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EXECUTIVE SUMMARY 

 
KGB Maser is one of three IPD/BIM Senior Thesis Teams for the 2010-2011 Senior Thesis.  In the second year of 
Penn State Architectural Engineering Department’s IPD/BIM Thesis, KGB Maser hopes to provide insight into 
Integrated Project Delivery methods and Building Information Modeling programs throughout the course of their 
investigation of Penn State’s Millennium Science Complex.  The team consists of Jason Brognano, Michael Gilroy, 
Stephen Kijak, and David Maser.  Collectively, KGB Maser has analyzed redesign options that not only improve the 
building, but impact each team member’s disciplines.  The team consists of a lighting/electrical engineer, 
mechanical engineer, structural engineer, and a construction manager.   
 
The major points of emphasis the team has decided to focus on in the following report are as follows: 

I. Façade Redesign 
II. Reduction of Energy Consumption 

III. Value Engineer systems to Fund Alternate Systems 
 

Redesigns of the existing facade will focus on improving the façade’s function, constructability, and its impact of 
the façade on the structural system.  Lighter precast panels will be investigated to evaluate the impact on the 
schedule.  The lighter precast panels’ impact on the thermal envelope and the load on the structural system will be 
considered. The use of phase changing material (PCM) in glazing and wall construction could potentially be an 
innovative way to design a sustainable yet passive envelope.  Additional daylighting and glazing redesigns of the 
façade are also detailed in this report.  
 
Reducing the energy consumption of a laboratory building is a daunting task.  Laboratories spaces within the 
Millennium Science Complex necessitate stricter HVAC parameters and invoke higher energy consumptions than 
other buildings such as office buildings.   100% outdoor air requirements increase the energy needed to condition 
incoming air in extreme weather conditions.  Fume hoods within the labs are connected to a dedicated exhaust 
system which drives the cooling loads of the spaces.  The primary redesign of the HVAC system to reduce energy 
usage involves the replacement of the current variable air volume system (VAV) with a dedicated outdoor air 
system coupled with chilled beam cooling and radiant floor heating.  This system will replace the Office VAV AHUs 
and will be investigated in the future for application within the labs. 
 
 The final point of emphasis during KGB Maser’s proposal process is to value engineer current systems for the most 
efficient design and analyze applying savings to the funding of alternate systems which may have higher initial 
costs but economical payback periods. 
 
The following report summarizes the initial ideas of each discipline and their impact on the Millennium Science 
Complex as well as points of coordination with other systems within the building.  Integrated Project Delivery 
methods of inter-disciplinary communication, discussions, and decision making will lead to successful redesigns.  
Building Information Modeling is a tool that KGB Maser plans to use to further develop the suggested redesigns to 
determine the most effective, holistic solution. 
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EXISTING CONDITIONS 

Façade Existing Design 

The architectural precast panels that are used on Millennium Science Complex consist of split face brick, backed 

with 6” of 5000 psi concrete.  A drawing for sample precast panels can be found attached in Appendix A.  The 5000 

psi concrete is specified in Specification 03451 Section 2.09 Mix, under Design Mix.  Specification 03451 is attached 

in Appendix B. 

The precast panels are attached to the structure through two types of connections.  The gravity load of the panels is 

attached to the steel structure through a seat connection, and the panel is also connected through a threaded 

connection so that there is also a connection to prevent the panel from shifting in and out.  Both connections are 

pictured in the details below. 

 

 

 

 

 

 

 

Figure 1: Precast Panel Connection Details 
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The architectural precast panels are being fabricated in 

York, PA and shipped to Millennium Science Complex via 

tractor trailer, one at a time.  When the panels arrive on 

site they are lifted off of the truck and lifted directly in 

place.  This method is able to help eliminate extra staging 

space for the material.  The scheduled output of each day 

for hanging the precast was 10-16 pieces per day.  One of 

our goals is to increase this rate per day.  Figure 2 is an 

image of the precast panels being lifted off of the trailer 

and directly into place.  Currently, the panels do not 

occupy the entire length of the trailer, and we see this as 

room to improve the design of the panels. 

The current architectural precast panels have a few standard sizes, with the nominal panel being 12’X22’ in a “C” 

shape design that weighs 23,000 lbs.  One of the issues regarding the precast panels is the sheer weight of the 

panels.  Each panel is a total depth of 1’-5” with the thickness of the “C” shape being 6”.  In order to reduce the 

weight of the panels, three different design options will be investigated.  Shown below is a picture of the mock-up 

that was built for the building enclosure systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Precast Panel Site Delivery & Installation 

Figure 3: Enclosure Mock-up 
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Daylighting Existing Conditions Review 

In its current state, the Millennium Science Complex employs three daylighting tactics – fritted glazing, overhang 

usage, and dimmable electric light.  The fritted glazing consists of 70% transmissive glass with ceramic circles baked 

into the surface, which further decreases transmittance of the glass.  It is unclear on which surface the frits are 

mounted and they interact with occupant view to the outside.  The use of overhangs appears in two places – 

recessed glazing and a louver.  The glazing is mounted toward the inside face of the exterior wall to utilize the 

underside of the panels above.  This trims away very high angle direct sun.  The louvered overhang is used similarly 

to the recessed glazing.  It blocks high angle direct gain for each façade.  Upon further investigation, however, it is 

apparent that the louver has more of an architectural use than a daylighting use. 

The glazing as well as the addition of an interior light shelf will be examined for this report.  We will examine the 

current shading situations, examine the effects of a different glazing option for both the view glazing and clerestory 

glazing, and examine the addition of a light shelf on the inside of the glazing.  Each of these options has impacts on 

other disciplines within the building process.  These interactions will be discussed throughout each design 

alternative. 

 

Current Shading 

The building is oriented approximately 52° counter clockwise from magnetic north.  State College, PA is in a region 

of the United States that is approximately 11° from true north.  These rotations work out to the Millennium Science 

Complex being oriented in the following fashion: 

 

Figure 4: Building Orientation 
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The worst shading conditions are in the following images.  One feature of the ends of each wing is the large 

trellised overhang.  This overhang proves useful in summer months as it blocks higher angle sunlight from 

penetrating the building, but has no real use outside of summer months. 

 
Figure 5: Material Science End Summer – 6/21 6:00AM 

 
Figure 6: Life Science End Summer – 6/21 6:00AM 

 
Figure 7: Material Science End Winter – 12/22 9:00AM 

 
Figure 8: Life Science End Winter – 12/22 10:00AM 

 
Figure 9: Material Science Corridor Summer – 6/21 7:00AM 

 
Figure 10: Material Sci. Corridor Winter – 12/22 11:00 AM 
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Figure 11: Life Science Corridor Summer – 6/21 6:00AM 

 
Figure 12: Life Science Corridor Winter – 12/22 9:00AM 

 
Figure 13: Café Summer – 6/21 7:00AM 

 
Figure 14: Café Winter – 12/22 9:00AM 

 

Secondly, the louvered overhang does not provide much protection from high angle sun on long sides of the 

building.  As seen in the images below, daylight still penetrates into the space even on the highest altitude and 

profile angle days.  The large trellised overhang does block these high angle rays, but it is not perfect. 

