visualize 
how the building behaves under the applied loading. All design members passed all stress checks when 
subject to dead, live, wind, and seismic load combinations. Images of the deflected shape are shown 
below in Figures 6.8.1-6.8.2. 

 

Figure 6.8.1: Deflected Shape (exaggerated) due to Gravity Loading 

 

Figure 6.8.2: Deflected Shape (exaggerated) due to Lateral Loading 

The Sap2000 model allows the user to create joint restraint conditions at each of the column to slab 
connections as well as the girder to column connections. This allows the structure to behave the same way 
as the hand calculations. Care was noted to observe if there was any increase in stress around the atrium 
to see if the opening had an effect on the behavior of the structure as a whole. Since the girder to column 
system is not interrupted by the atrium, it behaves as expected. Only beams, which carry dead and live 
load only, are not in place. Additional Sap2000 figures can be seen in Appendix C.  
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7. GEOTECHNICAL 
7.1 Load Analysis   

The foundation system for the proposed building consists of 24 isolated spread footings and reinforced 
slab on grade. The slab will be constructed on the area between the isolated footings to support the loads 
in the first floor. Each steel column will have a separate footing to support the transmitted load. Due to 
the different soil conditions, lack of log boring data, cost, and convent construction, two footing designs 
are created to produce a more economical footing system. 

The load and resistance factor design (LRFD) methodology is used in foundation analysis to design the 
foundation system. Where the footing is designed to support the worst-case scenario using the largest load 
combination from IBC (2006), which produces the largest negative effect on the system.  The critical load 
combination calculated from structural analysis and used for the footing design was Case 2: 1.2D +1.6L 
+0.5Lr.  The loads used for foundation design can be seen in Appendix C.  

7.2 Soil Characteristics 

The area under the proposed building footprint is spilt into 3 sections E01, E02, and E03 corresponding to 
the soil strength. Where each section is evaluated and checked based upon the boring log report.  

7.2.1 Embedment Length 

From the boring log information, the soil in all three sections is very strong and dense in the top layer, 
which extends approximately 12 ft deep. After the layer in which the rod of SPT took 50 blows to 
penetrate 2 inches deep into the soil, the blow count increases as the rod went deeper into the lower 
layers.   

The embedment length was determined by the soil, total load, critical depth, and the minimum 
requirements. The embedment length will be 3ft from the ground surface. This will make the footing 
extend below the frost line and prevent the uplifting force during the freeze cycle. Other code 
requirements may include the minimum height of 1-6ft for 3-story building.  

7.2.2 Critical Depth  

The critical depth H𝑐𝑟 was used to determine and define the soil properties for layered (stratified) soil and 
mechanism of failure. According to Prandtl’s failure mechanism equation, the soil thickness H1, of the 
soil below the footing in each section is greater than H𝑐𝑟. Therefore, the failure surface will be confined in 
the top layer and it is sufficiently accurate to calculate the bearing capacity based on the properties of the 
soil in the top layer. All the computation and theory behind the Prandtl’s are detailed in Appendix D, 
7.2.2. 

7.3 Bearing capacity: 

There are many equations that can be used to estimate the bearing capacity of a soil. All 
generally give different values from the same soil condition. The boring log information was not 
enough and they didn’t cover the entire building’s area. Therefore, two methods (ESA and SPT) 
are used to estimate the bearing capacity of the soil. ESA is governed by the shape factors, 
embedment factor, load inclination factor, base inclination factor, ground inclination factor and 
the compressibility factor. All the inclination factors were eliminated by leveling the ground, 
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load, and the footing itself to model a practical calculation. SPT is governed by the N-value (the 
number of blows). Regardless the results of the bearing capacity from the two methods, some 
engineering arbitrations were taken to ensure a safe performance of the footing. Only Boring 
Logs E01, E02 and E03 information are used to calculate the bearing capacity.  All the 
computation and theory behind the ESA and SPT are detailed in Appendix (D 7.3).  

 7.4 Footing Analysis 

The area of the footing required was determined by bearing capacity of the soil that was found 
by ESA and SPT and the allowable settlement. The following tables shows the minimum footing 
width in each loading case and soil condition. 

7.4.1 ESA Bearing Capacity 

LRFD for Exterior load 
B-Log 

   

Calc. B (ft) 𝛴P𝑖Q𝑖/𝐴  psf 
 

E01 0.8 111,522.45 561.30 3.50 35,081.25 ok 
E02 0.8 114,852.47 561.30 3.65 35,081.25 ok 
E03 0.8 106,779.51 561.30 3.75 35,081.25 ok 

Table 7.4.1.1: LRFD Bearing Capacity for Exterior Foundation 

LRFD for Interior load 
B-Log 

   

Calc. B (ft) 𝛴P𝑖Q𝑖/𝐴  psf 𝛹R𝑢𝑙𝑡 ≥ 𝛴P𝑖Q𝑖/(𝐴) 
E01 0.8 116,112.55 842.91 4.20 33,680.00 ok 
E02 0.8 118,476.26 842.91 4.14 33,680.00 ok 
E03 0.8 110,164.87 842.91 4.32 33,680.00 ok 

Table 7.4.1.2: LRFD Bearing Capacity for Interior Foundation 

7.4.2 SPT Bearing Capacity 

B-Log E02 
  

Calc. B (ft) 𝛴P𝑖Q𝑖/𝐴  psf  
LRFD for Exterior load 91,365.24 561.30 4.21 35,081.25 Ok 
LRFD for Interior load 102,657.37 842.91 4.78 41,625.19 Ok 

 

To be more conservative, the minimum value of the bearing capacity from SPT-method is used to design 
the footing for the proposed building, which was found to be 91,635 psf.   

 

7.4.3 Settlement  

The settlement of the proposed building was calculated using Gazetas et al 1985 equation. Because of the 
soil condition, only the immediate settlement (elastic deformation) was considered. Because of the current 
building load the soil layer is very strong and it has already been relativity settled. The immediate 
settlement depends on the Poisson’s ratio (v), elastic modulus (E), width of the footing (L), vertical load 
(Q), wall and embedment. Both wall and embedment depth factors are considered to be 1. By the 
international building code (IBC) the allowable settlement for the shallow foundation is 1 inch. The 
theory behind the immediate settlement is detailed in Appendix (D 7.4.3) 

𝛹 𝛹R𝑢𝑙𝑡(pcf) 𝛴P𝑖Q𝑖 Kip 𝛹R𝑢𝑙𝑡 ≥ 𝛴P𝑖Q𝑖/(𝐴) 

𝛹 𝛹R𝑢𝑙𝑡(pcf) 𝛴P𝑖Q𝑖 Kip 

𝛹R𝑢𝑙𝑡(psf) 𝛴P𝑖Q𝑖 Kip 𝛹R𝑢𝑙𝑡 ≥ 𝛴P𝑖Q𝑖 / (A) 
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Location kip L(ft) E (ksf) V ρe (ft) ρe (in) 
 

Exterior 561.30 4.5 1672 0.5 0.054 0.6 OK 
Interior 842.91 4.5 1672 0.5 0.076 0.91 OK 

Table 7.4.3.1: Settlement Analysis and Results 

7.5 Footing Size 

The footing size for the interior and exterior footings are shown below in Table 7.5.1.  The reinforcing 
flexure rebar was designed according to ACI provisions based off of the moment capacity of the 
foundation.  Calculation details can be seen in Appendix D.  Base plate and anchor bolt size were 
determined utilizing RAM Connection software.   

Parameters Interior Footing Exterior Footing 
Width (ft) 5.0 4.5 
Area (ft2) 25 20.25 

Thickness (in) 20 20 
Rebar Size 8 Bars #6 @ 6” O.C 6 Bars  #7 @ 8” O.C 

Grouting (in) 1 1 
Base Plate size (in × in) 30×30 28×28 
Base Plate thickness (in) 3 2 

Anchor Bolts size 8-J with 1 in diameter 
embedded to a depth of 18” 

8-J with 7/8 in diameter 
embedded to a depth of 14” 

Table 7.5.1: Footing Design 

 

Footing design details are shown on sheets S4: Exterior Footing and S5: Interior Footing. Using 
ACI 302.1 R-96 guidelines the slab on grade for the building foundation was calculated to be 6 
inches in thickness. The design parameters are shown below in Table 7.5.2.   

ACI Reference Foot/Offices Slump (in) 5 

Class 2-Single Course Thickness (in) 6 

Final Finish Light steel 28-Day Strength (psi) 3000 

Type of Traffic foot traffic Rebar size #3 @1ft spaced w/ 2in depth (for 
shrinkage) 

Special 
Considerations 

Flat and level 
slabs 

Saw-Cut 
control joints 

1/8 in width 
0.25 in depth 

at 1ft in both direction 
Final Finish non-slip finish Slab Turndown 16 at the connection 

Table 7.5.2: Slab on Grade Design Parameters 

 

 

 

 

ρe < 1in 
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SHEET S4 
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SHEET S5 
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7.6 Footing Construction  

 After the excavation work is completed, an engineered fill will be added to the area with 
thickness of 4 inches, compacted to 95%, using a jumping hammer. The compaction rate will be 
tested by the field engineer using the Electrical Density Gauge (nuclear-free device). Then the square 
footings will be constructed with the specific base plate and anchor bolts for each interior and exterior 
column.  15mm (0.6 in) vapor barrier layer will be installed to the area, in purpose of preventing the 
moisture from the soil coming out through the concrete, and to protect the steel column and the 
footing system from corrosion damages balancing bolts will be placed first to provide vertical 
adjustment if needed, followed by the steel column. The steel column will be positioned in alignment 
according to the structural plan, and then grout will fill the void between the base plate and the 
footing. Finally, a reinforced concrete slab on grade will be constructed to support the load in the first 
floor. Here the slab will also seal the connection areas and increase the rigidity of the footing system.  

7.7 Footing stability 

7.7.1 Eccentricity and Resultant load in 𝐊𝒓𝒆𝒏 

The eccentricity of the vertical force on the footing is determined by checking if the ratio of moment 
from lateral force (M) to vertical force (P) is less or equal to 1/6 of footing width (B). If so, then 
the vertical resultant force is within the kern distance of the footing. As of result, the bearing 
pressure on the foundation is calculated to find the minimum and the maximum serviceability 
limits; where the negative pressure indicates compressive bearing and the positive value indicates 
tension.  

