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1.0 Executive Summary 

The Slippery Rock University Student Union was designed by the architects and engineers with 

the intent to deliver a comfortable environment inside and outside of the building in hopes of 

creating a central gathering place of the campus.  While occupant comfort was a major design 

condition, building performance and energy conservation was equally as important in striving 

to achieve LEED Silver Certification.  In the following report, the existing mechanical design 

will be researched, evaluated, and redesigned. 

The existing mechanical design is comprised of five rooftop air handling units with energy 

recovery that supply the majority of the occupied spaces with the proper heating, cooling and 

ventilation.  The electrical and IT rooms are cooled by a separate ductless split system due to the 

excessive internal heat loads caused by the equipment.  Three additional make-up air units are 

located on the roof supplying the kitchen with ventilation air.  The energy recovery units utilize 

a water heat transfer system to exchange heat between the units to further decrease wasted 

energy within the system and are also equipped with variable frequency drives.   

The campus steam plant provides the SRU Student Union with steam to heat the water used in 

the hot water heating system for the VAV boxes with hot water heating coils.  The cooling is 

provided through the water source heat transfer system that is tied into two closed circuit 

coolers located on the roof.   

In the report, a different method of providing the building with heating, cooling and ventilation 

is explored.  The topic of redesign is to change three of the existing air handlers with energy 

recovery to a dedicated outdoor air system with active chilled beams.  The systems overall 

performance created an annual savings of $5,985.71 with an additional first cost of $41,934.88 

for a simple payback period of 7 years.   

An additional system was also added to the mechanical design.  The use of an evacuated tube 

system for solar hot water was designed and evaluated.  With the combination of the cost 

savings from the existing portion of the green roof and the government incentives, the new 

system has a net savings of $15,336.50.  However, without the incentives, the system does not 

appear to be economically feasible.   

The structural implications of replacing composite steel deck with precast hollowcore planks 

were also evaluated.  The overall consensus of the structural analysis seems that the precast 

planks could be used however coordination and planning could potentially become an issue.  

The first cost analysis of the system saved $83,287.75 and also accelerated the construction time 

of the structure.   
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2.0 Project Information 

2.1 Design Goals 

The Slippery Rock University Student Union construction is currently underway with building 

completion estimated to be in late November of 2011.  The 105,000 square foot building will 

serve many different types of activities and will house spaces such as a bookstore, kitchen, 

cafeteria, ballroom, theater, student lounges, retail shops along with numerous offices and 

conference rooms.  The building is currently predicted to achieve a LEED Silver Rating.   

The SRU Student Union will be used by primarily students and faculty year round. The ground 

floor will contain the large bookstore and house all of the interior mechanical equipment.  The 

second floor has spaces available to hold club meetings and conferences for the student 

organizations within the university.  The faculty will also be occupying the building, with a 

portion on the second floor of the building dedicated into individual offices.  The remaining 

west side of the floor will contain a full kitchen and dining commons.  A ballroom and theater 

room is located on the floor directly above the kitchen and dining area on the third floor.   The 

east side of the third floor will house the remaining meeting rooms.   

The exterior landscape of the building will allow the students and faculty to have areas where 

outdoor seating is available.  The SRU Student Union will hope to be the central meeting and 

gathering place of the Slippery Rock University Campus.   

Figure 1 – Campus Site Plan 
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2.2 Building Information 

 Building Name:     Slippery Rock University Student Union  

 Location and site:   Slippery Rock, Pennsylvania  

 Occupancy type:     Student Center   

 Size:       105,000 SF 

 Number of Stories:     3 Floors 

 Cost Information:     Confidential 

 Project Delivery Method:    Design-Bid-Build 

2.3 Project Team 

 Owner:      Slippery Rock University 

 General Contractor:     Mascaro Construction 

 Architects:      DRS Architects 

 MEP Engineers:     CJL Engineering 

 Structural Engineers:   Atlantic Engineering Services 

 HVAC Contractor:     Renick Brothers 

 Electrical Contractor:     Yates Contracting 

 Plumbing Contractor:    Vrabel Plumbing 



  

 

 

 

Slippery Rock University Student Union, Slippery Rock, PA 
 Advisor Dustin Eplee– 4/7/2011 

Gary Haffely 

Mechanical 

Final Report 8 

3.0 Existing Conditions and Building Overview 

3.1 Architecture/Building Enclosure 

The building is enclosed by a brick façade, glass curtain walls and composite stone wall panels.  

It is designed to integrate sustainability with the architecture and surroundings to invoke a 

natural feeling when inside and outside the building.  The large glass panels allow this 

sensation to occur by the mass amount of natural daylighting that is present in every applicable 

space.  The building enclosure consists of brick and prefabricated curtain wall panels.  Large 

glass curtain walls are also present on a large portion of the southern façade. 

3.2 Sustainability 

The Slippery Rock University Student Union Building strives to achieve LEED Silver rating.  

Through various active and passive systems, the building will have the capacity to lower its 

energy and natural resource consumption.   By incorporating natural daylighting, the building 

is able to conserve energy on both lighting the spaces along with cutting out the additional 

lighting heat load.  This was possible by close planning and coordination between the design 

engineers and architects.  When daylighting is unavailable, efficient LED and CFL luminaire 

configurations are used to further reduce energy consumption.  The heating and cooling will be 

provided through a water source heat transfer system circulating throughout the five separate 

energy recovery units.  Due to the nature of the building, simultaneous heating and cooling will 

occur allowing heat recovery between different zones to be utilized.  The air handlers are also 

equipped with energy recovery wheels and VAVs to reduce energy usage at low loads. 

3.3 Mechanical 

The mechanical system is comprised of five energy recovery units that are used to serve 

ventilation air to all the occupied spaces in the building.  These energy recovery units provide 

the building with the minimum required ventilation air.  They use energy wheels to transfer 

exhaust energy to the incoming outdoor air.  Due to the nature of the building, simultaneous 

heating and cooling occurs year round so a hot water heat transfer system is utilized to avoid 

auxiliary energy use.  These units are also equipped with variable volume drives to conserve 

energy output when heating and cooling loads are low.  There are three 24,000 cfm ERU’s and 

two 16,000 cfm ERU’s, which are sized such that they can supply the entire building with 

proper ventilation and can meet the peak heating and cooling loads.   

The building also uses three make-up air units to provide proper ventilation in the kitchen area, 

where large exhaust fans are located.  The make-up air units also provide the space with 100 

percent outdoor air.  Additionally, there is a ductless split-system which serves the IT and 

electrical rooms, which generate a lot of heat due to all of the electrical equipment.   
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3.4 Construction 

The building contract was design-bid-build, however, it was not awarded to the lowest bidder.  

The Mascaro Construction Company was awarded the contract because of their Minority 

Business Enterprise and Women’s Business Enterprise (MBE/WBE) participation.  The building 

construction uses deep foundations due to the instability in the surrounding soil.  Caisson piers 

are used, sized as large as 72 inches in diameter and 22 feet deep.  The dirt is removed then a 

hollow form is placed in the hole.  The rebar is dropped into place then filled with concrete.  

These are used to prevent vertical movement in the building which causes cracks as differential 

soil settling occurs.  Specialty contractors will be used for construction of the custom fireplace, 

green roof, and a custom designed fountain.   