 
Figure 15: Material Science end high profile angle block 

 
Figure 16: Life Science end high profile angle block 
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Existing Mechanical System Review 

The Millennium Science Complex is equipped with an efficient, reliable, and energy conscious mechanical system.  

Campus steam and chilled water lines are used as the source of heating and cooling.  This eliminates the need for 

spacious equipment such as boilers and chillers that consume large amounts of energy.  Steam pressure is reduced 

from the incoming pressure of 140 psi to medium pressure steam at 60 psi and low pressure steam at 15 psi.  Steam 

is used for sterilization, other process loads, and in heat exchangers that create the hot water used in VAV reheat-

coils. Three variable speed split case pumps are used in junction with a jockey pump to deliver chilled water 

throughout the building.  

Air is distributed to the laboratories from a 100% outdoor air VAV system.  There are a total of five laboratory 

AHUs, each sized at 50,000 CFM.  Laboratory spaces were required to have 100% outdoor air in order to help 

ensure that ongoing experiments were not altered or tainted by recirculated air.  Similarly, the animal holding 

facility areas and clean room are served by 100% outdoor air AHUs to ensure proper indoor air quality.  Phoenix 

venture valves are used to ensure proper ventilation and pressurization with these systems. 

Enthalpy wheels were used to recover energy from laboratory exhausted air and heat recovery coils were used on 

the animal holding and clean room AHUs. A dedicated fume hood exhaust system removes contaminated air from 

laboratory fume hoods and directs them straight out of the building. Three other 40,000 CFM VAV systems serve 

the supporting office and common area spaces.  These areas do not require 100% outdoor air therefore office AHUs 

are specified to use 15% outdoor air. 

An initial space-by-space Trane TRACE energy model was constructed for solely the third floor of the building to 

provide a baseline model for future comparisons.  The graph and table below break down the energy usage from 

the third floor. 

Table 1: 3
rd

 floor Existing Energy Data 

 Existing Design 

Electricity  
(kWh/yr) 

684,280 

Purchased 
Chilled Water 
(therms/yr) 

28,705 

Purchased Steam 
(therms/yr) 

24,119 

Energy Intensity 
( kBTU/ft

2-
 yr) 

172.2 

Operating 
Annual Cost 

$123,754 

 

 

 

 

Figure 17: Existing Energy Breakdown 
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Existing Structural Design Review 

Foundations 

The foundation of the Millennium Science Complex utilizes a system of pile caps, micropiles and grade beams.  Each 

column terminates at a pile cap on grid lines spaced twenty two feet apart in a square pattern, as seen in Figure ##.  

Groups of micropiles continue from the pile caps and make their descent through the soil allowing friction to carry 

the load of the building.  Each of these pile caps are connected by grade beams which help to prevent differential 

settlement, a crucial design consideration for a laboratory building.  

 

 

Figure 18: Foundation Grid showing Pile Caps and Grade Beams 

Figure 18 shows pile caps positioned at every grid line corresponding to the location of the columns.  Columns 

transfer their load into these pile caps and then into micropiles.  Grade beams connect the pile caps in a grid 

pattern.  Several of these pile caps are enlarged and highlighted in blue; they serve to distribute the load from the 

cantilever.  Also seen here is a section circled in red which does not contain pile caps due to the presence of three 

isolation slabs. 
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Floor System 

A composite floor system with typical 22 foot square bays forms the floor system for the Millennium Science 

Building.  A typical floor layout for the wings contains a centralized corridor surrounded by rooms on either side.  

Those perimeter spaces are generally divided into either laboratories or offices.  The floor loads are handled by 

three types of composite decking used throughout the building, highlighted in figure 19, the most common of which 

is a 3 inch 18 gage deck with 3¼ inch light weight concrete topping.  The concrete decking is supported by W21 

beams and W24 girders which frame into W14 columns, at the intersection of each grid line.  Beyond the typical 

dead and live loads, there are specialty loads from the green roof, mechanical equipment, and the pedestrian traffic 

at the entrance which call for increased slab strengths.  A 3 inch metal deck is used with a 7 inch normal weight 

concrete topping immediately below the cantilever where pedestrian traffic is heaviest as people enter and exit the 

building, and a 4½ inch normal weight topping is used to support each green roof.  These hallways call for a slightly 

higher ceiling so W18 beams are used in the center bay of each frame. 

 

Figure 19: Typical Floor Layout 

Seen above is the second floor plan of the Millennium Science Building.  Highlighted in green and blue are the 

different decks used on occupied floors; they represent the green roof and interior floor, respectively, of the second 

floor.  This plan is used as an example of a typical layout, being lightweight concrete used for the accessible spaces 

and normal weight concrete used for areas with specialty loads such as the green roof or mechanical penthouse.  

The area highlighted in red represents the plaza landscape under the cantilever.  The yellow lines running through 

the center of each wing call out the central corridor. 
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Specialty Systems 

To cope with the massive stresses induced by the 150 foot overhanging cantilever, a truss design was used to 

handle the gravity forces.  Gravity loads start from the tip of the cantilever and are transferred into the diagonal 

compression members.  Continuing on the load path, the truss feeds into a 30” shear wall integral with the truss 

frame.  The loads from the diagonal compression members get carried into the shear wall and transfer into the 

foundation.  The load is handled by 10 points in the foundation; one of the two identical frames is shown in figure 

20.  These enlarged pile caps and grade beams act in compression and tension on the soil, using the micropiles as 

an anchor. 

 

Figure 20: Special Systems load distribution 

Shown above is one of the four truss frames dedicated to supporting the cantilever.  The members highlighted in 

blue are under compression; the red members are under tension.  The shear wall is highlighted in yellow and 

provides added stiffness to the frame where foundational reactions change from positive to negative directions.  

The green distributed load represents gravity loads on the frame.  This frame is located at grid line B. 
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PROPOSED INTEGRTAED SOLUTIONS  

KGB-Maser has identified redesign goals that revolve around holistic improvements to the Millennium Science 

Complex. The main challenge of the redesign is to produce holistic and sustainable solutions.  Communication and 

teamwork among the four disciplines, construction management, structural engineering, mechanical engineering, 

and lighting/electrical engineering will be crucial to the success of alternate systems. 

The following topics expand on the overall goals of the redesign.  Each discipline’s expertise has and will continually 

be involved in each redesign focus.   

