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INTRODUCTION 

When the project was presented by Dr. Zirakian 

as our Senior Design Project, the objective as 

undergraduate students was to implement all our 

knowledge gained from our educational careers 

and implement them to all aspects into the 

building. Students from various backgrounds 

and ethnicities, designed the building’s steel 

structure, foundations and LEED design. The 

cost analysis and architectural plans are also 

presented in the project. 

The team of undergraduate students used the 

various resources available inside and outside of 

the school grounds. With the limitation placed 

on no in person meetings these past few months, 

various group meetings had to be held via zoom 

in order to work on the project efficiently and 

safely. Each group member contributed to help 

complete the project. The students worked 

productively with each other to overcome any 

challenges along the way. With many challenges 

presented the group of undergraduate students 

were able to produce a three-story three- unit 

residential GREEN complex. 

The project consists of a multi-story residential 

GREEN complex, with 3 bedrooms, 3 

bathrooms, a living room and a kitchen located 

on each floor, along with additional accessories. 

The building’s location is 2427 Buckingham 

Rd., Los Angeles, CA., 90038. It is in the 

Culver City Area right of the Santa Monica 

Freeway. With the wellbeing of the environment 

being more of a hot topic around the world [6], 

it was an important goal to implement the 

necessary GREEN elements to make the project 

as environmentally friendly as possible.  

After weeks of working together as a team and 

with help from the mentors of the project, the 

design project approached it’s finishing stages. 

As a team of undergraduate students, being able 

to present this project is a milestone and an 

opening gateway to the foreseeable future as 

Civil Engineers. 

ARCHITECTURAL FEATURES 

The lot size of the proposed property is 50 feet 

by 190.25 feet. According to CBC (California 

Building Code), the required minimum 15 feet 

front and rear setbacks and 6 feet side setbacks 
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has been designed for the complex. The 

residential complex has a 3-story and 3 bed/ 3 

bath unit at each floor. The proposed height for 

the building is 41 feet that includes 12.5 feet 

height of each floor and 3.5 feet height of 

parapet at roof level. At the first floor, the 

designed planter boxes at front setback will be 

used for drainage purpose and the bike parking 

has been designed for each unit. Also the 

common open space at the rear setback that has 

been designed, includes landscaping area and 

wood trellis to make shade for the seating area 

and provides a small storage and laundry room 

for each unit at each floor. The design of the 

second and third floor are the same as the first 

floor; the only difference is the balcony which is 

designed instead of a trash/recycle room at the 

first floor. At the roof, there is an area for the 

future solar panels and package unit for the third 

floor and split unit for the first and second floors 

and also designed an access staircase to connect 

all floors with the roof level. For the exterior 

materials of the building, there are horizontal 

metal siding panels for the first floor and stucco 

for the rest of the building. Also there is a 

designed tempered glass in aluminum frame for 

the windows and proposed 42 inches height 

solid parapet for the roof area and 42 inches 

height metal railing for the balconies. Fig. 1 

shows a 3D view of the building that has been 

provided with the Autodesk Revit, Fig. 2 shows 

the first floor plan, Fig. 3 shows the second and 

third floor plans and Fig. 4 shows the elevations 

of the building. 

 

Fig1. 3D view 

 

Fig2. First floor plan 
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Fig3. 2nd/3rd floor plan 

 

Fig4. Elevations 

STRUCTURAL DESIGN  

As stated before, when the project was given, 

the objective was to design the building using 

steel beams and columns throughout the 

building, which resulted in the use of different 

connections throughout the building. Some of 

those include bolts and nuts, welding, 

connecting plates and connecting angles. With 

this in mind, the use of the basic codes from 

various codes books had to be considered. Some 

of the code books used were the ASCE 7-16 [2] 

code book and the Steel Manual [3]. These 

books [4] and manuals gave the undergraduate 

students the basic formulas and conditions 

needed to apply in order to figure out what 

beams and columns were going to be needed. 

Following the codes and the conditions from 

these books the calculations needed for the 

beams, columns and foundations were able to be 

done. After careful calculations a W8×10, 

W10×14, W12×14, and W12×19 steel beam 

were going to be sufficient to carry the loads 

from our building [4]. Furthermore, the 

undergraduates were able to determine that a 

W10×33 column was going to be sufficient 

enough to carry the loads throughout the 

building. Once the beams and columns were 

calculated, the size of the footing and the rebar 

it would need was able to be calculated [1]. 

Once again after careful calculations, it was 

determined that a 4’×4’ in length with #3 rebar 

at 12 inches on center. Table 1summarizes the 

results for the structural design. A summary of 

the seismic calculations is also provided in 

Table 2. After acquiring the hand calculations 

the Ram Modeling software was used to verify 

the work. Figs. 5 and 6 show the different beams 

and columns used in the Ram Modeling 

software. Figs. 7 and 8 show the beams and 

columns used in the Ram Modeling software. 
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Table1. Summary of the results for structural design 

Structural element Design results 

Beams W8×10, W10×12, W12×14, W12×19 

Columns W10×33 

Foundation 4’×4’ Pad Footing w/ #3 Rebar @ 12” O.C 

Table2. Seismic load calculations 
 

 

 

Fig5. Beam sizes for the roof level 

 

Fig6. Column sizes for each floor level 
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Fig7. Ram modeling program beam sizes 

 

Fig8. Ram modeling program column sizes 

DESIGN FOR SUSTAINABILITY AND LEED 

CERTIFICATION 

With Leadership in Energy and Environmental 

Design, or LEED, becoming more popular every 

day, it is important to design a building that 

would not only help the environment, but also 

give the building a longer timeline. This project 

was designed with various environmentally 

friendly components and with more opportunity 

to add any additional ones if wanted by the 

consumer. The design of the building such as 

the location, is also part of the project’s 

certification success. [5] With a Platinum 

Certification, this project is set to have a 

positive impact in the environment and in the 

consumer’s long term investment.  