3.5 Structural 

The foundation consists of caisson piers up to 22 feet deep with a 16 inch slab on grade.  The 

north facing walls are concrete load bearing to support the green roof.  The main structure of 

the building contains a steel column and beam system with composite steel deck for the floor 

system.  The columns typically run 16 feet on center north to south with small variations and 

roughly 24 feet on center east to west also with a few bay variations to accommodate the 

ballroom and theater.  Web joists 16 inches on center run east to west support the theater.   

3.6 Electrical 

The 15kV electrical utility line comes in to a new electrical manhole from the southern side of 

the building.  It then runs beneath the building to the northern side where there is a concrete 

electrical equipment pad to house a generator and a transformer.  It contains a 1500 kVA 

transformer with 15kV primary stepped down to a 480/277 V, 3 Phase, 4W secondary along 

with a 200 kW generator in a weatherproof enclosure.  Both connect to the main electrical room 

located on the first floor which is then used to supply the building with power.   

3.7 Lighting 

The building incorporates natural daylighting along most of the southern façade and wherever 

possible using shades to avoid excessive glare.  Automatic controls with manual override are 

used to allow for occupants to control the amount and intensity of light in each space.  The 

system is equipped with dimmers to allow less energy consumption when lighting load is low.  

The controls can also be programmed such that they change based on the time of day and hours 

of occupancy.  CFLs and LEDs are used rather than conventional incandescent lights to 

conserve energy.  The fixtures are high efficiency with high power factor electronic ballasts. 

3.8 Fire Protection 

The building is equipped with ADA compliant audio and visual alarms where necessary.  The 
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building has motorized doors connected to the fire alarm system and will open upon a signal 

from the smoke evacuation system.  When the smoke evacuation system is implemented, a 

75,000 cfm exhaust fan located in the atrium will turn on.  The doors and windows in the atrium 

will simultaneously open and allow for the exhaust fan to pull air in and take out the smoke 

through the exhaust located on the roof. 

3.9 Telecommunications 

Dual 600 copper cable telecommunications and data lines run to an existing manhole.  A new 

telecommunications line runs from the existing manhole into the eastern side of the building, 

where it ties into the electrical and IT room.  The other existing line then runs into the western 

side of the building. 

3.10 Transportation 

The building can be accessed by its main means of entrance and egress located on the south 

west side of the building.  Upon entering the atrium, a main and centralized staircase is present 

which enables you to access the floor above.  There is another entrance on the south east side of 

the building.  A staircase is located directly next to the vestibule that can also take the person to 

the remaining floors of the building.  A third and final vestibule is located on the north east 

corner of the building giving access to the bookstore.  On the roof of the building, a catwalk 

leading off the building is located as an added architectural feature along with providing 

another means of egress.   
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4.0 Existing Mechanical System Summary 

4.1 Mechanical Design Objectives 

The Slippery Rock University Student Union construction is currently underway with building 

completion estimated to be in late November of 2011.  The building will serve many different 

types of activities and will house spaces such as a bookstore, kitchen, cafeteria, ballroom, 

theater, student lounges, and will also have various offices and conference rooms.  With such a 

diverse environment, it is important to ensure comfort and wellbeing for the occupants 

throughout the long operation hours during all months of the year.  In order to achieve this, 

careful planning was incorporated into the design to allow the occupants to have control of each 

space as much as possible.   

In most cases, the building well exceeds minimum ventilation requirements set forth by 

ASHRAE Standard 62.1 and the minimum system efficiencies stated in ASHRAE Standard 90.1.  

The SRU Student Union is designed in order to obtain a LEED Silver Rating.  To able to 

accomplish this achievement, energy recovery units with a hot water heat transfer system are 

used with auxiliary back up.  Due to the different types of spaces in the building, simultaneous 

heating and cooling will be occurring, which allows for these units to run effectively.   

Comfort is another major priority within the SRU Student Union.  Each office, conference room, 

and lounge area in the building is equipped with a VAV box along with a thermostat so the 

individuals can have the space at their own comfort level.  The nature of the building requires 

the larger spaces to be monitored by automatic controls to keep each space at a satisfactory 

temperature and humidity throughout operational hours.  When outdoor conditions are 

suitable, natural ventilation can be utilized by operable windows where applicable.  With 

careful consideration, the SRU Student Union will be a safe and comfortable environment for 

the occupants.   

4.2 Energy Sources 

The Slippery Rock Student Union will use several means of energy.  The majority of the energy 

consumption will be in the form of electricity.  The building will also use natural gas, and steam 

from the nearby campus steam plant.  The following chart shows the energy costs per type. 

Table 1 – Electricity Demand and Consumption Rates 
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Table 2 – Natural Gas Rates 

 

Table 3 – Steam Rates 

 

4.3 Indoor and Outdoor Design Conditions 

The following design conditions were used based on the design conditions specific to the 

location.  These design conditions are based on weather data supplied for Pittsburgh, PA 

because weather conditions for Slippery Rock, PA were unavailable.     

Table 4 – Outdoor Design Conditions 

 
 

Table 5 – Indoor Temperature Settings 
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4.4 Existing Building Zones and Equipment Summary  

4.4.1 Existing Zones 

The Slippery Rock University Student Union holds various types and varieties of functions 

throughout the building.  The mechanical system is designed to supply these spaces effectively 

and as efficiently as possible by isolating each zone.  The following list describes which air 

handler will provide air to the areas in the building.  Figure 3 is a colored floor plan showing 

where these spaces are located.   

 Zone 1: Heating only – This zone only requires the spaces to be heated.  It contains the 

perimeter stairwells, mechanical rooms, and the entry vestibules.   

 Zone 2: Energy Recovery Unit 1 – This unit will both heat in the winter and cool in the 

summer.  Located on the roof, the energy recovery unit will provide air to the entrance 

lobby, café, UPS, cultural lounge, fireplace lounge, theatre, administrative offices, and 

surrounding corridors.   

 Zone 3: Energy Recovery Unit 2 – This unit is also located on the roof and provides both 

heating and cooling.  It serves the dining/cafeteria area, the kitchen support rooms, the 

servery, storage rooms, and the surrounding corridors. 

 Zone 4: Energy Recovery Unit 3 – This energy recovery unit is located on the roof which 

provides ventilation to the student organization rooms, meeting rooms, and the 

circulation spaces throughout the area.   

 Zone 5: Energy Recovery Unit 4 – This unit is located on the roof providing both heating 

and cooling.  It serves the ballrooms and the pre-function and circulation space 

surrounding the ballrooms.  It also provides ventilation to the supporting storage rooms.   

 Zone 6: Energy Recovery Unit 5 – The final energy recovery unit is located indoors on 

the first floor.  This unit serves the bookstore and its storage space and office space.   

 Zone 7: Make-Up Air Units – Three make-up air units supply air to the kitchen hoods 

located on the second floor kitchen.  These kitchen hoods exhaust large amounts of air so 

these units must bring in air in order to keep the space properly ventilated and 

conditioned.   