 

FAÇADE REDESIGN 

Precast Panel Redesign  

The current design of the façade and architectural precast panels is not the optimum configuration from a 

constructability standpoint, for daylight utilization, or solar shading in some cases.  The redesign of the façade will 

require the attention of all group members. 

With the architectural precast panels being investigated, any changes to the façade will have to be examined with 

respect to upfront direct costs, life cycle cost analysis, potential maintenance issues, and how the redesign will 

affect constructability and schedule.  It is vital to realize that many systems may cost more up front, but provide 

benefits to the owner within a payback period.  It is up to the owner to decide on an acceptable payback period for 

which they desire to invest in. 

It is important to the Millennium Science Complex and The Pennsylvania State University that the building 

maintains its appearance as a signature building on campus.  Any redesign of the façade will keep in mind the goal 

of creating a modern, signature building as well as utilizing a brick appearance to match the surrounding 

architecture of the campus.  There are three main options that KGB Maser will use to lighten the precast panels of 

Millennium Science Complex. 

The first option that will be investigated to lighten the precast panels is the redesign of each panel.  The precast 

manufacturer will be consulted with to find the minimum thickness that the panels need to be, in order to hold the 

split face brick and to withstand the wind loads.  This will limit the weight of each panel, which will have a direct 

impact on the structure, thermal envelope, and could have an impact on the schedule. 

The second option that will be investigated to lighten the precast panels is the use of a foam core in the precast 

panels.  If the panels were to have a foam core inside of the “C” shape panel, this would severely lighten to the 

weight of the panel and have the same effects as option one. 

The third option that will be investigated to lighten the precast panels is the use of a lightweight concrete mix.  

Currently the panels are being made with 5000 psi in accordance with Specification 3400.  The precast panels are 

simply a gravity dead load on the structure, and they do not need to have high strength concrete for wind loads.   
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The three options above will be consulted with precast panel manufacturers and structural engineers for 

consideration.  It is possible that any of these three options will be used in the final proposal, or a combination of 

one, two, or three of them. 

After completing extensive research, consulting with industry professionals, and developing designs, it is believed 

that a precast split face masonry system will be able to be designed that will lighten the structural loads, provide 

energy saving benefits, help with constructability/schedule, and architectural appeal.   

 

Daylighting Redesign 

Glazing Option: Spectrally Selective 

The ultimate goal of architectural glazing is to be spectrally selective.  This means all possible visible light enters 

through the glazing and none of the long wavelength (infrared) or short wavelength (Ultraviolet) radiation enters 

the building.  The graph below illustrates the ideal glazing. 

 

Products are available that compare to the ideal curve shown above.  However, there are sacrifices made when 

manufacturing glazing that is close to the “ideal” curve.  Most of the costs appear in the visible transmittance of 

the glass.  The following graph shows “solar control low-e coatings” for three types of magnetic sputtered vacuum 

deposition (MSVD) coatings 
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When compared to tinted or “moderate” spectrally selective glazing, the “solar control low-e” glazing more closely 

matches the ideal glass type transmission curve.  The graphs for tinted and “moderate” spectrally selective glazing 

are shown below. 
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One glazing option under investigation includes PPG Triple Silver Solar Control Low-e glass.  The glass properties are 

as follows: 

 Winter U-Value – 0.28 

 Visible Light Transmission – 64% 

 Solar Heat Gain Coefficient – 0.27 

 Light to Solar Gain Ratio – 2.37 

This glass outperforms traditional glazing types and does not have frits that decrease view for the occupant.  A 

study of environmental performance criteria for both coated and uncoated glass by PPG is summarized in the 

following table: 

Table 2: Energy and Environmental Performance Criteria 

Glass Type  Winter U-Value VLT SHGC  LSG  

Uncoated Glasses 

Clear Glass  0.47 79%  0.70  1.13  

Ultra-Clear Glass (Low-iron glass)  0.47 84%  0.82  1.02  

Blue/Green (Spectrally Selective) Tinted Glass  0.47 69%  0.49  1.41  

Coated Glasses 

Pyrolytic Low-E (Passive Low-E) Glass  0.35 74%  0.62  1.19  

Triple Silver Solar Control Low-E  0.28 64%  0.27  2.37 

Tinted Solar Control Low-E  0.29 51%  0.31  1.64 

Subtly Reflective Tinted  0.47 47%  0.34  1.39 

Blue/Green Reflective Tinted  0.48 27%  0.31  0.87  
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This study also included switching from dual pane tinted glass to triple silver glass for an office building and a 

school in each of twelve different cities.  The buildings examined have the following characteristics: 

270,000 square-foot, eight-story office building  
Punched window  
 Total window area: 33,418 ft

2
 

 Total wall area: 56,640 ft
2
 

 Window to wall ratio: 59% glass 
Window wall  
 Total window area: 50,976 ft

2
  

 Total wall area: 56,640 ft
2
  

 Window to wall ratio: 90% glass 

200,000 square-foot, one-story school 
Punched window  
 Total window area:18,863 ft

2
  

 Total wall area: 63,520 ft
2
  

 Window to wall ratio: 30% glass 
Window wall  
 Total window area: 45,027 ft

2
  

 Total wall area: 63,520 ft
2
  

 Window to wall ratio: 71% glass 
 

The variables in each energy model are: 

• Total Electric Consumption (kWh) 

• Total Natural Gas Consumption (therms) 

• Peak Cooling Load (tons) 

• Peak Heating Loads (kBtu/hr) 

• Total Supply Airflow (cfm) 

• Total Electric Cost ($) 

• Total Natural Gas Cost ($) 

• Total Building Energy Consumption Cost ($) 

• Cooling Equipment Capital Cost ($) 

• HVAC Equipment Capital Cost ($) 

• Total Cooling HVAC Capital Cost ($) 

The results of this study are summarized in the following tables: 

• City Annual HVAC 
Operating Expenses 

Annual 
Savings 

Total HVAC Equipment 
Costs 

Immediate 
Equipment 
Savings 

1
st

 Year 
Savings 

 Dual-Pane 
Tinted 

Triple 
Silver 

 Dual-Pane 
Tinted 

Triple 
Silver 

  

Atlanta $680,456 $597,772 $82,684 $2,115,464 $1,697,686 $417,597 $500,281 

Boston $853,450 $756,001 $97,539 $2,326,967 $1,928,086 $398,881 $496,420 

 

City Electricity 

 (KwH Savings) 

Gas 

(Therm Savings)  

Annual CO
2
 Reductions 

(Tons) 

40-Year CO
2 

Reductions 

 (Tons) 

Atlanta 455,841 18,829 417 16,699 

Boston 432,301 26,618 354 14,163 

Chicago 434,777 29,644 502 20,087 

Houston 473,971 14,199 422 16,889 

Phoenix 469,246 6,170 411 16,451 

Seattle 328,567 29,588 250 10,018 
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The results are based on the eight-story glass-walled office building in major cities.  The total glass area is 50,967 

ft
2
 and the total floor area is 270,000 ft

2
.  This is not an exact comparison to the Millennium Science Complex, but 

does show what glazing changes may be able to achieve.  In Boston and Atlanta, two very different climates, the 

Triple Silver coating saved around a half of a million dollars in total energy costs for the year.  The environmental 

impact can also be seen in thermal energy savings and CO2 reductions.  Further and more in-depth investigation will 

be completed should KGB Maser pursue this change.  The energy characteristics of this glass can be assessed by 

both the electrical and mechanical engineers.  This new glazing compounded with shading devices that operate 

from the bottom up (rather than top down) will preserve the benefits of daylight in the space and ensure only the 

undesired light be shaded.   

