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Executive Summary

The Airport is one of the largest airports on the eastern seaboard. To ensure their place as one
of the most customer-friendly airports in the United States they decided to connect adjacent terminals
with an enhanced connector bridge. This report proposes possible construction modifications to the
building that relates to course work completed over the past five years of education at The Pennsylvania
State University. The analyses are as follows:

e Document Review — to see how further scrutiny of Contract Documents may or may not affect a
project

e Panelized Construction — to explore how this form of erection will affect a project

e Pedestrian Flow — to see how the current traffic of pedestrians could be modified

e Alternative Glazing — to explore how the building’s envelope could become more energy
efficient

Analysis One, Interdisciplinary Document Coordination, researches the current practice of the
Gilbane Building Company to asses contract documents before a project is underway and discover
possible omissions or errors to reduce the amount of uncertainty that may arise later in the project. An
explanation of the procedure is provided and a project specific example is evaluated. The project
specific example appraises how the schedule and cost could have possibly been affected if the IDC
procedure was implemented.

Panelized Construction, Analysis Two, looks at how the building’s existing masonry veneer could
be modified. The current cast stone veneer is substituted with an equally aesthetic precast panel.
Schedule and cost analyses through both the manufacturer and RS Means help provide the key elements
of this research. Dimensional limitations of the delivery method to the site are considered and may
affect how the panels are fabricated and erected.

The Structural Breadth, Analysis Three, explores how the sites existing concrete columns could
possibly be eliminated. The purpose for this is to demolish the temporary corridor that spans the
construction site for added safety for all parties involved. To first have the ability to perform this
analysis a pedestrian detour around the job site is proposed to abolish the need for the temporary
corridor. Consequently, with the building being erected entirely out of steel creates a more predictable
structure while the floors above are being loaded.

The Mechanical Breadth, Alternative Glazing, reintroduces a century old energy efficient design of a dual
facade. Due to the current energy crisis many methods, that had been disregarded when energy was
inexpensive, are being further studied to bring about a greener future for all. The analysis focuses on
the thermal conductivity of a dual facade during winter and summer temperatures and then is
compared to the current output of the air handling units.
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Project Overview

Introduction

The purpose for this project is to connect two adjacent terminals at an airport on the east coast.
On the site there was an original connector bridge between the terminals, however, after many years of
increased travel through the Airport it was decided to construct an entire building to accommodate the
guests. The expansion is four stories and 250,000 gross square feet. The ground floor houses the
expanded baggage handling conveyors to accommodate more luggage and to ensure that the bags are
properly routed to the correct planes. The second floor includes 14 new security checkpoints and
expanded retail space. Since the building is located in a prominent area on the premises, the
Department of Aviation offices occupy the third floor. Finally, the fourth floor functions as a mechanical
space to serve the building occupants.
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Figure 1: Exterior, airside,
orientation to site plan




Client Information

The Department of Aviation is the owner. The mission is to rehabilitate one of the top airports

in the country. The airport has been ranked among the top user-friendly airports in the country and

through the renovation/expansion the DOA hopes to continue the excellent service to their customers.

The increases in checkpoints, expanded baggage handling capacity, and retail stores will ensure the

airport’s popularity for years to come.

Project Delivery System

Gilbane / McKissack|

CM Agency

DDI Architects

The project delivery system is typical of public work projects. Multiple Primes with an overseeing CM

-
-
-
-

GC Bock Surety Mechanical
EJ Electric AT Chad_vwck
Plumbing
Keating Stuctural G&T Conveyor

Steel

Carr & Duff Security|

Agency to comply with Pennsylvania law. The typical contractor is selected by the lowest bid, that is, if

anyone else bids, which was not the case with the GC selection. Bonds and insurance are required on

bid day, however kept private. All contracts are lump sum with allowances.
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Building Statistics

Structural System

The structural system takes advantage of existing steel piles, as well as, concrete grade beams,
mat slab, and columns from the connector bridge between terminals that was demolished.
Combinations of both steel and wood piles were used in the subsurface construction of the new
building. The slab on grade is bordered with a non-load bearing CMU wall to later be hidden with
architectural cast stone veneer. Trusses supported by W14x176 are used on the ground floor to
maximize the open space for the complex runs of baggage handling conveyors. The second and third
floor of the building uses columns and 26x30 bays with wind connections internally and moment
connections on the exterior of the building. The fourth floor consists of trusses. 6 %” light weight
concrete was originally only to be used on the second floor to ease the deflection of the trusses below,
but later was adopted throughout the building.

Figure 2: Aerial photo of steel erection

Mechanical

The heating and cooling for the building is provided by redundant boiler and chiller units located
at a satellite thermal plant (50,000 MBTU). There is a total of seven 7 AHU'’s for basic heating and
cooling. The combined capacity of all seven units is 8,836 MBTU and 180,000 CFM. For office spaces
terminal air boxes and radiant heat are used for individual control of temperature. Data rooms located
in the building CRAC units (Computer Room Air Conditioning) are used and independent from the
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general building HVAC systems. On the first floor where the Tugs (luggage cars) enter and exit the
building nine Air Curtains are used in the winter to ensure indoor temperatures are maintained. Each
Air Curtain has a capacity of 557 MBTU and 13,062 CFM.

Electrical/Lighting

Again the power is initially provided from two transformers (2,000A — 480Y/277V) located at the
satellite plant, from there the power is sent via duct bank to an underground substation. At the
substation power is transferred again to multiple transformers to step the voltage down. One path
takes the power to two transformers that step the voltage down for 1000A — 208Y/120V power. The
second path takes the power to five oil cooled transformers and steps it down and up to 750A —
480Y/277V or 2500 — 480Y/277V. UPS and ‘Blue Buss’ systems are also included in this redundant
system, as never to have to close the facility for electrical malfunctions or power outages.

Lighting on the first floor for the baggage handling system is primarily 2x4 linear fluorescents
and HID wall washers at the transparoll doors for high visibility where the Tugs enter and exit the
Building. On the second floor there are again 4’ linear fluorescents, as well as, compact fluorescents at
the entrance to the wanding stations and neon cove lighting in corridor. The third floor is composed of
offices which use a wide variety of architectural and accent lighting; however, they are primarily
fluorescents.

Fire Protection

The main system in the building is a wet system. For data rooms an iodine gas system is the first
system with heat detectors followed by a backup wet system if the dry system fails. The system reports
back to the central fire station for the airport. In the event of a fire, hydrants are located on both the
outside perimeter and roof of the building.

Transportation

There are two holeless hydraulic elevators and three holed hydraulic elevators. All elevators are
rated for a load of two tons and speed of 100 fpm. There are four escalators that transport customers
from the first floor to the main entrance at 90 fpm. Escalators are required to exceed the national
standard (ASME A17.1) by not less the twice the allowable design load.
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Building Systems Summary

Yes | No | Work Scope If yes, address these questions / issues

X Demolition Required? e Remove existing pipe columns and concrete
grade beams

e Remove existing lighting standard, support
pier and footing

e Remove and salvage existing wall mounted
light fixtures & conduit

e Demolish entire existing concrete stairwell
assembly

o Demolish existing loading dock in its entirety
including but not limited to: bollards,
bumpers, lighting retaining walls, dock levers
& all below grade foundations

e Remove and salvage existing glazing

e Demolish temporary egress corridor
structure

e Demolish existing exit doors and all
associated signage

X Structural Steel Framing e A Combination of trusses and columns
e 25 ton hydraulic crane for steel erection
X Cast in Place Concrete e Plywood and Metal Forming

e Steel reinforce Grade 60
e Plain-Steel Wire: ASTM A 82, galvanized

X Precast Concrete

X Mechanical System e Remote Thermal Plant
X Electrical System e 480/277 3¢ 3200A

e UPS backup

e  CPS backup

e Blue Buss backup
X Masonry e Stone Veneer

e Non load bearing
o  Walk through masonry scaffold
e Vertical Support #6 @ 24"

X Curtain Wall e  Stick built
e Firerated
e |nsulated

X | Support of Excavation e Existing conditions
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General Conditions Estimate

OD A 0 DURATIO OTA
0111 31.20 (0010) | Construction Management Fees 1% $185,000.00
01 31 13.20 (0020) | Clerk Week $590.00 58 $34,220.00
01 31 13.20 (0180) | Project Manager Week $2,975.00 58 $172,550.00
0131 13.20 (0100) | Project Engineer 1A Week $2,100.00 40 $84,000.00
01 31 13.20 (0100) | Project Engineer 1A Week $1,375.00 40 $55,000.00
0131 13.20(0100) | Project Engineer 1B Week $2,100.00 16 $33,600.00
01 31 13.20 (0100) | Project Engineer 1B Week $1,375.00 16 $22,000.00
01 31 13.20 (0240) | General Superintendent Week $3,125.00 58 $181,250.00
01 31 13.20 (0240) | Superintendent 1A Week $2,750.00 40 $110,000.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 8 $22,000.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 8 $22,000.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0240) | Superintendent 1B Week $2,750.00 18 $49,500.00
01 31 13.20 (0290) | Scheduler Week $1,600.00 80 $128,000.00
01 32 13.50 (0650) | Scheduling Large Job 0.03% $55,000.00
01 52 13.40 (0100) | Office Equipment Month $171.00 14.5 $2,479.50
0152 13.40 (0120) | Office Supplies Month $93.50 14.5 $1,355.75
01 52 13.40 (0140) | Telephone Bill Month $88.00 14.5 $1,276.00
SUBTOTAL S 1,456,231.25
Allowances (16.15%) S 1,691,412.60
Labor Burden (39%) S 2,351,063.51
Fee: S 2,586,169.86
TOTAL S 2,586,169.86
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Analysis One — Interdisciplinary Document Coordination

Gilbane offers the service of a preconstruction document review called Interdisciplinary
Document Control. The mission statement by Gilbane for this service is as follows.

