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Abstract

This Major Qualifying Project performed a complete building analysis of the Christian Gospel
Church located at 43 Belmont Street in Worcester, Massachusetts. This project entailed a
structural, vibration, energy, and envelope analysis of the building. Through findings based on site
surveys, photographs, and archive plans, and the above analyses, recommendations were compiled
to determine what issues are most pressing and improvements were suggested that could be
implemented to make the building more viable in the long term.



Disclaimer

The findings in this report were produced as partial fulfillment for the degree of Bachelor of
Science from Worcester Polytechnic Institute. While the findings in this report were produced in
good faith, this MQP group (Cassie Graca, Aaron Kotilainen, Jason Strauss) is not responsible for
any issues that could arise from the implementation of any recommendations. Any implementation
of recommendations suggested by this report must first be verified and approved by a Professional
Engineer and installed by qualified professionals.



Capstone Statement
The Christian Gospel Church leadership approached WPI Architectural Engineering

faculty with concerns in architectural and structural performance of the church due to age and
neglect. The primary focus of this project was to investigate the church structurally and
architecturally by means of structural, vibration, envelope, energy, and HVAC analysis. This
analysis allows a better understanding of the performance of the church and can therefore
determine what required fixes are necessary.

Structural analysis was performed by analyzing all members under ASCE?, AISC?, AWC?,
ACI* NCMA®, and IBC® specifications for adequacy with current codes. A detailed truss, and
buttress analysis was performed to look for weak points in the truss and tension in the wall that
could potentially cause failure. A vibration analysis was also performed by analyzing
accelerometer data in order to determine the effect of traffic-induced vibrations on the structure of
the church. Architectural and envelope analysis was undertaken to determine the building
construction and the insulative properties of the envelope components. This was achieved by
thorough site surveys and pre-construction plan analysis. Insulative properties were determined by
using ASHRAE standards based on our observations of the building construction. Part of this
envelope analysis was to determine the source of water infiltration and high humidity levels
experienced in the church. This was achieved by installing relative humidity sensors inside of the
envelope and attempting to make poke holes in order determine sources of potential water

infiltration. An energy analysis was performed by creating a model of the building in the computer

! American Society of Civil Engineers

2 American Institute of Steel Construction
¥ American Wood Council

4 American Concrete Institute

® National Concrete Masonry Association
® International Building Code



software, DesignBuilder, to determine heating and cooling loads utilizing ASHRAE baseline and
weather standards. Hand calculations following ASHRAE standards were also performed to verify
the results of DesignBuilder. This data was then used to determine heating and cooling loads and
determine potential heating and cooling options that could be implemented in the church.
Parametric analysis within Designbuilder was performed to determine the efficacy of potential
insulative improvements to the building envelope could be feasibly instituted in order to reduce

energy consumption and improve heat loss in the building.



Design and Professional Licensure Statement
The analysis of the Worcester Gospel Church located at 43 Belmont Street in Worcester,

MA involved many aspects. Presently there are many envelope issues that the church faces. For
the past 11 months, temperature and humidity monitoring has been installed to gain a better
understanding of the building environment to obtain a baseline of how the building is functioning.
There are gaps and issues with the envelope (roof, windows), resulting in water infiltration and
high humidity levels in the church and in spaces behind walls. Finding the source of potential water
infiltration and providing suggestions on remedying these issues were a main concern that we
analyzed to the best of this group’s abilities. The church also faces significant heating and cooling
issues annually. Due to the aging 110-year-old stone construction of the church and increasing
energy costs, this group aimed to provide suggestions that could be made to improve the building
envelope to decrease energy usage and improve heat loss. Additionally, this group aimed to
provide suggestions on proper sizing and potential options for upgrading the buildings heating and
requirements if a cooling system was to be installed in the future.

A complete structural and vibration analysis of the building was also performed. Due to
the age of the church, it was possible that some of the members may not comply with modern
building standards. Many of the structural members were likely sized by procedural codes during
the building’s construction, rather than using analysis to determine the best size. Additionally,
computer aided analysis can provide more depth into exactly how specific structural members
behave under stress. While there still is a lot of missing information in the building plans, church
representatives will have a better understanding about the structural integrity of their church. With
the 1-290 highway and Route 9 directly adjacent to the church, there was some concern that the

traffic-induced vibrations may have been affecting the structure of the church.



Approach Taken
Envelope concerns were addressed by performing an analysis of the existing walls by

making poke holes. This was done to determine the existing wall construction, analyze moisture
content behind the wall and to make vent holes in the towers for the masonry walls to breathe. A
humidity sensor was installed in the air gap of the right towers wall to determine the moisture
content in the wall.

Based on plans and pictures, analysis of the wall and roof were undertaken in order to
identify potential sources of water infiltration and suggest methods to rectify moisture transport
issues. Temperature/relative humidity sensors were installed throughout the church and took
readings in regular intervals over a period of 11 months in order to determine environmental issues
present in the church. Accelerometers were installed in the towers in 4 axes in order to determine
the extent of seismic effects on the structure. Hammerbeam truss construction was analyzed using
MATLAB as a structural analysis program. All primary structural members in the sanctuary were
analyzed for bending, shear, and deflection. The walls were also analyzed at the buttress location
for any tension that could potentially cause failure under a seismic event. A vibration analysis was
performed by analyzing accelerometer data in order to determine the effect of traffic-induced
vibrations on the structure of the church. A complete plan set of the building was created for the
building in order to obtain dimensions of the building for both structural and energy analysis.
Digital models of the building were created in DesignBuilder to determine ASHRAE standards for
the building. This was done in order to determine heating and cooling loads. Hand calculations
were performed to ASHRAE standards in order to verify the findings determined by
DesignBuilder. From this information, the church will have a much better idea of the size of the

mechanical system needed that could be implemented. Parametric analysis was performed to
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determine potential insulative improvements to the building envelope could be feasibly instituted

in order to improve energy consumption and reduce heat loss in the building.

Professional Licensure Statement
The formal process of acquiring professional engineering licensure is a critical aspect of

the engineering fields. Engineers are highly respected members of the professional community and
are expected to be highly competent within their fields and display inscrutable ethics. Due to the
direct interaction of the public with projects that engineers may be involved with, public health
and safety is of critical concern.

An engineer who achieves their PE license has worked in their field long enough to be
considered an engineer who can be relied upon to make the right decisions and is held to a higher
standard. The process of acquiring a PE license requires one to acquire a Bachelor of Science in
an engineering field from an accredited institution. Then they must work under a Professional
Engineer for 4 or 5 years depending on the field. Before the time requirement can start in the
workplace one must take a “Fundamentals of Engineering” exam or the FE, which shows that the
engineer has adequate skills in mathematics, physics, and other technical disciplines to start
working to become a PE. After the work experience requirement has been achieved one can then
take the Principles and Practice of Engineering (PE) exam which is specific to their chosen field.
Once one has achieved that feat in order to maintain licensure, one must continually remain
educated within their field by attending conferences.

By acquiring a PE license, it shows to the public that you are a competent and fully vetted
member of the engineering field and can be trusted implicitly to make the right decisions to the
client and the public at hand. It shows to the profession at hand that you have the experience and

knowledge to be trusted in the field and can help lead new generations of engineers. To the
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individual it proves that you have the determination and willingness to achieve a difficult

milestone.’

"n.d. National Society of Professional Engineers. Accessed January 23, 2020.
https://www.nspe.org/resources/licensure/why-get-licensed.
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1.0 Introduction
The project that this MQP group selected involved a thorough energy, structural, and

geotechnical analysis of the Christian Gospel Church, located at 43 Belmont Street in Worcester,
MA. The church was built in 1910 as the “Swedish Lutheran Gethsemane Church” and originally
served Lutherans of Swedish ancestry in the Worcester area. It was purchased by the Worcester
Catholic Diocese in the 1950s and renamed, “Our Lady of Fatima”. The church was designed by
G. Adolf Johnson, a prominent Architect in the Worcester area around the turn of 20" century who
notably designed several buildings on Clark University’s campus and other churches in the area.®
The church currently serves the Chinese population of Worcester. Church leadership approached
the WPI Architectural Engineering department with issues the aging building is facing. Besides
heating, cooling and energy consumption issues, there are problems with water infiltration into the

building envelope and the worsening of fractures in the wall plaster.