 Zone 8: Ductless Split System Schedule – This system is used to combat the heat gain 

that is caused by the electrical and IT spaces located throughout the building.  These 

rooms must be kept at a reasonable temperature in order to keep the equipment from 

being damaged.  
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Figure 2 – Legend of Existing Zones 

 
Figure 3 – Existing Third Floor Zone Layout 

 
Figure 4 – Existing Second Floor Zone Layout 

 
Figure 5 – Existing First Floor Zone Layout 
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4.4.2 Mechanical Equipment Summary 

Most spaces in the building are heated, ventilated, and cooled by five separate energy recovery 

units with a hot water heat transfer loop between the units in the system using a 40% glycol-

water mixture.  Each energy recovery unit serves a different zone located in the building with 

remote control panels located in the mechanical room.  Three make-up air handlers are used to 

provide 100 percent outdoor ventilation air to the kitchen area due to the mass amount of 

exhaust air from the kitchen hoods.  The ductless split system is used to keep the IT rooms from 

overheating throughout the building.  These rooms contain building servers and electrical 

equipment that put off large amounts of heat.   

The building receives the steam from the university steam plant which is then taken to the heat 

exchangers where hot water is then pumped throughout the building used for heating in the 

hot water heat transfer system along with domestic hot water.  The water used for cooling is 

provided by the campus chiller plant.  It is then taken to heat exchangers to provide the 

building with an adequate cooling capacity throughout the year.   

The building was designed to isolate the areas containing mechanical equipment.  A large 

mechanical room is located on the northwest end on the first floor of the building.  It houses 

heat exchangers, domestic hot water tanks, pumps, expansion tanks, various types of vavles, 

and piping.  Another mechical room is located on the first floor located on the northern side of 

the building that contains an energy recovery unit that services the bookstore and surrounding 

support areas.  The ductless split system evaporators are located in the IT rooms throughout the 

building.  Each condesndsor serves three indoor evaporators.  The remaining four energy 

recovery units, two cooling towers, three ductless split system condensors, three make-up air 

units, and exhaust fans are located on the rooftop.   
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4.5 System Evaluations and Schematics 

4.5.1 Air Flow System 

 
 

Figure 6 – Existing Air Side System for ERU 1 – ERU 5 

 

 
Figure 7 – Existing Typical Energy Recovery Unit Plan 
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4.5.2 Hot Water Heating System  

 
Figure 8 – Existing Hot Water Heating System 

 

When heating, the campus steam plant provides the building with steam, which is taken to the 

heat exchangers then hot water is used to heat the building by the energy recovery units.  When 

the heating demand is high, an auxiliary natural gas hot water heating system is used to 

provide sufficient heat.  The water reaches the heating coils located in various spaces.  Then, 

using variable air volume with hot water reheat coils and thermostats, the occupants have 

individual climate control.   
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4.5.3 Heat Transfer System 

 
Figure 9 – Existing Heat Transfer System 

 
The heat transfer system is the primary means of heating, cooling, and ventilating the building.  

The water circulates between the five energy recovery units, and then each unit delivers air to 

its respective zone.  This allows for simultaneous heating and cooling throughout the building 

with energy being transferred between spaces in order to conserve energy.  When the cooling 

demands are high enough, the heat transfer water loop will pass through the cooling towers to 

provide sufficient cooling for the building.   

4.6 Energy Consumption and Cost Analysis 

The following heating and cooling loads were calculated in TRACE 700.  

Table 6 – Peak Loads 
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4.6.1 Natural Gas 

 

 
Figure 10 – Existing Monthly Natural Gas Consumption Graph 

 
The figure above shows the monthly natural gas consumption rates throughout the year.  As 
you can see, when heating loads are low enough, the hot water heat transfer system is able to 
completely satisfy the heating needs of the building.  The building does not require any 
auxiliary heating, therefore uses no natural gas. 

 
Table 7 – Existing On Peak Monthly Natural Gas Consumption Cost Analysis 
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The cost per therm was found on the website of the U.S. Energy Information Administration 

website.  The cost is equal to 12.01$ per cubic foot.  I then converted cubic feet into BTUs, then 

BTUs into therms to find the cost per therm.  I used the consumption in therms from the trace 

model to accurately find out the total monthly cost of natural gas and finally the total annual 

cost.   

4.6.2 Steam 

 
Figure 11 – Existing Monthly Steam Consumption Graph 

The steam is provided by the Slippery Rock University Campus Steam Plant.  I was able to 

obtain the cost of steam from the engineer in order to calculate the monthly energy costs.  

Figure 11 shows that there is not much use for steam in the summer with exception to provide a 

sufficient amount of hot water.

Table 8 - Existing On Peak Steam Energy Consumption Cost Analysis 
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4.6.3 Electricity 
Table 9 – Existing On Peak Monthly Electricity Energy Consumption Cost Analysis 

 

Table 9 shows both the consumption and demand load for electricity both monthly and 

annually thoughout the year.  As shown in the table above, the cost of elecricity was found on 

the West Penn Power Company website.  It provides demand energy charges for the first and 

second block kilowatts along with the first and second block kilowatt-hour charges for energy 

consumption.  The total monthly costs are accurate due to the scale of the building.  They are 

likely lower than most buildings of similar size due to the high efficient mechanical systems and 

lighting fixtures.  
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Figure 12 – Existing Monthly Electricity Consumption Graph 

Shown in Figure 12, the electricity rates drop dramatically in December, and also during the 

summer months of May through August.  This can be attributed to the fact that the building is 

part of The Slippery Rock University.  There are not as many students at school in the summer 

compared to rest of the year based on the occupancy hours provided by the mechanical 

engineer.  The students also are off for winter break in the December shown by the lower 

electricity rates.  

4.6.4 Total Cost Analysis 
 

Table 10 – Existing Total Monthly and Annual Energy Cost 

 

Once all of the energy rates were obtained, the next step was to use the amount of energy 

consumption for each energy source per month to find a monthly rate.  Then the monthly rates 
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of natural gas, electricity, and steam were added together to get a total monthly energy cost.  

The final step was to add all off the months together to get a total annual energy cost.  Table 11 

shows that during the first month that each semester resumes, energy costs are greatly 

increased.  Each graph follows similar trends.  Loads begin to increase around September where 

they tend to increase until January.  They then start to decline until they are low in the summer.   

 

4.6.5 Energy Consumption Summary 

Table 11 – Fractional Cost of Operation  

Figure 13 – Fractional Energy Consumption Summary 

4.7 Overall Evaluation of Mechanical System 

The Slippery Rock University Student Union will be attempting to achieve a LEED Rating.  The 

building will hope to score 54 points, which puts it between 50 to 59 points achieving LEED 

Silver.  The designed building has been compared to a baseline model and reports that it will 

save an estimated 28 percent of total energy on an annual basis allowing for 9 points in the 

Energy and Atmosphere category.  This lower energy consumption allows the SRU Student 

Union to have the potential to reach LEED Silver rating.   

Due to the nature of the building, the energy recovery unit system seems that it can provide 

thermal comfort and wellbeing to its occupants effectively.  With an auxiliary heating and 

cooling system, the building is capable of using minimal energy while being able to satisfy 

comfort needs during peak load conditions throughout the entire year.  Most spaces are 

equipped with thermostats that allow for the occupants to control the climate by the VAV with 

reheat coils.   

Overall, the majority of the results appear to be reasonable to the actual design conditions with 

variation in some cases.  The variances can be attributed to the assumptions made in the model.  

It seems the building has a mechanical system that is considerably oversized in some zones.  