The Document Coordination department will provide multiple types of document analysis by thoroughly
understanding and addressing our internal and external Clients’ needs through explicitly defined solutions,
combining time tested practices with innovative means and methods, in a relentless pursuit of excellence
that surpasses our Customers’ expectations

This service is offered to the client at cost in hopes that final costs will be lower. At first, this appears to
be the same as coordination drawings that are completed in every construction project. However, this
process goes above and beyond the mechanical portions of the drawings. This cost saving technique
was offered to the owner of the airport but not purchased.

To perform this analysis | will first explain how it works followed by a preliminary evaluation of
the drawings to point out a project specific example. In some cases issues were located and found
before all the bids were in and continued until the project schedule was affected.

How It Works

The first step is the Pre-Coordination Survey. The process will determine the level of document
completion and create an execution strategy for the amount of available information. Information will
be identified for construction disciplines that are reasonably complete and ready for review, as well as,
design aspects that are incomplete and unsuitable for review. The lead document reviewer will then
assign responsibilities and strategy for the review team. This primary survey of the documents will be
presented to the project team and or client.

The second step is the Base Review. The review consists of a checklist of over 450 review tasks
between 16 distinct construction disciplines. Review durations vary between three to six weeks with a
review team of two to five people. The total man hours of the review can range from 300 to 800
depending on the size of the project. The review tasks may be phased depending on: document
release, bidding schedule, and construction disciplines’ cost impact.

Communication or reporting is important to analyze the electronic versions of the continuously
updated contract documents. All parties are encouraged to either use or develop a customized
communication mechanism. Through this monitoring of ongoing program changes can be handled in
almost real time.
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Finally a Debrief Meeting will be scheduled between the IDC team and the design team. The IDC
review team presents their findings with the hope of either clarification to the contract documents or
changes as necessary. Many of the issues can be resolved at the meeting; however, approximately 10%
of the issues are further discussed and rectified as soon as possible.

Unique to this approach is an overall Compliance Check at the end. This process is a comparison
of revised documents, addendum, sketches, or bulletins to previously submitted reports to determine if
revisions have accrued. Through the use of the previously mentioned communication these areas of
concern can be located and checked with little or no loss to the overall schedule of the project.

Project Specific Example

Through the use of the IDC, a preliminary draft found over 750 items that were either missing or
incomplete. Many issues were the result of the design documents only being 60% complete. Since the
review is subject to the client’s construction schedule these drawing updates were subsequently the
best representations as the project moved forward. The drawings were done electronically and the
ability to make omissions through the use of copy and paste functions was vast, but easily rectified. The
example that | will look at is the ability for better communication through the use of the IDC process and
the continually updated design documents.

Throughout the project
there were various owner
modifications to the original design
documents. These changes included
schedule accelerations and security
modifications. The owner
modification of revamped security
doors and product non-compliance
lead to a bulletin being issued. The
bulletin detailed how and where
new security doors were to be hung;
unfortunately, the HVAC ductwork
had already been installed on the

floor. Therefore there was a need to  Figure 3: Ductwork obstruction in plenum space
hang the doors and avoided the
existing duct work.

Figure 3 depicts the area in question where new doors needed to be installed. Due to the weight of the
doors support was to be provided from above. Unfortunately, the mechanical contractor did not

12
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provide the coordination for the ductwork and agreed to move the duct at cost. Also, Gilbane identified
two years prior that there were no sections showing the layering of the ductwork and piping for the
entire building. Consequently, this issue was

prolonged until the schedule was adversely affected.

Possible IDC Solution and Evaluated Impact

£

The lack of the contract documents detailing

the layering of the HVAC piping and ductwork resulted
in a less than efficient solution to the problem of later
modifications to the overall design. To resolve the

issue several meetings were scheduled to discuss a ™
solution. And for the lack of a better cliché, time is o

money. Through the use of the IDC program the

coordination effort to remediate the issue could have
be more Streamlined. The Overa” SO|UtiOI’l COU|d have Figure 4: Location Where support is needed for g|ass
been resolved prior to the installation of the ductwork. ~ partition wall

The cost of the IDC procedure to the owner is approximately 10% of the total cost of the project,
so in the case of the airport the cost would have been approximately $185,000. Statistical reviews of
previous projects have concluded that using the IDC review can reduce potential change orders in the
magnitude of 7-10 times the cost of the review. The potential savings for the owner on this project
could have range from $1-1.5 million dollars. The ability to predict and modify the design throughout
the construction phase is ideal; however, it is also important to recognize the issues before all the bids
even come in which is the goal of the review. The analysis of removal and relocation of the ductwork is
just one of the 750 issues located two years before the scheduled turnover of the floor in question.

There are two specific locations where the glass door support to the structural steel is needed.
The total length of duct to be moved is approximately 20’ of 26x10 metal ducts. RS Means 2009 was
used to estimate the cost of the change and it was assumed that the cost to take down the existing
ducts were equivalent to the cost associated with installing the ducts. The cost through the use of RS
Means 2009 after calculating the total weight of duct is illustrated below:

Duct Size (L+W+1"”) | Weight (plf) 22 gauge Length Total Weight

37 9.36 Ibs 20 187.2 Ibs

13



RS Means Cost Comparison
Total Incl. O&P Weight Total Cost
$7.75 per pound 187.5 pounds $1,453

Removal and Rerouting Total: $3,000

Conclusion

The IDC procedure appears to have
many advantages; however the cost saving
potential is directly correlated with how
complete the design documents are. In the
case of the airport some of the designs were

1 1 g
NP, B

incomplete since the security measures are
constantly being amended. Another aspect of

¥ e = Il Pu.
security that would make this procedure 5-' H/ ad 8
difficult is that some of the design documents / /4 ¥/
are not readily available to distribute for a . o/ i

group review. Therefore | believe in this

analysis that the IDC procedure may have Figure 5: Finished glass partition wall

aided in the reduction of schedule and overall

cost although the Airport is a unique building which may have created unforeseen obstacles that
prohibited the implementation of the IDC procedure.

[ L
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Analysis Two — Panelized Construction

The purpose of this analysis is to learn the possible
advantages of precast panels by replacing the existing cast
stone veneer with an aesthetically comparable panel.
Panelized construction has claimed to have many cost saving
advantages, such as: labor, material, and quality improvement.
The labor savings are immediately seen as the factories are
mechanized and the onsite material is pieced together with
cranes rather than manually pieced together and grouted.

With accurate drawings, material savings would result as the Figure 6: Cast stone mockup

manufactured panels generate little to no waste compared to

the cast stone that is hand cut in the field. Quality improvement is established by the factory controlled
measures that ensure that the color is correct and remains consistent for the duration of the fabrication.

With respect to the airport, the existing cast stone facade required the approval from the
architect according to the contract documents and the final approval turned out to be somewhat
challenging. After the stone color was eventually approved and installation began the masons noticed
that the factory had been delivering two different shades of cast stone. The second issue involved with
the stone fagade was that the project team had trouble getting the grout color approved. A possible
solution for the confusion of getting the proper stone and grout color would be to use precast panels.
By using precast panels the submittal would eliminate the need for a mock up since the pseudo cast
stone veneer would be assembled as a single panel. As well as, a better chance for the manufacturer to
maintain consistent colors in the controlled environment of an offsite fabrication plant.

To perform this analysis a quantity takeoff was performed and found to be that a total of
14,058sqft of cast stone could be replaced with the alternative precast architectural panels. Also, a
schedule analysis was performed to identify if there would be any time or cost savings. Finally, an
introduction of the quality assurance advantage a precast facade system would have over any potential
problems during the submittal process.

Dimensional Limitations

For transport purposes the panels cannot be longer than 12’ wide in one direction. Delivery
through the use of tractor trailers is the limiting factor so that the vehicles do not require special escorts
to have the panels arrive on site. Likewise, there is a 35’ limitation on the total length of the long side of
the panel. This may become a factor in determining how the panels are fabricated. For example, the
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rough opening on the airside of the building is 354’ long and 22’ high. If the panels are oriented
vertically the total number of panels would be 30 12’ x 20’ panels. However, if the panels are arranged
in horizontal stacks of two 35’ x 11’ panels there would only need to be 22. Reducing the number of
total panels consequently reduces the transportation and installation cost.