 

Diffuse Glazing Addition 

The addition of diffuse glazing will prevent direct rays from falling 

on occupants, thus causing discomfort.  KGB Maser plans to 

investigate the use of phase change materials in clerestory glazing 

applications – more specifically above the louver and view glass.  

The application of DELTA®- COOL 28 phase change glazing will be 

investigated for both daylighting and mechanical purposes.  It was 

applied in translucent PMMA panels in a glass facade system of a 

zero energy office building in Kempen, Switzerland shown in the 

images to the right.  The phase change material will absorb the 

low angle light that penetrates beyond the overhangs and 

reradiate the energy later in a second phase change.  This 

reradiating occurs later in the day when the building would 

normally be heated around the perimeters at the fenestration.  

Only applying it above the louver will be beneficial to occupants as 

head-height direct sun will be eliminated from the perimeter of 

the building as seen in the images below.  Low level sun still 

penetrates below the louver, but will stay closer to the perimeter 

as the sun reaches higher profile angles.  More in-depth 

calculations as to daylight availability and mechanical load 

depreciation will be undertaken should KGB Maser pursue this 

option for daylight delivery and mechanical change. 

Figure 21: Phase change glazing images from 

www.cosella-dorken.com 
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Figure 22: Material Science Low Summer Sun Angles 

 

 
Figure 23: Material Science Low Winter Sun Angles 

 
One major issue with this application, as with all of the proposed applications, is the minimal direct gain on the 

wing ends of the Material Science section of the building.  The phase change material may prove to be non-cost- 

effective once further analysis is performed.  This application would also most likely only be on northeast and 

southeast facing façades.  The western facing façades must interact with adjacent buildings and will not receive 

sufficient direct gain to be effective. 

 

Light Shelves 

The addition of light shelves will shield occupants of perimeter offices and study spaces from deep penetrating 

daylight and direct sun rays.  They will also diffusely send light to the deeper areas of the spaces.  The following 

images illustrate the use of light shelves in the various orientations of the Millennium Science Complex.  They 

employ a simple three food deep light shelf. 
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Figure 24: Material Science End Summer Morning 

 
Figure 25: Life Science End Summer Morning 

 
Figure 26: Material Science End Winter Morning 

 
Figure 27: Life Science End Winter Morning 

 
Figure 28: Material Science Corridor Summer Morning 

 
Figure 29: Life Science Corridor Summer Morning 
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Figure 30: Material Science Corridor Winter Morning 

 
Figure 31: Life Science Corridor Winter Morning 

 
The shelf removes direct rays, in combination with the large overhang at the ends of the building, so that direct 

light will mostly strike walls deeper into the space.  This may include office-corridor interfacing walls, or if no walls 

are present, the occupant walking by will not be blinded at head level.  The largest challenge with light shelves is 

sizing exactly how deep they can penetrate into the space.  For this reason as well as interaction with mechanical 

equipment, light shelves will need much more analysis.  At this point, its prevention of effective perimeter heating is 

a major obstacle keeping KGB Maser from pursuing light shelves as daylighting integration. 

Major issues also arise when the large trellised overhang is not present.  Without this geometry, the sunlight passes 

by the small louvers and causes large amounts of direct sun light.  Also as with other daylight applications, the 

Material Science wing end does not see much direct gain in winter months.  Overall, light shelves do not appear to 

have much improvement over the current daylight delivery system. 
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Phase Changing Material Drywall Façade Integration 

KGB-Maser has chosen to look at the façade of the building from a hollistic point of view. The thermal envelope of 

the building impacts loads within the space and HVAC system sizing.  The components of the façade need to be 

selected to balance costs and bearing on the mechanical system. 

A study of using phase-change material (PCM) will be incorporated into the façade redesign. Two types of PCM 

strategies have been investigated, PCM drywall and encapsulated PCM.   The drywall application can cover a large 

surface area and has more heat storage capacity due to its ability to  be installed on exterior and interior walls.  

Encapsulated PCM is mixed with the concrete and could be mixed into the precast panels of the Millennium Science 

Complex.  However, placing PCM in the façade concrete eliminates the potential for renovation due to advances in 

PCM technologies.   PCM drywall may be a better alternative than encapsulated PCM in concrete because it allows 

for updated PCM drywall to be installed over the lifespan of the Millennium Science Complex. Phase change drywall 

is comparable to standard drywall in weight and thickness and should not have a constructability concern.  

National Gypsum has produced a ThermalCORE Panel that contains high purity paraffin wax.  The wax is designed 

to change phase at 73
o
F.  When the temperature falls within a space, the drywall will begin to release heat into the 

space.  The desired effect is a more stable room temperature throughout the day. The manufacturer data claims 

the drywall comes in 4 foot by 8 foot sheets and has a 22 BTU per square foot latent heat capacity.  The 

ThermalCORE Panel product is not currently on the market, but similar phase-change drywalls are available.  BASF, 

The Chemical Company has its own Micronal PCM drywall that is very similar and close to application in the United 

States as well.  Phase change drywall from manufacturers such a BASF and National Gypsum could be used in the 

Millennium Science Complex to help reduce peak loads in building spaces. 

 

Figure 32: Thermal CORE Panel from National Gypsum 
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REDUCTION OF ENERGY CONSUMPTION 

Reducing the energy usage of the Millennium Science Complex is a common goal for KGB-Maser.  The mechanical 

systems of the building can be considered the focal point of energy improvements because adjustments to the 

building can affect  mechanical loads.  The analysis of the existing design conditions from previous reports has led 

to the investigation of the following improvements. 