The check shows that the vertical force and the pressure on both the interior and exterior footing 
is within the K𝑟𝑒𝑛 distance and bearing pressure is within the serviceability limits. All calculations 
and results are shown in Appendix (D 7.7- Table A).  

7.7.2 Footing Sliding 

The footing must be checked for sliding resistance. The ratio of the footing sliding resistance to 
lateral force must be equal to or greater than 1.5 (sliding resistance safety factor). In the case of 
this proposed building, the sliding resistance 𝑅𝑧 was found by multiplying the lateral force by 
tangent of one half of the friction angle. Both the exterior and interior footing satisfy the safety 
factor of 1.5. All the calculation and theory behind the sliding resistance are detailed in 
Appendix (D 7.7-table B).  

7.7.3 Footing Strength  

The footing strength was checked for both column punching and beam shear caused by one-way and 
two-way shear. The shear resistance of the footing is a function of square root of concrete 
compressive strength multiplied by the contact area between the footing and the column base which, 
in this case, is the area of the base plate where failure takes place, multiplied by the reduction factor 
(0.75 for LRFD) and multiplied by lambda.  Since the concrete used in the design is normal, 
lambda is assumed to be one. All the calculation and theory behind the shear resistance are 
detailed in appendix (D 7.5) 
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7.8 Over-Excavation Work and OSHA Requirements 

The excavation work is needed under the spread footing’s footprint for the purpose of foundation 
construction. To meet the OSHA requirements section 1926.561-1 and section 1926.651-C-2 a 
stairway or ladder will be required for any footing excavation that has a depth of 4 ft. or greater. Also, 
walkways will be used to provide a safe cross over the excavation area. All the excavation work will 
need to be checked and approved by a registered professional engineer who will also be present 
on the site during excavation work. An extra 3 ft. will be added in each direction of the footing to 
provide a safe and suitable space for the workers to perform the footing construction tasks.  

The excavation price is estimated to be $11.50 per cubic yard. All the excavation details are shown in 
the following table. 

Table 7.8.1: Excavation Details  

8. LEED ACCREDITATION 
 
To reach the goal of obtaining at least a LEED Gold Certification, it is important to achieve at least 60 
LEED points. These points can come from any of the following categories that are used to measure our 
building’s performance: location & transportation, sustainable sites, water efficiency, energy & 
atmosphere, materials & resources, and indoor environmental. The main objective of LEED is to push 
owners and operators to implement more green building designs, construction, operations, and 
maintenance solutions.  

 
Location & transportation focuses mostly on giving points for making decisions that highlight the 
building’s ability to provide for alternate modes of transportation, having multiple amenities in near 
proximity, and being environmentally mindful. This category credits the project with points by, first, 
avoiding building over prime farmlands, undeveloped land near floodplains, endangered species habitats, 
or near large bodies of water. The site will also be awarded points for being in a historic district, this is to 
incentivize projects to rehabilitate damaged sites instead of building over undeveloped land. Points are 
also awarded for developing in areas with existing infrastructure, which promotes walking and reduces 
vehicle distance traveled. This is achieved by having the site within ½ mile of various diverse use 
buildings (i.e. bank, hardware store, supermarket, school, pharmacy, park, etc.). Having the building near 
different modes of transportation, such as street car or buses also awards points because this reduces 
pollution and reduces automobile use in the area. The last few points involve providing bicycle facilities 
depending on visitors and building occupants, as well as reducing parking footprint, and allowing for 
electric vehicle charging, all of which have been included in the designed site plan. The total estimated 
points to be awarded is 15 points.  

Details Dimensions  ft3 Cubic  Yard Price 
Interior Footing 8×(11×11×4) 145 1650 
Exterior Footing 16×(10.5×10.5×4) 262 3005 
3-Storage Tanks 
including base 48×14.5×10 257.8 2964.7 

Retention Chambers 12×(10×4.5×13) 260 2990 
Connecting Pipes 31×1.5×1 1.72 20 

Elevator Base 9×12×12 48 552 
Total 26,250.5 974.52 11,181.7 
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Closely behind location & transportation is sustainable sites. Sustainable sites rewards decisions about 
utilizing less natural resources and minimizing environmental impact by making a more creative and 
innovative project design. There are two prerequisites for this category, which involves the project having 
a National Pollutant Discharge Elimination System Program (NPDES), an Erosion and Sedimentation 
Control Plan, and a Construction General Permit (CGP). By implementing these three prerequisites, the 
project reduces the pollution as a byproduct from construction activities and it assesses the site for 
contaminants and makes sure that remediation is done if necessary. To get points in this category the first 
activity to be completed is to have a site survey and assessment of the topology, hydrology, vegetation, 
and soil which will improve the design of the project. Keeping Time Market in its original position and 
conserving existing natural areas, together with donating $0.40 per square foot of development to a 
conservation organization will allow us another few points. The site will also include a rainwater 
collection system which reduces runoff and improves water quality, accomplished by installing water 
tanks under the parking lot that will collect the water that will be used to irrigate the landscape on site. A 
small population of trees will be installed in the parking lot to allow for shade and proper window 
overhangs to reduce the heat island effect of the project. The roof of the project will also include a large 
set of solar panels which will reduce the building’s overall heat inductance. The last credit is acquired by 
reducing the amount of light pollution, which our site takes into account by not adding lighting inside the 
parking lot and having sources of light away from residences. 9 points are estimated for this category. 

 
Government and environmentalists have changed the way people use water every day. Water is the most 
important resource used and it is wasted to extents where clean water is used in unnecessary activities 
such as irrigating landscaping. LEED’s water efficiency category focuses on lowering the use of clean 
water and, instead, using reclaimed water. The new site will have a specific selection of plant species 
which require a very insignificant amount of water so that water irrigation is used at a minimum. 
Appliances, such as washers, and fixtures, such as toilets and faucets, will be selected to have very 
efficient use, sometimes marked as ENERGY STAR. The building will also have advanced water 
metering that will report usage to USGBC for at least 5 years, which will prove the commitment for better 
water usage. These meters will measure the usage of indoor fixtures and appliances, outdoor irrigation, 
reclaimed water, and boiler water. 8 points estimated for the water efficiency module. 
 
The biggest category under LEED certification is the energy and atmosphere module, which awards up to 
33 points. This module is focused mostly on the monitoring and implementation of energy metering and 
systems that improve efficiency and use of natural resources that will produce lower contaminants. The 
site will comply with all of the prerequisites and credits by primarily having an advanced commissioning 
authority, such as an independent consultant hired by the owner, who will review all processes before, 
during, and after construction. This consultant will be responsible for tasks such as reviewing contractor 
submittals, verifying training requirements in system documents, reviewing the building operations 10 
months later, and others. Then a plan will be provided to optimize the energy performance of the building 
that consists of making a computational model of a complex system and compares a baseline to the 
proposed design. The goal of the site will be to improve the energy performance to 50%, this is based on 
energy cost ($ not kWh). Energy metering is also very important, which involves adding meters for 
building level consumption that will be monitored in less than 1 hour intervals and recorded for at least 36 
months. Since the building contains a large amount of cubic feet of space within, it is important to have 
proper refrigerant material to keep the space cool. The refrigerant used will not have any ozone depletion 
potential (ODP) or more than 50 in the global warming potential (GWP) scale. This involves using 
equipment with high efficiency and low charge, with a long service life. Apart from monitoring the 
energy use in the building, it is important to have proper managing of the amount of utilities being used at 
one time. The goal is to reduce the peak loads to normalize the amounts needed and have less need to 
expand the infrastructure installed at the beginning of building use. The building will participate in the 
Demand Response program for at least a year to the point where the building will have a system capable 
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of having a fully automated demand response, which means it works without human intervention. As 
mentioned before, the building will include a large set of solar panels (photovoltaic) on the roof which 
will provide energy for the building. This will account for more than 10% of our building usage. Lastly, 
the project will be involved in a green power program which will provide at least 50% of the building’s 
usage, this is mostly accomplished by buying Renewable Energy Certificates (RECs). LEED would 
award an estimated 32 points for our building infrastructure under this category. 
 
Major focus has recently been placed upon recycling or reusing materials and waste. The Materials & 
Resources category pushes to minimize the amount of work that must be done to extract, transport, 
process, maintain, and dispose of the materials that are considered waste during the construction phase of 
a project. During the construction phase and during the building’s life cycle, the site will have a 
permanent location to store recycled materials (i.e. glass, paper, cardboard, metals, plastic, etc.) while 
having proper containers for toxic materials (i.e. batteries, mercury-containing lamps, and electronic 
waste), which will be handled to be correctly disposed. There will also be a plan that will allow for the 
disposal of construction waste to be separated, decide where it will be taken, and how it will be processed. 
Under this category, points are awarded because of reuse of building and having less of an impact of the 
resources needed for construction. A wide variety of products that are USGBC approved will be installed 
from different manufacturers, verified by a third-party to give certification. Materials and products used 
for construction will be used only if their manufacturer has publicly released reports that outline their raw 
material suppliers. These must show a long-term commitment to ecologically responsible land use and 
other environmental standards. During the construction period, 75% of total construction waste will be 
diverted to decrease the impact of waste. This percentage will be of the total waste weight, where dirt 
does not count as waste. Estimated points for this category is 11 points. 
 