8 “The Life of a Campus: 9 Essays on Clark Buildings Past and Present.” Clark University. Accessed January 10, 2020.
https://wordpress.clarku.edu/krwilson/files/2012/05/CLU_ARCH-book.pdf.
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Swedish Lutheran Gethsemane Church
Worcester, Massachusetts

Figure 1: Postcard of the Church from circa 1920s ¢

The Church is adjacent to Route 290 in Worcester on an elevated position next to a
retaining wall and adjacent to a bridge. Within the past 8 years, the highway was widened and
there has been a significant increase in noticeable vibrations within the building when large
vehicles drive by. The highway did not exist when the church was built. These vibrations may
cause serviceability concerns. The Church is concerned that these constant vibrations are causing
further damage to their structure and its envelope.

The primary concerns representatives of the church brought to this group’s attention was

that temperature and humidity levels were very high during the summer and low during the winter.

92020. Swedish Lutheran Gethsemane Church. Accessed February 5, 2020.
https://www.cardcow.com/334173/swedish-lutheran-gethsemane-church-worcester-
massachusetts/.
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These issues raise numerous concerns with occupant comfort, energy consumption relating to the
buildings insulation, heating and cooling costs, and required size of mechanical systems.
Additional problems with the building envelope raise concerns regarding water infiltration and
crumbling/cracking plaster. The foundation was an additional concern in which the installation of
the highway’s retaining wall and freezing effects in the voids of the foundation can potentially

greatly expedite the failure of the foundation.
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1.1 Project Timeline/Progress Report
In May 2019, our group positioned 9 temperature/humidity sensors inside the building and

one outside to establish a baseline of humidity and temperature issues that were being experienced.
Additionally, 4 accelerometers were installed in the two towers, all on different axes in order to
quantify the vibrations that were being felt. Numerous visits were made to the church to obtain
readings and check on the status of the sensors.

Over the first few weeks of A-term 2019 our group contacted several groups that may have
existing documentation on the construction of the Church. We contacted the Worcester Catholic
Diocese and were informed that they have no files on the church. The historical preservation group,
Preservation Worcester, had no information but suggested that we contact the Worcester Historical
Commission. We have yet to receive a response from them. We visited the Worcester Buildings
Department on Thursday September 5", 2019 and were able to find the original permitting listing
and general information regarding the construction of the building in 1910. However, when the
employee of the Building Department attempted to access these files, all information given on the
permit was not cross referenceable. We were informed that this was most likely a clerical error
that was made over 100 years ago and that any original documentation that the city may have had

is now lost.

16



Figure 2: Original Building Permit Record from the Worcester Building Department

Figure 3: Original Building Permit Record from the Worcester Building Department
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Throughout September and October 2019, this MQP group made several visits to the
church in order to take measurements using tape measures and a theodolite in order to acquire
heights that would otherwise be inaccessible. A theodolite is a precision-based surveying tool used
to measure angles. By measuring the angle between the theodolite, and a point on the roof, and
measuring the horizontal distance between the theodolite and the roof, the building height was
calculated using trigonometry. From these calculations a massing model, using the architectural
design software Revit, was created to better understand the geometries and construction of the
church. The church also found partial floor plans that were provided by an architectural firm that
remodeled the basement prior to the purchase of the church in the early 2010’s. Questions about
wall intersections and geometries were made more clear with the assistance of these plans and a
more accurate model was able to be created.

One of the tasks in A-term was to determine a temporary heating solution that the church
could be implemented over the winter for their congregants to be warm during Sunday services
before a permanent heating solution could be determined. Representatives of the church presented
an estimate from a local heating contracting company of what would be needed from a heating
system in order to just heat the sanctuary. This estimate was roughly a 10-ton system. It was tasked
to verify this estimate and determine if the numbers were accurate. To ascertain the heating loads
required, rough hand calculations were created using ASHRAE heat loss methods loss based off
our measurements in order gain a better understanding of the heat loss of the building. These
approximate heating load calculations placed heating load estimates at just under 20 tons for the
sanctuary. The discrepancy between the estimate provided by the heating contractor and hand

calculations confirmed the need to create a more detailed energy analysis of the Church. With this
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information, church leaders have a better understanding of the size of the equipment needed to
effectively condition the church.

Structural analysis also began in A-term with the determination of all dead, live, snow,
wind, and seismic loads acting on the church. The determination of the building geometry has
allowed us to gain a better understanding of how these loads are going to act. Unfortunately,
applying these loads to determine the adequacy of members was very difficult without any detailed
building plans. Seismic threshold calculations were also underway by using data that was acquired
by the accelerometer sensors located in the towers. From there, data could be effectively analyzed
to see maximum velocity from seismic forces that could result in long-term structural damage to
the church.

Professor VVan Dessel visited the church to help determine the roof construction, as well as
determine locations to make inspection openings and to take wall samples. It was determined that
in B-term that holes would be cut (covered with a floor register) for the air gap in the tower walls
to dry out due to any moisture that may be collecting in the towers and to add a humidity sensor
to determine the moisture content in the walls.

At the end of A-term, a brief presentation was given to a representative of the church, Jonas
Chang. This presentation went over goals for the project, what was accomplished so far, as well
as action points that could be implemented immediately.

In B-Term, a full DesignBuilder model was created in order to calculate heating and
cooling loads. This model can be extrapolated using parametric analysis to determine the total
efficiency of the building and suggest improvements that could be made to the building in order
to improve energy consumption in order to effectively condition the space. A site visit was made

to the church where wall samples from both towers were taken for analysis as well as allowing for
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the tower walls to “breathe”. These holes allow extra moisture trapped behind the walls to dry out
more effectively with circulating air rather than being trapped, that will eventually penetrate the
internal envelope which had been noted in the original site survey. In addition, these holes allowed
us to view what the wall construction of the church is like.

Professor Van Dessel contacted Rob Para, an Architect, who is a member of Preservation
Worcester, and is aware of the church and the issues it faces. Mr. Para contacted the Massachusetts
State Archives in Boston to inquire if any plans were available. Our group was informed that plans
did exist and thus visited the archives on November 15", 2020. Pre-construction drawings of
building elevations, transverse sections, first and second floor plans, as well as connection details
as they relate to the truss and roof were acquired from this visit. This wealth of information was
incredibly helpful in order to make proper determinations for creating an accurate section drawing
to see how the building components interacted with each other. The State Archives provides a
scanning and documentation service of all their plans on file. It is recommended that the church

takes advantage of this service and preserves the information on their church.
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Figure 4: Original Pre-Construction Drawings and Permit Listing from the Massachusetts Archive

Performing structural analysis at this point was difficult because very conservative guesses
were made for the size of members that were far out of sight and reach. Many members were being
analyzed as inadequate due to lack of information. Fortunately, with the building plans acquired
from the Massachusetts State Archives, a full reanalysis was able to be performed with much
greater confidence, and the results were much closer to what was expected. Roof members, floor
members, and buttresses were analyzed by hand and with RISA, a structural analysis program, and
a preliminary truss analysis was performed using RISA. One of the main complaints heard from
the church elders that pertained to this project related to vibrations occurring in the building from
traffic passing by. With the church’s location on Route 9 and slightly raised above 1-290 it was not
surprising to hear this. Accelerometer sensors were placed in both towers to record data of the
vibrations. There are two in the East tower and two in the West tower. All sensors were mounted

on the wall of the towers. These accelerometers gathered data since May 2019 until February 2020.

21



The data obtained from the accelerometers is the acceleration of the vibrations being felt by the
church over time. This data was imported into excel spreadsheet so that it could be converted
appropriately. First, time was converted to frequency, 1/t, and acceleration to velocity through
integration. This produced a velocity versus frequency graph which was used to determine the

peak particle velocity (PPV).

The period over winter break was spent running multiple computer simulations utilizing
parametric optimization in order to determine what practical changes could be implemented in the
church to improve heat loss and energy consumption. Such improvements that were suggested
were potentially adding insulation to the uninsulated roof deck, adding another layer of glass on
the existing stained-glass windows in the sanctuary, and establishing appropriate heating and

cooling set points and analyzing their overall effect on total annual energy consumption.

The beginning of 2020 was spent analyzing our results and compiling this report.
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1.2 Background
In order to gain an understanding of the structural system of the church as well as the

requirements of vibration analysis, background research was performed on these topics to

become more knowledgeable on specific needs of the church.

1.2.1 Hammer Beam Truss

o
1%

Figure 5: Hammer Beam Truss in the Church Sanctuary

One of the primary decorative and structural features of the church are the hammer beam
Trusses that are used in the roof design of the sanctuary. This type of truss has been commonly
used in open timbered roofs and are most commonly found in gothic churches and halls in Western
Europe. The first recorded instance of a hammer beam truss being utilized into a building design
was that in Westminster Palace (1397) and is very common in English buildings of the 15th
century. These designs add ornamental qualities to the design of a building but allows for

significant structural support on sloped roofs. The term “hammer beam” refers to the horizontal

23



beams at the foot of the principle members. While most of these trusses are very similar in design,
it is nearly impossible to find two designs that are identical .