The proposed alternatives are intended to aggresively attempt to decrease the energy consumption of the 

Millennium Science Complex.  Laboratory buildings consume more energy than many other types of buildings.   The 

focus of the energy use optimization redesign is to evaluate options that could save energy and be economically 

feasible.   The use of Building Information Modeling (BIM) will be used to effectively model and communicate 

suggestions between disciplines.  Careful management of associated costs and schedule impact, and coordination 

with disciplines will be crucial to arriving at the best integrated energy saving solution. 

 

DOAS + Chilled Beam + Radiant Floor Heating 

 Thermal comfort and indoor air quality are two key components 

needed to produce a productive envrionment.  It has been proven 

that buildings with poor indoor air quality can affect the health 

and in turn the productivity of building occupants. In order to 

ensure that all occupants of the Millennium Science Complex are 

thermally comfortbale and experience indoor air quality a 

dedicated outdoor air system (DOAS) with chilled beams and 

radiant floor heating can be recommended to replace the existing 

office VAV systems.  This system has been proven to save energy in 

annual operating costs in comparison to forced air systems. 

Dedicated outdoor air systems deliver a specified amount of air to 

handle the required ventilation or latent loads.  A DOAS requires 

supporting heating and cooling components to handle sensible 

loads.  Chilled beams and radiant floor heating will be used to 

manage sensible loads. Chilled beams have become increasingly 

popular over the years, and coupled with a radiant floor heating 

system, can effectively hand the sensible loads within the building.   

The proposed DOAS, chilled beam, and radiant floor heating could 

be extended to include the laboratory spaces of the building as well 

if the driving factor of airflow can be determined.  If laboratory 

required ventilation or cooling required drives the amount of air required in a laboratory, a chilled beam system 

could be beneficial.  If the fume hoods drive the airflow, as is the case in spaces containing many fume hoods, 

chilled beams may not result in the desired savings.  Careful investigation of what spaces will be most practical for 

chilled beam application will be crucial in the DOAS, chilled beam, and radiant floor heating redesign.  Labs21, a 

Figure 33: Proposed Active Chilled Beam. From   

Labs21:  Chilled Beams in Laboratories 
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program that promotes the energy conscious and sustainable design of laboratories within the United States, has 

produced media promoting the use of chilled beams in laboratories that can be used to guide further investigation. 

Since DOAS only delivers the air required for ventilation or latent loads, the amount of air that needs to be 

distributed decreases.  Smaller AHUs, less fan energy, and smaller ductwork in the plenum space are all possible 

benefits.  The 4
th

 floor of the Millennium Science Complex which is packed with structural and mechanical 

components in the existing design could be more easily coordinated with smaller equipment and smaller ducts.   

The DOAS, chilled beam, and radiant floor heating systems require coordination with other design disciplines. 

Chilled beams will need to be integrated with the lighting design of the space.  Chilled beams can range from four 

to eight feet and will need to fight for space within the acoustic ceiling.  The opportunity exists to utilize integrated 

chilled beams that contain lighting fixtures as well.  A radiant floor system must integrate with the architectural 

finish of the floor and the structural system of the floor.  There are multiple ways to install radiant floor heating.  

The best solution will consider impact on structural design and heat transfer criteria. 

Chilled beams have been cited by Labs21 to have lower intial costs than VAV systems when components and 

material are considered, now that installation of chilled beams is becoming increasingly common.  Coupled with the  

proven energy usage reduction, the DOAS + Chilled Beam + Radiant  Floor Heating redesign seems to be an ideal 

choice for providing thermal comfort in office and less-dense laboratory spaces. The image below illustrates the 

potential advantage of chilled beams: delivering less air, varying the temperature of the delivered air based on 

room conditions, elimination of reheat energy, and potentially decreasing the floor to floor height. 

 

Figure 34: Chilled Beam vs. VAV-Reheat systems in laboratories. From Labs21: Chilled Beams in Laboratories 
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Labs 21 Environmental Performance Criteria 

The Millennium Science Complex has been designed to achieve LEED Gold certifcation under LEED NC v2.2.  Labs for 

the 21
st

 Century (Labs 21) created a rating system called Environmental Performance Criteria (EPC).  EPC is aimed at 

ensuring energy efficient and sustainable design in laboratories, which are typically energy intensive.  The current 

EPC is modeled after LEED NC v2.2 and proposes additional credits.  Labs 21 does not certify buildings that achieve 

these credits as it is meant to only extend LEED principles to laboratory design.   Using Labs 21 while redesigning 

the mechanical system will ensure that energy saving measures and sustainable practices specific to laboratories 

are implemented. The breakdown of additional credits can be found in Appendix B. 

 

Exploratory Energy Saving Strategies 

The following recommendations can be applied to the improvement of the energy use of the building. Most of these 

options will be investigated further and will affect the proposed DOAS, chilled beam and radiant floor heating 

alternate system.  These suggestions may include some risk or cost factors that Penn State may not wish to manage 

during the lifetime of Millennium Science Complex. 

 
Fume Hood Face Velocity Control 

The OSHA recommendation range for the face velocity of fume hoods is 60-150 feet per minute.  Typically, most 

systems are designed at 100 feet per minute due to safety concerns and previous rules of thumb.  The fume hoods 

are maintained at 100 feet per minute regardless of the opening of the sash.   High performance or low-flow hoods 

instead specify face velocities as low as 60 feet per minute and result in energy savings.  Since most of the cooling 

loads in the spaces are driven by the exhaust requirements, the amount of cooling in the space has the potential to 

be reduced as well.  Fume hood face velocity of 60 feet per minute has been proven to be sufficient in containing 

chemical vapors and ensure fume hood operator safety.  As with other recommendations, it is important to prove 

to Penn State that the occupants of the Millennium Science Complex will be safe when operating fume hoods and 

that energy savings are realistic.   

Fan Wall AHUs 

A FanWall air handling unit consists of an array of smaller fans moving air 

through a system.  The FanWall AHU has been proven to reduce AHU energy 

usage, vibration, and reduce footprint of equipment.  In a conversation with the 

engineer, it was mentioned that Penn State was unwilling to risk using FanWall 

AHU because of their inexperience with the equipment and the potential for 

extra maintenance needed for each fan, despite reliability claims from HUNTAIR, 

the manufacturer of FanWall.   

If the footprint of the AHU can be reduced with a FanWall AHU the potential 

exists for simpler coordination and straighter runs of ducts in the 4
th

 floor 

mechanical rooms.  The FanWall AHU could be included in the DOAS system 

redesign. 
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Snow Melt System under Canteliver Opening 

A low cost and smaller scale suggestion would be to expand the existing snow melt system to include areas of the 

slab underneath the canteliver  opening.  A snow melt system would cost more initially but would save on man 

power required to evacuate the space of snow and maintain the safety of passerbys regardless of maintenance 

schedules. 