 Indoor Environmental is a very important category because it involves the quality of being for 
residents and visitors to the building. The objective is to increase occupant health and satisfaction, further 
increasing occupant productivity and decreasing distractions. The building will have advanced measures 
to monitor the outdoor air to decrease the amount of pollutants entering through entryways and air 
intakes. Before occupancy, the building will be flushed out by installing new filters and making sure 
temperature and proper supply of air is given to the building. Measures will be taken to install alarm and 
monitoring systems to make sure the air quality of the outdoor air remains at an acceptable level for the 
people inside. This also includes prohibiting the use of tobacco product within 25 feet from entries, air 
intakes, and operable windows. Signs will be posted within 10 feet of every entrance. To increase 
occupant satisfaction, the building will be tested to make sure sound levels are adequate according to 
local codes and multiple guidelines and guidebooks, for example, ASHRAE and ANSI. If needed, 
acoustical finishes will be added to increase sound absorption. Materials used during construction like 
paint, flooring, construction materials, and furniture will be thought out to decrease airborne chemical 
contaminants. During construction, LEED intends to promote the well-being of construction workers by 
designing a management plan to prevent moisture damage of materials and secondhand smoke from 
tobacco use. To increase occupancy commodity, thermal comfort is taken into account by designing 
HVAC systems that meet ASHRAE Handbooks. Continuing the comfort scheme, it is important to keep 
interior lighting into consideration by first providing at least 3 levels of lighting that can be controlled by 
the users. Then, lighting quality needs to be provided by fulfilling requirements about color rendering, 
fixture life, surface reflectance, surface luminance, etc. This mostly depends on the type of light fixtures 
installed inside the building. The last two modules are very similar in that they intend to connect the 
building occupants with the outdoors, the first one is daylight and then quality views. The daylight credit 
is given by performing a computational model on spatial daylight autonomy which will be done for more 
than 75% of spaces in our building. Since the building has an atrium, glass roof with view of the sky, and 
many windows to the outside, the occupants have access to many different unobstructed views that will 
give the users a feeling of being closer to the outdoors and nature.  This category will award an estimated 
16 points for considerations to indoor environmental items. 
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 After calculating the total points the site will have due to its innovative approaches to 
environmental awareness, it has an estimated 91 points out of 100. This would give the building a LEED 
Platinum Certification, which would be awarded after USGBC reviews the building’s resource 
management and internal usage. All of these categories will factor into being a beneficial building which 
helps the community by being efficient and “green.” 

9. ARCHITECTURE 
9.1 Floor Plan 
 
The building’s first floor will contain two retail spaces on the north side facing University and the first 
floor office on the southern end. Time Market was kept in its original location since it is a landmark of the 
area and is an ideal retail space. Additional retail space is also facing University Blvd to maximize rental 
income. The front entrance provides access to a central atrium, which contains an elevator and open 
staircase to the above floors. The second floor will contain the second floor office space in the south end 
as well as eight of the studio apartments at the north end. Finally, the third floor is composed of the deck, 
study space, laundry, and the remaining ten apartments. Apartment tenants have the convenience of using 
the staircase from the parking lot as well as the atrium elevator to access the third floor apartments. It was 
ensured that every apartment has at least one window. The architectural floor plans are designed so 
minimum amount of columns intrude into open spaces. They are shown on pages A1: Architectural Floor 
Plan. 

9.2 General Architecture 
 
The building design and materials were chosen to abide with the historical look of the surrounding 
neighborhood. The exterior uses elements of Spanish influence while also allowing for many windows to 
let in natural light. The exterior finishes are stucco, glass, and brick facade for the interior of the arch and 
trim. Flooring is a mix of hardwood, carpet, and finished concrete in the retail stores. All final materials 
are chosen with respect to LEED and recycled materials will be used where possible. Additionally, 
windows on the east, west, and south sides have shade to allow for energy efficiency.  Preliminary 3D 
representations of the building are shown below and additional views can be seen in Appendix E.  

 
Figure 9.2.1 North Façade of Building 
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Sheet A1 
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Figure 9.2.4 South View of Building 

 

10. CONCLUSION 
 

Design of this multistory historical LEED building required interdisciplinary engineering as well as 
critical thinking for analysis and design. Challenges were faced when learning how to intertwine the 
various engineering disciplines, but overall the design encompasses all of the owner requirements and 
abides by all applicable local, national, and international building codes and land use requirements. In the 
process, environmentally conscious decisions were made to minimally impact the environment and an 
accreditation of LEED Platinum was achieved. The complete structural, geotechnical, transportation, and 
hydrological analysis and design for the building and site successfully created a new center for the West 
University Historic District, which will bring a vibrant life to the University area while adhering to the 
historic roots of Tucson. 
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11. APPENDIX A-E 
Appendix A: Transportation 
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Detail 1: Specific Requirements 

 
Detail 2: SU-40 turn into northern access point 

 
 

        
        
           Detail 3: SU-30 exiting lot through east access point                 Detail 4: SU-30 maneuvering around trash collection area 
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Detail 5: Turning movement counts for 4th Ave and University Blvd 

 

 
Detail 6: Turning movement counts for Euclid Ave and University Blvd 
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Detail 7: Calculated Expected Daily Trips for proposed building 

 
 
 

 
 
 
 
 
 

 
 

Detail 8: AM peak hour trip distribution 
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Detail 9: AM peak hour trip distribution

 
 

Detail 10: Adjusted Vehicle Volumes 
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Detail 11: HCS AM Analysis for 4th Ave and University Blvd (Existing) 
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Detail 12: HCS AM Analysis for 4th Ave and University Blvd (New) 
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 Detail 13: HCS PM Analysis for 4th Ave and University Blvd (Existing)
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 Detail 14: HCS PM Analysis for 4th Ave and University Blvd (New)
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 Detail 15: HCS AM Analysis for Euclid Ave and University Blvd (Existing)
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  Detail 16: HCS AM Analysis for Euclid Ave and University Blvd (New) 
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Detail 17: HCS PM Analysis for Euclid Ave and University Blvd (Existing) 
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Detail 18: HCS PM Analysis for Euclid Ave and University Blvd (New) 
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Appendix B: 

Trees 
 
Thornless Texas Honey Mesquite 

 
 
Willow Acacia    Seedless Desert Willow 

                       
 
Shrubs, Cacti, and Accents: 
 
Purple Prickly Pear     Creosote Bush 
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Spider Agave         Red Bird of Paradise 

                       
 
Blackfoot Daisy        Red Aloe 

                
 

 
Retention Feasibility Map from Pima County Stormwater Retention/Detention Manual 

Shows that Project Site is within area that has soil of moderate permeability 
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Plan View of Proposed Underground Stormwater Management System 

 
Typical “Bubbler” or Pop-Up Drainage Emitter 

Used for Emergency Overflow from Retention Chambers into Landscaped Areas on-site 
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DoubleTorus Tank Item Sheet 1 
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DoubleTorus Tank Item Sheet 2 
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Retention Chamber Item Sheet 1 
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Retention Chamber Item Sheet 2 
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Appendix C: Structural 

 

 

 

(i) Floor Slab: (i) Floor Slab:
Reinforced concrete, stone with 
gravel 150 lb/ft3 From Table C3-2ASCE 7 Reinforced concrete, stone with gravel150 lb/ft3 From Table C3-2 ASCE 7 
Slab thickness 5 inches Slab thickness 4 inches

62.5 psf 50 psf

(ii) 20 Gage metal steel deck 2.5 psf

(ii) 20 Gage metal steel deck 2.5 psf

(ii) Floor Finish: (ii) Weatherproofing

Stained lightweight concrete (1/2") 4 psf From Table C3-1 ASCE 7 4 psf From Table C3-1 ASCE 7 

(iii) Mechanical Duct Allowance: (iii) Mechanical Equipment:
4 psf 8 psf

(iv) False Ceiling: (iv) False Ceiling:
Exposed 0 psf From Table C3-1 ASCE 7 mechanical duct allowance 4 psf From Table C3-1 ASCE 7 

(v) Self-Weight of Steel Frame: (v) Self-Weight of Steel Frame:
15 psf Preliminary Design Assumption 15 psf Preliminary Design Assumption

(vi) Miscellaneous: (vi) Solar Panels 
7 psf Commercial Purposes 10 psf

TOTAL 95 psf (vii) Miscellaneous:
6.5 psf To achieve 100 psf total

Note: TOTAL 100 psf

Values foundin ASCE 7 2005

Dead Load (Retail) Dead Load (Roof)

(i) Floor Slab:

Reinforced concrete, stone with 
gravel 150 lb/ft3 From Table C3-2ASCE 7
Slab thickness 5 inches

62.5 psf

(ii) 20 Gage metal steel deck 2.5 psf

(ii) Floor Finish:
Stained lightweight concrete (1/2") 4 psf From Table C3-1 ASCE 7 

(iii) Mechanical Duct Allowance:
4 psf

(iv) False Ceiling:
Drywall 2.2 psf

(v) Self-Weight of Steel Frame:
15 psf Preliminary Design Assumption

(vi) Miscellaneous:
4.8 psf

TOTAL 95 psf

Dead Load (Corridor)
(i) Floor Slab:

Reinforced concrete, stone with 
gravel 150 lb/ft3 From Table C3-2ASCE 7
Slab thickness 5 inches

62.5 psf

(ii) 20 Gage metal steel deck 2.5 psf

(ii) Floor Finish:
Office Carpet 1 psf From Table C3-1 ASCE 7 

(iii) Mechanical Equipment:
4 psf

(iv) False Ceiling:
Acoustic Ceiling 1 psf From Table C3-1 ASCE 7 

(v) Self-Weight of Steel Frame:
15 psf Preliminary Design Assumption

(vi) Miscellaneous:
4 psf

TOTAL 90 psf

Dead Load (Office-1st floor young life )
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(i) Floor Slab:
Reinforced concrete, stone with 
gravel 150 lb/ft3 From Table C3-2ASCE 7
Slab thickness 5 inches

62.5 psf

(ii) 20 Gage metal steel deck 2.5 psf

(ii) Floor Finish:
Hardwood Flooring 4 psf From Table C3-1 ASCE 7 

(iii) Mechanical Equipment:
4 psf

(iv) False Ceiling:
mechanical duct allowance 4 psf From Table C3-1 ASCE 7 

(v) Self-Weight of Steel Frame:
15 psf Preliminary Design Assumption

(vi) Miscellaneous:
8 psf

TOTAL 100 psf

Dead Load (Apartment)

Dead Load Deck
(i) Floor Slab:

Reinforced concrete, stone with 
gravel 150 lb/ft3 From Table C3-2ASCE 7
Slab thickness 5 inches

62.5 psf

(ii) 20 Gage metal steel deck 2.5 psf

(ii) Floor Finish:
Outdoor Engineered Hardwood 4 psf From Table C3-1 ASCE 7 

(iii) Mechanical Equipment:
0 psf

(iv) False Ceiling:
Drywall 4 psf From Table C3-1 ASCE 7 

(v) Self-Weight of Steel Frame:
15 psf Preliminary Design Assumption

(vi) Miscellaneous:
7 psf

TOTAL 95 psf

(i) Minimum: (i) Lr=20*R1*R2
Office 50 psf From Table 1607.1 IBC R1 0.6 At > 600 SF Section 1607.11.2.1 IBC