Ir g |

Figure 7: Panel orientation comparison

Cost & Schedule Impact

The cost of the existing cast stone is
$57sqft with a total cost of $801,306. The
modified panelized construction costs were
provided by Nitterhouse at approximately
$35sqft (comparable to the cost in RS means
$36.68) with a total cost of $492,030. All costs
include fabrication, delivery and installation.
Therefore the project cost would diminish by
approximately $310,000, or 0.2% of the total
project. The importance of weather proofing the
building as soon as possible is accomplished by
tying the panels to the superstructure.

Connection details for the installation of the Figure 8: Airside fagade

precast are provided in Appendix B. After the

panels are installed the CMU can follow. An industry professional suggested eliminating the block wall
entirely; unfortunately, the interior use of the building prohibits removal of the CMU.

The original scheduled time period for the cast stone veneer was 40 days. Also, the site
congestion was increased by the need for scaffold to aid the manual installation. Using the precast
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system would require a lead time of approximately six months and the installation rate of 20 panels per
day. The gross area of stone veneer is 14,058 sqft and the required number of panels is 40. Hence, the
total time for the installation of the panels would be three days compared to the 40 days allotted in the
original schedule. Three days would complete the major portion of the installation followed by the
customized column covers that can be coordinated in the field. Overall there would be 37 extra days
that, although the stone was not on the critical path, there would be a less congested site that would
allow other trades to move in and occupy the space.

Throughout the construction of the cast stone veneer there was a miscommunication with the
architect on what the acceptable grout color was and the specifications were vague on the what
submittals were required, particularly for the grout color and mock-up size. The manufacturer of the
current cast stone veneer suggests that local specifications be used for the contract documents.
Unfortunately, the preparers of the contract documents tend to hurriedly copy and paste typical
specifications and many times the errors or omissions are not discovered until the installation of the
product begins. To ensure the proper grout color, precast could possibly aid in maintaining the proper
and consistent color which the architect requests. Precast submittals are the same as cast stone;
however, using a precast system there is a greater chance that the aggregate is consistent in color.

Conclusion

Through this analysis there is some support for the alternate method of a precast veneer. The
savings are minimal to the total project cost, yet the time to complete the enclosure of the first floor is
significant. The submittal specifications are included with the precast system, where as the existing cast
stone does not included specifications for the exact type,
only typical specifications. The area of writing specifications
and the time spent reviewing them would be a subject for
further research. | believe through the use of IDC, from
analysis one, and a precast system, controversies over what
the criterion is for the submittal could have been avoided.
Figure 9 is an example of how the variations of custom
precast architectural features can be used without removing
the aesthetics of a comparable cast stone veneer.

Figure 9: Precast stone veneer example
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Analysis Three — Pedestrian Rerouting

Due to the DOA requirement that customers would not be required to exit the building and walk
the approximate 300’ to the adjacent terminal, the site team had to develop a plan to reroute
pedestrian traffic. To accomplish this it was determined that the existing connector bridge would be
used until the first temporary corridor was constructed after the steel erection. The problem that
developed was that the existing connector bridge was concrete and the design team had to integrate
this into the new building. Cracks developed in the existing concrete columns as the building began to
be loaded. Onsite superintendants were required to monitor and report on these findings daily. The

design considered the existing concrete columns to be zero
force members and found the cracks to not be of structural
significance. Combining existing concrete into a steel
building, as well as, continually constructing and demolishing
temporary corridors began to slow the project performance
down. In retrospect an alternate method of rerouting the
airport customers around the site, instead of straight

'l!i N J!,'-I-.ii i through the middle of the site, would have accelerated the

construction schedule. Also, the existing concrete columns

could have been completely demolished and steel erected in
place of them to create a more predictable structure.

Figure 10: Temporary Connector Bridge

This analysis focuses on the elimination of the concrete piers and the substitution of a modified
steel truss system. The elimination of the temporary connector bridge will save the project
approximately $500,000 and create a safer environment for all parties involved. The first
accomplishment for this analysis to work is eliminating the pedestrian traffic through the center of the
construction site. After the rerouting of the pedestrians has been completed the site will be completely
open to accept a modified truss system, provided that the steel calculations are correct.

Pedestrian Rerouting

The Department of Aviation required that the pedestrians have the capability to travel between
terminals indoors. To avoid the construction and demolishing of temporary corridors the traffic can be
detoured to the bag claim area across the street that is connected to both existing terminals with
permanent bridges. The bridges that transport the travelers to the bag claim is supported be a moving
walkway that runs approximately 1.4 m/sec. The distance from one terminal to the bag claim is 300’;
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therefore the total detour is 600’. And the total time that a traveler would have to expend to make their
connection would be a little over four minutes.

m m S .
(600 ft) x (0.3048 f—t) x(1.4 ?) / (60 E) = 4.26 minutes

Also, for able bodied travelers one can simply exit the terminal
and walk under an outdoor covered walkway to the next
terminal with no delay.

Outside Path

—® Indoor Path

~==® Indoor Moving Walkways

Steel Truss Redesign

Previous Bridge Location

Originally work in the area surrounding the temporary Figure 11: Alternate pedestrian paths
bridge through the construction site was conducted between the
hours of 1am and 6am. With the elimination of the public traffic through the construction site work is
able to proceed during the daytime hours which is less costly for an owner and safer for the workers.
Also, with the absence of concrete columns for a more slender steel column space on the ground floor
will be available to store and install the complicated baggage handling conveyors.
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STAAD Pro was utilized to evaluate the e e s

A m BB G S61G

stability of a modified truss illustrated on the
previous page. Further structural results from STAAD
are shown in Appendix C. The truss was analyzed as
a simply supported beam and the maximum
deflection value, 0.707”, was compared to the L/360
value of 3.56”. Therefore the truss modification

Mr T ONNHMEL | #TET CRYT
[

appears to be plausible when analyzed as a simply
supported beam. With the original RFl issued for

shear appears be resolved by a steel connection -
extend to the W14X193. e

Figure 12: STAAD loading diagram

Node Displacement Summary
Nods L/C X Y Z Resultant rX rY rZ
(in} (im}) (in}) (im) (rad) (rad) (rad)
Max X 9 2:LOAD CASE 0.004 -0.112 0.000 0.112 0.000 0.000 0.000
Min X 1 4:GENERATEL -0.134 -0.085 0.000 0.159 0.000 0.000 0.000
Max Y 12 1:DEAD 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Min Y 4] 4:GENERATEL -0.071 -0.707 0.000 0711 0.000 0.000 0.000
Max Z 1 1:DEAD -0.019 -0.061 0.000 0.064 0.000 0.000 0.000
Min Z 1 1:DEAD -0.019 -0.081 0.000 0.084 0.000 0.000 0.000
Max rX 1 1:DEAD -0.019 -0.061 0.000 0.064 0.000 0.000 0.000
Min rx 1 1:DEAD -0.019 -0.081 0.000 0.064 0.000 0.000 0.000
Max rY 1 1:DEAD -0.019 -0.061 0.000 0.064 0.000 0.000 0.000
Min rY 1 1:DEAD -0.019 -0.061 0.000 0.084 0.000 0.000 0.000
Max rZ 1 1:DEAD -0.019 -0.061 0.000 0.064 0.000 0.000 0.000
Min rZ 1 1:DEAD -0.019 -0.061 0.000 0.064 0.000 0.000 0.000
Max Rst 4] 4:GENERATEL -0.071 -0.707 0.000 0.711 0.000 0.000 0.000
| =

The total number of trusses in the building is eight. The modification consists of:

Member Type | Member Length Weight
W14X120 19.96’ 2395.20 Ibs
W14X193 22.50’ 4342.50 lbs
W14X283 17.00’ 4811.00 lbs

Total weight | 5.77 tons
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The total weight for the entire modification would be 46 tons. Cost requirements for installation and
are assumed to be zero, requiring only the material be priced since the crane is already to be scheduled
onsite. Pricing information provided by RS Means 2009 at $2,338 per ton results in a total price of
$108,003. The cost for the modification is lower than the total cost of the temporary bridge
construction.

Conclusion

The ability for an owner to allow the change of pedestrian rerouting is difficult. Through the
evaluation of the schedule the temporary corridors appear not to affect the critical path. From the site
consideration for forming the slab on grade around the existing concrete columns to the lack of a fully
predictable steel structure, evaluation of the total time that could be saved is abstract; however,
approximately 27 working days were directly affected by the continual pedestrian traffic through an
active construction zone. Estimates of the total cost saving for this change would be approximately
$391,997; although, with a project cost of $185million this change would only represent 0.21 percent of
the total project. Therefore, | feel that in the public’s perception of a longer detour and potential to
miss a connecting flight it was in the best interest for the owner to provide a direct temporary path
between terminals.