 

Ductless Fume Hoods 

Ductless fume hoods detach fumehoods from a dedicated exhaust system and instead rely on pressurization within 

the fume hood and high quality filters to contain and remove contaminants from the space.  Ductless fume hoods 

can potentially save energy by eliminating the need for a dedicated exhaust system.  Also, the loads in the 

laboratory spaces may then be driven by cooling loads, not the exhaust requirements of the fume hoods.  Overall, 

ductless fume hoods  could result in less conditioned air needed to be delivered to the space, smaller equipment, 

and less operating cost.  However, owner concerns, operator error, and the upkeep and disposal of filters could 

prevent the application of ductless fume hoods within Millennium Science Complex.  

Further research needs to be done to determine if the chemicals specified by ductless fume hoods coincide with the 

chemicals that will be used in applications within Millennium Science Complex.  If it is determined that there are 

some similiarities, ductless fume hoods could become a focus of investigation.   A ductless fume hood would still 

need an emergency purge exhaust system in case of failure.  However, the size of the AHU needed to supply the 

reduced cooling air to the lab space could reduce, as well as operating costs associated with the exhaust fans that 

were used to constantly remove air from ducted fume hoods.  

The National Insitutes of Health and many leading research facilities do not recommend using ductless fume hoods.  

Varying the chemicals that are used within ductless fume hoods could result in filter failure.  Also, the filters need to 

be monitored to ensure the operator can safely work.  Ductless fume hoods are most practical when a less toxic 

chemical will consistently be used and most likely would not be endorsed by Penn State in this project. 

 

Table 3: Millennium Science Complex Research Fume Hoods 

Size  Basement 1
st

 2
nd

 3
rd

 Total/Size 

4’ - - 2 - 2 

5’ - 3 7 5 15 

6’ 10 9 4 4 27 

8’ - 1 - - 1 

Total/Floor 10 13 13 9 45 Total 
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Figure 35: Ductless fume hood diagram and image from aircleansystems.com 
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REDUCE COSTS AND APPLY SAVINGS TO IMPROVE OTHER SYSTEMS 

Structural Redesign Impact 

Structural Alternative Research 

Three different alternate floor systems were explored initially.  A skip joist floor system, flat plate and flat slab 

system were designed considering the worst case loads in our building.  A girder slab system was also researched in 

addition to the previously mentioned systems, however no hand calculations were performed for this option.  Since 

the current structural cost is around $90 psf, a goal of this initial investigation was to explore alternate options 

which might lower the cost of the structural system while maintaining the layout and constructability as well as 

consider its effects on the mechanical, lighting and electrical systems.  The results of the hand calculations and 

research brought about several revelations as to the possible alternate structural systems and how well each could 

integrate with the other disciplines. 

 

Flat Slab System 

A flat slab system was considered due to the way it fit 

into the building’s layout.  The Millennium Science 

Complex uses square bays across the entire building with 

only a few locations where columns do not coincide with 

the grid lines.  Using drop panels would alleviate the need 

for excessive reinforcement around the columns to resist 

punching shear and counteract torsional effects and it 

would increase the overall stiffness of the frame.  Installing Mechanical and Electrical equipment in the ceiling 

plenum would not require workarounds for beams as a flat slab does not offer obstacles due to its flat design.  The 

system meets all the design requirements as it would decrease the floor-to-floor height, satisfy strength 

requirements, and it was thought that using concrete could decrease the cost of materials and cut down on the 

existing structural cost.  However, there are issues regarding formwork cost and the amount of concrete required 

relative to the other alternate floor systems.  Due to the unusually large height of each floor (~20’) for this floor 

system along with the drop panels, shoring costs would be higher than normal.  A mechanical system expansion 

could also prove costly, requiring reinforcing around holes in the slab especially when compared with the existing 

system, where reinforcing is inherent in the composite deck ribs.  Even though drop panels would indeed help with 

shear, they are more often used in longer spans and may even be unnecessary in this application.  The flat slab 

system would be beneficial to the mechanical layout, but it loses efficiency in these shorter spans and would not be 

economical for the Millennium Science Complex. 
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Flat Plate System 

A flat plate system allows for a large amount of 

architectural freedom of spaces and is easy to integrate into 

a building’s aesthetics.  It was examined in the hopes that it 

might decrease floor-to-floor heights and allow for a more 

flexible layout.  Formwork would be simple to construct, 

cutting costs in both materials and labor (relative to other 

concrete options).  This system is fairly fast to construct due 

to the simplicity of its formwork, and although it does not 

match up to the construction time of steel, it outperforms 

the other floor systems that were considered.  Unlike the flat 

slab system, where drop panels actually made the system overdesigned, the flat plate fits very well into the existing 

spans, with 22’ sitting between the suggested values.  On the other hand, the absence of drop panels make this 

system more vulnerable to punching shear; although this can be resolved with stud rails or some other form of 

shear reinforcement.  And unlike the existing steel system, the slab is not easily cut through without some excess 

reinforcement, which will raise the cost of a future mechanical expansion if Penn State chooses to do so.  This 

system also sees the same problems with formwork as well, with floor-to-floor heights exceeding the norm, raising 

costs in shoring.  Inherently, this system is not as resilient against lateral forces as the other concrete systems and 

additional lateral support may need to be provided.  Although the flat plate design for the Millennium Science 

Complex might use more concrete than a traditional beam, slab, girder design, it allows more room for the 

mechanical and electrical systems, and less planning by the MEP engineers. 

 

Pan Joist System 

Although the system itself may be out of date, the 

construction process continues to be simple and its benefits 

are evident.  A skip joist system, though more efficient in 

materials, was not an appropriate option for the 22-foot 

square bays.  It could be said that a one-way system would 

be more suited in a layout where rectangular bays are used, 

however this system provides a sufficient amount of strength 

and uses less concrete than the other two concrete options.  

It also allows for freedom of mechanical expansion as the 

system is prepared for holes in the slab with joists that direct the load away from the slab.  Inherently, pan joists 

are resistant to vibrations, which is a big advantage given that the majority of the building is devoted to 

laboratories that require extra dampening.  Concerning the lateral system, a one-way pan joist system is more rigid 

than a flat plate or flat slab, shrinking the amount of lateral force resisting elements required.   The final design of 

the system could be less than half the depth of the current steel configuration, allowing more space for the MEP 

equipment.  Due to the closely arrayed joists though, there is potentially a good amount of wasted space in the 

voids where mechanical equipment may not be able to fit.  Also the formwork contributes to over half the entire 

cost of the system adding to the additional price of shoring due to the large floor heights.  It may turn out to be 

Figure 36: Flat Plate 

Figure 37: Pan Joists 



October 27, 2010 
SCHEMATIC DESIGN  

[ALTERNATE SYSTEMS DESIGN REVIEW]  

Jason Brognano, Michael Gilroy, Stephen Kijak, David Maser 

 

 KGB-Maser: IPD/BIM Senior Thesis Team #3 29 

 

costlier than the other systems, but a pan joist arrangement will allow for ample strength, a minimal amount of 

materials, and it would be the most flexible to mechanical changes. 