R2 1 For F <4 Section 1607.11.2.1 IBC
(ii) Partition Wall: Lr 58 psf Preliminary design using Office Live Load

Wood or Steel Studs, 1.2" 
Drywall

8 psf From Table C3-1 ASCE 7 
TOTAL 34.8 psf

TOTAL 58 psf

(i) Minimum: (i) Balconies and Decks 72 psf

Office 50 psf From Table 1607.1 IBC

(ii) Partition Wall: TOTAL 72 psfWood or Steel Studs, 1.2" 
Gypsum Board 8 psf From Table C3-1 ASCE 7 

Live Load (Resturants/Retail)
TOTAL 58 psf (i) Stores/Resturants 100 psf ASCE Table 4-1 

(ii) Partition Wall 8 psf Table C-3 ASCE 7
(i) Minimum:

Residential 40 psf From Table 1607.1 IBC TOTAL 108 psf

(ii) Partition Wall:
Wood or Steel Studs, 1.2" 
Gypsum Board

8 psf From Table C3-1 ASCE 7 

TOTAL 48 psf

(i) Minimum:
Retail 100 psf From Table 1607.1 IBC

(ii) Partition Wall:
Wood or Steel Studs, 1.2" 
Gypsum Board

8 psf From Table C3-1 ASCE 7 

TOTAL 108 psf

Notes: 
Psf values are taken from the 2009 International Building Code and ASCE 7 2002 
100 psf loads for corridors will be taken into account for final design
40 psf load or stairwells will be taken into account for final design

Live Load (Corridor Areas)

Live Load (Deck)
1.5 times the live load for the occupancy 
served. Not required to exceed 100 psf 

ASCE Table 4-1

Live Load (Office areas) Live Load (Roof)

Live Load (Study Areas)

Live Load (Residential areas)
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Wind Loading B
C

Value Reference D
Velocity V = 90 Figure 6-1

Directionality Factor Kd = 0.85 Table 6-4
Importance Factor I = 1 Table 1-1 and Table 6-1

Surface Roughness Category = B 6.5.6.2
Exposure Category = B 6.5.6.3
Topographic Factor Kzt = 1 6.5.7.2

Alpha = 7 Table 6-2
Gradient Height Zg = 1200 Table 6-2

Velocity Pressure Coeff Kzt = *see below Table 6-3
Gust Factor G = 0.85

Pressure Coefficient (Windward)Cp = 0.8 Figure 6-6

Variable

Variable Value Reference

Pressure Coefficient Leeward Cp -0.5 Figure 6-6
q47 14.0384 EQ 6-15

P leeward (psf) -5.96630
Leeward Node Load  2nd Floor (k) -2.86382
Leeward Node Load 3rd Floor (k) -2.14787

Leeward Node Load Roof (k) -1.61090

Column 1&4 Column 2 &3

Node Windward Node Load Leeward Node Load (H) (2H)

R 2.2531 -1.611 0.6440 1.2880
3 2.596 -2.148 1.4347 2.8694
2 3.517 -2.864 2.4981 4.9963

Node V1 V2 V3 Height To Hinge (ft) Girder Moment (k-ft) 1 2 3 4

Roof 0.1932 0.2576 0.1932 6 3.864 3.864 7.728 7.728 3.864
3 0.6236 0.8315 0.6236 6 12.472 8.608 17.216 17.216 8.608
2 1.6795 2.2393 1.6795 10 33.589 24.981 49.963 49.963 24.981

Column Moment (k-ft)
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Seismic Loads

Average Loads PSF Floor Weight (kip)

DL 2nd Floor 95 2 1692.3
DL 3rd Floor 100 3 1699.92

DL Roof 100 R 1357.26
Exterior Wall & Parapet 15

Partition Wall 8
Glass Atrium Wall 9

* see building materials for wall psf
* all references are to ASCE 7-05 Since it currently used Tucson code

Parameters Value

Total Feet (ft) 47 Building Design
Site Class D Chapter 20 ASCE 7-05

Ss 0.2897 MCE Mapped Spectral Response Acc. for Short Period
S1 0.0815 MCE Mapped Spectral Response Acc. for 1s
R 3.5 Table 12.2-1 Ordinary Steel concentrically braced frame

Importance Factor, I 1
Fa 1.59 Table 11.4-1
Fv 2.4 Table 11.4-2

SMS 0.4606 11.4.3 EQ (11.4-1)
SM1 0.1956 11.4.3 EQ (11.4-2)
SDS 0.3071 11.4.4 EQ (11.4-3) Seismic Design Category B
SD1 0.1304 11.4.4 EQ (11.4-4)
Cs 0.0877 EQ 12.8-2
Ct 0.028 Table 12.8-2 for Approx Period Calc "All other Structural Systems"
x 0.8 Table 12.8-2 for Approx Period Calculation

Approx Period, Ta 0.6093 EQ 12.8-7
Cu factor 1.6 Table 12.8-1 Based off of SD1

Upper bound Period, T 0.9749 Approx Ta*Cu
Cs max 0.0900 EQ 12.8-3 OK Cs<Csmax

Cs using Ta 0.1440 EQ 12.8-2 with T=Ta Cs using Ta> Cs max
Average T 0.7921 (Ta*T)/2

Cs using Average T 0.1108 EQ 12.8-2 with T=Tave Cs using Tave > Cs max

USE Cs EQ 12.8-2 0.0877

k 1.0 Section 12.8.3 Vertical Distribution of Seismic Forces

Reference

* floor weights are 
calculated based on 
tributary height
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K 1.0 Section 12.8.3 Vertical Distribution of Seismic Forces
Shear, V 416.709 V=C s *Total Weight

Floor Weight (Wx) Height (Hx) WxHx

k
CVX FX PX

2 1692.3 20 33846.000 0.229 95.321 15.887
3 1699.92 32 54397.440 0.368 153.200 25.533
R 1357.26 44 59719.440 0.404 168.188 33.638

SUM 4749.48 147962.88 1

Floor H 2H

R 5.6063 11.2125
3 4.2555 8.5111
2 2.6478 5.2956

Node V1 V2 V3 Height To Hinge (ft) Girder Moment (k-ft) 1 2 3 4

Roof 1.6819 2.2425 1.6819 6 33.638 33.638 67.275 67.275 33.638
3 2.9585 3.9447 2.9585 6 59.171 25.533 51.067 51.067 25.533
2 2.6006 3.4674 2.6006 10 52.011 26.478 52.956 52.956 26.478

Column Moments (k-ft)

Value

Px

33.638
25.533
15.887

LOADS FOR FOUNDATIOIN

Seismic Base Shear 416.71 kip
Wind Base Shear 14.99 kip

1 2 3 4 Total Base Shear 431.70 kip
537.81 537.81 537.81 537.81 Loads: Corner Column 7.71 kip

7.71 23.13 23.13 7.71 Exterior Column 15.42 kip
247.49 247.49 247.49 247.49 Interior Column 23.13 kip
537.81 842.91 842.91 537.81
15.42 23.13 23.13 15.42

247.49 141.66 141.66 247.49
537.81 842.91 842.91 537.81
15.42 23.13 23.13 15.42

247.49 141.66 141.66 247.49
537.81 842.91 842.91 537.81
15.42 23.13 23.13 15.42

247.49 141.66 141.66 247.49
537.81 842.91 842.91 537.81
15.42 23.13 23.13 15.42

247.49 141.66 141.66 247.49
537.81 537.81 537.81 537.81

7.71 23.13 23.13 7.71
247.49 247.49 247.49 247.49

* LOADS ARE ALREADY LRFD Factored
* axial loads come from floor 1 from Table Critical Column Axial Load
* moments come from floor 2-1 from Table Critical Column Moments

C
* exterior column is considered in direction of 
horizontal load, so column rows 1&4

D

E

F

B *assumed that corner columns take 1/2 of an 
exterior, and an exterior takes 2/3 of an interior

Vertical Load, P (kip) Total Base Shear Calculation:

Horizontal Load, H (kip)
Moment, M (k-ft)

A
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Floor
(k-ft) DL L,roof LL W E DL L,roof LL W E

R 358.05 124.60 3.86 33.64 272.16 94.71 0.00 3.86 33.64
3 340.20 0 299.38 12.47 59.17 272.16 0 212.28 12.47 59.17
2 340.20 0 265.36 33.59 52.01 272.16 0 157.85 33.59 52.01

Floor
(k-ft) DL L,roof LL W E DL L,roof LL W E

R 179.03 62.30 3.86 33.64 136.08 47.36 0.00 3.86 33.64
3 170.10 0 149.69 12.47 59.17 136.08 0 106.14 12.47 59.17
2 170.10 0 132.68 33.59 52.01 136.08 0 78.93 33.59 52.01

Floor
(k) DL L,roof LL W E DL L,roof LL W E
R 2.15 0.75 0.00 0.19 1.68 0.00 0.00 0 0.26 2.24
3 1.70 0 0.68 0.62 2.96 0.00 0 0.00 0.83 3.94
2 1.70 0 0.17 1.68 2.60 0.00 0 0.00 2.24 3.47

(m1-m2)/L (m1-m2)/L (m1-m2)/L (m1+m2)/L (m1+m2)/L (m1-m2)/L (m1-m2)/L (m1-m2)/L (m1+m2)/L (m1+m2)/L

Floor
(k-ft) DL L,roof LL W E DL L,roof LL W E
R to 3 192.09 145.58 0 3.86 33.64 79.38 53.07 0 7.73 67.28
3 to 2 101.10 0.00 88.97 8.61 25.53 39.12 0.00 59.19 17.22 51.07
2 to 1 101.10 0.00 78.86 24.98 26.48 39.12 0.00 59.19 49.96 52.96

Interior

Exterior Interior

Exterior Interior
EDGE GIRDER MOMENTS

InteriorExterior

GIRDER MOMENTS

GIRDER SHEAR DUE TO MOMENT ONLY 

COLUMN MOMENTS

Exterior

Floor
(k)

weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.)
R 64.05 2.15 66.20 20.88 0.00 20.88 0.00 0 0 0 0.19 0.19 0 1.68 1.68
3 64.37 1.70 132.27 0 0.00 20.88 40.40 0.68 41.08 0 0.62 0.82 0 2.96 4.64
2 62.80 1.70 196.77 0 0.00 20.88 39.87 0.17 81.12 0 1.68 2.50 0 2.60 7.24
1 61.48 0.00 258.25 0 0.00 20.88 54.80 0.00 135.92 0 0.00 2.50 0 0.00 7.24

Floor
(k)

weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.)
R 105.00 0.00 105.00 36.54 0.00 36.54 0 0 0 0 0.26 0.26 0 2.24 2.24
3 101.06 0.00 206.06 0 0.00 36.54 60.55 0.00 60.55 0 0.83 1.09 0 3.94 6.19
2 98.00 0.00 304.06 0 0.00 36.54 57.4 0.00 117.95 0 2.24 3.33 0 3.47 9.65
1 98.00 0.00 402.06 0 0.00 36.54 95.9 0.00 213.85 0 0.00 3.33 0 0.00 9.65

105
Floor

(k)
weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.) weight (c.) girder shear total (c.)