The structural calculations as presented could be an area for further research. The truss system
was evaluated as a simply support beam, rather than how it interacts with the remainder of the
building. Also, there is a complex baggage handling and screening conveyor system on the first floor

. . - — " y T
which had yet to be fully designed at the ¥ InGmED SWEKIE" KR Te fomnbw -
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time of this report. Design on whether or LAt WBL BTV P &% BeRuAD Yo/

__mkige T Chpeied gt

not the conveyors could be supported from ; . ————
the floor or hang from the truss system é"

have yet to be determined. To date there b ppeinz r—:{, /

have been two such structural cases directly o Ewit
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together eliminated if the structure was

entirely steel.
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Figure 13: Steel modification
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Analysis Four — Alternative Glazing

With the ever rising energy costs in America, the need for an efficient building has become a
critical industry issue. The concern for the airport is that the architectural aesthetics may be
compromised with an attempt to create a more energy efficient building. To make the analysis even
more complicated the main thermal losses in a building occur at the exterior glazing, which happens to
be this buildings key feature. With more than half the building’s facade consisting of a glass curtain wall
this analysis focuses on two possible ways to keep the architectural feature and create a more energy
efficient building. The two systems researched are the use of a dual fagade and the plausibility of using
photovoltaic cells on the south facing portion of the buildings’ fagade.

Dual Facgade

The idea of dual fagcade has been around for over a hundred years, but has yet to fully break into
the American market. The Europeans have made use of the dual facade technique for some time now
with the foremost manufacturer Permasteelisa, located in Italy. The basic idea is to have airspace from
a few inches to a few feet to insulate the building. Additions to this idea have included shades to control
the amount of light entering the building, as well as, louvers on the top and bottom of the facade to
allow hotter air to vent through the top of the facade during the summer months. As the industry has
not fully adopted the method of dual-facades, there may be other modifications to this technique that
could be explored through further research. A current and local example of the use of a dual-facade is
at the University of Pennsylvania’s Levine Hall. "We realized we could achieve a nearly fully glazed
exterior envelope while meeting or exceeding energy code requirements," says Richard Maimon,
associate in charge with project architect Kieran Timberlake Associates, Philadelphia.(Gorden 2005)

Figure 14: Levine Hall, Pennsylvania University
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Advantages from the utilization of a dual facade for an airport setting include, but are not limited to:

e Noise reduction with the close proximity to the tarmac
e Improved insulation and reduced heating loads / costs
e Architectural intent is modified, rather than eliminated, for higher energy performance

There are many variations of how a dual facade can be implemented, for the purpose of this analysis the
facade will be defined as a naturally ventilated facade that relies on the stack effect with an airtight
internal facade and a non-airtight external facade. The facade is attached to the structure in a cantilever
fashion shown below.

Figure 15: Cantilever connection for dual-facade

Modification

The current curtain wall consists of %4” green VE2-55 #2 with a %" airspace and %” clear glass
interior. The performance specifications are presented in Appendix D and the manufacturer was
Viracon, Inc. to maintain consistence with the official specifications. To perform the analysis it will be
assumed that the existing glass will be used as the exterior of the double skin to maintain the
architectural aesthetics. However, from a constructability aspect the glass will only be laminated, rather
than the insulated. Therefore the airspace between panes will be reduced from %" to 0.030”. The
interior is uncoated %” clear glass with %" airspace in between panes (see Appendix C). To properly
control the temperature in the cavity there are louvers installed that can be open in the summer to
allow for the stack effect to exhaust the hot air and in the winter the louvers will close to allow for the
air to be continuously heated (see Figure 17). Application of the dual facade will occur on the south
facade only (8,650 sqft).



R-Value Calculation

Solarscreen Low-E (VE) Laminated Glass VE 2-55-—\.

Air Space

Uncoated Insulating Glass Clearg—_ | |

Figure 16: Dual-facade makeup diagram

The window make-up specifications identify both the summer and winter U-Values and the
resulting R-Values are reciprocated, illustrated in tables below.

Material

U-Value [

Btu ]
ft2-°F-hr

R-Value [

ftz-“F-hr]
Btu

Winter Conditions

Summer Conditions

Winter Conditions

Summer Conditions

Existing - Silk-
Screened Low-E

(VE) Insulating 0.310 0.290 3.23 3.45
glass (50%
Coverage V933)
VE 2-55

Material R Btu ft2°F-hr

U-Value [ . hr] R-Value [ T ]
Winter Conditions Summer Conditions | Winter Conditions | Summer Conditions

Exterior -

Solarscreen Low-E
(VE) Laminated
Glass VE 2-55

0.970

0.880

1.03

1.13

Y
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12" Airspace (sealed
in winter and open
in summer)

0.017

4.55

60

12

Interior - Uncoated
Insulating Glass
Clear

0.470

0.490

2.13

2.04

Totals:

0.016

0.066

63.16

15.17

The U-Values are used to calculate the total Btu/hr of heat loss depending on the season and the

temperature difference. By multiplying the U-value by the total square feet of the curtain wall a rough

estimation is found for the total corrective measures the air handling units will have to provide. The

mean temperature difference between the indoor temperature and the outdoor temperature is

assumed to be 55° in the winter and 19° in the summer, shown below (values are taken from ASHRAE

Fundamentals 2001.

Season | Outdoor Temperature | Indoor Temperature | Temperature Difference
°F °F °F
Winter 15 70 55
Summer 89 70 19
Winter U-Value [ Btu ] Temperature Area ft* Total 2%
Conditions St Fhr Difference °F hr
Existing - Silk-
Screened Low-E
(VE) Insulating 0.310 55 8650 147483.00
glass (50%
Coverage V933)
VE 2-55
Dual Facade 0.016 55 8650 7612.00
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Summer U-Value [ Btu ] Temperature Area ft* Total 2
Conditions ft='F-hr Difference °F hr
Existing - Silk-
Screened Low-E
(VE) Insulating 0.290 19 8650 47661.50
glass (50%
Coverage V933)
VE 2-55
Dual Facade 0.066 19 8650 10847.1
Exhaust to vent air, Exhaust cIosed,_m
Laminated Exterior _| Laminated Exterior _|
Insulated Interior —] Insulated Interior._‘fﬁ\
[ [—
Air exhausting
through cavity ] }
ouT i O QUT m i o
= ="'=F
Air trapped in
cavity -—xﬂi
Vents open m Vents sealed
Summer Months Winter Months
Figure 17: Dual-fagade seasonal operation sections
Impact of Change

The implementation of the dual- fagade reduces the heat loss in the winter by 32%, and in the
summer by 23%. Overall, the building appears to be more efficient. The total cost of the exterior
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facade, via a square foot estimate out of RS Means ($57.10 per sqft), is $493,915. The following table
illustrates the per year savings with the implementation of a dual-fagade.

Months | Btusaved with Dual Facade per | Cost per Million Total Savings
month Btu per month* per year
Winter 5 71.87 million $365.40 $131,309
Summer 7 26.51 million $936.30 $173,749
Total: $305,058

*Prices obtain from the US Department of Energy

Photovoltaic Cells

The airport already controls the amount of day lighting through the use of screen printed glass.
To increase the amount of light that the airport controls would be the use of photovoltaic glass. The
concept is that the glass is imbedded with tiny solar cells that can be integrated into the terminals
power supply. Unfortunately, the electrical demand of the building is so large that it may shadow the
potential benefit of photovoltaic cells. The possible downfall of the efficient aspect may create a unique
opportunity for the architectural aesthetics of the building. To this end, an example would be the
2l GREENPIX Zero Energy Media Wall in Beijing China. The story behind the
building is to represent the willingness of China to follow suit with the
rest of the world in becoming more energy savvy. The city is attempting
to have all public transportation to have a zero carbon footprint in the
coming years and this architectural feature to the building will accent
the forward-thinking mentality to all who visit this city. Also, this

2 analysis will further explore the use of a photo-catalytic coating on the
Fizure 18: GREENPIX glass. Photo-catalytic coatings (titanium dioxide) is used in combination
with ultraviolet light to break down dirt, keeping the glass clean for maximum potential from the
photovoltaic cells.

Architectural Modification

To maximize the photovoltaic collector’s potential they will be incorporated on the south facade
of the building, or airside. The management offices are located on the airside of the building and adding
the solar cells on the visible portion of the offices’ executive views would not be appropriate; therefore,
the airside facade will only have approximately 4725 ft* (438.95 m?)of space to install the cells. The cells
will be placed on the facade where the glass is only decorative and not transparent. Again, not to take
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away from the architect’s original aesthetic intention, Polycrystalline photovoltaic collectors from Ertex
Solar were chosen and would blend well with the existing glass.

Figure 19: Solar panel comparison to existing architectural glass

Thin films, such as Ertex THRU®, could have been used but the transparency of 10% would not offer the
interior offices sufficient lighting.

Calculations

The manufacturer specifications claim that the Polycrystallin has a power producing capacity of 125
W/m?. The photo-catalytic coatings ensure that the cells operate under optimal conditions. Another
advantage of the coating is there is no need to have window washers, since the glass is ‘self cleaning’, on
the south facing airside of the building which is a secured area.