This is an issue that is hoped to be corrected in the mechanical redesign.   
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5.0 Overview of Proposed Mechanical Redesign 

5.1 Introduction 

The general intent of the mechanical depths along with the construction and structural breadths 

is to maintain and improve efficiencies as well as to value engineer the project as a whole.  

Changing a number of aspects from the existing building design to incorporate less building 

materials and green design has carried out this process.   

5.2 DOAS with Active Chilled Beams 

The mechanical redesign will be evaluating the effects of replacing the current mechanical 

system with a dedicated outdoor air system with active chilled beams.  This redesign will 

explore the energy savings created by supplying only the minimum amount of outdoor air to 

fulfill ventilation requirements from ASHRAE Standard 62.1 in specific areas of the building.  It 

incorporates green design by downsizing the air handling units required to move only the 

ventilation air required through the building along with using less sheet metal for the ductwork 

within the building, decreasing the amount of material being used.  The redesign will explore 

the benefits and feasibility of using such a system along with a cost analysis of the additional 

equipment used to determine a payback period.   

5.3 Solar Thermal Water Heating System 

The purpose of the Solar Thermal Water Heating System design is an attempt to explore the 

feasibility of replacing the domestic hot water needs provided through the campus steam plant.  

A study will be conducted in order to determine whether the system output, initial cost, and 

payback period are worth incorporating the additional system. 
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6.0 DOAS with Active Chilled Beams – Mechanical Depth 

6.1 Redesign Objective 

The main objective of the mechanical system redesign is to explore the effects of replacing a 

portion of the spaces with a dedicated outdoor air system with active chilled beams.  Occupant 

comfort and control is a major consideration in the overall design process, thus the benefits of 

such a system will be evaluated.  The redesign will focus on using chilled beams to adequately 

and comfortably cool the individual spaces although they are also capable of heating the space 

as well.   

6.2 DOAS with Active Chilled Beam System Design and Evaluation 

6.2.1 Active Chilled Beams Background Information 

Advantages: 

 Uses considerably less supply air allowing for smaller ductwork and air handling units. 

 Potentially reduces building construction costs by lower floor to floor heights. 

 Minimal maintenance required because there are no moving parts or filters. 

 Increases overall occupant comfort with uniform space temperature, individual 

temperature control, and lower system noise. 

 Reduces energy consumption by a reduction in fan energy and higher designed chilled 

water temperature.  

 Ideal for energy recovery wheels. 

Disadvantages: 

 Increased construction and initial cost compared to VAV system. 

 Increased ceiling space consumed compared to a traditional diffuser.  

 Humidity must be carefully controlled to prevent condensation from occurring. 

Chilled beams operate by a means of convection and induction.  The figure below shows a 

diagram of how the air in the space enters the cavity in the chilled beam where it mixes and is 

pulled back into the space with the supply air.  It is cooled by passing over the chilled water 

coils prior to being released back into the room.  The ratio between the air in the room and 

outdoor ventilation air is typically between 3 and 6 times the amount of primary supply air. 

 
Figure 14 – Section of a Typical Active Chilled Beam 
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The energy savings come from several different aspects that make chilled beams an efficient 

system to incorporate into HVAC design.  One reason why chilled beams are so effective is 

because the chilled water has a much larger cooling capacity when compared to air.  Therefore, 

less chilled water is needed to get an equal amount of cooling.  Another area where energy 

savings come from is the temperature of the chilled water needed for cooling.  Due to the nature 

and operation of chilled beams, an elevated chilled water temperature is possible, in turn using 

less energy to lower the chilled water supply temperature.    

6.2.2 Design Considerations  

The buildings mechanical system has several important issues to address in order to provide a 

clean and healthy indoor environment.  First, the HVAC system must be able to remove the 

sensible loads of the space.  This will be taken care of by the use of the active chilled beams in 

the individual spaces.  The system must also provide an adequate amount of outdoor air to 

properly ventilate the space in accordance with ASHRAE Standard 62.1.  Last, the air must be 

dehumidified to accommodate for the latent heat gains of the space.   

Three different energy saving techniques were implemented into the redesign resulting in a 

considerable amount of energy saved.  The first aspect was to use of an enthalpy wheel.  Using 

this enthalpy wheel helps to recover otherwise wasted energy from the exhaust air.  This is 

useful because it preheats or preconditions and also exchanges humidity to the incoming 

outdoor air therefore less energy is needed by the main heating or cooling coils of the AHU.   

       
Figure 15 – Enthalpy Wheel Diagram 

 

Another technique used to cut energy costs is to assign a portion of the building to a dedicated 

outdoor air system.  This system is more efficient because it typically only requires 50% - 65% of 

the total amount of air to be pushed through the building when compared to a traditional air 

handler.  This is because the dedicated outdoor air system is sized based off of the ventilation 

requirements of the spaces it serves.  Consequently, pushing less air through the building 

allows fewer air handlers along with a smaller amount of ductwork, which in turn conserves 

energy and resources.   
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The last items used to achieve a better energy performance are the active chilled beams used in 

the redesign.  The chilled beams offer a high level of sensible cooling by the chilled water that 

flows through the beams cooling the air passing over the pipes.  The chilled beams also allow 

for better stratification of air into the space resulting in enhanced comfort.   

6.2.3 System Design 

The first step in the design process was to determine what areas of the building were going to 

use chilled beams as a means of heating and cooling based on the location and function of each 

space.  For simplicity’s sake in design and energy modeling, the zones were kept the same and 

specific energy recovery units were then assigned to DOAS with active chilled beams.  The 

following sketches show the portions of the building with the new DOAS with chilled beams as 

well as the systems remaining from the existing design. 

 
Figure 16 – Legend of Zone Redesign 

 
Figure 17 – Third Floor Zone Redesign 

 
Figure 18 – Second Floor Zone Redesign 
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Figure 19 – First Floor Zone Redesign 

The new layout allows for energy recovery units ERU-1, ERU-3, and ERU-5 to be consolidated 

into a single air handler providing proper ventilation to all the spaces that will use chilled 

beams.  The air handler located on the first floor was able to be removed.  This was possible 

because although it was located on the first floor, an existing outdoor air supply duct runs from 

the roof directly to the air handler.  The duct was able to be downsized due to the lower amount 

of supply air being taken to the spaces.  After the zones were finalized, the new system was 

designed and evaluated.  The floor diagram below visually illustrates the redesign.   

Figure 20 – Existing vs. Redesign Riser Diagram 
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When designing the active chilled beam system, several design considerations were taken into 

account in order to achieve occupant comfort and to prevent condensation from occurring.  The 

following table shows the space summer design conditions for cooling. 

 
Figure 21 –Design Conditions 

The first step in sizing the new dedicated outdoor air system with active chilled beams was to 

determine the amount of outdoor supply air needed to each space.  This process was carried out 

through calculating the minimum ventilation required through ASHRAE Standard 62.1 based 

on the size of each room and the number of occupants per room.  Also, calculations were 

performed to find the air flow rate needed to satisfy the latent load requirement per space.  The 

design was then based off which ever value was higher to satisfy humidity and ventilation 

requirements and set as the outdoor requirement per room in the TRACE 700 model.  The 

method of calculating the air flow rate for the latent load is shown below. 