R 32.03 2.15 34.17 10.44 0.00 10.44 0.00 0 0 0 0.19 0.19 0 1.68 1.68
3 32.18 1.70 68.06 0 0.00 10.44 20.20 0.6804 20.88 0 0.62 0.82 0 2.96 4.64
2 31.40 1.70 101.16 0 0.00 10.44 19.93 0.1701 40.98 0 1.68 2.50 0 2.60 7.24
1 30.74 0.00 131.90 0 0.00 10.44 27.40 0 68.38 0 0.00 2.50 0 0.00 7.24

DL L,roof LL W E
Corner Columns

DL L,roof LL W E

DL L,roof LL W E

COLUMN AXIAL LOAD

INTERIOR

EXTERIOR



 
62 

 

 

Beam Spacing 10 feet
Tributary Width 30 feet
Exterior Span 40 ft
Interior Spa 30 ft
DL (floors & roof) 100 psf = 1 k/ft
LL (floors) 65 psf = 0.65 k/ft
LL (Roof) 35 psf = 0.35 k/ft
Beam Design - 2nd & 3rd Floors

Load Combinations 
= 1.4
= 2.24
= 1.525

Mmax = wL2/8 = 252 k-ft
Vmax = wL/2 = 33.6 k

Lb=0 slab continously braces beam => Cb=1.0 
Lb < Lp so ΦbMn = ΦbMp  =0.9FyZx

Zreq = 67.2 in3

By beam graph (Tabel 3-10) and Beam Table (3-2) 
W16 x 40 Grade 50 Steel for floor beams 

Check Shear 
d= 16 in 

tw= 0.305 in 
Ix= 518 in4

φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu

131.76 > 33.6 ##
CheckDeflection  Using unfactored live load only

δmax= 5wL4/384EIx
= 0.7865451 in

δall= 1 in
δmax < δall 1

BEAM DESIGN 

1.4D
1.2D + 1.6L + 0.5(Lr or S or R)

1.2D + 1.0W + 0.5L + 0.5(Lr or S or R)

Beam Design - Roof

Load Combinations 
= 1.4
= 1.76
= 1.375

Mmax = wL2/8 = 198
Vmax = wL/2 = 26.4

Lb=0 slab continously braces beam =>
Lb < Lp so ΦbMn = ΦbMp  =0.9FyZx

k-ft
Zreq = 52.8 in3 k

By beam graph (Tabel 3-10) and Beam Table (3-2) Cb=1.0 
W16 x 31 Grade 50 Steel for roof beams 

Check Shear 

d= 15.9 in 
tw= 0.275 in 
Ix= 375 in4

φvVn ≥ Vu

0.9x(0.6)FyAw ≥ Vu

118.0575 > 26.4 ##

CheckDeflection  Using unfactored live load only

δmax= 5wL4/384EIx
= 0.58502821 in

δall= 1 in
δmax < δall 1

1.4D
1.2D + 1.6L + 0.5(Lr or S or R)

1.2D + 1.0W + 0.5L + 0.5(Lr or S or R)
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Roof Roof 

Mmax= 630.96 k-ft Mmax= 480.06 k-ft
Lb=0 girder braced on side by slab Lb=0 girder braced on side by slab 

Try: W 24 x 68 from Beam Graph (Table 3-10) Try: W24 x 55 from Beam Graph (Table 3-10) 

Check Deflection Check Deflection 

I= 1830 in4 I= 1350 in4

δall= 1.33333333 in δall= 1.33333333 in
δmax= 5wL4/384EIx wL= 1.05 k/ft δmax= 5wL4/384EIx wL= 1.05 k/ft

1.14 in 0.49 in
δmax < δall 1 δmax < δall 1

Check Shear Check Shear 

d= 23.7 in d= 23.6 in
tw= 0.415 in tw= 0.395 in

φvVn ≥ Vu φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu 0.9x(0.6)FyAw ≥ Vu

265.5585 ≥ Vu 265.5585 251.694 ≥ Vu 251.694

Exterior Interior  

GIRDER  DESIGN 

3rd Floor 3rd Floor 

Mmax= 887.24 k-ft Mmax= 666.25 k-ft
Lb=0 girder braced on side by slab Lb=0 girder braced on side by slab 

Try: W 27 x 94 from Beam Graph (Table 3-10) Try: W24 x 76 from Beam Graph (Table 3-10) 

Check Deflection Check Deflection 

I= 3270 in4 I= 2100 in4

δall= 1.33333333 in δall= 1.33333333 in
δmax= 5wL4/384EIx wL= 1.95 k/ft δmax= 5wL4/384EIx wL= 1.95 k/ft

1.18 in 0.58 in
δmax < δall 1 δmax < δall 1

Check Shear Check Shear 

d= 26.7 in d= 29.5 in
tw= 0.46 in tw= 0.47 in

φvVn ≥ Vu φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu 0.9x(0.6)FyAw ≥ Vu

331.614 ≥ Vu 331.614 374.355 ≥ Vu 374.355
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2nd Floor 2nd Floor 

Mmax= 832.81 k-ft Mmax= 579.16 k-ft
Lb=0 girder braced on side by slab Lb=0 girder braced on side by slab 

Try: W 27 x 94 from Beam Graph (Table 3-10) 
Check Deflection Try: W21 x 68 from Beam Graph (Table 3-10) 

I= 3270 in4

δall= 1.33333333 in Check Deflection 
δmax= 5wL4/384EIx wL= 1.95 k/ft

1.18 in I= 1480 in4

δmax < δall 1 δall= 1 in

Check Shear δmax= 5wL4/384EIx wL= 1.95 k/ft
d= 29.5 in 0.83 in

tw= 0.47 in δmax < δall 1
φvVn ≥ Vu

0.9x(0.6)FyAw ≥ Vu Check Shear 

374.355 ≥ Vu 374.355
d= 21.1 in

tw= 0.43 in

φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu

244.971 ≥ Vu 244.971

Roof Roof 

Mmax= 316.45 k-ft Mmax= 241.00 k-ft
Lb=0 girder braced on side by slab Lb=0 girder braced on side by slab 

Try: W 21 x 44 from Beam Graph (Table 3-10) Try: W 18 x 35 from Beam Graph (Table 3-10) 

Check Deflection Check Deflection 

I= 510 in4 I= 510 in4

δall= 1.33333333 in δall= 1.33333333 in
δmax= 5wL4/384EIx wL= 0.525 k/ft δmax= 5wL4/384EIx wL= 0.525 k/ft

2.04 in 0.65 in
δmax > δall 1 δmax < δall 1

Check Shear Check Shear 

d= 23.7 in d= 17.7 in
tw= 0.415 in tw= 0.3 in

φvVn ≥ Vu φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu 0.9x(0.6)FyAw ≥ Vu

265.5585 ≥ Vu 265.5585 143.37 ≥ Vu 143.37

EDGE GIRDER DESIGN

Exterior Interior  
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3rd Floor 3rd Floor 

Mmax= 443.62 k-ft Mmax= 333.12 k-ft
Lb=0 girder braced on side by slab Lb=0 girder braced on side by slab 

Try: W 21 x 68 from Beam Graph (Table 3-10) Try: W 21 x 44 from Beam Graph (Table 3-10) 

Check Deflection Check Deflection 

I= 1480 in4 I= 843 in4

δall= 1.33333333 in δall= 1.33333333 in
δmax= 5wL4/384EIx wL= 0.975 k/ft δmax= 5wL4/384EIx wL= 0.975 k/ft

1.31 in 0.73 in
δmax < δall 1 δmax < δall 1

Check Shear Check Shear 

d= 21.1 in d= 20.7 in
tw= 0.43 in tw= 0.35 in

φvVn ≥ Vu φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu 0.9x(0.6)FyAw ≥ Vu

244.971 ≥ Vu 244.971 195.615 ≥ Vu 195.615

2nd Floor 2nd Floor 

Mmax= 416.40 k-ft Mmax= 289.58 k-ft
Lb=0 girder braced on side by slab Lb=0 girder braced on side by slab 

Try: W 21 x 68 from Beam Graph (Table 3-10) Try: W 21 x 44 from Beam Graph (Table 3-10) 

Check Deflection Check Deflection 

I= 1480 in4 I= 843 in4

δall= 1.33333333 in δall= 1 in

δmax= 5wL4/384EIx wL= 0.975 k/ft δmax= 5wL4/384EIx wL= 0.975 k/ft
1.31 in 0.73 in

δmax < δall 1 δmax < δall 1

Check Shear Check Shear 

d= 21.1 in d= 20.7 in
tw= 0.43 in tw= 0.35 in

φvVn ≥ Vu φvVn ≥ Vu
0.9x(0.6)FyAw ≥ Vu 0.9x(0.6)FyAw ≥ Vu

244.971 ≥ Vu 244.971 195.615 ≥ Vu 195.615
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Floor: 2nd to 1st 
Critical Load Combo:

Pr = 376.35 Lb = 20
Mntx = 247.49

Initially assume:
kx= 1.2 Lx = 20 kxLx = 24

ky = 0.8 Ly = 20 kyLy = 16
Select Trial Section: W14 x 90
From Table 6-1 : p x 10-3 = 1.02 w.r.t kyLy

b x 10-3= 1.65 w.r.t Lb

Test Interaction Equation: pPr + bMntx < 1.0
= 0.79224 < 1

-OK-
Find Actual kx value:
Moment of Inertia for Column 1  = 999 Length = 12

Column 2 = 999 Length = 20
Girder 1 = 3270 Length = 40
Girder 2 = 0 Length = 30

G top = 1.629
G bottom = 1 Since Fixed

Look up k x  value from Alignment charg Fit C-A-7.1 for sidesway inhibited

kx = 0.81
Check if y-axis is still critical:

kxLx/kyLy = 1.0125
1.66

rx/ry > kxLx/kyLy -OK-
USE W14 x 90 For Exterior Column

rx /ry of column section =

Exterior Column
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Floor: 2nd to 1st 
Critical Load Combo:

Pr = 571.87 Lb = 20
Mntx = 141.66

Initially assume:
kx= 1.2 Lx = 20 kxLx = 24

ky = 0.8 Ly = 20 kyLy = 16
Select Trial Section: W14 x 90
From Table 6-1 : p x 10-3 = 1.02 w.r.t kyLy

b x 10-3= 1.65 w.r.t Lb
Test Interaction Equation: pPr + bMntx < 1.0

= 0.81704 < 1
-OK-

Find Actual kx value:
Moment of Inertia for Column 1  = 999 Length = 12

Column 2 = 999 Length = 20
Girder 1 = 3270 Length = 40
Girder 2 = 1480 Length = 30

G top = 1.016
G bottom = 1 Since Fixed

Look up kx value from Alignment charg Fit C-A-7.1 for sidesway inhibited

kx = 0.775
Check if y-axis is still critical:

kxLx/kyLy = 0.96875
1.66

rx/ry > kxLx/kyLy -OK-
USE W14 x 90 For Interior Column

Interior Column

rx /ry of column section =
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Floor: 2nd to 1st 
Critical Load Combo:

Pr = 192.18 Lb = 20
Mntx = 416.40

Initially assume:
kx= 1.2 Lx = 20 kxLx = 24

ky = 0.8 Ly = 20 kyLy = 16
Select Trial Section: W14x90
From Table 6-1 : p x 10-3 = 1.02 w.r.t kyLy

b x 10-3= 1.65 w.r.t Lb
Test Interaction Equation: pPr + bMntx < 1.0

= 0.88309 < 1
-OK-

Find Actual kx value:
Moment of Inertia for Column 1  = 999 Length = 12

Column 2 = 999 Length = 20
Girder 1 = 1480 Length = 40
Girder 2 = 0 Length = 30

G top = 3.600
G bottom = 1 Since Fixed

Look up kx value from Alignment charg Fit C-A-7.1 for sidesway inhibited

kx = 0.83
Check if y-axis is still critical:

kxLx/kyLy = 1.0375
1.66

rx/ry > kxLx/kyLy -OK-
USE W14x90 For Corner Column

Corner Column

rx /ry of column section =
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Lateral Bracing Loads

Roof 7.63 90.57 98.20
3 9.37 82.50 91.87
2 14.06 57.28 71.34

Floor 
Wind Axial 

Force

Seismic Axial 

Force

Total 

Axial 
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Roof Material Connection Detail: 

 

Examples of Stress in members from SAP2000 loading: (red indicates higher, orange and yellow lower, 
and blue the lowest) 
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Example of Joint Displacement Values from SAP2000 Output: 

 

 
 

 

 

 

 

 

 

TABLE:  Joint Displacements

Joint OutputCase CaseType U1 U2 U3 R1 R2 R3

Text Text Text ft ft ft Radians Radians Radians
3 DEAD LinStatic 0.000012 0.0000037 -0.027131 -0.000545 0.002005 0.000047
3 DL w/o self weight LinStatic 0.000018 -0.00002 -0.055458 -0.000807 0.004109 0.000094
3 WIND LinStatic 0.010127 0.000151 -0.000285 0.000006932 -0.000001527 -0.000009753
3 LL Floor LinStatic -7.771E-08 -0.00000773 -0.015242 -0.000295 0.001112 0.000026
3 LL Roof LinStatic 5.429E-07 -0.000002047 -0.000038 -3.367E-07 0.000002072 -2.944E-07
3 Seismic LinStatic 0.061238 0.001553 -0.002427 0.000047 0.000011 -0.000073
3 DSTL1 Combination 0.000042 -0.000023 -0.115624 -0.001893 0.00856 0.000197
3 DSTL2 Combination 0.000037 -0.000035 -0.123554 -0.002095 0.009119 0.000209
3 DSTL3 Combination 0.01624 0.000212 -0.114842 -0.001907 0.008448 0.000179
3 DSTL4 Combination -0.016167 -0.00027 -0.113931 -0.001929 0.008453 0.00021
3 DSTL7 Combination 0.008138 0.000101 -0.099334 -0.001617 0.007336 0.000161
3 DSTL8 Combination -0.008066 -0.00014 -0.098879 -0.001628 0.007338 0.000177
3 DSTL11 Combination 0.01623 0.000226 -0.074785 -0.001206 0.0055 0.000111
3 DSTL12 Combination -0.016177 -0.000255 -0.073874 -0.001228 0.005505 0.000142
3 DSTL15 Combination 0.061277 0.001522 -0.125072 -0.002006 0.009073 0.000136
3 DSTL16 Combination -0.061198 -0.001584 -0.120218 -0.002101 0.009051 0.000281
3 DSTL17 Combination 0.061262 0.00154 -0.068498 -0.001034 0.004902 0.00004
3 DSTL18 Combination -0.061214 -0.001566 -0.063644 -0.001129 0.00488 0.000185
3 DSTL19 Combination 0.00003 -0.000016 -0.082589 -0.001352 0.006114 0.000141
3 DSTL20 Combination 0.00003 -0.000026 -0.097869 -0.001648 0.007228 0.000166
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Appendix D: Geotechnical 

7.2.2 Critical Depth appendix (D, 7.2.2) 

  

Hcr =
B

2cos (45° +
𝜑𝑝

′

2 )
𝑒𝑥𝑝 [(45° −

𝜑𝑝
′

2 ) tan 𝜑𝑝
′ ] 

 Dr. 
Zhang,  Lucture 7 

 

B-Log N-Value 
 

   

 

E01 60 45 0.79 11 9.67 ok 
E02 70 45 0.79 10 9.67 ok 
E03 49 44.65 0.78 13 9.39 ok 

 

7.3 Bearing capacity: appendix (D 7.3) 

B (ft) Area Df (ft) Cw1 Cw2 

4 16 3 1 1 
 

ESA Method:  

     

 

 

                                                            s𝛾 = 1 − 0.4 (
𝐵
𝐿

) , 𝑠𝑞 = 1 + (
𝐵
𝐿

) ∗ 𝑡𝑎𝑛𝜑𝑝
′  

 

                                               

𝜑𝑝
′  𝜑𝑝

′  𝑟𝑎𝑑 H1  (ft) Hcr  (ft) H1 > Hcr 

The ultimate bearing capacity:    𝑞𝑢 = 𝛾 Df N𝑞 s𝑞 d𝑞 𝑖𝑞 b𝑞 g𝑞 r𝑞 + 0.5 𝛾 B N𝛾 s𝛾 d𝛾 i𝛾 b𝛾 g𝛾 r𝛾   

                                                            N𝛾 = 0.1054 exp (9.6 × 180
𝜋

 𝜑𝑝
′ )    Davis and Booker (1971) 

rough 

 d𝑞 = 1 + 2 tan 𝜑𝑝
′ (1 − sin 𝜑𝑝

′ )2 tan−1 (
Df

𝐵
) 

 

Bearing Capacity factor:                N𝑞 = e𝜋𝑡𝑎𝑛𝜑𝑝
′  𝑡𝑎𝑛2 (45 + 𝜑𝑝

′

2
) 
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Note: The bearing capacity is a function of B (footing’s width)  

 

CPT Method: 

 The ultimate bearing capacity         q𝑢𝑙𝑡 = 32N1,60B (Cw1 + Cw2
Df
B

)  = 115,456.55 

Select units US 
Select sampler type Standard 
Borehole size,CB 1.15 
Equipment, CE 1.1 
Rod length from surface to anvil 1.5 
Correct to N1,60 Yes 

  

Correcting the N-value (  𝐍𝟏,𝟔𝟎 ) 

Depth 
Unit 

weight 
pcf 

Rod length 
correction 

CR 

Vertical 
total stress 

psf 

Pore 
water 

pressure 
psf 

Vertical 
effective 

stress 
psf 

Cn 
Calc. 

Cn 
use N N1,60 

0 0  0 0 0 0 0 0 0 
5 133.36 1.00 666.83 0 666.83 1.7 1.7 49 85 
10 133.68 1.00 1335.25 0 1335.26 1.2 1.2 64 78 
15 133.68 0.86 2003.69 0 2003.65 1.0 1.0 92 92 
20 133.68 0.92 2672.12 0 2672.12 0.9 0.9 95 82 
25 133.68 0.94 3340.55 0 3340.55 0.8 0.8 97 75 

Average  82 

Boring Log N 
Value 𝜑𝑝

′  𝛾 
(𝐾𝑁 𝑚3)⁄  Dr % 

  

 

s𝑞 s𝛾 d𝛾 d𝑞 𝑞𝑢  Kpa 𝑞𝑢 psf 

E01 60 45 21 86 134.87 198.31 1 2 0.6 1 1.10 7,066.29 147.58 

E02 70 45 21.5 87 134.87 198.31 1 2 0.6 1 1.10 7,234.54 151.09 

E03 49 44.65 20.95 84.5 127.61 187.01 1 2 0.6 1 1.10 6,666.72 139.23 

N𝑞 N𝛾 
r𝛾 
r𝑞 
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SPT bearing Capacity:  

Boring Log CPT (psf)  
 B= 4.21 

CPT (psf)  
B= 4.78 

E01 N/A N/A 
E02 114,206.55 128,321.71 
E03 N/A N/A 

 

Settlement Appendix (D 7.4.3) 

 

Immediate settlement: 

ρe =
2Q
EL1

(1 − 𝜈u
2) μs μemb μwall 

 

 

 