Monthly Daylight Averages (hours)
(Data available on NASA’s website)

Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sept | Oct | Nov | Dec

Average | 9.68 | 10.7 11.9 13.2 14.3 149 | 14.7 | 13.7 125 | 111 | 10 | 94

Average output for January

1Kw
1000 W

9.68 h - 125 % - 438.95m? - .31 days = 16,465 kWh

Output per Months (kWh)

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Average | 16,465 | 16,439 | 20,241 | 21,728 | 24,323 | 24,526 | 25,004 | 23,303 | 21,262 | 18,880 | 16,461 | 15,989
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Output Comparison to Actual Building Demand
Total Solar Output per year: 244,621 kWh
Average Building Demand per year: 5,125,000 kWh
Supplemented Polycrystalline Impact: 4.8%
$26,052.10*
Educating the Public

Many people are aware of the current
energy crisis but are not educated as what can
actually be done to ease the demand on
typical fossil fuels. The idea of photovoltaic
cells producing enough energy to supply a
technologically complex building becomes
unrealistic. Therefore, these architectural
features can educate the public. The New

Jersey State Aquarium is an example of how Figure 20: New Jersey State Aquarium

the public can be introduced on how to make simple modifications to a building to accomplish moderate
energy efficient design in the future. The Aquarium has propellers located atop the building’s perimeter
that capture the air currents off the Delaware River. While guests wait in line to gain admission, similar
to waiting for a flight, there are placards located along the path that explain what the propellers are
designed to do.

With respect to the airport, a system similar to BIOHAUSE in Paderborn Germany could be used

to educate the publlc Wlth the cells placed on the south side, airside, of the building it may be difficult
- T to differentiate between glass and the actual solar

cells. Therefore, the landside of the building where
passengers are unloading and waiting on flights, there
could be a system of LEDs to illuminate the building,
as well as, placards explaining to the public the
advantages of solar power. The hope for this
architectural modification would be that the general
public eventually becomes aware of energy efficient
design, so that it may become common practice.

Figure 21: BIOHAUS Paderborn Germany
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Conclusion

The implementation of both dual-facades and photovoltaic cells are relatively young concepts in
the United States. The introduction of these practices depends on the cost of energy, according to
industry professionals in The Partnership for Achieving Construction Excellence. The two systems in this
analysis rely on ideal conditions and both have high frontend costs associated with them. The
installation of the double skin was found to be $493,915 and under the conditions of this analysis would
take less than two years to pay for itself. The cost of the photovoltaic system is moderately less than
the dual-fagade, but would not offer the owner significant returns for over 17 years after installation.
However, both systems could be incorporated into the building that is funded by the government and
consequently a key architectural feature of the city’s commitment toward energy efficient design. A
survey of industry professionals was conducted and the conclusion was that the systems are either too
costly or unknown of at this time. This is why it is important that the general public become aware of
the potential and it may result in more owners demanding green energy.
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Summary and Conclusions

The Depth, or first two analyses, looked at cost and schedule impacts and the potential savings
through the use of the IDC and panelized construction. Analysis One, Interdisciplinary Document
Coordination, explored the utilization of further document review in the beginning of a project to lessen
the number of RFls and change orders during construction. A detailed explanation of the IDC was
provided and a project specific example was explained. Through the use of RS Means and statistical
data from previous projects, the IDC was found to offer significant savings to justify the 10% fee for the
service. Analysis Two, Panelized Construction, weighed the potential benefits in term of cost and
schedule by replacing the architectural cast stone veneer with precast panels. Dimensional limitations
of the factory made panels concluded the manner in which a project team determines the best course of
erection is important to save both time and money. The cost was found to save the project
approximately $310,000. The schedule impact was inconclusive, since the veneer was not on the critical
path. However, the ability to have a less congested site without scaffolding for an extra 37 days is an
unguantifiable advantage to the project team’s success.

The Breadth topics, or last two analyses, looked at a structural and mechanical modification
without the architectural aesthetics of the building being compromised. Analysis Three, Pedestrian
Rerouting, dealt with relocating the travel path for the general public in hopes to create a safer site
while improving the structural predictability of the entire building. Utilization of computer software,
STAAD Pro, found that extending the truss and eliminating the existing concrete piers was plausible and
even would lower the total cost of construction by $391,997. Analysis Four, Alternative Glazing,
examined how the building envelope could be altered to create a more efficient building. The first
section looked at a century old construction technique of dual-facades and the associated thermal
advantages. The research revealed that the idea was not only cost effective but also had noise
reduction capabilities. Secondly photovoltaic solar cells were originally intended to productively aid the
buildings electrical demand. The findings showed that the percent change on the building demand was
too low and would significantly increase frontend costs with installation ranging from $6,000 -
$10,000/kW. The total cost of the system presented in the analysis would have incurred the project
$438,950 and the earliest the system would pay for itself would be 17 years. Therefore, the system
could be used to educate the public of the future building techniques that they may see in a world with
ever rising energy costs.
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The signs of the forces af end B of each beam have been reversed. For example: this reans thal the Min Fx eniry gives the largest fension
value for an beam.
Boam
i P
fin P
ax Py
i Fy
ax Pz
fin
ax
n M
ax
3
Max Mz 1
Min Mz Al

HE

G5 Fen0s 0%

e g2 st

[osTens 25 Fob-2009 1616

e
7|

HEEHBH B
5

Beam Maximum Moments

Boam | Node A

Langth UG
®

1 m

10500 [1DEAD |

SGENERATEL

AGENERATEL

EGENERATEL

BGENERATEL

TOENERATEL |

79051 | TDEAD

ZLOAD CASE

SGENERATEL

4:GENERATE

5GENERATEL
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Gherk (M sir2 st Jo=Toe 25 Feb-2009 16:16
Boom [Node A| Longth [ Wan Wz
(f (hig'in)
GGENERATEL G000
D000
T GENERATEC 0000
[
] Z 5389 | TDEAD 0000
0000
ZLOAD CASE 0000
0000
3 GENERATEC 0000
0000
S GENERATEC 0000
0000
5 GENERATEL 0000
0000
G GENERATEL 0000
0000
T GENERATEL G000
0000
0 3 15380 | 1DEAD G000
0000
2LOAD CASE 0000
0000
3.GENERATEL 0000
0000
4 GENERATEC 0000
0000
5 GENERATEC 0000
0000
6 GENERATEC 0000
G000
7.GENERATEC 0000
0000
5 T 5359 | 1DEAD 0000
0000
2LOAD CASE 0000
0000
SGENERATEL 0000
0000
T GENERATEL 0000
0000
5.GENERATEL G000
0000
6 GENERATEC 0000
G0
T GENERATEC 000
Port Trmaoan: G208 701 o Rn T
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S e i std. CusTome 25-Fab-2000 16:16
Beam Maximum Moments Cont
Boam [ Node A| Length e T
[} m | topy
fix +ve 0.000 0000
5 B V556 | TOEAD toxve D000 | o000
fax rve D00 | o000
ZLOAD CASE | Maxve [ oom| oooo]
o rve 000 | oo |
S:GENERATEL | Max -ve 0.000 0.000
fax +ve 0.000 0.000
H.CENERATEL | Max ve 0.000 0.000
hax +ve 0.000 0.000
SGENERATEL | Max v 0000|0000
fax +ve 0.000 0.000
E:GENERATEI | Max -ve 0.000 0,000
tax +ve [ oom| v
T:GENERATEI | Max -ve 000 0.000
e [ oom| oooo]
7 5 7556 | TDEAD e D000 | 6000 |
tax +ve 0.000 0.000
ZLOAD GASE | Maxve [ oom| oooo
fax rve 0000 | o000
S:GENERATEI | Max -ve 0.000 0.000
e 0000 | o0 |
A:GENERATEI | Max -ve 0.000 0.000
fax +ve 0.000 0,000
S:GENERATEIL | Max -ve 0.000 0.000
fax +ve 0.000 0,000
GGENERATEL | Max ve 0000|0000
tax +ve 0.000 0,000
T:GENERATEL | Max -ve 0.000 0.000
fox ve [ oo | oo
5 7 7556 | 1DEAD axve [ oo | oooo]
e [ oom| vooo
ZLOAD CASE | Max e D000 o000
ax +ve 0.000 0.000
SCENERATER | Max v 0000 | oo |
@ +ve 0000 o000
4:GENERATEI | Max -va 0.000 0.000
fax +ve 0000 oo
S:GENERATEI | Max -ve 0.000 0.000
fax +ve 0.000 0.000
EB:GENERATEI | Max -ve 0.000 0.000
Max $ve 0.000 0.000
TGENERATEL | Max ve [ oom | vooo
Max rve o0 | oo
5 0 7556 | TOEAD W ve o] vow
Max rua 000 o000 |
P R 7T "STARD Pro for Windows Relesss 2006 e
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7
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Boam | Nods A| Length e
)
TGENERATED
S:GENERATEL
E:GENERATEL
T:GENERATEL
13 5 22500 | 1:.DEAD
2LOAD CASE
SGENERATEL
FCENERATEL
5:GENERATEL
E:GENERATED
T:GENERATEL
0 72500 | TDEAD
FLOAD CASE
SCENERATEL
4 GENERATEL
S:GENERATEL
E.GENERATEL
T:GENERATEL
15 " 17.000 | 1:DEAD
ZLOAD CASE
SCENERATEL
A:GENERATEL

