
 The new Engineering Hangar building design is a 52,000 square foot state of the art mechanical fabrication student shop for the 
use of State University students. The current facilities are housed in a small shop, located in the center of campus by an outdated air plane 
hangar outside the campus core. An integrated project delivery method was used to develop a preliminary design to better meet the 
needs of the University. Our team of consisting of architecture, structural, landscape architecture, and construction management students 
used the H-2 parking lot as our site, just east of the Bonderson Engineering Building that currently houses the small shop.
  The concentrically braced frame building features a modern staggered roof, with varying elevations throughout the length of the 
building. The main components of the building include a lobby with trophy displays, fully equipped shop space, student and club project 
bays, seminar room, and faculty offices. An outdoor plaza features a tidal ow fountain and grass amphitheater that provides a welcoming 
space for students. Circulation around the building is highlighted by a walkway that links the engineering plaza to the rest of campus. A 
goal of LEED Gold certication will serve as an educational tool for sustainability and innovation.   

ENGINEERING HANGAR
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Current Facilities
  The Research & Development (R&D) hangar currently offers 
a complete array of manufacturing equipment. It houses a variety 
of basic hand and power tools to state of the art computer oper-
ated machines that are available for students. The facility has 
spaces allocated to student clubs and organizations that work on 
student ran projects year long. Opened in 2006, the Bonderson 
Center is located in the campus core in what is now considered 
the enthe engineering plaza. This facility houses several student teams, 
conference rooms, and a smaller woodworking and metal fabrica-
tion shop. 
 The R&D hangar has now been classied as a condemned 
building and is set to be demolished in the near future. The 
current space is limited, making machines inaccessible for 
students during high demand periods of the academic year. 
Student spaces are currently enclosed by chain-link fences that 
are neither safe nor accessible on nights and weekends. Both 
facilities have a large variety of tools but are limited on the 
number of machines and openumber of machines and operating times accessible to students. 
The need for a new state of the art facility is evident and with the 
input of the client a new design has been brought forth.

Site
 The preferred site selected by the College of Engineering is 
the H-2 parking lot that sits east of the Bonderson Center in the 
campus core. This site is generally at and is sits south of Highland 
Drive, west of University Drive, north of North Perimeter Road, 
while enclosing the Engineering plaza to the east. One problem 
the site holds is the shape, being long and narrow, giving rigid 
constraints to the building. As the project would remove meter 
paparking from the university we had to explore possible solutions 
to this issue. Sitting just north of the library and adjacent from 
classrooms, disruption during construction of the campus every-
day life had to be carefully planned. Wanting to blend this build-
ing to the existing buildings was the primary focus in the set 
elevations and landscape. 

Background
  State University currently houses their machine shop in two 
buildings that are separated by a quarter of a mile that primarily 
serve the College of Engineering. These shops are crucial to the 
university’s goal of providing hands on education at a recognized 
engineering school. As the university looks ahead, the current 
facilities do not meet the needs of the current students and leave no 
room for future growth. A new facility that can be enjoyed by the 
enentire university has been proposed and using an integrated project 
delivery method our team formed to create a preliminary design 
that can be proposed to the university. 
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Spaces           Square Footage
 
Space to Build         10648
Wood Assembly         1500
Specialty            718
Manual Mill/ Manual Lathe    1500
MMetal Assembly         1500
Paint              700
Composite/Dyno        570
Router             570
Shaping             700
Cast              730
CNC              1400
WWeld              760 
Storage Space         1918
Tool Crib            718
Storage             1200 
Team Space           13540
Individual Team         620
Common Space         3000
OOutdoor Area          14067 
Work Space           3460
Design & CAD          730
Administration Office      730
Test & Discussion        500
Seminar             1500 
Complimentary Space     6660
LLobby/Front Desk        1800
Lounge             3560
Bathrooms/Changing Rooms   1300 
Building Footprint        30036
Site area            87992
Percent of Building Footprint   34%
 