 

Slab Girder System 

Used primarily for residential applications, this 

system was considered as an alternative steel 

option.  Concrete planks are used to span 

between two D-Beam girders, which are 

essentially W-shapes cut in half with a long steel 

flange welded to the edge of the web.  It is rated 

for spans of up to 28 feet with decks in 8 inch and 

10 inch variations.  The best advantage to this 

system is its fast assembly time, with no shoring 

required during construction.  Unfortunately the 

system is rated for residential loads and would be 

on brink of its capacity in a laboratory 

environment.  Its efficiency is realized in rectangular bays with spans that coincide with divisible plank widths, and 

the Millennium Science Complex will not provide the optimization that could be met in a residential tower.  Given 

that the existing steel structure is far more effective, this option was disregarded in favor of an alternate concrete 

design. 

 

Research Conclusions 

The existing steel structure was chosen due to its fit within the layout of the Millennium Science Complex.  It is an 

ideal system to use in terms of structural efficiency; however it is also very costly.  Among the four systems 

considered to replace the existing gravity system, only two were seriously considered.  The flat slab and pan joist 

systems meet the design requirements as they would increase ceiling plenum space, they would potentially 

decrease the cost of materials, and they would be better suited for dampening vibrations.  Unfortunately, State 

College lies in an area where steel buildings remain prominent.  It would be fairly unusual and therefore more 

expensive, in terms of labor, to erect a concrete building in an area where new projects are disproportionately steel. 

One solution to this paradox would be ignoring the paradox, focusing instead on material cost.  If more than half 

the building were concrete, a balance might be met between savings and labor expenditures. 

 
 
 
 
 
  

Figure 38: Slab Girder Illustration 
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The Hybrid 

After multiple design considerations a preliminary idea was formulated.  Steel itself is expensive.  Cutting costs of 

materials could lower the overall cost of the structure and could allow the savings to be applied to other systems.  If 

steel was replaced with concrete, material savings could be seen.  Maintaining any sense of the existing 

architecture limits the amount of steel that can be replaced.  The cantilever, as it exists now, relies heavily on both 

the compressive and tensional capacities of steel.  Using concrete to replace the existing trusses would be very 

difficult due to analytical complications and constructability issues.  Essentially, the steel needs to remain as is if the 

cantilever aesthetic and the internal layout are to remain unaffected.  Past a certain point in the building, the 

gravity system becomes nearly uninfluenced by the overturning moment of the cantilever.  At this point, a concrete 

system can begin to lower the cost of material.  This hybrid concept would divide the building into three sections: 

the two concrete gravity frames in the wings, and the cantilever superstructure. 

 

Figure 39: Division of the Steel and Concrete Systems. 

As the above diagram illustrates, the existing steel wings would be replaced by a pan joist floor system as seen in 

red.  At column lines M and 12, the gravity system and cantilever, in blue, can be divided as they are independent of 

each other.  At this point, the transition from steel to concrete can be made. 
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Choosing a pan joist system for the concrete floor system in each wing would increase available MEP space in the 

ceiling plenum because of its shallower depth and could simplify the structural layout with a very repetitive and 

fairly consistent design.  Inherent dampening against vibrations and lateral load resistance are other added 

benefits. 

 

Figure 40: Transition at grid line 12 

Transitioning from concrete to steel would prove difficult due to connection issues.  As the two systems meet at grid 

line 12, beams do not line up and a typical connection does not seem to be available.  A seamless conversion may 

be too costly and time consuming to both design and replicate in the field.   

 

Figure 41: The problem connection 
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There are several issues brought on by construction.  Along with the unapparent connection scheme, steel would 

presumably be constructed first leaving formwork to be squeezed in between joists and around steel columns.  The 

process may take more time than can be afforded and inadvertently raise costs. 

Reasoning behind such a design becomes less apparent as more critiquing is done and begs the question: do the 

pros of a concrete gravity system outweigh the cons?  If the entire building were made from concrete, then a 

justification could be made in favor of concrete.  However, the building being both steel and concrete, the 

justification fails and a hybrid proposal does not seem economical in comparison with the existing structure.  

Though this design idea seems to fail on more levels than succeed, it still remains an option (although an unlikely 

one) and encourages better solutions. 
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The Column Concept 

Reviewing the various concrete schemes and the construction process, it becomes readily apparent that steel is the 

most ideal material.  For its availability in central Pennsylvania, and its reoccurrence in new construction, steel wins 

over concrete in the battle of structural material of choice.  Price still remains the problem in the Millennium 

Science Complex.  If the floor system is as efficient and economical as possible, then the problem must lie in the 

cantilever.  Using massive amounts of steel to support its own weight, this 150 foot cantilever is fairly self-indulgent 

and entirely unnecessary from a purely practical perspective.  It could be said that the cantilever is a focal point of 

the building, but placing the focal point in the corner of two buildings is nonsensical.  Most of the structural cost lies 

within the steel of the cantilever, and it would be very easy to cut the cost by a fair amount with a simple column or 

four.  Raphael Vinoly’s design concept was to make the building appear as if it were floating.  Integrating a column 

at the edge of the cantilever into the theme would be a challenge, but possible and wholly justifiable. 

Using a completely vertical column in this setting would not suit the overall architecture.  Slanting the column 

slightly makes things more organic.  The incline will also create tension in the chords of the truss reducing their size 

out of the absence of buckling.  Since a naked structural column does not fit into the architecture of the rest of the 

building, alternate materials could be used to shape and encase it. 

 

Figure 42: Columns would be placed at each truss frame, eliminating the need for many of the braces in the current 

configuration 

The figure above delineates an initial concept to brace the cantilever directly via a column in each truss.  This 

method would eliminate several bays of steel used to resist the overturning moment of the existing cantilever.  It 

would also shrink the sizes of the braces as they are currently oversized due to buckling from compression forces.  

Introducing the columns would reverse the braces inside the trusses turning them into tension members.  Since the 

fourth floor braces are no longer essential to the truss, the mechanical penthouse would be free of those obstacles 

allowing more freedom of design to the mechanical engineer.  However, given such a drastic restructure of the 

cantilever, an entirely new analysis will be required for a complete design which will require time and resources. 
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Figure 43: Locations where cantilever bracing will meet the basement floor and the pile caps: Isolation slabs, beams and 

existing column conflicts resolved through minor offsets 

In the figure above, the red dots represent the base of the cantilever braces and areas of conflict with the existing 

elements. The current configuration allows 3, fairly large isolation labs to be located directly beneath the overhang. 