 
Figure 22 – Psychometric Chart with Design Conditions 
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Using the equation: 

cfmSA = hL / .68(wSP – wOA) 

where hL = (200 btuh/person) x (# of people) 

The total air volume flow rate was found for each space.  The table showing each spaces design 

requirements can be found at the end of the report in Appendix C.   

The next step in designing the DOAS system with chilled beams was to select chilled beams 

from manufacturer data that can adequately meet the sensible load and minimum outdoor air 

requirements for each space it is applied to.  The sensible loads for each room were found by 

modeling the building in TRACE 700 after being assigned to the dedicated outdoor air system 

with chilled beams.  Each room being assigned to the dedicated outdoor air system has the 

minimum flow rates manually put in.  The follow figure is an example of the information from 

TRACE 700 that was used to size chilled beams for each space. 

 
Figure 23 – Example from TRACE 700 Room Design 

Figure 24 below from TROX USA Inc. was used to select the chilled beams for each space.  The 

primary airflow is outdoor air supplied to the space and the aux cooling is the cooling that must 

be supplied by the chilled beam to the space.  In some instances the amount of outdoor air was 

increased in order to meet the cooling load.  This increase in outdoor air supply was included 

when sizing the air handler.  The chilled water supply temperature will be 57 ⁰F in order to 

remain above of the room dew point of 55 ⁰F and to be 18 ⁰F above the temperature of the space 

in which the cooling capacities below are based on.  The chilled water will raise a minimum 3 ⁰F 

and maximum of 6 ⁰F after the supply air passes over the chilled water piping.  The values in 

the tables show the variance from different air flow rates.  As the air flow decreases, the cooling 

capacity increases.  The following equation is used to determine the capacity of the chilled 

beams based on a chilled water flow rate of 1.5 gpm.  

 

q = 500 gpm ΔT 

q = 500 x 1.5 x 3 = 2250 btuh 

q = 500 x 1.5 x 6 = 4500 btuh 
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Figure 24 – Chilled Beam Performance Chart 

The total air flow rate needed for the DOAS system for each space was then found and totaled 

to select a proper sized air handler with an adequate cooling capacity.  An air handler was then 

sized using TOPSS, an equipment sizing program from Trane.  Table 12 shows the amount of 

outdoor air needed from each existing air handler to provide proper ventilation to each space.    

Table 12 – Chilled Beam Performance Chart 

 

 
Figure 25 – Chilled Beam Performance Chart 

Figure 25 above is a 100% outdoor air handler designed to carry 24000 cfm of supply air to the 

zones selected previously in the report.  The new air handler is equipped with an enthalpy 

wheel that will transfer energy from the exhaust air to the outdoor supply air.  
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6.2.4 Redesign Schematics 

 

Figure 26 – Air Side DOAS Schematic  

Figure 26 shows an air side schematic of the new air handler that will be supplying the assigned 

spaces with 100% outdoor air.  The cooling coil will be supplied with chilled water at a 

temperature of 45 ºF and leaving the coil at 55 ºF.  The chilled water will be supplied by the 

district chilled water plant.  The heating coil will use low pressure steam to heat the incoming 

outdoor air from the campus steam plant.  Details from sizing the air handler can be found at 

the end of the report in Appendix D.   
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Figure 27 – Chilled and Hot Water Chilled Beam Schematic  

This schematic demonstrates the chilled beam system to be used in the redesign.  For cooling 

purposes, the district chilled water plant will supply the SRU Student Union with chilled water.  

As shown above, a heat exchange will be used to provide for sufficient chilled water to the 

beams.  When the chilled water temperature remains at a satisfactory cooling level, the return 

bypass can be utilized via the 3-way modulating valve.  After the chilled water heat exchanger, 

the chilled water supply to the chilled beams will be at 57 ⁰F in order to provide proper cooling 

to the space and to remain above the space dew point avoiding condensation on the chilled 

beams from forming.   

The heating system used in the active chilled beams will be supplied by the campus steam 

plant.  Similar to the cooling section, a heat exchanger will heat the water flowing through the 

chilled beams to allow for proper space heating.   
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Table 13 – Chilled Beams Schedule  

 

Table 14 – Chilled Water Pump Schedule  

 

 
Figure 28 – Bell and Gossett Pump Series 1531 Performance Curves  

6.2.5 Redesign Energy Consumption and Cost Analysis 

The information in this section was calculated by modeling the building in TRACE 700 to find 

the energy consumption for the building over the course of a year.  The following chart shows 

the energy source distribution of the building.   
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Figure 29 – Monthly Chilled Water Consumption of Redesign  

Figure 29 shows much less energy is consumed during the summer months when the students 

will not be on campus.  This trend appears to be logical based on occupation rates provided by 

the mechanical engineers.  A large step occurs in September when school resumes and remains 

fairly consistent throughout the academic months.  As you can see, natural gas is used as a 

means of heating; therefore, the use of natural gas is significantly higher in the winter months in 

order to keep the building at a desirable temperature.  As shown in the figure above, steam 

consumed from the campus steam plant is low until the heating season occurs throughout the 

winter months.  Detailed energy and cost tables can be found at the end of the report in 

Appendix A. 

 
Figure 30 – Monthly Chilled Water Consumption of Redesign  

Figure 30 shows the distribution of chilled water consumed throughout the year.  The chilled 

water is a primary means of cooling a majority of the spaces so the trend increased as summer 

approaches.  
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Once the total energy consumption was determined, an overall distribution of cost was 

analyzed and a total energy cost per month and year was calculated.   

Table 15 – Total Energy Cost and Consumption of Redesign  

 

 
Figure 31 – Utility Cost Distribution of Redesign  

As shown in the pie chart above, the majority of the energy costs are from the electricity 

consumption in the building.  The table below shows where the energy is consumed along with 

a cost per square foot for energy of the building.   

Table 16 – Energy Cost Distribution of Redesign  
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Figure 32 – Energy Distribution of Redesign  

 

6.3 System Comparison 

Due to the reduction in the amount of supply air being pushed through the building, less sheet 

metal is required in ductwork.  A detailed ductwork quantity takeoff was conducted in 

Autodesk Quantity Takeoff in order to determine the amount of sheet metal that will be saved 

with the redesign.  After finding the total amount of sheet metal used with the three air 

handlers being replaced, an estimate of the amount of sheet metal needed for the new 

ventilation rates was calculated per space.  The ductwork was sized based on the air flow rate 

and number of chilled beams in each space using the same duct sizing schedule as the existing 

design.  The tables below show a detailed quantity takeoff for the existing design and the 

redesign of the second floor in order to obtain the total pounds of sheet metal.  The ratio 

between the existing and redesign calculated will be applied to the remaining existing sheet 

metal used in the applicable zones to get an estimate of the total sheet metal saved from the 

redesign.   
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Table 17 – Existing Sheet Metal Ductwork Takeoff   

 

The following table is an example of how the sheet metal redesign was evaluated.  Below are 

the spaces of the second floor east plan with the new ventilation rates and ductwork sizes along 

with the length required to reach the chilled beams from the main supply duct.   

Table 18 – Redesign Sheet Metal Ductwork Assignments 
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Table 19 – Redesign Sheet Metal Ductwork Takeoff  

 

The table below shows the ratio between redesign and existing from the tables above being 

applied to all the spaces being replaced with the dedicated outdoor air system with chilled 

beams.  A detailed ductwork takeoff of the existing design being replaced can be found in 

Appendix B at the end of the report.   