TTotal S.F. (without circulation)  36226
Total Square Footage      52000

Architecture
      The concept for the Engineering Hangar was inspired by the current Research & Devel-
opment hanger that has a shape of a traditional airplane hangar. As State University is known 
for its College of Engineering, a more industrial look using exposed structure and exterior 
metal cladding were used to enhance this concept. Working directly with the students and 
technicians, a general knowledge of the functions of the current facilities was established 
creating a direct link to their vision. 
   Utilizing research that indicated the demand and use of specic machines, a range of 
oor space was presented to us to utilize as basic footprints for the overall building. Giving a 
large range from 27,000 S.F. to 69,000 S.F. and meeting all minimum requirements, a 52,000 
S.F. facility was designed. An important aspect of the design was the creation of a main lobby 
that would serve as a checkpoint for students coming in to work on projects so that the tech-
nicians can account for everyone. This space was palced at the south end, away from the 
center of the engineering plaza, as a way to invite to entire University to use this space for 
lealearning and research. 
   A centralized tool crib was an important aspect of the design as technicians want the 
ability to keep an eye on the entire shop for safety. The column free shop space allows for 
movement throughout the oor to allow the shop to expand and rearrange when new 
equipment is available. An aspect that lacked in the current facilities is the ability of students 
to have a work area where they can go back and forth to edit their design. A new 
Design/CAD work area was created to allow students to remain in the facility. Lack of storage 
space is an issue at both facilities and a new storage room has been added in the North 
building building to aid in the day to day function of the facility. 
   Currently clubs are housed in multiple facilities that range from a chain link fence to a 
fully enclosed room. The North building has been designated for clubs and senior projects to 
be housed. Accessibility to these spaces is important to the clubs as their work hours very 
throughout the year. By separating the two functions of the building, the main shop and the 
project bays, it allows for the students to have access 24/7 through the use of keycards to 
their rooms. 

CONCEPT

A
R
C
H
IT
E
C
T
U
R
E



4

FLOOR PLANS
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VIEW FROM LOBBY ENTRANCE

Architecture
  Providing natural sunlight was an important 
factor of the design. A skylight system frames the ridge 
of the truss throughout the length of the building 
providing direct sunlight. By staggering the trusses, a 
clearstory truss type system is created to give architec-
tural interest and providing additional sunlight. Sitting 
on the third story of the structure, a student lounge 
was designed to invite students in and allow them to was designed to invite students in and allow them to 
study, take breaks, and remain in the facility during the 
weekend hours of operation. It is equipped with a full 
kitchen, lounge, and space to display student work. 
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Landscape
  As the Engineering Hangar will now frame the Engineering 
Plaza, creating a uniform landscape was vital for the project. The South 
building meets the elevation of the current Bonderson Center where 
some smaller shop spaces will be located. This will ease the transporta-
tion between the two facilities of machines and projects. A three foot 
elevation change happens between the buildings and is incorporated 
into the landscape. Using the existing shapes in the plaza the pattern 
ccontinues to the paving patters that cover the site.
  A pedestrian corridor was used as a connection from Campus 
Market to the Engineering Plaza. This corridor allows for pedestrian and 
bicycle access enhancing the circulation through campus. A pedestrian 
bridge links the two structures at the second oor and a roof garden 
highlights the walkway. A variety of local plants that consume small 
amounts of water are used to maintain a sustainable site.

VIEW FROM ENGINEERING GARDEN

SITE PLAN

A Main Entrance
B Grass Amphitheater
C Water Fountain
D Living Machine
E Water Flow Courtyard
F Handicap Walkway
GG Roof Garden

H Pedestrian Corridor
I Outdoor Working Area
J Tree Mount Swale
L Solar Charging Station
M Check Dam Swale
N Curb Swale
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SITE SECTION
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vIEW FROM ROOF GARDEN

SECTION A

Landscape
  At the entrance of the building a large water ow 
courtyard highlights the entrance and is used to draw 
people in. As the building will become a focal point for 
senior projects, an outdoor presentation space was created 
through the use of a grass amphitheater. The amphitheater 
located near the main entrance can use as a place for 
students to enjoy when waiting for class or having lunch. A 
major bus smajor bus stop on campus is adjacent to the amphitheater 
and can be utilized as a waiting area. 
 Many teams will use the exterior space to assemble 
some of their larger projects and simply store them in their 
assigned rooms. Roll up doors are situated on the perim-
eter of the building linking them to the outside. By desig-
nating space outside students can use this as a tool to 
increase their visibility to the campus and attract potential 
members. 