Seen in Figure 6, the red members are the hammer beams, the blue members are the
hammer posts, and the green members are the hammer braces. The braces are primarily responsible
for transmitting the load from the roof into the walls and the posts and beams work to hold the
truss together. The posts, typically under compression work to transmit some of the load from the
upper braces onto the lower braces. The beams, typically under tension, work to keep the braces
from separating. The primary upside to using hammer beam trusses is that they require shorter
member sizes and hold aesthetic value. The primary downside to hammer beam trusses is that they
submit potentially great seismic loads into the walls resulting in required reinforcement or large
amounts of material used in the walls/buttress to resist the horizontal component reactions. In
addition, all attaching joints must be strong enough to prevent the truss from racking due to wind

pressure and seismic loads.

0 Kidder, F.E. 2018. The Hammer-Beam Truss. Accessed January 2, 2020.
https://chestofbooks.com/architecture/Construction-Superintendence/21-The-Hammer-Beam-
Truss.html.
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Figure 6: Hammer Beam Truss Axial Forces and Primary Members 11

2.0 Goals and Objectives

1. Analyze the structural integrity of the church and determine if there are any critical issues
regarding the structure that need to be addressed immediately. Identify the extent of seismic
effects on the church and if any long-term effects are being experienced by the building.

2. ldentify sources of water infiltration that is contributing to the cracking of wall plaster and
high humidity levels behind the walls and in the building itself.

3. Perform an energy analysis of the building to determine heating and cooling loads.

4. Determine the required size of heating and cooling systems to properly condition the

building.

11 Cochran, Brice. 2018. Hammer Beam Truss Details. https://timberframehqg.com/hammer-beam-truss-

detail/.
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5. Recommend potential improvements to the building envelope to reduce heat loss and

energy consumption.
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3.0 Building Status

Before the church could be analyzed, observations had to be made through a
comprehensive site survey and by referencing building plans. This was done to determine
building construction and design to determine elements that should be analyzed moving forward

and to better understand the most pressing issues facing the church.

3.1 Plan Sets
Obtaining any prior construction or repair plans could help gain insights to the building

construction and connection details, that were not able to be discerned from site surveys was an
important goal. Any plans that may have been filed with the City of Worcester or the Catholic
Diocese have most likely been lost. However, thanks to the assistance of Rob Para, the original
proposed building plans that were submitted to the State of Massachusetts in 1910 were able to be
located. These plans are housed currently at the Massachusetts State Archive, 220 Morrisey
Boulevard, Boston. An appointment is required in order to view any documents at the Archive.
These original drawings include floor plans, sections, and other construction and connection
details that made this analysis possible. It is recommended that the church requests digital copies
of these plans for their own reference as well as for future repair work that may be undertaken in
the near future. Photos of these plans are attached in Appendix D. The scanning process will cost
approximately $500 dollars due to the age of the plans and the need to be handled by a paper
conservator. When the plans were reviewed, they were beginning to disintegrate and tear, so it is
recommended that these scans occur sooner rather than later.

Plans were also obtained from the church directly that provided the renovation plans of the
basement, prior to the purchase of the church in the early 2010s. These plans aided in determining
building geometry, however the accuracy of these plans was questionable and should not be used

as a master plan set. One of the goals of this project was to create a new master plan set for the
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church. These drawings are attached in Appendix. Based on this groups site analysis, these
drawings are believed to be the most accurate but should still be reviewed prior to being used as
the basis of any major project.

One major fact to note here and noticed in Figure 1, was the existence of a bell tower on
the right tower that has since been removed. It was brought to the attention of this group that
Consigli Construction Group was tasked to reinforce this tower in the late 1990s which involved
the removal of the bell chamber from the right tower. Communication with employees of Consigli
determined that any existing plans relating to work performed on the towers are no longer

available.

3.2 Roof
Based on visual inspection of the roof from ground level, there are many sections that have

gaps or broken pieces of slate. The photos that were sent by Jonas Chang were very helpful to gain
an insight of the roofs condition since an in-person roof inspection was not possible. See Appendix

J. There are open holes due to missing and separating pieces of slate. There is also missing slate

and flashing where the roof meets one of the towers.

Figure 7: Photos of the Church’s Slate Roof provided by Jonas Chang
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The parapets as well as flashing and counterflashing of the towers are suspect and should
be investigated for more defects. The primary concern is with the condition of these components
in the valleys where the towers and roof meet. All flashing on the roof should be updated to modern
standards. Water entering through the flashing and counterflashing at these locations would
immediately travel downward until it reached an interior finish and would ultimately result in
water damage. A thorough inspection of the roof and timely replacement of failed components is
critical to ensure no further damage to the building structure and envelope. A replacement roof
whether it be slate, or a more affordable alternative is the first step to improve the church. This
will also dramatically improve energy consumption because the actual envelope will be able to
retain heat much more effectively. These issues with the roof are most likely causing most of the
water infiltration due to over 100 years of freeze-thaw cycles and precipitation resulting in thermal

hysteresis of the slate and breakdown of the original waterproofing methods.

3.3 Documentation of Pre-Existing Conditions
The Massachusetts Department of Transportation produced a pre-construction survey of

the church that was produced prior to the widening of the bridge on Rt. 9 over 1-290 at the
intersection of the church in 2014. This report is attached in Appendix H. The photos and details
in the report were documented from 2012 and provide a guide as to which cracks in interior plaster
walls have widened or appeared in the past 8 years. The cracking of the plaster is of concern but
is mostly a cosmetic issue. These cracks are most likely related to the high moisture content in the
building. One of the goals of this project was to determine whether these issues were induced by
traffic vibrations or vibrations originating from adjacent bridge construction combined with a

failure of the building structure or envelope.
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3.4 Temperature/Humidity Issues
Beginning in late April 2019, 9 temperature and relative humidity sensors were installed

throughout the building to gain an understanding of thermal comfort and hygroscopic issues (See
Figure 11 and Table 1). One additional temperature sensor was placed outside at the entrance to
acquire a baseline outdoor temperature. These temperature sensors are the Onset HOBO U12-012
Temperature/Relative Humidity/Light/External Data Loggers (See Figure 8). Please see attached

Appendix A for the recorded temperature information for various locations around the church.
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Figure 8: Onset Hobo U12-013 Temperature/Relative Humidity/Light/External Channel Data Logger 12

A comparison between the recorded outdoor temperatures from the outdoor sensor and the
given ASHRAE weather data for Worcester, MA on a given year was also performed. The
humidity data from this sensor was skewed, most likely because of the sensor being directly
exposed to water giving false readings of the true relative humidity levels outside. Based on the
graphical comparisons between the two data sets, the differences between the outside

temperature/RH collected (Figure 10) and data collected annually by ASHRAE and averaged

122020. HOBO U12 Temperature/Relative Humidity/Light/External Data Logger. Accessed January 28,
2020. https://www.onsetcomp.com/products/data-loggers/ul2-012.
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(Figure 9). It was determined that the cumulative weather data provided by ASHRAE would be a

solid basis for the outdoor temperature and humidity factors to create an accurate digital model.

Temperature Levels from May to December-ASHRAE- Worcester MA

Figure 9: Annual ASHRAE Temperature Data for Worcester, Massachusetts from May to December Cumulatively
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Figure 10: Recorded Temperature and Humidity Data from outside the Church from May to December 2019

ASHRAE codes state that a building should be conditioned around 40-60% RH in order to
prevent mold growth. Excessive moisture levels can also lead to water being absorbed into the

building envelope and can degrade internal components.
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As displayed by the analysis of the Relative Humidity data (Table 2), the Sanctuary topped
out at over 80% RH and the towers reached RH levels over 90%. The sanctuary experiences RH
levels higher than 60%, on average 35% of the total time between May to December. This
continued exposure to high humidity levels will degrade the building envelope. It is critical for the
longevity of the building that issues with the building envelope be corrected and proper building
conditioning through mechanical systems be instituted. This temperature/humidity data can be

found in Appendix A.