Table 20 – Existing vs. Redesign Ductwork 

 
 

The ratio calculated between the existing and redesign supply ductwork runs was also used to 

estimate the sheet metal reduction of the return ductwork in the redesign.  The following table 

shows a cost comparison between the existing and redesign on a first cost basis.  

 
Table 21 – Existing vs. Redesign Initial Cost Comparison 

 
 

The new system will be estimated to cost roughly $42,000 more than the existing design.  The 

major savings in the redesign come from the reduction in air handling units; however, the initial 

cost of the chilled beams offset the savings.  The chilled beam cost estimate is a ballpark 

estimate that was found by contacting a sales representative.    The piping redesign estimate 
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was found by finding the amount of piping running to the existing VAV boxes located in each 

individual space.  Once that value was found, it was double to account for both the heating and 

cooling loops to the chilled beams.   

 

After conducting a first cost comparison, an evaluation of the energy savings from the redesign 

was done to calculate the simple payback period.  The information below was determined after 

analyzing the results obtained from the TRACE 700 energy model simulated over the course of 

a year for the SRU Student Union and applying the utility rates for the area.   

 

 
Figure 33 – Existing vs. Redesign Energy Cost Comparison 

 

 
Table 22 – Existing vs. Redesign Annual Energy Cost Comparison 

 
 

Based on the amount of energy saved each year in the system redesign, a simple payback period 

was conducted.  The active chilled beams require virtually no maintenance, adding to the 

positive attributes of using such equipment and decreasing the payback period.  Table 23 shows 

the time it takes for the energy savings to pay for the additional first costs of the redesign.   
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Table 23 – DOAS with Chilled Beams Payback Table 

 
 

 
Figure 34 – Existing vs. Redesign Annual Energy Cost Comparison 

 

Based off the calculations above, the dedicated outdoor air system with active chilled beams 

will be paid off at the turn of the 7th year in operation.   
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6.4 Recommendations and Conclusions  

Based on the assumptions and conclusions made above, replacing a portion of the building with 

a dedicated outdoor air system with chilled beams is a reasonable consideration.  Although the 

new system has an increased initial cost, the money saved in energy quickly pays for the 

additional first costs.  The building will still maintain LEED Status with the redesign and 

additional energy savings, however the redesign will only be awarded an additional point and 

will not be able to step up to LEED Gold.  The redesign is also feasible because the main 

objective is to provide occupant comfort and control while incorporating sustainability and 

green design.  This redesign ensures both requirements are integrated into the new system 

design.  
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7.0 Solar Thermal Water Heating System – Mechanical Depth 

7.1 Introduction 

The purpose of this study is to implement a solar thermal water heating system and to explore 

the benefits and feasibility, if any, of such a system in the SRU Student Union.  The building 

requires roughly 10,000 gallons of hot water for domestic use each day.  The new system will be 

designed to assist in heating the water rather than a sole source of domestic hot water.   

7.2 Solar Thermal Water Heating System Design 

The system design was created through determining the amount of hot water that can be 

produced based on the available area on the roof of the first floor.  An initial design issue is the 

space available for the solar collectors.  The ideal orientation of a solar collector is facing due 

south at a tilt within plus or minus 5 degrees of the latitude.  For the SRU Student Union, the 

collectors will be on the southern facing portion of the roof with a tilt of 45 degrees.  This 

positioning will maximize the solar collection throughout the day and year.  Below is a model of 

where the collectors will be placed on the building based on the information presented above.   

 
Figure 35 – SRU Student Union Model with Solar Collectors 

 

After selecting the location and orientation of the collectors, monthly insolation days were 

found based off the location of the building in order to calculate the amount of energy the 

collectors can produce throughout the year.  The energy outputs in the table below were found 
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by using specific performance data from Apricus model AP-30.  Based on the area of the 

collectors and insolation, the following monthly energy outputs were found and converted to 

therms in order to find the amount of money saved in purchased steam.  The energy output is 

also based in a change in temperature of 100 ⁰F.   

Table 24 – Solar Collector Energy Output and Annual Cost Savings  

 

The primary means of heating the domestic hot water is done by using steam from the campus 

steam plant with an auxiliary natural gas backup system.  The water heated by the solar 

collectors will be used to preheat the incoming water supply before being heated to the proper 

temperature from the campus steam.  The schematic below shows the process where an internal 

heat exchanger transfers the heat from the solar collectors and campus steam to the water that 

will be used for the domestic hot water supply of the building.   

 
Figure 36 – Solar Collector Schematic  
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After the total annual output was found, a simple payback period study was conducted to 

determine the feasibility of the system.  Due to the nature of the technology, several federal and 

state government incentives may apply to the design.  After research, the design can potentially 

be awarded two government incentives to help cover the initial costs of the system.  An 

important assumption made in researching incentives is the building will be treated as 

commercial due to the office space and retail that accounts for over 50% of the occupied spaces.    

The first incentive is the Pennsylvania Sunshine Solar Rebate Program.  This incentive can be 

applied to solar water heat used for domestic hot water.  The amount rewarded to a solar 

thermal system is 35% of the installed costs of the system. 

The second incentive is Federal Government issue under the Business Energy Investment Tax 

Credit.  The tax credit applies for an amount of 30% of the initial cost of the solar system.  The 

solar collectors must meet the requirements of the Solar Rating and Certification Corporation 

according to the standard Operation Guidelines for Certifying Solar Collectors (SRCC OG-100).  

Below is a section from the AP-30 collector specifications that demonstrates compliance.   
 

 
Figure 37 – Solar Collector Payback Table with Government Incentives  

 

Both RS Means and cost estimates from the vender were used to find a ballpark initial cost 

estimate per collector.  The collector itself will cost $2,300.00 for a 30 tube array with an 

additional installation cost of $1124.40 per array.  The SRU Student Union design uses 25 arrays 

for a total cost of $85,610.00.  Due to the high initial costs, implementing such a system is not 

economically feasible unless the government incentives can be applied.  Without the incentives, 

the systems lifespan will run out before the time it takes to receive the payback from the energy 

savings.  The table below shows a simple payback period assuming the building will be granted 

the government incentives.   

If the portion of the green roof is removed, this too offsets the additional costs of the solar 

collector system.  The following table provides a detailed cost breakdown from removing 3000 

square feet of the green roof where the solar collectors will be placed.   
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Table 25 – Green Roof Section Takeoff  

 
 

Table 26 – Solar Collector Payback Table without Government Incentives  

 

As shown in the table above, the graph below illustrates a visual representation of the 

information calculated.  The system will be paid for by the 19th year of operation according to 

the estimated collector energy performance.   
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Figure 38 – Solar Collector Simple Payback Graph 

 

Table 27 – Solar Collector Cost Table with Government Incentives  

 

7.3 Conclusions and Recommendations 

Based on the information provided above, it is difficult to determine whether or not using solar 

thermal water collectors is worthwhile.  Removing the portion of the green roof could 

potentially cause issues with the space below due to the insulation properties the green roof 

provides, although the space beneath is an entry vestibule and circulation space.  Another issue 

to consider is the aesthetics that go along with the addition of the solar thermal collectors.  The 

collectors potentially obstruct the views from several offices and meeting rooms located on the 

second floor.  The solar collectors have negligible structural complications and will be less 

weight when compared to the green roof.  With further consideration, the benefits of adding 

this system don’t seem to be overcome the consequences.  Without any government incentives, 

the system should not be considered feasible based on the payback period and additional 

design and architectural complications.     
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8.0 Structural Breadth Study 

8.1 Design Objectives  

The objective of the structural breadth is to change the existing composite steel decking floor 

system to prefabricated hollow core planks.  The evaluation will also explore the effects of 

doing so by resizing existing girders in order to hold the new loads created by the precast floor 

planks.    