A

A
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Structural Overview
  Structural design was coordinated with the architect and construc-
tion manager to develop the most efficient and cost effective design 
possible. The steel concentrically braced building is 90 feet wide by 380 feet 
long and is separated by a seismic joint at the pedestrian walk way. Sitting 
on a mat foundation, the structure consist of a fairly traditional system 
supported by a unique roof truss system. Following the ASCE 7.10 and the 
IBC 2012 codes, a preliminary design was able to be formulated for the 
clieclient. 

Material Selection
 Steel was chosen as the primary structural material as it allows for a 
lighter building, allowing for smaller members and a more exible oor plan. 
Given the architectural design concept, steel provided the desired aesthet-
ics, while providing a durable material that could easily be shipped and 
assembled on our congested site. As a shop, timber material design was not 
ideal due to re hazard and concrete would require larger member sizes and 
caused difficulties at the site. By using steel as our main material we are able 
tto utilize a large portion of recycled steel.  A steel structure would blend with 
the existing buildings that frame the Engineering Plaza. 

STRUCTURAL OVERVIEW
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GRAVITY SYSTEM
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THIRD FLOOR & ROOF
FRAMING PLAN

ROOF FRAMING 

Truss System
  The truss roof system spans 90 feet and is 8 feet at its deepest point 
giving a column free space to both the main shop and the second oor 
project bays. Natural light was an important aspect of the design, which 
utilized offset trusses and skylights to create a brighter interior space. 
Trusses will be prefabricated in the shop and shipped in two pieces, where 
they would be welded together on site. This allows for faster erection time 
and minimizes congestion at the site.

Gravity System
 A traditional steel gravity system is used
 for the majority of the building for a simplistic 
design that allows for rapid construction. Fram-
ing consists of a composite deck, beams, girders, 
and columns that support the oors and truss 
rroof above. 

Foundation
 Current soil conditions at the H-2 Parking 
lot have a low bearing capacity, eliminating a 
spread footing design. Removing the soil is an 
option, but the added option, but the added cost and lack of space would only increase the price and hinder the day to day 
operation of the campus core. As the site is located next to Kennedy Library, the use of driven piles would 
disturb the day to day function of the campus. Drilled piles concentrate the majority of the load directly 
from the column. Heavy machinery located primarily on the rst level would have greater exibility with a 
mat foundation that allows for a balanced distribution of loads. 

Column Grid
  Working alongside the architect, a column grid was selected that met the architectural and struc-
tural needs of this building. Having an open shop space was essential to the function of the building creat-
ing a column free space. The column grid is spaced at 20 feet on center in the north-south direction while 
offset in the east-west direction to allow for designated shop and office space. As large rollup doors 
throughout the building were essential to the function of the shop, 20 feet opening on the side of the 
building were achievable with this grid. 

INTERIOR SHOP SPACE VIEW
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Design Loads (PSF)

Dead Loads     Live Loads
  Floor        Roof        
Deck  48  14  Corridors  80
Beam  54        21  Offices   50
GiGirder/Truss 59                25  Partitions  15    
Column        61                27  Partitions (seismic) 10  
Seismic        65        32  Roof   20

* All members were designed using LRFD guidelines.