Figure 11: Location Diagram of Temperature/Relative Humidity Sensors

Table 1: Location of Data Loggers

Logger Location

1 Back of stage in Sanctuary
2 Under 1%t pew in center

3 Under pew on left side
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On side of window

On Left Truss/Mezzanine Level
Center of Window/Mezzanine Level
Upstairs of Right Tower

Bell Tower

Upstairs of Left Tower

10 Outside Next to Ground Entrance

© 0 N o 01 b~

Table 2: Recorded Temperature/Humidity Data

May 1st to December 22, 2019 #1 #2 #3 #4 #5 #6 #7 #8 #9
Highest Recorded Temp. (F) 91.87 | 92.15 | 90.14 | 96.33 | 93.09 | 119.84 | 92.46 | 86.07 | 90.19
Lowest Recorded Temp. (F) 48.32 | 47.37 | 46.49 | 43.39 | 46.48 | 39.60 | 31.35 | 36.70 | 40.35

Highest Recorded %RH 77.95 | 8146 | 7895 | 80.84 82.1 85.33 | 91.49 | 8754 | 82.13
Lowest Recorded %RH 29.4 | 3835 | 2858 | 26.67 | 31.53 | 10.86 | 58.38 | 63.84 | 48.72

% of Time Humidity Over 60% 26.96 | 61.82 | 30.38 | 39.71 | 23.89 | 24.14 | 99.89 | 99.95 | 64.22

% of Time Humidity Lower Than 40% 3.36 0.21 3.67 3.69 2.46 | 20.29 0.00 0.00 0.00

3.5 Windows

Figure 12: Examples of Broken Stained Glass in the Sanctuary

When initial site surveys were made to assess the condition of the church, it was observed
that there was plastic wrap used on most of the stained-glass windows in the sanctuary. This is a
commonly used, affordable method to control drafty windows in the winter, but is not the proper
way to repair fenestration issues. On closer inspection of the stained-glass windows, there are
portions of the stained-glass that are broken, missing, or have failing components (Figure 12). Due

to warping of the window frames, openings in the windows no longer sit flush, allowing direct
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openings to the outdoors. These holes are creating significant air and water infiltration points into
the church that are also affecting comfort levels in the sanctuary. Fixing these cracks, and repair
or replacement of warped window frames will eliminate much of the draft that is being experienced
by members of the congregation during services. An analysis of these windows was performed
and potential options that could be implemented to improve heat loss but still retaining the overall

aesthetic of the building were considered.

4.0 Methodology

In order to analyze the church beyond visual observation, digital models were created using
the computer programs, AutoCAD and Revit. These models were then analyzed using RISA,
MATLAB, and DesignBuilder to determine if there are any structural, geotechnical, envelope, or
energy related concerns with the Church that should be addressed. This section discusses the

process under which this analysis was performed.

4.1 Structural Analysis
The structural analysis for the church was performed top down and specifically focused on

areas most susceptible to failure. These areas primarily consisted of sections in the church's
envelope that experience the greatest loads and eccentricity under the smallest cross-section. The
materials of construction that go into the church are primarily hard pine or spruce wood (roof and
floors) and granite and brick masonry (walls). Allowable stress design (ASD) typically used with
wood, masonry, and geotechnical applications was used throughout this analysis process rather
than load resistance factor design (LRFD) typically used with steel and concrete applications. All

structural analysis calculations can be seen in appendix C.

4.1.1 Determination of Loads
In order to analyze all major structural members, dead load, live load, snow load, wind

load, and seismic loads were calculated according to American Society of Civil Engineering
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(ASCE) standards. Dead load in roof members was estimated based on the material used in the
roof construction. All members experienced dead loads of overlapping 1/8” slate as well as their
own respective self-weights of eastern spruce wood. The unit weight for eastern spruce wood was
estimated using American Wood Council National Design Standards (AWC NDS). The purlins
experienced an additional dead load corresponding to the weight of the chandeliers estimated to
be about 100 Ib, and the truss experienced additional dead loads corresponding to electrical
components involved with lighting as well as plaster sheathing estimated to be 5 psf and 1.6 psf
respectively applied uniformly over the top chord of the truss. The roof also contained uniform
and concentrated live loads estimated using ASCE 7-10 Table 4-1. A profile for the roof members
can be seen in Figure 14.

Deadloads for the floor joists were calculated from the deadloads of carpeting and decking.
Uniform and concentrated live loads were estimated based on ASCE 7-10 table 4-1 for fixed seated
assembly rooms. Loads on the girders were based on the reaction forces from the joists. Additional
self-weight and MEP loads were added to the girders. The reason MEP was not added to the joists
is because it was evident from visual inspection that all basement lighting and other electrical and
ceiling components were attached directly to the girders.

Snow Loads were calculated using regional constants determined from the Massachusetts
State Building Code (MSBC) as well as design specifications from ASCE. According to the
MSBC, Worcester has a ground snow load of 50 psf. The church is under category B for urban
area and the roof is fully exposed giving the church an exposure factor of 0.9. The church is also
heated so the thermal factor is 1.0. The church can be considered to be at a risk category Il
corresponding to a high-risk assembly building. While the church doesn’t often fill with people

according to church representatives, any event in which the church was to fill up with more than
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300 people would classify the church as high risk. The flat roof snow load can then be calculated
using the factors above estimated at 35 psf. A slope factor based on roof insulation is then
determined based on roof insulation from figure 7-2a ASCE 7-10 and is used to find the slope roof
snow load of acting vertically.
Wind loads were determined using the directional procedure under ASCE specifications.
This procedure is outlined in Table 3. Specific regional constants such as basic wind speeds for
Worcester were determined from the MSBC. The church is assumed to be a rigid closed building
and contain a gable roof of a 45° slope. In Table 3, under step 7 wind pressures were calculated
using the equation
q, = 0.00256K,K,.K;V? (psf) Equation 1
where q; is the wind velocity pressure, K; is the velocity pressure exposure coefficient, K is the
topographical factor, Kp is the wind directionality factor, and V is the basic wind speed. The wind
velocity pressures were then used to determine the wind loads using the equation
p =qGCp — q.(GCpy) Equation 2
where p is the wind load in psf acting on the surface of the church, q is the wind velocity pressure,
G is the gust-effect factor, Cp, is the external pressure coefficient, q: is the wind velocity pressure
at the mean roof height (for enclosed buildings), and GCyi is the internal pressure coefficient. For

additional details and notes on the various load parameters, see appendix C.
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Table 3: Steps to Determine MWFRS Wind Loads for Enclosed, Partially Enclosed, and Open Buildings of All Heights
(Taken from ASCE 7-10, Table 27.2-1)

Step 1: Determine risk category of building or other structure, see
Table 1.5-1

Step 2: Determine the basic wind speed. V, for the applicable risk
category, see Figure 26.5-1A. B, or C

Step 3: Determine wind load parameters:

» Wind directionality factor, K. see Section 26.6 and Table
26.6-1
Exposure category, see Section 26.7
Topographic factor, K., see Section 26.8 and Figure 26.8-1
Gust-effect factor, G, see Section 26.9
Enclosure classification, see Section 26.10
Internal pressure coefficient, (GC,,), see Section 26.11 and
Table 26.11-1

VVVVY

Step 4: Determine velocity pressure exposure coefficient, K. or K, see
Table 27.3-1

Step 5: Determine velocity pressure g. or g, see Eq. 27.3-1

Step 6: Determine external pressure coefficient, C, or Cy:

» Fig. 27.4-1 for walls and flat, gable, hip, monoslope, or
mansard roofs

Fig. 27.4-2 for domed roofs

Fig. 27.4-3 for arched roofs

Fig. 27.4-4 for monoslope roof, open building

Fig. 27.4-5 for pitched roof, open building

Fig. 27.4-6 for troughed roof, open building

Fig. 27.4-7 for along-ridge/valley wind load case for
monoslope, pitched or troughed roof, open building

A}

VVVVVY

Step 7: Calculate wind pressure, p, on each building surface:
Eq. 27.4-1 for rigid buildings

Eq. 27.4-2 for flexible buildings

Eq. 27.4-3 for open buildings

YV VY

The first step in seismic design was determining the risk-targeted maximum considered
earthquake (MCEr) spectral response accelerations at short periods, Ss, and at 1-second period,
S1. These values were determined through ASCE 7-10 figures 22-1 through 22-6. The next step
was to determine if there was an exemption factor, which there was not for the location of the

church. The third step is the determination of the Seismic Design Category (SDC). The SDC
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assigned to a structure is a classification based on the risk associated with its unacceptable
performance, and the level of soil-modified seismic ground motion at its site determined based on
a 1% risk of structural failure in 50 years. In order to determine the SDC, the following items
needed to be determined. The first is soil classification class, which was found to be class D
through a web soil survey. Soil classes are based on the soil’s runoff potential. Soil class D consists
of soils that are clay loam, silty clay loam, sandy clay, silty clay or clay. Another is the Sqs and Sqs.
These were found through ASCE 7-10 Tables 11.4-1 and 11.4-2. The church was found to be in
Risk Category Il based ASCE7-10 Table 1.5-1. Next, we had to determine the fundamental
period, T, and Ts. This was done through ASCE 7-10 table 12.8-1 and table 12.8-2. The response
modification coefficient, R, was then determined which was 1.5, and the seismic importance
factor, le, was 1.0. The final step was to determine the seismic base shear, V. This is found with

the equation

V= CSW Equation 3

The base shear was determined over the height of the structure.