μemb = 1 − 0.08
Df

B1
{1 +

4
3 (

Ab

L1
2 )} 

 

μwall = 1 − 0.16 (
Aw

Ab
)

0.54
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N value
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N value
variation
Corrected N
value variation

μs = 0.45 (
Ab

L1
2 )

−0.38
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Footing design details appendix (D 7.5) 

Exterior

 

Footing Design

A. Design conditions
1)   Concrete compressive strength,  f' c = 3 ksi
2)   Yield stress of steel,  f y = 60 ksi
3)   Young's modulus of steel,   E s = 29000 ksi
4)   Yield strain of steel,   εy = 0.002068966

5)    β1      (a = β1·c) = 0.85 (ACI R10.2.7)
6)   Strength reduction factor

a.  For flexural moment,   φ = 0.9
→ need to confirm later with steel strain (εt > 0.005)

a.  For shear,   φ = 0.75 (ACI 9.3.2.3)
7)  Concrete unit mass, ρc = 150 pcf
8)  Soil unit mass, ρs = 100 pcf
9)  Allowable soil pressure, qa = 39000 psf
10) Factory rebar length = 30 ft

11)   Maximum applied service load:   
a. Vertical compressive force due to dead load, PD = 266.2 k

b. Vertical compressive force due to live load, PL    = 144.7 k

c. Moment about x-axis due to live load,  ML_x = 87.7 ft-k

d. Moment about x-axis due to dead load, MD_x = 112.33 ft-k

e. Vertical compressive force due to wind load, PW    = 2.5 k

f. Moment about y-axis due to wind load,  MW_y = 25 ft-k

g. Moment about y axis due to seismic load, ME_Y = 27 ft-l

x

y

bx

by

b_col

h_col

h

D
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12)  Column dimensions and footing depth below grade
a. Depth of footing base below the grade, D = 3 ft

b. Column section dimension along x-axis, b_col = 28 in Base Pl
c. Column section dimension along y-axis, h_col = 28 in

13) Load combinations (factored)
a. Load combination: 1.4D    (LC 1)

Vertical compressive force , Pu_LC1 = 1.4 PD = 372.68 k
b. Load combination: 1.2D + 1.6L    (LC 2)

Vertical compressive force, Pu_LC2  = 1.2PD + 1.6PL

= 550.96 k
Moment about x-axis, Mux_LC2 = 1.2MDx+1.6MLx = 284.968 ft-k

c. Load combination: 1.2D + 1.0E+0.5L+0.2S    (LC 5)
Vertical compressive force, Pu_LC3 = 1.2PD + 1.0PE+0.5PL

= 391.79 k
Moment about y-axis, Muy_LC3 = 1.0ME_y = 27 ft-k

14) Load combinations (unfactored, required to check against soil pressure)
a. Load combination: D    (LC 1)

Vertical compressive force , P_LC4 = PD = 266.2 k
b. Load combination: D + L    (LC 2)

Vertical compressive force, P_LC5  = PD + PL

= 410.9 k
Moment about x-axis, Mx_LC5 = MDx+ML_x = 200.03 ft-k

c. Load combination: D + E + L   (LC 5)
Vertical compressive force, P_LC6 = PD + PE+PL

= 410.9 k
Moment about y-axis, My_LC6 = ME_y = 25 ft-k

B. Determination of footing size
1) Thickness of footing
Let's assumeAssume, 20 in is the thickness footing.

So, h = 20 in

2) Footing dimensions along x and y-axis
Neglecting moment, qe = qa - ρch - ρs(D - h) 

= 38616.67 psf
= 38.61667 ksf

Maximum compressive load from unfactored load combinations  = 410.9 k
(Considering LC 2 and LC 5)

So, area required = 10.640 ft2

Consider 4.5 ft x 4.5 ft footing  (bx = by     = 4.5 ft )
(Area provided, A = 20.25 ft ft2)

3) Check for maximum and minimum soil pressure
LC1:

qmax   = qmin = P_LC4/A      == 13.15 ksf (compressive)
< 38.62 ksf -OK-
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LC2:
Ix = 34.1719 ft4

qmax   = P_LC5/A  +  Mx_LC5 c / Ix      = 37.6081 ksf  (compressive)
< 38.6167 ksf -OK-

qmin   = P_LC5/A  -  Mx_LC5 c / Ix      = 23.2226 ksf  (compressive)

So, qmin   is not tensile. -OK-
LC4:

Iy = 34.1719 ft4

qmax   = P_LC6/A  +  My_LC6 c / Iy      = 33.7075 ksf (compressive)
< 38.6167 ksf -OK-

qmin   = P_LC6/A  -  My_LC6 c / Iy      = 27.1231 ksf (compressive)

So, qmin   is not tensile. -OK-
Therefore, the area provided is OK.

C. Checking depth for one-way shear
Assume, clear cover = 3 in
Bar # 6 will be provided as main reinforcement.

db = 0.75 in (main rebar dia)

Rebar location from extreme compression fiber, d = h - cover - db/2  
= 16.625 in

d

qu_min

qu_max

-3.625 in

Factored load comb. LC 1
qu_max = Pu_LC1/A  

= 27.79674 ksf
Vu1 = -3.63 in x qu_max x 4.5 ft

= -37.79 k
Factored load comb. LC 2

qu_max = Pu_LC2/A +  Mux_LC2 c / Ix
= 50.5 ksf

qu_min = Pu_LC2/A -  Mux_LC2 c / Ix
= 30.94637 ksf

qc = 51.811 ksf

Vu1 = 0.5 (qc + qu_max)     x  -3.63 in x 4.5 ft
= -69.539 k

Factored load comb. LC 3
qu_max = Pu_LC3/A +  Muy_LC3 c / Iy

= 32.5957 ksf
qu_min = Pu_LC3/A -  Muy_LC3 c / Iy

= 25.61631 ksf
qc = 33.06426 ksf

Vu1 = 0.5 (qc + qu_max)     x  -3.63 in x 4.5 ft
= -44.6283 k

critical section 

qc
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Considering 3 load combinations, maximum value of Vu1 = -37.79 k
Let's assume normal weight concrete.
Assuming normal weight concrete, λ = 1 (ACI 8.6.1)

dreqd = Vu1/2φλ√(fc')bx (ACI 11.2.2.1)
= -8.517 in < 16.625 in -OK-

D. Checking depth for two-way shear
It is clear from the qu_max and qu_min values for LC 1, 2 and 3 that LC 2 causes maximum
two-way shear.

qu_min qu_max

q1 q2

d/2

0.39063 ft 44.625 in 0.391 ft

As calculated before, qu_max  = 50.4988 ksf

qu_min = 30.94637 ksf

q1 = 32.6436 ksf

q2 = 48.8015 ksf

Total upward force at the base = 0.5 (qu_max+qu_min)    x A
= 824.632 k

Total upward force at the area enclosed by the critical section for 2-way shear 
= 0.5 (q1+q2)    x 44.625 in x 44.63 in
= 563.1565 k

So, two way shear, Vu2 = 824.632 - 563.1565274 = 261.48 k

b0 = 178.5 in

dreqd  = Maximum of   Vu2/Φ4λ √(fc') bo    and   Vu2/Φ(αsd/b0+2)λ √(fc')bo   

= Maximum of 8.91478 and 6.228137186 
= 8.914785 in
< 16.625 in -OK-
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E. Flexural design
1) Required steel area

It is clear that load combination LC 2 is critical for flexural design.

qu_min qu_max

q'
0.550492934 ft

critical section for bending

1.0833 ft

qu_max  = 50.4988 ksf
qu_min = 30.9464 ksf

So, q' = 45.792 ft ksf
Mu = 0.5(qu_max+q')  x 1.083333 x 4.5 x 0.5505 

= 129.2051 ft-k

a = As·fy / (0.85·fc'·b)  =  fy·ρ·d / (0.85·fc')

where, ρ = As / (b·d)
Mu = φ·As·fy·(d - a/2)

= φ·ρ·b·d2·fy·(1 - ρ·fy / (1.7·fc'))
therefore, 

ρ = 0.85·fc'/fy·(1 - (1 - 2·Rn / (0.85·fc'))
0.5) = 0.0020

where, Rn  = Mu / (φ·b·d2) = 115.43
As = ρ·b·d (required area) = 1.768 in2
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2) Decide As
Bar size No. of bars

# 7 - 6 ( As = 0.6 x 6  = 3.6 in2) -OK-
Provide these bars in both directions at the bottom.

3) Tensile strain check at steel (εt) for φ and ρmax

εt = 0.003·(d-c) / c = 0.003·(d - a/β1) · β1 / a = 0.02403
(ACI R9.3.2)

→ since εt  > 0.004, it satisfies ρmax condition   -OK- (ACI 10.3.5)

4) Moment strength check
a = As·fy / (0.85·fc'·b)  = 1.569 in

φ·Mn = φ·As·fy·(d - a / 2) = 3079429.412 in-lb
= 256.6 ft-k > 113.4 ft-k

-OK-

5) Minimum steel ratio (ρmin) check (ACI 10.5.1)
ρmin = 3 √fc' / fy  (nor less than 200 / fy)

= 0.00333 < 0.00401 (= actual As/(bd))
-OK-

6) Minimum cover check (ACI 7.7)
(concrete in contact with ground)
cover = 3 in < 3 in

-OK- (ACI 7.7.1)

F. Temperature steel
Temperature steel required at the top side of the footing = 0.5 As

0.5 what you have = 1.8 in2

Use 6 # 7 bars in both directions at the top as temperature steel.
So, As,temp = 0.6 x 6 = 3.6 in2

>= 1.8 in2 -OK-

→ since εt  > 0.005, we can confirm  φ = 0.9   -OK-
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Interior: 

 

Footing Design

A. Design conditions
1)   Concrete compressive strength,  f' c = 3 ksi
2)   Yield stress of steel,  f y = 60 ksi
3)   Young's modulus of steel,   E s = 29000 ksi
4)   Yield strain of steel,   εy = 0.002068966

5)    β1      (a = β1·c) = 0.85 (ACI R10.2.7)
6)   Strength reduction factor

a.  For flexural moment,   φ = 0.9
→ need to confirm later with steel strain (εt > 0.005)

a.  For shear,   φ = 0.75 (ACI 9.3.2.3)
7)  Concrete unit mass, ρc = 150 pcf
8)  Soil unit mass, ρs = 100 pcf
9)  Allowable soil pressure, qa = 39000 psf
10) Factory rebar length = 30 ft