8.2 Assumptions and Design Strategies 

Several assumptions were made during the analysis in order to accurately evaluate the floor 

system.  The precast hollow core slabs will use a 2 inch topping to ensure a rigid diaphragm and 

to avoid further structural complications.  The ceiling to floor heights have been designed to 

remain within ½ inch of the existing depths to decrease potential issues within the other 

building trades.   

The beam and girder orientation has been reversed in order to allow the precast hollow core 

slabs to carry loads resulting in using fewer beams.  Although the orientation has been 

switched, the girder depths were sized equal to the existing beam depths in order to allow the 

ductwork servicing the dining and kitchen below to remain unchanged.  The redesign is based 

off a portion of the second floor bearing the weight of the ballroom.  This section was selected 

due to the simple and typical bay design.  Due to the nature of the building, few areas of the 

building have a typical bay layout.   

8.3 Floor Slab System Redesign 

Superimposed Dead Load – 15 psf 

Dead Load – 15 psf 

Live Load (ballroom) – 100 psf 

 

Total Loads – 130 psf 
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Figure 39 – Prestressed Hollow Core Plank Selection 

 

The prestressed concrete plank was selected based off the Nitter House specifications for 8” 

Hollow Core Plank with 2” Topping after calculating the capacity needed to carry the loads 

from the ballroom.  The hollow core plank will be replacing the following 4 ½“ normal weight 

concrete with 3” composite steel deck.   

 

 
Figure 40 – Existing Composite Steel Decking and Concrete 

8.4 Girder Redesign 

8.4.1 Sizing Girder 

WTL = 1.2D + 1.6L 

Superimposed Dead Load – 15 psf 

Weight of Prestressed Plank – 86.25 psf 

WTL = 1.2( 15 + 86.25 ) + 1.6( 100 ) = 281.5 psf 

MU = ( 281.5 )( 26 )( 24 )2/ 8 = 527 ft*kip  

From the Steel Construction Manual – W18X71 @ 548 psf capacity 
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MU = [ ( 281.5 )( 26 ) + 71 ] ( 24 )2/ 8 = 532.1 ft-kip < 548 ft-kip therefore W18X71 is OK 

8.4.2 Live Load Deflection 

∆LL = 5 WLL L4 ( 1728) / ( 384 E I ) 

 E = 29,000,000 psi 

 IW18X71= 1170 in4  

∆LL = 5 (100*4)  244 ( 1728) / ( 384 * 29000000 * 1170 ) = 0.088 inches 

Allowable Live Load Deflection: 

∆LL = L / 360 = ( 24 ft * 12 in/ft ) / 360 = 0.80 inches 

0.60 inches < 0.80 inches therefore OK 

8.4.3 Total Load Deflection 

∆TL = 5 WTL L4 ( 1728) / ( 384 E I ) 

 E 29,000,000 psi 

 IW18X71= 1170 in4  

∆TL = 5 (130*4)  244 ( 1728) / ( 384 * 29000000 * 1170 ) = 0.12 inches 

Allowable Total Load Deflection: 

∆TL = L / 240 = ( 24 ft * 12 in/ft ) / 240 = 1.2 inches 

0.12 inches < 1.2 inches therefore OK 

A table with the calculations presented above can be found and verified at the end of the report 

in Appendix E. 
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8.4.4 Existing Beam and Girder Design 

 
Figure 41 – Existing Steel Beam and Girder Design 
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8.4.5 Beam and Girder Redesign 

 
Figure 42 – Steel Beam and Girder Redesign 

8.5 Recommendations and Conclusions 

Overall, the redesign appears to save a considerable amount of steel and time spent on 

installation.  However, applying precast hollow core planks to the entire building would be 

much more difficult.  The precast planks were only assigned to this portion of the building due 

to the simple and somewhat consistently sized bays of the structure.  If precast hollow core 

planks were to be used throughout the entire building, careful planning and coordination 

would become a more prevalent issue to minimize additional construction complications.     
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9.0 Construction Breadth Study 

9.1 Objectives 

The construction breadth will explore techniques to accelerate construction along with ways to 

reduce initial cost throughout the building.  This breadth couples with the structural breadth 

such that the precast hollow core slabs will hope to decrease construction time and the cost of 

steel used in the framing.  It is also incorporated into the mechanical breadth by evaluating the 

effects of using less sheet metal evaluated previously in the report.  The following report will 

describe techniques used to conduct the analysis and obtain results.   

9.2 Assumptions and Redesign Methods  

The schedule acceleration was determined based off ratios of the amount of material saved 

through the redesign along with construction and erection times provided through material 

vendors.   

The existing cost analysis was conducted from information off a base bid provided by the 

architect and engineers.  Steel beam and girder takeoffs were done to accurately estimate the 

steel in the selected section.  From the base bid, 10 percent of the total weight of the beam and 

girders is needed for steel connections.  This ratio was also used in the framing redesign.   

Several different methods were used in order to accurately estimate the cost of the new 

structural system.  The prestressed hollow core planks were first sized to handle the assumed 

loads and were then priced for cost per square foot by Nitter House based on plank thickness.  

The general contractor provided a cost estimate for the 2” topping needed for the precast 

planks.  After resizing the beam and girder frame, the amount of steel (in tons) of the beams and 

girders was determined based off the self-weight of each member.  The weight of connections 

needed was estimated based off the ratio determined for connections per ton of steel from the 

existing framing.   
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9.3 Schedule Acceleration 

 

Figure 43 – Existing vs. Redesign Schedules 

Based on the schedule above, the precast hollow core planks will accelerate construction time.  

The accelerated construction of the precast planks saves construction time by over a full week of 

work.  However, the mechanical redesign additional piping runs that will be running to and 

from the chilled beams will add a considerable amount of time to the schedule.  The reduction 

in ductwork installation does not overcome the time needed to install the piping.   
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9.4 Overall Cost Analysis of Existing vs. Redesign 

9.4.1Existing Cost Analysis 
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9.4.2 Redesign Cost Analysis 

 

9.5 Conclusions 

Based on the structural redesign, both the construction time and costs are reduced.  The 

construction is decreased by 10 days and saves a total of $83,287.75.  Although the reductions 

are minimal, the implementation of precast hollow core planks seems to be a reasonable 

redesign consideration.  The increased mechanical time is a result of increased piping runs 

throughout the building, however the overall mechanical performance had a considerable 

increase in efficiency.   