Seismic
Story forces
Roof
P
1,
| 2
Base
1 , shear
h

Figure 13: Location of Seismic Forces on Building Structure

The forces act differently on the separate stories of the building, as shown above in Figure
13. Once the shear was found, the seismic load effects were able to be determined, E and Ewm using

equation
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E = pQE + O-ZSDSD Equation 4
4.1.2 Roof
The roof of the church consists of three primary layers which all worked to distribute the
load onto larger members with greater load capacity and ultimately onto the truss. These members
were determined through visual inspection and confirmed with the Massachusetts State Archive

plan photos. These three layers include a 1.125 in roof deck running north-south, 2x8 rafters spaced

16 in O.C. running east-west, and 8x10 purlins spaced 9.7 ft O.C. running north-south.

A1.1

Figure 14: Roof Members

Governing load combinations were determined from ASCE section 2.4. Each load
combination considered dead loads, live loads, snow loads, wind loads, and seismic loads. These
load combinations were calculated on a spreadsheet, and all the combinations that yielded a
possible maximum load based on uniform loads and concentrated loads were tested on RISA 2D

analysis software to determine maximum moments, shear, and deflection. The maximum moments

39



and shear that resulted from RISA could then be used for bending stress and transverse shear stress
considerations.

The 2D analysis was performed along the length of the member (perpendicular to the
members that ran beneath). This presented a challenge due to the roof angle causing the decking
and purlins to exhibit a 3D loading scenario along its length. In order to convert the 3D loading
into 2D loading, equivalent component loads acting perpendicular and parallel to the plane of the
members were used. These conversions and resulting loading scenarios are shown in Figures 15-
22. Only, the forces acting perpendicular to the members were used to test for flexural strength,
but all forces acting on the member were used to determine reaction forces that will be passed on
to the members that lie below. The rafters (and truss) were analyzed without the conversion of
component forces, as the model was already in a 2D loading scenario along its length. The original
plan photos show that angle section members were used in order to resist the purlins from sliding
due to the component forces acting parallel to the plane of the member (see Figure 14). Details of

these angle section members are unknown.
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Figure 15: Original Loading Scenario on the Roof Deck

44.4 psf
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Figure 16: Adjusted Loading Sce n the Roof Deck
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Figure 17: 2D RISA Design Loading for Roof Deck

Governing Load Combination: D + Lr

Figure 18: Rafter Loading Scenario



Figure 19: 2D RISA Design Loading for Rafters

Governing Load Combination: D + 0.75L + 0.75(0.6W) + 0.75S P =450 1Ib
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P P P P ’
\Y
Purlin
Truss

Figure 20: Original Purlin Loading Scenario
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Governing Load Combination: D + 0.75L + 0.75(0.6W) + 0.75Lr

AKX/

Purlin

Truss

A

Figure 21: Adjusted Purlin Loading Scenario
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Figure 22: 2D Design Loading for Purlins

Maximum allowable bending and shear stress was determined through the AWC NDS
based on various factors such as load duration, temperature conditions, moisture conditions,
member dimensions, type of wood used, and what the member is used for. The maximum
allowable bending and shear stress can then be compared with the ultimate bending and shear
stress the member experiences to determine member adequacy.

4.1.3 Hammer Beam Trusses
The truss was analyzed separately using a MATLAB structural analysis program, due to

limitations with RISA 2D. Three different cases were analyzed based on different load
combinations. The first of these combinations was primarily gravity governed and can be seen in

Figure 23. The loads in this case were calculated from the total reaction forces of the purlins under
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D +0.75L +0.75(0.6W) + 0.75S loading conditions. Additional uniform deadloads from sheathing

and mechanical, electrical, and plumbing (MEP) were added to the top chord of the truss. Self-

weights for all truss members were also added to the model.

\L P = 3158lb
P
8 .

Figure 23: Truss Case 1 Loading Scenario (Primarily Gravity Governed)

A

The second combination tested was primarily seismic governed and can be seen in Figure

24. The loads in this case were calculated from the total reaction forces of the purlins under D +

0.7E loading conditions. The same additional deadloads were added as in case one. Seismic loads

were added at two discreet locations representing horizontal chords of a frame: at the base of the

roof and the apex of the roof.
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Figure 24: Truss Case 2 Loading Scenario (Primarily Laterally Governed)

The third combination tested was seismic and gravity governed and can be seen in Figure
25. The loads in this case were calculated from the total reaction forces of the purlins under D +

0.75L + 0.75(0.7E) + 0.75S loading conditions. The same additional deadloads were added as in

cases one and two, and seismic loads were added at the same location as in case two.
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Figure 25: Truss Case 3 Loading Scenario (Gravity and Laterally Governed)

Whereas the size of the decking, purlins, and rafters were mentioned in the archive plans,
no detailed plans of the truss exist, and the size of the members was not discussed. Consequently,
the size of the members was left for us to measure. Because most of the members were out of
reach, many of the members had to be estimated using visual inspection. To create a virtual model
for MATLAB, a series of nodes was created. All primary members were divided up based on the
location of the nodes. The structural analysis algorithm automatically creates fixed-end
connections at each node. For each pin connection, an additional node was added and an infinitely
small member with infinite flexibility connected the nodes. Once all the members were created at
each node, 131 members were used for the computation with 106 nodes. For each member, the
cross-sectional area and the moment of inertia were also defined. Two pin supports were placed
on the truss at the bottom-most joints. MATLAB also cannot receive distributed loads in the

algorithm and so all distributed loads from self-weight, sheathing, and MEP were broken up into
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equivalent couple point loads and moments. Upon running the program, all of the axial loads, shear
forces, and bending moments, nodal displacements, and reaction forces were determined and used
to test for adequacy of the members. The reaction forces were also used for the corresponding wall

analysis.

4.1.4 Floor
Upon visual inspection, the floor that ran between the basement and the sanctuary contain

girders that ran east-west at the same location where the trusses lie. These girders are covered by
the drop-down ceiling in the basement. The girders run through the original basement ceiling and
so it is impossible to see what is between the original ceiling and the floor of the sanctuary. The
archive plans suggest that the floor in made up of 2x12 spruce joists running north-south spaced
16 in O.C. and 8x12 girders spaced 15.3 ft running east-west sitting on top of lally columns spaced
approximately 11 ft.

Load combinations for dead and live loads were applied to the joists and girders, and each
was analyzed at first based on gravity loads only. Both the girders and joists were tested for
adequacy with shear, bending moment, and deflection using the same techniques as those used to
analyze the roof members. In this case, the analysis was performed by hand due to the simplicity
of the model.

In order to incorporate lateral loads into the floor analysis. A 2D frame model was created
which included the girder, lally columns, and buttresses that ran beneath the floor. Similarly, to
the truss analysis, three loading scenarios were created by three different load combinations. The
first was gravity governed and used the combination D + L shown in Figure 26. The second was
primarily laterally governed and used the combination D + 0.7E shown in Figure 27. The third was
governed by both gravity and lateral loads and used the load combination D + 0.75L + 0.75(0.7E)

+ 0.75S shown in Figure 28. For lateral load analysis, seismic loads were used over wind loads
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because seismic loads were at a greater magnitude than the wind loads and ASCE permits the use
of the greater of the two. In the model, pin connections were used at each end of the lally columns,
as they are not designed to resist moment. Reaction forces calculated from RISA 2D from the frame

analysis was used as the influence of the floor in the wall analysis.
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Figure 26: Gravity Governed Frame (D + L)
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Figure 27: Seismic Governed Frame (D + 0.7E)
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Figure 28: Gravity + Seismic Governed Frame (D + 0.75L + 0.75(0.7E) + 0.75S)

4.1.5 Walls
The walls of the church where the sanctuary are estimated to consist of the granite masonry

buttress varying from 3-2 ft thick based on the height from ground level, 16in of additional granite
masonry on the exterior side of the wall, several inches of brick masonry, an unknown air gap and
insulation and plaster finish on the interior of the wall. The walls were analyzed at the weakest
points. These weakest points primarily consisted of the section of wall in which the buttress
connected to the truss and girder. A picture of the buttress can be seen in Figure 29. At first, the
buttress (rectangular section) was tested to resist all loads. This was highly conservative and
resulted in large amounts of tension in the masonry. A revised T-section analysis was performed
to also include a larger section of the wall. These sections can be seen in Figure 30. The amount
of wall permitted to be used in the section is based on a shear lag principle in American Institute
of Steel Construction (AISC) chapter 16, section 13-1a stating that the effective width of the wall
permitted to be used in the T-section shall not exceed one-eighth the height of the wall, or one-
half the distance to the centerline of adjacent buttresses. This is because the further away from the

buttress, the less the wall is resisting the load. In this case, one-eighth the height of the wall is 3.75
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ft on either side of the buttress centerline. Consequently 7.5 ft of the wall can be considered to

resist the buttress for the 30ft tall wall.