Pont Trma D, 25022008 1701
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Beam Maximum Moments Cont

Boam |Node A| Length Te Wan Wz
" (kipin)
ZLOAD CASE 0000
0000
5 GENERATEC 0000
"G00
S GENERATEL D00
Q00
B GENERATEL D000
0000
BGENERATEL | oo
0000
TGENERATEL | o]
0000
0 T 5368 | 1DEAD 0000
0000
ZLOAD CASE 0000
0000
3 GENERATEC 0000
0000
& GENERATEC 0000
G0
5 GENERATEC 0000
[
G GENERATEC 0000
0000
7 GENERATEC 0000
0000
] T 78250 | 1DEAD 0000
0000
ZLOAD CASE 0000
0000
SGENERATEL 0000
0000
T GENERATEL G0
0000
5 GENERATEC 0000
0000
6 GENERATEC 0000
0000
T GENERATEL CLI)
0000
iz 3 72500 | 1 DEAD 0000
0000,
ZLOAD CASE 0000
0000
S GENERATEC 0000
ot T TR 77 STAAD Pro for Windows Releass 2006 FanEaT
T T T
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Soas oot 1 PSIRE L
Ea "
o Cumi5Feb09  ©M
Gherk (M sir2 st Jo=Toe 25 Feb-2009 16:16
Boom [Node A| Longth [ ]
(f ] Mkipin)
GGENERATEL | Wax ve 6000] 0000 ]
iax +va 0000
6 GENERATEL | Wax ve 0,000
lax +va 5,000
T GENERATEL | Wax v 0.000
lax +ve 0.000
T z 72500 | 1 DEAD fax ve 0.000 000
lax +ve 0.000
2LOAD CASE | Max vo 0,000
fax ve 0,000
S GENERATEL | Max ve 0,000
ax v 000
SGENERATEL | Max ve
x ve
5 GENERATEL | Wax vo
ax v
6 GENERATEL | Wax vo
lax +va
7 GENERATEL | Wax ve
7 ] Z2500 | TOEAD | W 2
o
2LOAD CASE | Max -ve 0.
Max +va o
3 GENERATEL | Max ve
ax va
S GENERATEL | Max ve
x +ve
5 GENERATEL | Wax v
fax vve
GGENERATEL | Max vo
fax ve
7 GENERATEL | Wax vo
fax ve
e 3 22500 | 1DEAD fax ve
ax wve
ZLOAD CASE | Maxve
lax v
SGENERATEL | Maxve
fax e 000
S GENERATEL | Max e
fax +va 000
5 GENERATEL | Wax ve
fax +va
6 GENERATEL | Wax 0,000

P Tt Z42008 1701
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By Dung Feb 0o O
S e i std. CusTome 25-Fab-2000 16:16
Beam Maximum Moments Cont
Boam [ Node A| Length e
[} tpin)
0,000
TGENERATEL D000
5000
[ER ) 72500 | TOEAD [ oooo]
[oooa]
2L0AD CASE 0.000
0.000
SGENERATEL 0.000
0.000
4.GENERATED 0.000
0.000
S:GENERATEL 0,000
0000
E:GENERATEL 0.000
[ oooo]
TGENERATEL 5000
0.000
Fo 2500 | ToEAD [ vooo]
5000
2:LOAD CASE 0.000
[_oooa]
HGENERATEL 0.000
0,000
A:GENERATEL 0.000
0,000
5:GENERATEL 0.000
0.000
E:GENERATEL 0.000
0000
7GENERATEL 5000
000
I I LT K [oooo]
0.000
ZLOAD GASE [ oooa]
5,000
FGENERATEL 0.000
0000
4:GENERATEL 0.000
0.000
S:GENERATEL 0.000
0.000
GGENERATEL 0000
5000
T:GENERATEL 0.000
5000
P R 7T e
T o T
11
Sotms lemae 1) PSUAE s
T o
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Glork e g2 std [osTens 25 Fob-2009 1616
Boam | Nods A| Length e
)
2:LOAD CASE
SCENERATED
4:GENERATED
S:GENERATEL
E.GENERATEL
TGENERATEL |
s 0 7536 | TOEAD
ZLOAD GASE
SGENERATEL
A.CENERATEL
S:GENERATEL
B:GENERATEL
T:GENERATEL
5 B 7556 | 1DEAD
ZLGAD GASE
EGENERATEL
4:GENERATEL
S:GENERATEL
BGENERATEL
TGENERATEL
7 5 75560 | TOEAD
ZLOAD CASE
SGENERATED

Pont Trma D, 25022008 1701
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Beam Maximum Shear Forces

Distancas o maxima aro givor
Boam |NodaA| Length 3 a ] Wiax Fy
ful ip)
T T 10500 | 1DEAD W e 0000
Max e 0000
ZLOAD CASE | Wax vo G0
Max e 0000
S OENERATEL | Marve | oo
Max +ve 0000
TGENERATEL | Maxve | oo
Max +va 0000
SGENERATEL | Max ve oo
Max +ve 0000
G.GENERATEL | Max -ve 0000
ax v Q000
7 GENERATEL | Max —ve 0000
iax +va 000 0000
7 T 9581 | TDEAD T o0 ] 0000 ] o]
lax +va 000 0000
20D GASE | Max v o0 o000
ax +ve 000 0860
S GENERATEL | Wax vo 000 [
tax +va 000 0000
4:GENERATEL | Max ve 000 0000
fax +ve 000 0000
5:GENERATEL | Max -ve 000 0000
Max +ve 000 0000
6 GENERATEL | Maxve 000 000 0000
Wax +ve 00| 0000 0000
7 GENERATEL | Max ve 0000] 0000 0000
0000 0000
El B 0,000 G000
000 000 0000
2LOAD CASE | Wax ve 000 0000
lax +va 000 0000
3.GENERATEL | Max ve 000 0000
lax +va 000
4 GENERATEL | Max ve 000] 0000
e 000
5 GENERATE | Max vo 0000000
ax ve 500
6 GENERATEL | Max ve 000 000
ax ve 000 | 0000 |
T GENERATEL | Maxve 000
ix ve 000
* 5 5360 | 1DEAD o ve 000
ax v ow] @
ot T TR 77 STAAD Pro for Windows Releass 2006 Pt 0T
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Boam | Node A| Lengh 3
(f
FGENERATEL
B GENERATEL
GGENERATEL |
T GENERATEL
5 7 15368 | 1 DEAD
2LOAD CASE
3 GENERATEC
S GENERATEC
5 GENERATEC
G GENERATEC
7 GENERATEC
0 B 15360 | TDEAD
ZLOAD CASE
SIGENERATEL
TGENERATEL
5.GENERATEL
G.GENERATEL
7 GENERATEC
) 9 15369 | 1.DEAD
ZLOAD CASE 000
SGENERATEL 000
T GENERATEL
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Beam Maximum Shear Forces Cont.
Boam [Node A| Length e Wax Fy
" Gp)
S.GENERATEL | Max vo 0,000
v 0,000
GGENERATEL | Max o D000
v 5000
TGENERATEL | Max vo [
fax e 5,000
T T 5250 | TOEAD fax v 5,000
fax v 0,000
ZLOAD CASE | Max ve 0,000
fax s 0,000
SGENERATEL | Max va 0,000
fax +v 0,000
EGENERATEL | Max ve 0000
fax e 0,000
S:GENERATEL | Max ve 0,000
fax e 0000
GGENERATEL | Max ve 0000
o e 0,000
T-GENERATEL | Maz ve 0000
fax e 5,000
2 3 22500 | TOEAD o D000
fax e 0000
ZLOAD CASE | Mas vo 0,000
fax v 0,000
J.GENERATEL | Max vo 0,000
fax ove 0,000
FGENERATEL | Max v 0,000
ax tve. 0,000
S-GENERATEL | Max va 0000
ax rve. D000
BGENERATEL | Max ve 0,000
ax e 0000
TGENERATEL | Max ve 5,000
Ma vo D000
7T 3 22500 | TOERD [ ve | |__oooo]
Max +ve 0,000
2LOAD CASE | Max ve 0,000
Max va 0,000
SGENERATEL | Max ve 0,000
Max va 0,000
GENERATEL | Max o o[ 0000
Mo +ve 0000
SGENERATEL | Max ve 0000
Max tve. oo |
GGENERATEL | Max e 0000
o T 03000 1701 "STAAD Pro for Windows Releass 2006 P TaT
|_“ T ET) v
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Glork e g2 std [osTens 25 Fob-2009 1616
Boam |Node A| Length e ] Wax 2 [l Wax Fy
() i) {kip) (] (ip)
7 % 22500 | TOEAD. [Waxwe | 0000 o0u60| oomw| 3378
Wia vo G000 oow| 22si0| aars
ZLOAD CASE | Max ve G000 0000 o000 ieers
Max rve 000|000 22500 16875
SGENERATEL | Max vo 0000|0000 00| 4728
Max +ve oooo| owo| 0| wws
FGENERATEL | Max vo 0000 0000 0000 31050
Max +ve 0000 oooo| zzsio| -atos
S.GENERATEL | Max vo 0000 0000 0000 7025
Max ve ©o00 | oono| zasia| 70
GGENERATEL | Maxve | 0000]  0000|  0000]  +0s0 |
Max ve 0000 oono| zeson| o0
TGENERATEL | Maxve | 0000] 0000] 0000|3057 |
e 0000 00n0| zesua| 30sr
e 3 22500 | TOEAD 2 v G000 00| oowa| aars
v 0000 0000| zesa| ars
ZLOAD CASE | Max ve G000 | 00a0| 0000 | 16675
fax v 0000 0000 22500 16878
SCENERATEL | Max ve 0000 Oowo| ooe| 4ras
“n 0000 0000 50| 4728
FBENERATEL | Max ve 0000 o000 oooa| 3toso
) 0000 0000 22500] 3100
SGENERATEL | Max ve 0000 o000 oomo| 7025
e G000 0000 zosu0| -z0as
BGENERATEL | Max ve 0000 oooo| oom| o0
e 0000 | Oono| zasia| dosn
TGENERATEL | Max ve 0000 00m0| ooma| sosr
e 0000 | Oono| 22sma| aoer
™ O 22500 | TOEAD s vo 0000|0000 0| s9rs
o ve. 0000 | 00w | z2s00| 3378
ZLOAD CASE | Max va 0000|0000 _0000| 16875
tax +ve 0000 Oowo| 22800 iesrs
FGENERATEL | Mar va 0800 00| 0000| 4728
ax ve. 0000 0000 22s00| 47as
HGENERATEL | Max ve 0000 0000 0000 3100
tax +ve. 0000 0000 z2500| 31050
S:GENERATEL | Max ve 0000 | oooo|  oooa| z0ses
fax e 0000 o000 zeswo| 70925
GGENERATEL | Max s 0000 | Oouo| oot | oo
e 0000 O0n0| zesia| o0
TGENERATEL | Max ve 0000 | Oono|  ooma|  soer
e vo G000 0000|2500 aoar
20 7 2500 [TOEAD __ |Maxwe | OO00] 00| 0006 06000
Wax vo G600 __00a0| __000a| _6.000
ZLOAD GASE | Maz vo o000 oowo| oome| oo
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P 52