11)   Maximum applied service load:   
a. Vertical compressive force due to dead load, PD = 402.06 k

b. Vertical compressive force due to live load, PL    = 214 k

c. Moment about x-axis due to live load,  ML_x = 65.77 ft-k

d. Moment about x-axis due to dead load, MD_x = 43.47 ft-k

e. Vertical compressive force due to wind load, PW    = 3.33 k

f. Moment about y-axis due to wind load,  MW_y = 50 ft-k

g. Moment about y axis due to seismic load, ME_Y = 53 ft-l

x

y

bx

by

b_col

h_col

h

D
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12)  Column dimensions and footing depth below grade
a. Depth of footing base below the grade, D = 3 ft

b. Column section dimension along x-axis, b_col = 30 in Base Pl
c. Column section dimension along y-axis, h_col = 30 in

13) Load combinations (factored)
a. Load combination: 1.4D    (LC 1)

Vertical compressive force , Pu_LC1 = 1.4 PD = 562.884 k
b. Load combination: 1.2D + 1.6L    (LC 2)

Vertical compressive force, Pu_LC2  = 1.2PD + 1.6PL

= 824.872 k
Moment about x-axis, Mux_LC2 = 1.2MDx+1.6MLx = 148.476 ft-k

c. Load combination: 1.2D + 1.0E+0.5L+0.2S    (LC 5)
Vertical compressive force, Pu_LC3 = 1.2PD + 1.0PE+0.5PL

= 589.472 k
Moment about y-axis, Muy_LC3 = 1.0ME_y = 53 ft-k

14) Load combinations (unfactored, required to check against soil pressure)
a. Load combination: D    (LC 1)

Vertical compressive force , P_LC4 = PD = 402.06 k
b. Load combination: D + L    (LC 2)

Vertical compressive force, P_LC5  = PD + PL

= 616.06 k
Moment about x-axis, Mx_LC5 = MDx+ML_x = 109.24 ft-k

c. Load combination: D + E + L   (LC 5)
Vertical compressive force, P_LC6 = PD + PE+PL

= 616.06 k
Moment about y-axis, My_LC6 = ME_y = 50 ft-k

B. Determination of footing size
1) Thickness of footing
Let's assumeAssume, 20 in is the thickness footing.

So, h = 20 in

2) Footing dimensions along x and y-axis
Neglecting moment, qe = qa - ρch - ρs(D - h) 

= 38616.67 psf
= 38.61667 ksf

Maximum compressive load from unfactored load combinations  = 616.06 k
(Considering LC 2 and LC 5)

So, area required = 15.953 ft2

Consider 5 ft x 5 ft footing  (bx = by     = 5 ft )
(Area provided, A = 25 ft ft2)

3) Check for maximum and minimum soil pressure
LC1:

qmax   = qmin = P_LC4/A      == 16.08 ksf (compressive)
< 38.62 ksf -OK-
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LC2:
Ix = 52.0833 ft4

qmax   = P_LC5/A  +  Mx_LC5 c / Ix      = 29.8799 ksf  (compressive)
< 38.6167 ksf -OK-

qmin   = P_LC5/A  -  Mx_LC5 c / Ix      = 19.3929 ksf  (compressive)

So, qmin   is not tensile. -OK-
LC4:

Iy = 52.0833 ft4

qmax   = P_LC6/A  +  My_LC6 c / Iy      = 27.0364 ksf (compressive)
< 38.6167 ksf -OK-

qmin   = P_LC6/A  -  My_LC6 c / Iy      = 22.2364 ksf (compressive)

So, qmin   is not tensile. -OK-
Therefore, the area provided is OK.

C. Checking depth for one-way shear
Assume, clear cover = 3 in
Bar # 6 will be provided as main reinforcement.

db = 0.75 in (main rebar dia)

Rebar location from extreme compression fiber, d = h - cover - db/2  
= 16.625 in

d

qu_min

qu_max

-1.625 in

Factored load comb. LC 1
qu_max = Pu_LC1/A  

= 22.51536 ksf
Vu1 = -1.63 in x qu_max x 5 ft

= -15.24 k
Factored load comb. LC 2

qu_max = Pu_LC2/A +  Mux_LC2 c / Ix
= 40.11 ksf

qu_min = Pu_LC2/A -  Mux_LC2 c / Ix
= 25.85843 ksf

qc = 40.498 ksf

Vu1 = 0.5 (qc + qu_max)     x  -1.63 in x 5 ft
= -27.290 k

Factored load comb. LC 3
qu_max = Pu_LC3/A +  Muy_LC3 c / Iy

= 26.1199 ksf
qu_min = Pu_LC3/A -  Muy_LC3 c / Iy

= 21.03188 ksf
qc = 26.25768 ksf

Vu1 = 0.5 (qc + qu_max)     x  -1.63 in x 5 ft
= -17.732 k

critical section 

qc
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Considering 3 load combinations, maximum value of Vu1 = -15.24 k
Let's assume normal weight concrete.
Assuming normal weight concrete, λ = 1 (ACI 8.6.1)

dreqd = Vu1/2φλ√(fc')bx (ACI 11.2.2.1)
= -3.093 in < 16.625 in -OK-

D. Checking depth for two-way shear
It is clear from the qu_max and qu_min values for LC 1, 2 and 3 that LC 2 causes maximum
two-way shear.

qu_min qu_max

q1 q2

d/2

0.55729 ft 46.625 in 0.557 ft

As calculated before, qu_max  = 40.1121 ksf

qu_min = 25.85843 ksf

q1 = 27.4471 ksf

q2 = 38.5234 ksf

Total upward force at the base = 0.5 (qu_max+qu_min)    x A
= 824.632 k

Total upward force at the area enclosed by the critical section for 2-way shear 
= 0.5 (q1+q2)    x 46.625 in x 46.63 in
= 497.961 k

So, two way shear, Vu2 = 824.632 - 497.9610483 = 326.67 k

b0 = 186.5 in

dreqd  = Maximum of   Vu2/Φ4λ √(fc') bo    and   Vu2/Φ(αsd/b0+2)λ √(fc')bo   

= Maximum of 10.6598 and 7.66110251 
= 10.65982 in
< 16.625 in -OK-
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E. Flexural design
1) Required steel area

It is clear that load combination LC 2 is critical for flexural design.

qu_min qu_max

q'
0.634683954 ft

critical section for bending

1.25 ft

qu_max  = 40.1121 ksf
qu_min = 25.8584 ksf

So, q' = 36.549 ft ksf
Mu = 0.5(qu_max+q')  x 1.25 x 5 x 0.6347 

= 152.0481 ft-k

a = As·fy / (0.85·fc'·b)  =  fy·ρ·d / (0.85·fc')

where, ρ = As / (b·d)
Mu = φ·As·fy·(d - a/2)

= φ·ρ·b·d2·fy·(1 - ρ·fy / (1.7·fc'))
therefore, 

ρ = 0.85·fc'/fy·(1 - (1 - 2·Rn / (0.85·fc'))
0.5) = 0.0021

where, Rn  = Mu / (φ·b·d2) = 122.25
As = ρ·b·d (required area) = 2.084 in2
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2) Decide As
Bar size No. of bars

# 6 - 8 ( As = 0.44 x 8  = 3.52 in2) -OK-
Provide these bars in both directions at the bottom.

3) Tensile strain check at steel (εt) for φ and ρmax

εt = 0.003·(d-c) / c = 0.003·(d - a/β1) · β1 / a = 0.02771
(ACI R9.3.2)

→ since εt  > 0.004, it satisfies ρmax condition   -OK- (ACI 10.3.5)

4) Moment strength check
a = As·fy / (0.85·fc'·b)  = 1.380 in

φ·Mn = φ·As·fy·(d - a / 2) = 3028887.529 in-lb
= 252.4 ft-k > 152.0 ft-k

-OK-

5) Minimum steel ratio (ρmin) check (ACI 10.5.1)
ρmin = 3 √fc' / fy  (nor less than 200 / fy)

= 0.00333 < 0.003529 (= actual As/(bd))
-OK-

6) Minimum cover check (ACI 7.7)
(concrete in contact with ground)
cover = 3 in < 3 in

-OK- (ACI 7.7.1)

F. Temperature steel
Temperature steel required at the top side of the footing = 0.5 As

0.5 what you have = 1.76 in2

Use 8 # 6 bars in both directions at the top as temperature steel.
So, As,temp = 0.44 x 8 = 3.52 in2

>= 1.76 in2 -OK-

→ since εt  > 0.005, we can confirm  φ = 0.9   -OK-
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7.7 Footing stability (D7.6) 

 

Eccentricity and resultant load in 𝐊𝒓𝒆𝒏 (Table A) 

 

𝑞𝑚𝑎𝑥 =
𝑃
𝐴

−
𝑀𝐶

𝐼
                    𝑎𝑛𝑑                     𝑞𝑚𝑖𝑛 = −

𝑃
𝐴

+
𝑀𝐶

𝐼
 

 

Location vertical 
load (P) 

Moment 
(M) 

B 
(ft.) 

 

𝑞𝑚𝑎𝑥 psf    

Exterior 531.2 314.35 4 OK -92,140.6 25,740.6 94,839.3 ok 

Interior 560.19 157.4 4.5 OK -48,391.2 -6,936.1 94,839.3 ok 
 

Footing Sliding (Table B) 

Location Sliding Resistance (T) Lateral Force 
𝑃𝑎𝑥 

𝑇
𝑃𝑎𝑥

= (𝐹𝑆)𝑇 ≥ 1.5 

Exterior 220.0302443 7.71 OK 
Interior 274.4342493 23.13 OK 

 

Appendix E: Other 

 

 
Figure 9.2.2 West Façade of Building 

𝑒 =
𝑀
𝑃

≤
𝐵
6

 𝑞𝑚𝑖𝑛 psf 𝑞𝑢𝑙𝑡 psf 𝐾𝑒𝑟𝑛  
𝐶ℎ𝑒𝑐𝑘 
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Figure 9.2.3 East Façade of Building 

 

 
Zoning Parcels 

 