Figure 29: Church Buttress

Four primary external loads are exerted into the walls. Two of which are vertical and
horizontal component loads exerted from the truss at point B in Figure 30 and the other two are
the vertical and horizontal component loads exerted from the girder at point D in Figure 30. The
unit weight of granite is about 169 pcf. Because the exterior is granite masonry, mortar can be
factored into the weight and the unit weight of granite masonry can be estimated at about 150 pcf.
For simplification, when calculating for the self-weight of the wall and external moments caused
by asymmetry in the cross-section, it can be assumed that the cross-section is completely
comprised of granite masonry. The footing on the other hand is referred to as bed stone in the

archive plans and as a result will be assumed to be pure granite at 169 pcf.
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Three points along the height of the wall were analyzed for tension and compression forces
at the extreme fibers of the cross-section. Point C is located immediately above where the buttress
changes from two to three feet thick, point E is at the base of the buttress, and point F is located at
the base of the footing. These points can be seen in Figure 30. The reason these three specific
points are used is because they represent the point at which the buttress experiences the greatest
moment under each cross-section. At these three points, all forces acting vertically both internally
as self-weight and externally carried over from the truss and girder are calculated to come up with
a total load, P. Total moment, M, is calculated by all loads, internally by asymmetry and externally
through the truss and girder, acting at a distance away from the centroid of the cross-section. The
purpose of calculating the tension and compression of the extreme fibers at point C and point E is
to determine the adequacy of the buttress to resist moment and axial loads, but the purpose of
calculating compression and tension at point F is to determine the effective size of the footing and
the ultimate loads acting on the footing to compare alongside bearing capacity.

Once P and M are calculated the maximum tension and compression stress can be

calculated using the equation

i Equation 5

_ Mc
7= i

| o

where P is the total load acting on the buttress at a given point, A is the cross-section over which
the load acts, M is the total moment acting on the cross-section due to eccentricities, c is the
distance from the centroid of the cross-section to the extreme fiber under which the most extreme

compression/tension is experienced, and I is the moment of inertia of the cross-section.
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Figure 30: Buttress Dimensions and Locations Analyzed

Three different loading cases were used to analyze the walls. The first of these cases,
referred to as the gravity case, correspond to the D + 0.75L + 0.75(0.6W) + 0.75S combination
acting on the truss and the D + L combination acting on the girder. The second case, referred to as
seismic case 1, corresponds to the D + 0.7E combination acting on the truss and girder forcing the
wall to deflect away from the interior of the church. The third case, referred to as seismic case 2,
corresponds to the D + 0.7E combination acting on the truss and girder forcing the wall to deflect

towards the interior of the church. These cases are shown in Figure 31.
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Figure 31: The Wall was Analyzed Under Three Loading Cases: A Gravity Case and Two Seismic Cases

In order to size reinforcement for the buttress, an interaction diagram can be created for the
buttress acting in both compression and flexure. Several suggested values from National Concrete
Masonry Association (NCMA) are used to estimate the yield strength and elastic modulus of the
masonry and steel. These values are used with concrete masonry and are conservative for use with
granite masonry. In this case, an entire interaction diagram does not need to be created because the
axial load in the buttress will remain constant. Instead, eccentricity in the buttress will change
based on how much steel is used and how far the neutral axis shifts. Equilibrium for the buttress
is calculated since the tension in the section plus the axial load equals the compression block in
the section. Assuming that steel will yield first, different amounts of steel can be tested, and the
neutral axis can be found using iteration so that T + P = C holds true. Once the neutral axis is
found, the nominal moment in the buttress can be found about the steel and can be compared with

the ultimate moment the buttress experiences to find adequacy.
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Reinforcement can be anchored to the existing wall by means of steel anchors or shear
studs. These studs will create composite action and the steel section will be able to resist all of the
tension preventing cracking. According to AISC 18.3a, the amount of sheer each stud can withstand
is proportional to the surface area of the stud multiplied by the yield strength of the steel. This
shear resistance can then be used with the reinforcement area of steel to determine the number of

studs required for full composite action.

4.1.6 Determination of Vibration Thresholds
With 1-290 and Route 9 both in proximity of the church, there was some concern that traffic

induced vibrations may be affecting the church’s structural integrity. In order to investigate the

vibrations experienced by the church, accelerometers were placed on the walls of the towers.

Figure 32: Onset HOBO Pendant G Accelerometer’3

These accelerometers measured the acceleration of the vibrations experienced by the
church over periods of time. The accelerometers measured vibration levels in the church from May
2019 until January 2020. Throughout this time, the accelerometers performed measurements of
the vibrations with intervals ranging from 1 second to 1 minute. There were two placed in Tower

1 (Right) on the North and East sides and there were two placed in Tower 2 (Left) on the South

13 https://www.onsetcomp.com/products/data-loggers/ua-004-64
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and West sides. In the towers, the accelerometers were on the second level which is about 40 feet

above ground level.

Figure 33: Accelerometer Installed on Wall of the Right Tower

Vibration threshold analysis is the primary way to detect the level of vibrations a building
can withstand without damage. Vibration thresholds are not the same for every building. For
comparison, the human body can perceive very low levels of vibrations. Roughly, the perception
threshold for steady-state vibrations is 0.03 in/s. Most vibrations become disturbing at 0.1-0.2
in/st.

There are three primary factors that are used when selecting the appropriate criteria to
determine vibration thresholds. The first factor is building type and condition, which considers
responsiveness/sensitivity to vibration input and fragility. The second factor is vibration type,
which considers what types of vibrations the building might be experiencing. For example, short

term vibrations or steady state/continuous vibrations. The final factor is the importance factor,

14 Zeigler, John M. 2019. Vibration Standards. Accessed 2 13, 2020.
https://vibrationdamage.com/Vibration_standards.htm.

55



which indicates additional conservatism, cultural, or economic value of the structure being
analyzed.

In addition to the three key factors to keep in mind, there are four primary industry
standards that were considered in this report. The first is the British Standards Institute (1993)
which can be used for any vibration source. This is best to use for unreinforced or light framed
structures that are experiencing cosmetic damage. The peak particle velocity for this standard is
0.3in/s. The second is the Swiss Standards Association (1992), which can be used for any vibration
source as well. This is best to use for historic and protected buildings that are experiencing any
type of damage. The peak particle velocity for this standard is 0.24 in/s. The third is Deutsches
Institut fur Normung DIN 4150-3 (1999) which can be used for any vibration source. This standard
is best to use for buildings of great intrinsic value that are experiencing any permanent effect that
reduces serviceability. The peak particle velocity for this standard is 0.25 in/s. The last is the
USBM RI-8507 which is mainly for ground vibration and surface mine blasting. The source that
is the best fit for the church is the Swiss Standards Association 640 312. The Swiss Standards
Association is the best fit for the church because it has the four different classes of standards that
are specified for different building types. Classes 1 and 2 include industrial/commercial size
buildings. Class 3 includes residential buildings in brick or concrete, office buildings, schools,
hospitals, churches, well designed. Lastly, class 4 includes historic buildings. With the church
being built in 1910 and still containing original structural elements, it fits into either class 3 as a
church or class 4 as a historic building. In the Swiss Standards Association, class 4 standards are
for historic buildings which are especially fragile because of their age and material. This was the

standard that was used for the church with it being over 100 years old. According to the Swiss
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Standards Association class 4 standards, the church would experience damage if a vibration of

0.59 in/s occurred instantaneously or if a vibration of 0.24 in/s occurred continuously.

4.2 Geotechnical Analysis
It is important to analyze the foundation of the church against typical modes of failure such

as through settlement and bearing capacity. This process was performed using data from a
representative soil profile, which acts like a model used to represent soil conditions and properties
at various depths to be used for analysis. The analysis for bearing capacity was performed using
Terzaghi’s method. Settlement calculations were performed using the classical method based on

past maximum stress. All geotechnical calculations are shown in Appendix C.