T e Fa
14
Softers oot PEUAE o
ToTee C
o CanigFeb0g  om
Clert e s st JomeTme 25-Feb-2009 16:16

Beam Maximum Shear Forces Cont.

Boam |Node A| Length Te a
" "
Max e 0000
TGENERATEL | Max ve o
ax ve 0,000
T 7 22500 | 1DEAD x e 0:000
fax +va 000
ZLOAD CASE | Wax ve 000 | 0.000 |
lax +va 000
SGENERATEL | Max -ve 000
lax +va 000
2 GENERATEL | Max v 000
lax +va 000
5 GENERATEL | Max vo 000
bax bvp 000
GGENERATEL | Max -ve 000
ax ve 000
7 GENERATEL | Max ve 0000000
e 000
w1 77000 | 1DEAD T 00
ax ve 000
ZLOAD CASE | Wax ve 000
fax +va 000|000
SGENERATEL | Wax va 000
lax +va 0000000
4.GENERATEL | Max ve 000
fax +ve 000
5 GENERATEL | Max -ve 000
jax va 000
G GENERATEL | Max -ve 000
lax +ve 000 000
7 GENERATEL | Max-ve 000
la +ve 000
0 B 2500 | 1 DEAD faxve 0000] 0000
x ve 000
ZLOAD GASE | Max vo 000 000
ax ve 0000000
S GENERATEL | Wax vo 000
fax wve 000
4:GENERATEL | Max ve 000
tax ove 000 | 0.000 |
5.GENERATEL | Max v 000
Max sve 000
6 GENERATEL | Max ve 0000000
Max +ve 000|000
7 GENERATEL | Max ve 0,000
Wiax e 0,000 000
ot T TR 77 STAAD Pro for Windows Releass 2006 Pt T
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Soas oot 1 PSIRE L
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Boom [Node A| Longth [ Wax Fy
(f {kip)
0000
SGENERATEL D000
0000
T GENERATEL o]
0000
T GENERATEL | oo
0000
GOENERATEL oo
0000
T GENERATEL o]
0000
il 10 0000
0000
2LOAD CASE 0000
0000
S GENERATEC 0000
G000
#-GENERATEC 0000
Q00
5 GENERATEC 0000
0000
6 GENERATEC 0000
0000
T GENERATEL 0000
o 0000

Beam Maximum Axial Forces

Disances fo masiva aw giver
Beam |Noda A| Length uc Max Fx
(1) {kip)

1 T 10,500 | 1DEAD 57550
2LOAD CASE 12750
HGENERATEL 920570
4.GENERATEL 809.480

Max e

S GENERATEL| sorem]
GGENERATEL 8060
T GENERATEL e
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By Dweis Feb 0o % By Ouni5Fep0 9%
S e i std. CusTome 25-Fab-2000 16:16 o " sw2.std I""‘""”’ 25-Fob-2009 16:16
Beam Maximum Axial Forces Cont
Boam [ Node A| Lengih e | Waxx Boam |Node A| Longth
[} L
2 1 19.981 | 1:0EAD fax ve Max +ve
12 ve SGENERATEL | Maxve |
TLOAD CASE | Max ve Maxvve | 0000
2 ve. TGENERATEL | Maxve | |
SOENERATEL | Max v G000 | 3ss6s Waxvva | 0000
ax e SGENERATE [Marwe | |
4:GENERATEI | Max -va 0.000 | 236350 Max +va 0.000 -7.487
Max wve SCENERATE [Marve | |
TGENERATEL | Maxve | 0000 | 150279 Waxwva | 0000] iast
M sve TOENERATE [Maxve | |
BGENERATEL |Mexve | 0000] 50828 | Maxwve | 0000|1088
Max +ve [ 5 15.389 | 1:0EAD Max -ve 0.000 1.208
TOENERATEL | Maxve | 0000] 23171 Max +va
tax +ve 2ILOAD CASE | Max -ve. 0.000 8.046
3 7 75300 | TDEAD e
ox ve S GENERATEL
2:1L0AD CASE | Max -ve
e TGENERATEL
SCENERATER | Max ve
lax +ve 0.000 16543 5:GENERATEL 0.000 7407
FGENERATEL | Max vo
lax +ve 0.000 | 102137 & GENERATEL 0.000 1451
S:GENERATEL | Max -ve
lax +ve 0.000 -68.832 T:GENERATEL 0.000
E:GENERATEI | Max -ve
fax +ve 0.000 13322 T & 15.389 | 1:.0EAD 0.000 8684
T:GENERATEI | Max -ve
ax 4ve 0.000 -8992 2LOAD CASE 0.000 43418
7 ] 7556 | 1BEAD e ve Cooo | Tr10
s e 5 GENERATEL o] 12157
ZLOAD GASE | Maxve 00| 55809
e SGENERATEL 00| 7ases
S:GENERATEL | Max -ve 0.000 15543
e SGENERATEL ] TR
F.CENERATEL | Max ve G000 | 702137
lax +ve 6:GENERATEL 0.000 10420
E.GENERATER | Max ve
fax +ve. T:GENERATEC 0.000 7818
GGENERATEL | Max vo o000 | 13323 |
Max +ve [ L] 15389 | 1.DEAD
T:GENERATEL | Max -ve 0.000 9992 0.000 -8.684
Max sve I 2LOAD CASE —
g D 75569 | 1DEAD W ve oo | 43418
Max +ve 10.000 -1.209 3GENERATEL
FLOAD CASE | Maxve — oo | 2 e7 |
P R 7T "STARD Pro for Windows Relesss 2006 PRI P T BN T STAAD Pro for Windows Releass 2006
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Boam |Node A| Length e ] Wiax Boam | Node A| Lengh [ @ Han Fx
i) i) {kip) (f L] {kip)
TGENERATEL | Max ve e +oe, 6,000 135578
Wia vo 00| omas G GENERATEL | Wax w0 | I
SGENERATEL | Max ve Miax v 0000 38220
Max rve G0 | 53838 TGENERATEL [Waxwo | | |
BEENERATEL | Max o ax +ve 0000] 1@e71
Max e 0000 | 10420 iz 3 22500 | 1DEAD fax ve
T-GENERATEL | Max vo fax +ve
Max +ve 0000 | 7a1s 2LOAD CASE | Max-ve
g O 15,389 | 1DEAD Max vo 0000 18576 lax +va
Max +ve S GENERATEL | Max -ve
ZLOAD CASE | Maxve G000 | _uzes lax +ve 0000] 53525
ax tve. #/GENERATEL | Max ve
SGENERATEL | Max va G000 | 26007 iax e 0,000 | 380421
ax rve. 5 GENERATEL | Max ve
FGENERATEL | Max o fax +va 000 | 236151
ax tve 6 GENERATEL | tax ve
SGENERATEL | Max va 600 | 116174 lax +va 000 | 48707
ax +va 7.GENERATEL | Max vo
ECENERATEL | Max ve G000 | 2220 fax ve
ax +va 7T 5 Z2500 | 1DEAD fax ve
7.GENERATEL | Maxve 0000|6718 fax sve
ax v 2LOAD CASE | Max vo
10 ] 15369 | TOEAD i ve fax va
= G000 | 18578 S GENERATEL | Maxve
ZLOAD CASE | Max ve ax ve 0000 55600
e rue 000 | samaz TGENERATEL | Wax ve
SGENERATEL | Max ve fax e 0,000 | 368666
v G0 | 26007 5 GENERATEL | Wax ve
FGENERATEL | Max vo ax v 0000 | 247118
ax v, 000 G.GENERATEL | Max ve
F-GENERATEL | Max vo lax +va 0000 47820
ax +ve 0,000 7 GEMERATEC
EGENERATEL | Max ve
ax ve. 0000 £z 7 72500 | TOEAD |
7:GENERATEL | Max ve
tax +ve. 0000 1671 ZLOAD CASE
0 7 2825 | TDEAD faxve
ar tve. 0000 | 21857 3 GENERATEC
ZLOAD CASE | Max s
v 0000 | 100286 S GENERATEL
SGENERATEL