Bracing the cantilever would cause the columns to interfere with the isolation labs since they sit at the base of the 

columns which would essentially ruin the vibrational sensitivity.  The labs would need to be moved or shrunk in size 

to allow room for extra pile caps and foundational additions to accommodate the immense forces which will be 

induced by the columns.  The columns also interfere with various existing beams and columns, requiring them to be 

slightly offset.  These alterations are fairly minor and would not cause a large increase in the structural cost.  The 

columns themselves present the biggest issue.  Due to the height they must reach as well as the angle at which they 

sit, the columns need to be massive.  A custom shape may need to be considered for the columns as well as extra 

bracing to prevent buckling.  The cost may spike with the construction of cantilever braces, but considering the 

shear amount of steel saved and the freeing up of mechanical space, the benefits could far outweigh the negatives. 
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MEANS OF ANALYSIS  

Mechanical 

 Energy Model: Trane TRACE 

I. DOAS + Chilled Beam + Radiant Floor Heating for office 

II. PCM Façade 

III. Fan Wall AHU 

IV. Fume Hood Redesign 

Life Cycle Cost Analysis (including material, installation, operating costs): Excel 

I. DOAS + Chilled Beam + Radiant Floor Heating for office 

II. PCM Façade 

III. Fan Wall AHU 

IV. Fume Hood Redesign 

V. Snow Melt System 

Coordination Model: Revit MEP & Structure, Navisworks 

I. Downsized ductwork and HVAC equipment 

II. Lost usable space analysis 

III. Material quantity 

IV. Fume Hood Redesign 

V. FanWall AHUs 

Construction Management 

 
For the review of the redesign of the precast panels, the following will be utilized: 

I. Revit Architecture 
a. To be used for modeling of the redesigned façade. 

II. Industry Professionals 
a. To be consulted on the maximum size panel that should be used, and if the redesign options are 

plausible. 
III. Precast Panel Manufacturer 

a. To be used for panel design consultation and constructability input. 
IV. AE Faculty 

a. To be used for structural consultants on the capabilities of LW concrete and the possibilities of our 
design options. 

V. Whiting-Turner Project Team 
a. To be used for construction logistics and schedule implications of precast design changes. 

VI. RAM Structural 
a. To be used to analyze the effect of lightening the precast panels 
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Lighting/Electrical 

Daylighting Shading Study: AGI32 

I. Existing daylighting shadow study 

II. Phase Change Material shadow study 

III. Light shelf addition shadow study 

Daylight Illuminance Delivery:  AGI32/Daysim 

I. Existing illuminance from daylight 

II. Illuminance once phase change material is added 

III. Illuminance distribution with light shelves 

Energy Savings from Daylight Harvesting:  Daysim 

I. Existing energy usage for select rooms 

II. Energy usage with phase change addition (electric lighting only) 

III. Energy usage with light shelf addition 

IV. Energy usage with new shade orientation 

 

Structural 

Analytical model: Existing conditions 
 

I. Model existing conditions 
a. SAP model for special systems 
b. ETABS model for typical gravity frames 
c. Merge the models 

II. Analyze existing conditions 
a. Create load cases based on initial wind, seismic, and gravity load analysis 
b. Run models 

 
Analytical Model: Design Concept 
 

I. Model frame 
a. Referencing existing conditions, and preliminary calculations, start sizing members 
b. Create adjusted load cases for self-weight 

II. Analyze Alternate Systems model 
a. Run analysis 
b. Resize members as necessary 

 
Coordination Model: Structural Revit Model 
 

I. Complete Revit Structural Model referencing Analysis Model 
II. Import to Navisworks for coordination with MEP 
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MEASURES OF SUCCESS 

Mechanical 

Energy Model: Trane TRACE 

I. Annual and monthly operating costs 

II. Maintenance costs 

III. Envelope loads 

Life Cycle Cost Analysis (including material, installation, operating costs): Excel 

I. Initial system cost vs. Payback period 

Coordination Model: Revit MEP & Structure, Navisworks 

I. Collision-free 

II. Efficient use of plenum space 

Labs 21 vs. LEED NC v2.2 

I. New credits attained vs. added costs 

Construction Management 

Measures of Success 

I. Façade Redesign 

a. Is the system an improvement in schedule over the existing system? 

b. Are the changes to the system cost effective? 

c. Is the façade more energy/daylighting efficient? 

d. Is the new design of the architectural precast panels architectural pleasing? 

e. Does the façade have a lighter gravity load that can reduce structural loads? 

Lighting/Electrical  

Daylighting Shading Study: AGI32 

I. Maintained or increased useful illuminance with diminished direct gains 

Daylight Illuminance Delivery:  AGI32/Daysim 

I. Uniformity from alternative delivery systems within design criteria for the space 

Energy Savings from Daylight Harvesting:  Daysim 

I. Lower annual energy usage for electric lighting 

II. Reasonable payback period 

 

 



[ALTERNATE SYSTEMS DESIGN REVIEW] 
Jason Brognano, Michael Gilroy, Stephen Kijak, David Maser 

October 27, 2010 
SCHEMATIC DESIGN  

 

38  IPD/BIM Senior Thesis 2010-2011 

 

Structural 

Analytical Model: Existing Conditions 

I. Replication of existing member sizes 

Analytical Model: Design Concepts 

I. Successful analysis of model returning no errors 

II. Reasonable numbers returned from analysis 

III. Smaller member sizes required 

Coordination Model 

I. Successful import of Revit structure 

II. Zero conflicts with MEP System 

 

ALTERNATE SYSTEMS DESIGN REVIEW CONCLUSION 

The challenge for the thesis project on Millennium Science Complex is to redesign an efficient façade, improve 

energy savings of the building and apply other cost saving strategies to offset initial costs of alternatives.  All of 

these goals will be investigated and evaluated, while keeping in mind that the design of the building must be of the 

highest quality as The Pennsylvania State University is looking for a signature, state of the art research facility. 

KGB Maser has worked together to develop different proposals in order to achieve each one of these goals.  These 

proposals include lightening the precast panels of the façade, utilizing and developing different structural design 

systems, using energy efficient mechanical systems, and incorporating daylighting designs into the façade.   

KGB Maser will have to work as an integrated team, with every proposal having an effect of each member of the 

team.  Each team member will utilize BIM on the focus proposal to facilitate the sharing of information across the 

team.  A central model will be used to coordinate different redesigns for each proposal.  The objective is to 

incorporate and integrate each team member’s efforts into a team proposal that provides the best result for the 

owner.  It is important to lay out the process, work as an open, integrated team, to utilize BIM to facilitate each 

team member’s analysis, and to integrate each team member’s ideas together to a team proposal. 
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Appendix B: Environment Performance Criteria 
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