4.2.1 Determination of Soil Conditions
The Massachusetts Department of Transportation performed a geotechnical analysis in

2008 prior to the renovation of the overpass over route 1-290 adjacent to the church. This analysis
was based on in-situ data received from boring logs as well as various laboratory tests. The location
of the boring logs can be seen in Figure 34. The first boring hole, B-1, is located closest to the
church and can best represent the soil conditions beneath the church. Estimates for friction angles

and unit weights were then found based off the data obtained from B-1.
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4.2.2 Foundation
The footings are described as bed stone in the archive plans and so they are assumed to be

made of pure granite. The footings underneath the lally columns as well as the footings underneath
the buttresses were considered for analysis both structurally for shear and bending and
geotechnically for bearing and settlement. The footings below the buttresses are assumed to be 6in
wider in every direction than the buttress that runs above the footing, and the footings below the
lally columns are measured to be 2.5 ft x 2.5 ft x 1.3 ft by the archive plans. It is assumed that
granite behaves is a similar way to concrete and so when analyzing the footings for bending and
shear, it can be assumed that the footings will have the same cleavage and other failure mechanisms
as concrete. Consequently, American Concrete Institute (ACI) specifications were used for
analyzing the footings for shear and bending.

Based on the first-floor frame analysis, the maximum axial loads that go into the lally
columns are 8071 Ib. The lally columns are measured to be 3.5 in in diameter. Typically, a
baseplate is used to connect the column to the footing but because the dimensions of the baseplate
are unknown, it is assumed that the column connects directly to the baseplate. Based on the
geometry of the footing, critical sections for one-way shear can be created based on a distance, d,
from the column where d represents the depth of the footing. For two-way shear, distance d/2 from
the column to the edge of the footing in all directions defines the shape of the critical section. If
the shear stress for the critical section is greater than the allowable stress of the footing, then the
footing will fail for shear.

To test for bearing capacity, Terzaghi’s method is used. Three imperial based constants are
determined as a function of the soil’s friction angle and are used to determine the ultimate bearing
capacity of the soil. Also, in this method is the confining pressure at the base of the footing and

the depth of the ground water table. Because the confining pressure and depth of the footing is



different depending on which side of the footing is being analyzed, this value is determined based
on the way in which the footing is expected to fail. Based on the eccentric load acting on the
buttress, the foundation will also receive a triangular distributed load which will govern how the
footing wants to rotate. Also due to the eccentric load, only the effective width of the footing based
on the part of the footing in compression is used in Tarzaghi’s method. The ground water table is
estimated to be about 28.5 feet below the surface, which is well below the embedment depth of
the footing. It should also be noted that different formulae exist for Terzaghi’s method for different
footing shapes. In this case, the buttress footing is continuous and the lally column footing is

square. The resulting equation used to find the bearing capacity for continuous footings is
quit = ¢'N; + o'pNg + 0.5Y'BN,, Equation 6
and for square footings is
quit = 1.3¢'N. + o'pN, + 0.4y'BN,, Equation 7

where quit is the ultimate bearing capacity, ¢’ is the effective cohesion, ¢’p is the vertical effective
stress at depth D, y’ is the effective unit weight of the soil, B is the footing width, and N¢, Ng, and

N, are bearing capacity factors as a function of the friction angle.
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4.3 Envelope Analysis
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Figure 35: Section Drawing of the Worcester Gospel Church

Through site surveys, wall samples, and existing documentation our group was able to
determine the construction of the church’s envelope shown in Figure 35. These details were
incorporated into all elements of this report and were necessary to determine structural

performance, heating and cooling loads and energy analysis.

4.3.1 Walls
All walls in the sanctuary and basement are primarily solid. Locations of wall studs were

not able to be determined based from site surveys as well as pre-construction plans. The
preliminary architectural plans that were obtained from the Massachusetts State Archive guided
this analysis assuming that the primary wall construction of the church is 15-16” masonry wall

comprised of granite blocks (depending on block thickness), one course of brick (3”), and then 17

61



of plaster on metal lathe. There are most likely studs where the metal lathe is attached, however
the air gap space is minimal. These details of the envelope were analyzed and incorporated into
the structural and energy analysis of the building.

In the process of removing the portions of wall from the towers for them to “dry out”, wall
construction of the towers was determined. It was found that (from the outside to inside) there is
15-16” of granite stone (depending on block thickness), one course of brick (3”), a 5 air gap, studs
every 24” O.C., and then 1” of plaster on metal lathe.

In late November 2019, a temperature/relative humidity sensor was placed behind the wall
in the right tower in the air gap of the wall through the hole that was created in order to quantify

the moisture content inside of the walls.

4.3.2 Roof
An internal visual inspection of the roof from the 1st floor access door through the

Woman’s restroom was attempted to determine the overall roof construction. Initial plan drawings
and U-value ratings were based on long-range observations and were most likely not accurate.
However, based on initial observations and plans obtained from the Massachusetts State Archive,
a much better idea of the roof construction was able to be ascertained. The roof was determined to
be (from outside to inside) interlaid 1/8” slate shingles overlapped, 1.125” roof decking, mounted
2x8 rafters spaced 16" O.C. running east-west, 8x10 purlins spaced 9.7 ft O.C. running north-
south, and the hammer beam truss. These details were integrated into our energy and structural

analysis.

4.3.3 Windows
The specifications of the stained-glass windows in the sanctuary are typical of stained glass

produced around 1910. Typical U-values of these windows are consistent with modern 3mm single

pane, clear glass and our analysis followed these recommendations. Since we were unable to
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perform exacting tests to determine the actual U-values and solar heat gain coefficients of the
stained glass, ASHRAE standards for 3mm clear glass was incorporated into energy analysis.
Windows in the gym and basement are double glazed window systems and were incorporated into

our analysis assuming such.

4.4 Energy Analysis

Figure 36: DesignBuilder Energy Model and ASHRAE Baseline Model

A digital model of the Church was created in the energy modeling software, DesignBuilder.
DesignBuilder performs complex energy and building envelope heat loss/gain calculations based
on user supplied building constructions and geometries and then establishes baselines from these
criteria. A simplified model of the church was created with envelope constructions based on our
observations and findings from the pre-construction plans. This software allows one to determine
the heating/cooling loads of a building and the total amount of energy required to make the building

comfortable based on its present condition. DesignBuilder requires a great deal of trial and error
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to ensure that complex geometries do not cause a simulation to fail. The tops of the towers of the
church were not included in the simulation due to geometric/mathematical errors they introduced
in the software as displayed in Figure 36. With DesignBuilder, potential improvements (i.e.
insulation, double paned windows) can be added to the building envelope and then the energy
savings due to theorized improvements can be quantified and considered. Due to the size and
complex geometry of the church, a heating or cooling analysis of the church took 3-4 hours of
computation time while advanced parametric and pareto front optimizations that involved many
variables required days of computational time.

One of the most important factors to establish the required heating and cooling load was to
create an annual local weather data set. The outdoor temperature sensor placed outside the church
was used as a baseline to confirm that the annual temperature information provided by ASHRAE
is valid. The ASHRAE standards are more accurate and contain more points than any data set that
could have created by establishing a new localized weather data set. Annual local weather data
gathered at the Worcester Airport, located approximately 4 miles away, was used in the
DesignBuilder analysis. By establishing digital models and utilizing local weather data, an energy
analysis of the building can be created based on annual conditions, and a much more accurate
heating and cooling model than would otherwise be possible by using hand calculation methods
can be created. By utilizing all these factors, creating accurate heating/cooling load and energy
consumption figures is much more obtainable, especially in a building with such complex

geometry.

4.4.1 Occupancy
DesignBuilder provides the option to input schedules as to when the building is occupied

and must be heated/cooled appropriately. Based on the information that was given by Jonas Chang

based on the size of the congregation and time and size of afterschool activities, an occupancy
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schedule of the church was created. This schedule assumes that the Sanctuary would be in use
from 8am-3pm every Sunday. The basement would be partially utilized during weekday mornings
for staff and primarily utilized weekday afternoons for after-school activities. The gym followed
similar schedules to when there is activity in the church and during afterschool activities. These
schedules determine when heating setback points are to be changed for optimal comfort, while
reducing temperature in large portions of the building when they are not in use, but still active to
provide adequate building conditioning. These occupancy factors also include a rough estimate of
electricity that is used by lighting, computers, televisions, audio systems, etc, that contribute to the

overall energy consumption of the building.