5 GENERATEL

S GENERATEL

BGENERATEL

SGENERATEL
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Wax Fx
(kip)
T-GENERATEL | Max vo
Max e 0000 | 2a4ds
[ 77,000 | TOEAD W e Coo0 | onoo
Max e
ZLOAD GASE | Max ve
fax ve. 0000|0000
FGENERATEL | Max vo 0600|0000
ax rve.
TGENERATEL | Max ve 0800|0000
ax +ve.
EGENERATEL | Max va 0000|0000
BT
BGENERATEL | Max ve G000 | 00e0
Max ve
F-GENERATEL | Max ve 0000 | 0000
Max va
3 z 7500 | TOEAD Mk ve 0000 29973
o e
ZLOAD CASE | Maz ve 0000 |49 866
ax rve.
SGENERATEL | Max vo 0000 [ ai8es
i rve
FGENERATEL | Max vo 0000 |_ 275758
tax +ve
S.GENERATEL | Max vo 0000 | 185834
fax ove
GGENERATEL | Max ve 0000 | 35908
ax tve.
T-GENERATEL | Max va 00| sa7e
ax rve.
7 0 22500 | TOEAD e G0 |_sears
ax rve.
ZLOAD CASE | Max ve G000 | 164 866
ax v
SGENERATEL | Max ve 0000 | sasez
v
4CENERATEL | Max ve 0000 | 358884
fax v
SGENERATEL | Max ve 0000 | 2a163
Max e
BGENERATEL | Max o o000 | 36768
e
7-GENERATEL | Max ve 0000 35076
Mz e
o a3 22500 | TDEAD Miax ve
o T 03000 1701 "STAAD Pro for Windows Releass 2006 e
T £ o
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Sotmma et o PERE u
e ol
O DsmsFeb09 O
Chert [P szt [osTens 25 Fob-2009 1616
Boam |Node A| Length e
i)

SGENERATEL

4GENERATEL

SGENERATEL

BGENERATEL

7.GENERATEL

R ion Summ

Horizontal
WaxFX |12 | TDEAD [
in FX TOEAD
i Y S GENERATEL
in FY LOAD CASE |
e FZ DEAD.
nFz DEAD.
[Max ¢ DEAD.
fin WX. DEAD.
Max MY DEAD.
Win bV DEAD.
Max MZ DEAD
Min MZ DEAD.

0.000

Vertical | Horlzontal Moment
il I N R A -
M)
| 671050 |

0.000

Pont Trma D, 25022008 1701
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Boam [Node A| Longh e T Wt
o ™ thip)
Wax ve
ZLOAD CASE | Max—ve | 0000] 16755
Max e
SGENERATEL | Maxve | 0000] 46813
Max e
TGENERATEL | Marve | 0000 | 3a875
Max ve
SCENERATEL | Mar ve G000 | _zories
Marva
G GENERATEL | Waxve oo | et
Mar e
7 GENERATEL | Max vo o] 30158
Max ve
™ | ® 72500 | 1DEAD fan e 0000 | 13560
tax e
ZLOAD CASE | Max ve oo | e7s0z
tax e
SCENERATEL | Maxve o0 | e013
fan e
TCENERATEL | Max e G000 | 124838
fax e
SGENERATEL | Mo ve G000 |_saee
fax o
GENERATEL | Marxve 0000
fan e
7 GENERATE | Max -ve 00| 12222
far e
FT I 72500 | 10EAD fon o 0000 671050
fax e
ZLOAD CASE | Max ve G000 | _s0750
faxve
S GENERATEL | ax ve
x v
T GENERATEL | Max v
ax vve
SGENERATE | Max-vo [
fax +ve.
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Appendix D: Glazing Specifications
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ATRPORT TERMINAL
EXPANSION - EASTERN
UNITED SATES

PAUL YINGLING AE SENIOR THESIS 20009

Make-Up Sheat

Silk-Screened Low-E (VE) Insulating Glass (60% Coverage

V933)
VE 2-55

L et e et N

Notes:

1/4" (6mm) green VE-55 #2 and 50% Coverage V933 #2

1/2" (13.2mm) airspace
1/4" (6mm) clear

Product
Transmittance
Visible Light
Solar Eneragy
Ultra-\iolet*
Reflectance
Visible Light-Exterior
Visible Light-Interior
Solar Energy
ASHRAE U-Value
Winter Nighttime
Summer Daytime
European U-Value
Shading Coefficient
Relative Heat Gain
Solar Factor (SHGC)
LSG

* Ultra-viclet defined as 300 to 380 nanometers (nm)

VE 2-55

22%
10%
3%

10%
18%
8%

0.31 Btu/thr x sqft x °F)
0.29 Btu/thr X sqft x °F)
16

0.21

47 Btu/hr ¥ saft

0.18

1.22

http: ffwaww. viracon.com/makeupsheet php?id=4819 (1 of 2) [3/12/2009 5:04:04 PM]
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ATRPORT TERMINAL
EXPANSION - EASTERN
UNITED SATES

PAUL YINGLING AE SENIOR THESIS 20009

Make-Up Sheat

Solarscreen Low-E (VE) Laminated Glass
VE 2-55

Notes:
1/4" (6mm) green VE-55 #2
030" (.76mm) PVB

1/4" (6mm) clear

Product VE 2-55
Transmittance
Visible Light 42%
Solar Eneragy 19%
Ultra-\iolet* <1%
Reflectance
Visible Light-Exterior 8%
Visible Light-Interior 12%
Solar Energy 8%
ASHRAE U-Value
Winter Nighttime 0.97 Btu/thr x sqft x °F)
Summer Daytime 0.88 Btu/thr X sqft x °F)
European U-Value 54
Shading Coefficient 0.49
Relative Heat Gain 110 Btu/r x sqft
Solar Factor (SHGC) 0.42
LSG 1

* Ultra-viclet defined as 300 to 380 nanometers (nm)

http: ffwaww . viracon.com/makeupsheet php?id=3709 (1 of 2) [3/12/2009 10:19:00 PM|
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ATRPORT TERMINAL
EXPANSION - EASTERN
UNITED SATES

PAUL YINGLING AE SENIOR THESIS 20009

Make-Up Sheat

Uncoated Insulating Glass
Clear -

Notes:
1/4" (&mm) clear
1/2" (13.2mm) airspace
1/4" (6mm) clear

Product Clear -
Transmittance
Visible Light 79%
Solar Eneragy 61%
Ultra-\iolet* 46%
Reflectance
Visible Light-Exterior 14%
Visible Light-Interior 14%
Solar Energy 11%
ASHRAE U-Value
Winter Nighttime 0.47 Btu/thr x saft x °F)
Summer Daytime 0.49 Btu/thr X sqft x °F)
European U-Value 28
Shading Coefficient 0.81
Relative Heat Gain 169 Btu/hr x sqft
Solar Factor (SHGC) 0.7
LSG 112

* Ultra-viclet defined as 300 to 380 nanometers (nm)

http:/fwaww viracon.com/makeupsheetphp?id =324 (1 of 2) [3/12/2009 5:01:34 PM]
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