RISA 2D AXIAL STRESS DIAGRAM

Gravity System Design
 A standard roof layout was designed to support service live loads, dead loads which included the mounted solar panels. 
Roof deck has a 10 foot span that is supported by beams and is designed as an N-24 18 gage tipple span steel deck. A light-
weight concrete composite steel deck design was used for the oor system which also spans 10 feet and was designed as a 4” W2 
Formlock 18 gage triple span. 
 Roof beams supporting the deck from above span 20 feet allowing an adequate deck span. Preliminary design of roof 
beams were assumed simply supported and a simplied tributary area method was used. Designed as W10x19 having a capacity 
of 50 k-ft were more than adequate to the load combination demand of 29 k-ft. Due to an unsymmetrical oor plan typical oor 
beams span both 40 and 50 feet and were designed as a composite bean, allowing for a reduction of member size of member 
through the additional strength of the concrete in the oor system. 40 foot span beams were designed as W21x55 while 50 foot 
span beams as W21x83 to allow an even structural oor depth.
  In the south building typical girders, designed as W16x34, span 20 feet between columns and have a design capacity of 
124k-ft. Interior girders in the north building experience the greatest demand and were designed to resist a design load of 515 
k-ft. Attempting to create an iconic structure that the design of the truss system evolved throughout the conceptual design 
process. A range of columns supporting different loading conditions are designed throughout the building. Utilizing wide 
anges as columns, unbraced length and loading combinations were used to determine the columns dimensions and were 
typically under a foot wide.  
  A custom exposed truss structure was designed to span 90 feet which staggered throughout the length of the building to 
allow for natural light. Using typical span to depth ratios a preliminary design and shape was achieved. Truss is constructed from 
tube sections and double angles serving as the truss web. With the help of RISA 2D a more efficient design was achieved that 
met the architectural aesthetic desired. Angles are also used to laterally brace trusses to prevent torsional buckling. 

GRAVITY SIZING
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LATERAL SYSTEM
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Lateral System
  Concentric braced frames are used throughout 
the building utilizing hollow HSS sections as the lateral 
retaining system. Both chevron and x-braces are placed 
in precise locations to allow for large openings where 
needed for the buildings function, while providing a 
cost effective system. Shear walls were taken into 
consideration but were turned down as they obstructed 
circulation and prevent large openings while. Moment circulation and prevent large openings while. Moment 
frames would provide the maximum exibility but 
would signicant raise the costs for steel members and 
connections.

Seismic Joint 
 A seismic joint is being utilized in the design as the building would 
otherwise have an irregular shape that could hinder its performance during 
a seismic event. By physically separating the buildings, it allows it to act as 
two independent structures during a seismic event, reducing potential 
damage and reducing the required member sizes and cost of connections.

BracesBraces
  Braces run in both the north-south and east-west direction to 
provide a lateral resisting system. System is placed on the perimeter of the 
structure to enhance seismic performance and to aid the architectural 
design. Working alongside the architect, braces were placed in locations 
where there would be no obstruction of desired openings. Where the 
seismic joint occurs at the pedestrian bridge, an exterior brace has been 
placed to aid with the irregular shape of the diaphragm that cantilevers 
from the main structure. from the main structure. 

Occupancy & Classication

Educational above 12th Grade  Group B 
Factory and Industrial  Group F-1
Storage     Group S-1
Occupancy Classication   Group F -1
Stories     3 stories
Building HeightBuilding Height   50 ft
Total Square Footage   59,134ft2
South Building Area   13,500 ft2 
Type of Construction    Type IIIA 

Fire Resistance

Primary Structural Frame   1 
Bearing Walls       
  Exterior    2
 Interior     1
Nonbearing Walls and Partitions  0
Floor Construction & Sec. Members  1
Roof Construction & Sec. Members  1b,c

LATERAL SYSTEM

STRUCTURAL PERSPECTIVE
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LATERAL SYSTEM

Lateral System Design
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WEST ELEVATION

Seismic Summary

LATERAL SIZING

A
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Site Logistics
  The jobsite trailer will be located on the north portion of the jobsite in 
the H-2 Parking lot. This lot will remain closed for the duration of the project 
as it will serve as the lay down are for all deliveries. All deliveries will be 
dropped off at the lay down area and will not be dropped off between 10 
minutes before or after the hour to avoid high congestion from pedestrians 
and vehicles at peak times. The entire perimeter of the H-2 parking lot will be 
fenced off during the duration of the project. Temporary utilities will need to 
be bbe brought to the site and will be provided by the State University’s building 
services. Since the jobsite is located in the core of campus, all exceptionally 
loud activities will need to be performed early morning or late at night to 
avoid peak class hours. All emergency vehicles will enter the site using 
Highland Drive or South Perimeter Road. S.V. Medical center is located 
approximately 0.7 miles from job site. 