Starting off with the outside of the building, 

there are 4 inch flood drains that are placed 

around the perimeter of the building. The drains 

will collect rainwater not only to prevent 

flooding but also so it can be recycled. The 

water will be filtered through a planter box so it 

can be reused for the building necessities. 

East of the drainage system, a smart irrigation 

system will be in place. The smart irrigation 

controls will be located near the front entrance 

allowing it to be accessed easily if needed. The 

smart irrigation system will save about 30%-

35% of water usage throughout the complex due 

to its ability to adapt to water patterns. The 

irrigation system will also help prevent any 

runoff water that will result in water and money 

saved [6]. 

Located in the interior of the building a trash 

and recycling room that will help regulate waste 

properly. Of Course, any type of plastic, paper 

or any other recyclable material will be sent to 

the recycling room to be recycled properly 

[7].Also inside of the complex will be smoke 

and carbon monoxide detectors to help regulate 

smoke and any bad fumes throughout the 

building. Between the bottom two bedrooms a 

smart thermostat will be placed on the wall. The 

thermostat will be able to regulate the 

temperature of the building making it a more 

comfortable place to be in. Less energy will be 
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consumed from the heating system, thus 

resulting in less greenhouse gasses released into 

the atmosphere. This is the interior LEED 

design. 

On the roof of the building designed solar 

panels that will help  provide solar energy. This 

will help save energy throughout the entire 

building. The roof will also be composed of a 

Glass “A” Roofing that will allow natural 

sunlight to enter the building. Doing this will 

help save energy as well.  

From the Certified, Silver, Gold and Platinum 

certifications the building was placed into the 

Platinum category. With a total of 84 out 110 

possible points, the different GREEN features 

included in the project were enough to get the 

needed 80+ points to land on this certification 

level. 

Along with the GREEN elements included in 

the project, there are other aspects of the 

building that help its overall total score. The 

project site is conveniently located next to the 

Santa Monica Freeway making it easier and 

faster to get to and from the site. The regional 

area of the project, the Culver City area, also 

impacts the regional priority of the project. The 

points earned on the Regional Priority Section 

are based on the United States Green Building 

Council Regional Priority Credit Lookup 

Website.  

The Earth has been on an ongoing battle with 

climate change, but with LEED becoming a 

more popular implementation to the design of 

structures, that can help the environment 

drastically. The goal for this project was to not 

only create a multi story, multi room complex, 

but to also implement ways that will help make 

homes and Earth, better places to reside in. 

COST ANALYSIS 

For the Cost Analysis portion, The team found 

that the Green Building would cost about 2.2 

Million Dollars. The features of the Leed 

Building would include of course the solar 

panels, the LID irrigation system, the exhaust 

fan, and the smart thermostat. This price 

includes all material and labor. The non-leed 

building would cost about 1.9 Million Dollars. 

After careful review, the most expensive feature 

of the project would be the Solar Panels of 

course. The cost difference would be about a 

16% increase in cost. However, with this LEED 

building you would save about $32,000 dollars 

on utility bills per year. Table 3 shows the cost 

for the individual items in the LEED Building. 

Table3. Shows the cost for the individual items in the LEED building 
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EDUCATIONAL OBJECTIVES  

This undergraduate project research opportunity 

helped many of the team members in our group 

spark their creativity, leadership skills, LEED 

knowledge, and teamwork skills. As team 

members the students learned how to 

communicate efficiently and effectively. During 

these difficult times, the team of students 

managed to meet frequently with no problems. 

Engineering in general is more than a discipline, 

it is a team effort. Engineering problems were 

easier to solve, when all the efforts and overall 

knowledge were combined.   

The purpose of this project was not only to 

apply our knowledge, as a group, to design a 

residential building, but to also gain experience 

for future projects. This assignment, when given 

to the group of undergraduate students, tested 

the various skills of each group member. Being 

in such a diverse group, many different ideas 

were offered from each member. This gave the 

project a wide variety of possibilities. 

CONCLUSION  

The undergraduate civil engineering research 

team was able to apply the knowledge gained 

throughout their academic career. Using the 

ASCE 7-16 and 2014 ACI building codes, the 

research team calculated and designed the sizes 

of the beams and columns for the residential 

building. Seismic calculations were calculated 

by hand and then checked using ATC hazards 

by location for the specific address where the 

residential building is going to be built to see if 

the steel structure can withstand an earthquake. 

Implementation LEED features [7] would 

benefit the project as the team calculated how 

much they would save over the course of twelve 

years. The design for the residential building 

scored 84 in the LEED scorecard and is 

ultimately LEED platinum. A student-scholar 

model was successfully implemented in the civil 

engineering senior design course at CSUN in 

which a diverse body of undergraduate students 

completed the architectural, structural, and 

environmental design of a green building made 

of steel material and could share their technical 

results and effective educational experiences 

with the international engineering community. 
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