  

 

 

 

Slippery Rock University Student Union, Slippery Rock, PA 
 Advisor: Dustin Eplee – 4/7/2011 

Gary Haffely 

Mechanical 

Final Report 59 

10.0 Credits and Acknowledgements 
I would like to express my gratitude all of the people who have helped me with my thesis 

throughout the course of the year.  Special thanks go out to the following for all their assistance: 

- Herbert Carlson (Slippery Rock University) 

- Nick Rosko (CJL Engineering) 

- Ray Muecci (CJL Engineering) 

- Zach Brehm (Mascaro Construction) 

- Mark Taylor (Nitterhouse Inc.) 

- Dustin Eplee (Advisor) 

- Ron Grimm (DRS Architects) 

I would also like to thank my friends in the AE program with me along with those who have 

already graduated.  It couldn’t have been done without you! 

 



  

 

 

 

Slippery Rock University Student Union, Slippery Rock, PA 
 Advisor: Dustin Eplee – 4/7/2011 

Gary Haffely 

Mechanical 

Final Report 60 

11.0 List of Figures and Tables 
Figure 1 – Campus Site Plan 
Figure 2 – Legend of Existing Zones 
Figure 3 – Existing Third Floor Zone Layout 
Figure 4 – Existing Second Floor Zone Layout 
Figure 5 – Existing First Floor Zone Layout 
Figure 6 – Existing Air Side System for ERU 1 – ERU 5 
Figure 7 – Existing Typical Energy Recovery Unit Plan 
Figure 8 – Existing Hot Water Heating System 
Figure 9 – Existing Heat Transfer System 
Figure 10 – Existing Monthly Natural Gas Consumption Graph 
Figure 11 – Existing Monthly Steam Consumption Graph 
Figure 12 – Existing Monthly Electricity Consumption Graph 
Figure 13 – Fractional Energy Consumption Summary 
Figure 14 – Section of a Typical Active Chilled Beam 
Figure 15 – Enthalpy Wheel Diagram 
Figure 16 – Legend of Zone Redesign 
Figure 17 – Third Floor Zone Redesign 
Figure 18 – Second Floor Zone Redesign 
Figure 19 – First Floor Zone Redesign 
Figure 20 – Existing vs. Redesign Riser Diagram 
Figure 21 –Design Conditions 
Figure 22 – Psychometric Chart with Design Conditions 
Figure 23 – Example from TRACE 700 Room Design 
Figure 24 – Chilled Beam Performance Chart 
Figure 25 – Chilled Beam Performance Chart 
Figure 26 – Air Side DOAS Schematic  
Figure 27 – Chilled and Hot Water Chilled Beam Schematic  
Figure 28 – Bell and Gossett Pump Series 1531 Performance Curves  
Figure 29 – Monthly Chilled Water Consumption of Redesign  
Figure 30 – Monthly Chilled Water Consumption of Redesign  
Figure 31 – Utility Cost Distribution of Redesign  
Figure 32 – Energy Distribution of Redesign  
Figure 33 – Existing vs. Redesign Energy Cost Comparison 
Figure 34 – Existing vs. Redesign Annual Energy Cost Comparison 
Figure 35 – SRU Student Union Model with Solar Collectors 
Figure 36 – Solar Collector Schematic  
Figure 37 – Solar Collector Payback Table with Government Incentives  
Figure 38 – Solar Collector Simple Payback Graph 
Figure 39 – Prestressed Hollow Core Plank Selection 
Figure 40 – Existing Composite Steel Decking and Concrete 
Figure 41 – Existing Steel Beam and Girder Design 
Figure 42 – Steel Beam and Girder Redesign 
Figure 43 – Existing vs. Redesign Schedules 



  

 

 

 

Slippery Rock University Student Union, Slippery Rock, PA 
 Advisor: Dustin Eplee – 4/7/2011 

Gary Haffely 

Mechanical 

Final Report 61 

Table 1 – Electricity Demand and Consumption Rates 
Table 2 – Natural Gas Rates 
Table 3 – Steam Rates 
Table 4 – Outdoor Design Conditions 
Table 5 – Indoor Temperature Settings 
Table 6 – Peak Loads 
Table 7 – Existing On Peak Monthly Natural Gas Consumption Cost Analysis 
Table 8 - Existing On Peak Steam Energy Consumption Cost Analysis 
Table 9 – Existing On Peak Monthly Electricity Energy Consumption Cost Analysis 
Table 10 – Existing Total Monthly and Annual Energy Cost 
Table 11 – Fractional Cost of Operation  
Table 12 – Chilled Beam Performance Chart 
Table 13 – Chilled Beams Schedule  
Table 14 – Chilled Water Pump Schedule  
Table 15 – Total Energy Cost and Consumption of Redesign  
Table 16 – Energy Cost Distribution of Redesign  
Table 17 – Existing Sheet Metal Ductwork Takeoff   
Table 18 – Redesign Sheet Metal Ductwork Assignments 
Table 19 – Redesign Sheet Metal Ductwork Takeoff 
Table 20 – Existing vs. Redesign Ductwork 
Table 21 – Existing vs. Redesign Initial Cost Comparison 
Table 22 – Existing vs. Redesign Annual Energy Cost Comparison 
Table 23 – DOAS with Chilled Beams Payback Table 
Table 24 – Solar Collector Energy Output and Annual Cost Savings  
Table 25 – Green Roof Section Takeoff  
Table 26 – Solar Collector Payback Table without Government Incentives  
Table 27 – Solar Collector Cost Table with Government Incentives  
 



  

 

 

 

Slippery Rock University Student Union, Slippery Rock, PA 
 Advisor: Dustin Eplee – 4/7/2011 

Gary Haffely 

Mechanical 

Final Report 62 

Appendix A – Energy Consumption and Cost Tables 
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Appendix B – Equipment Takeoffs 
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Appendix C – Room Assignments 
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Appendix D – Air Handler Design 
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Appendix E – Girder Redesign Calculations 
Girder Redesign: 

Sizing Girder: 

WTL = 1.2D + 1.6L 

Superimposed Dead Load – 15 psf 

Weight of Prestressed Plank – 86.25 psf 

 

WTL = 1.2( 15 + 86.25 ) + 1.6( 100 ) = 281.5 psf 

MU = ( 281.5 )( 26 )( 24 )2/ 8 = 527 ft*kip  

From the Steel Construction Manual – W18X71 @ 548 psf capacity 

MU = [ ( 281.5 )( 26 ) + 71 ] ( 24 )2/ 8 = 532.1 ft-kip < 548 ft-kip therefore W18X71 is OK 

Live Load Deflection 

∆LL = 5 WLL L4 ( 1728) / ( 384 E I ) 

 E = 29,000,000 psi 

 IW18X71= 1170 in4  

∆LL = 5 (100*4)  244 ( 1728) / ( 384 * 4286826 * 1170 ) = 0.088 inches 

Allowable Live Load Deflection: 

∆LL = L / 360 = ( 24 ft * 12 in/ft ) / 360 = 0.80 inches 

0.088 inches < 0.80 inches therefore OK 

Total Load Deflection: 

∆TL = 5 WTL L4 ( 1728) / ( 384 E I ) 

 E = 29,000,000 psi 

 IW18X71= 1170 in4  

∆TL = 5 (130*4)  244 ( 1728) / ( 384 * 4286826 * 1170 ) = 0.11 inches 

Allowable Total Load Deflection: 

∆TL = L / 240 = ( 24 ft * 12 in/ft ) / 240 = 1.2 inches 

0.11 inches < 1.2 inches therefore OK 
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