Quality Control
 As a design group we believe it is the responsibility of the whole team 
to manage the quality of both the design and construction processes. Every 
employee will be held accountable for the work they provide and the quality 
of work will be the responsibility of the person providing the work. Quality 
will be obtained through appropriate planning and control of work opera-
tions. We also will provide specic quality control activities such as reviewing, 
checking, inspecting, testing, and quality surveillance/audit. We have broken 
ddown the quality management plan into three phases as outlined by the 
following graphic: 

SITE LOGISTICS
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COST & SCHEDULE
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Cost
  Using the architectural and structural models as a base a cost estimate 
using DProler was created. A variety of components were modeled including 
the foundation, structural steel, cladding & wall nishes, glazing, stair 
construction within others. Using a double skin system on the South and West 
faces and a custom metal cladding on the North and East, the cost of material 
and installation was substantial. Costing around $11,361,000, 27% of the 
overall project, this system is of high cost but meets the energy demands and 
iciconic façade desired. 

Schedule
 The overall project is expected to last three to three and a half years 
from conceptual design to completion. By using an integrated project deliv-
ery method the overall design is scheduled to take en estimate of 10 months 
including the conceptualizing, critical, and detailed design including 
construction documents. The permitting and approval process is estimated at 
6 months with a buyout period of 45 days. Construction is estimated to last 22 
months and would schedule accordingly to the academic calendar as to not 
distudisturb the day to day functions of State University. 
 

COST

Direct Cost 
     General Requirements 
Construction Costs 
     Design Fees 
     Legal Fees 
          Bonds & Insurance 
     Contingency 
Soft Costs 
     General Overhead 
     Prot 
 Total Cost (Target)
 Gross Square Footage (GSF)
  Cost per GSF (Target)
 
 Total Cost (High)
 Cost per GSF (High)
 
 Total Cost (Low)
 Cost per GSF (Low)

 $27,709,000 
 2,771,000 

 $30,480,000 
 3,658,000 
 152,000 
 914,000 
 1,524,000  1,524,000 
 $6,248,000 
 3,339,000 
 1,669,000 

 $41,717,000 
 52,000 
 $802

  $52,261,000 
 $1,005 

 $36,090,000 
 $694.04 
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SUSTAINABILITY
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Summary
  The Engineering Hangar facility has been designed to optimize the site by creating a state of the 
art student shop that will aid State University’s hands on philosophy. Collaborating with State Univer-
sity, the College of Engineering, shop technicians, and students, a new facility design was achieved 
through an integrated project delivery method. This 52,000 sq. ft. facility, estimated at $41,700,000, 
addresses all major needs by the university to function and allows for future growth. Giving a unique 
architectural style, the facility strives for a sustainable future investing in renewable energy sources 
giving opportunities for student research. This report provides a brief summary of the work completed giving opportunities for student research. This report provides a brief summary of the work completed 
by the student team. The campus site was omitted to allow for a blind review.

PERSPECTIVE OF CHARGING STATION

Sustainability 
 As a leader in innovation, sustainability is an important factor to State 
University. Through the use of new technologies and smart design the Engi-
neering Hangar building will set the tone for future buildings to come. Given 
the design guidelines the building can achieve a LEED Gold certication.  
 Solar panels will cover the majority of the roof producing an estimated 
350 KW and consuming only 260 KW. As the project will consume the existing 
parking lot, we have designed a solar charging station on the north side of the 
site. This will encourage the use of electrical cars and bikes as designated 
parking spots, powered through solar panels that serve as shading, are located 
in the campus core. Bioswales are used throughout the site to remove silt and 
pollution from surface water runoff preventing pollutants from entering our 
drain system. They are located in areas where vehicles would expose highest drain system. They are located in areas where vehicles would expose highest 
pollutants to the site.
 The roof provides 33,000 S.F. of surface to capture rain fall. With the 
average rain fall of 22.66 inches a total of 419,280 gallons of rain water can be 
collected for gray water use. By utilizing a Living Machine in this building we 
are able to treat water on site and use it for toilets or washing stations. The use 
of such a system will not only generate an ecofriendly solution but allow 
students using the Engineering Hangar as a learning tool to span their knowl-
edge of sustainability. 

RAIN WATER COLLECTION
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