4.4.2 Walls
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Figure 37: Determined Church Wall Construction

It was assumed in the preliminary estimates of the heating load required by the sanctuary

that the walls were composed of 24” of stone. Once a better understanding of the actual building
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construction was established, a complete analysis was performed. The hand calculations of
potential wall U-values were different compared to the DesignBuilder energy analysis.
DesignBuilder includes the unique individual thermal properties of the church’s building envelope
elements (Figures 37 & 38) built into its software rather than using the ASHRAE standards of
generic stone in the hand calculations. The DesignBuilder analysis is likely more accurate and
allows for more complex analysis based on comprehensive weather data and thermal bridging of

envelope components.

4.4.3 Roof
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Figure 38: DesignBuilder Energy Model and ASHRAE Baseline Model

The roof deck over the sanctuary is currently uninsulated and is enclosed in an attic space
that is not visible or accessible to the congregation. Adding insulation to this space was one of the

first aspects considered for potential building energy improvements. Such an improvement could
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be implemented relatively easily compared to the other envelope suggestions in this report. A
simulation was created by comparing the existing roof construction and comparing the differences

if adding modern code compliant insulation was installed.

4.4.4 Windows
As discussed previously, the condition of the stained-glass windows in the sanctuary are

responsible for a great deal of air infiltration as well as heat loss from the building. Repairing the
windows will help greatly with these issues. Simulations were performed assuming that the
windows were mechanically intact when in reality they are not. The windows were simulated by
using values for 3mm clear glass which is very similar to standards associated with stained glass.'®
In this analysis, the windows in the sanctuary were simulated with double and triple glazed

fenestrations to see their overall improvement to the building’s energy consumption.

4.4.5 Heating Setpoints
By understanding the influence of overall heating and cooling setpoints of the building, a

better understanding of maximizing comfort and energy savings. By modeling the current fuel oil
boiler system, set point temperatures can be quantified to actual energy expended and the overall

cost associated with these set points.

4.5 HVAC Analysis
When the church was constructed, the primary heating method of most buildings was coal,

which was inexpensive and plentiful in the United States. Remnants of this heating method can be
observed by the coal chute and sub-basement construction. Currently, the church's primary heating
is provided by a hot water radiator and baseboard heater system fueled by oil. Hot water is pumped

through pipe loops that run to baseboard heaters and radiators throughout the church and the cooled

15 “protective Glazing Study.” National Preservation Center, March 1996. https://www.ncptt.nps.gov/wp-
content/uploads/1996-06.pdf.
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water is returned to the boiler to be reheated. The gym has forced air, electric heaters installed that
appear to be close to 30-40 years old. There has never been any form of cooling/air conditioning
installed in the building as records indicate. As identified by the church, there are significant issues
with retaining heat in the building. These analyses were performed assuming that the building
envelope at present is intact. Current energy consumption is likely much higher due to the defects
with the roof and windows. Before installation of a new heating/cooling system is to take place,
correcting these issues should be the first step to making significant building improvements. Due
to many unknown factors while performing this analysis, this information should be used as a
baseline to understand the heating and cooling requirements of the church. Any design of a new

heating or cooling system should first be fully vetted.

4.5.1 System Sizing
Calculations to determine the total amounts of heating and cooling required were reached

by using hand calculations as well as the DesignBuilder simulation model. Hand calculations were
performed to determine the R and U values of the building envelope components. These R and U
values were then used to determine the heating load for an average Worcester winter temperature
of 34.7F with an internal operating temperature of 70F based on the overall wall and window areas
across the church. A similar method was utilized to determine maximum cooling loads at the peak
temperature times during the summer. Hand calculations for summer cooling loads were
performed with different variables to ensure that the overall sizing of the system would remain in
the same range. It is assumed that the DesignBuilder analysis is more accurate due to the utilization
of complex geometries and volumes of the church as well as its ability to integrate complex
ASHRAE weather data into its analysis. Hand calculations were divided into three primary

sections, based on volume: The Sanctuary, Gym, and Basement.
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4.5.2 Heating Load
Hand heat loss calculations were performed assuming an average Worcester winter

temperature of 34.7F for the whole building divided into three zones. Initial estimates of the
sanctuary heating load that were presented in A-term were calculated assuming the walls were
made of 24” stone and the roof was a standard uninsulated roof deck. This was done before the
original proposed building plans were obtained from the Massachusetts State Archive.
DesignBuilder calculated the total heating design load of the church for worst case winter
scenarios using ASHRAE weather data beyond the hand calculations utilizing an average
Worcester winter temperature. Additional steady state heat loss calculations were performed that
to confirm findings determined by hand calculations. Internal heating times were determined by
the occupancy schedule defined, as well as internal operating temperatures of 68F and a heating
setback of 62F. This analysis included areas of the church that were not included in the hand

calculations and would be assumed to remain unconditioned in the future.

4.5.3 Cooling Load
Cooling loads were determined by hand calculations determined by average and peak

summer temperatures and a general understanding of the shading that the building experiences
from its surroundings and other buildings utilizing ASHRAE standards. The assumed summer
internal operating temperature was 74F. DesignBuilder was utilized to verify these numbers, but a
cooling system was not integrated into the computer simulation, as one does not currently exist in
the Church, and the current digital model was made so that conditions were as true to life as
possible. Peak summer cooling loads were calculated to also include occupancy of the church
assuming a 255 BTU/Hr addition per person in the building and an estimate of electrically powered

equipment in operation adding to the heat gain.
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4.5.4 Potential Heating Cooling System Options
Based on the current boiler/hot water heating system that is presently installed provides

heat through baseboards located throughout the building. There were several analyses that were
performed in order to determine if a new type of HVAC system would result in overall lower
energy consumption and as few annual discomfort hours as possible while the building is occupied.
Because of the existing hot water heating system utilizing boilers, trying to undertake a complete
overhaul and reinstallation of a new heating system would be expensive based on the buildings
construction. Based on energy simulations in DesignBuilder and research there are a few
heating/cooling systems that would result in lower energy consumption compared to fuel oil and

improve overall efficiency within the building.

4.5.5 Hot Water Baseboard Fuel Type Comparison
By utilizing DesignBuilder to establish total amounts of fuel oil required to heat the

building according to the occupancy schedule and heating setpoints specified, an analysis was
performed to create a reasonable comparison between the current fuel oil consumption (given that
the building was conditioned appropriately during off-hours) versus using natural gas using the
same occupancy schedule. Since the church is in close proximity to several large-scale public
buildings (UMass Memorial Hospital, Worcester Police Station) obtaining service from a natural

gas line should be relatively easy.

5.0 Results

While performing all of the calculations for structural integrity, energy usage, and HVAC
options, numerical data was gathered to determine the exact details of what was analyzed. Much
of this data was generated through numerical analysis aided with various software packages such
as RISA, MATLAB, and DesignBuilder. The results and observations regarding this data are

summarized and discussed in this section.
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5.1 Structural Analysis
The structural analysis was performed to determine the adequacy of all major structural

members, both through strength and serviceability, as well as determine if there are any vibration-
induced consequences due to the adjacent roads and highways that are of any concern. The
magnitude of all maximum stresses and deflection in all members were calculated and compared

with their respective allowable magnitude to be used as a bases to determine adequacy.

5.1.1 Determination of Loads
All loads were determined with accordance to ASCE 7-10 standards. A summary of all of

the gravity loads are presented in Table 4. Seismic loads are shown in Figure. Wind loads are
shown in Figures Figur and Figure. These loads represent the design loads used to analyze all

major structural members in the sanctuary.

Table 4: Gravity Loads

Load Type Cause Acting on Magnitude
Dead Slate Roof 42 psf
Dead Chandelier Purlins 100 Ib
Dead MEP Truss 5 psf
Dead Roof Decking Roof Decking 2.4 psf
Dead Rafters Rafters 2.84 plf
Dead Purlins Purlins 14.21 plf
Dead Sheathing Truss 1.683 psf
Live Roof Roof 20 psf
Live Maintenance Roof 300 Ib
Live Sanctuary Joists 60 psf
Dead Carpet Joists 3 psf
Dead Decking Joists 2.4 psf
Dead Joists Joists 4.263 plf
Dead Girders Girders 17.05 plf
Dead MEP Girder 10 psf
Snow Snow Roof 24.5 psf
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Figure 41: Wind Loads Acting on Church (Plan View)

5.1.2 Roof
A summary of the results for all members of the roof in the sanctuary are shown in

Table 5. Bending refers to bending stress/flexural stress, and shear refers to transverse shear stress.
If the allowable bending stress, shear stress, compression, and deflection are greater than the
ultimate bending stress, shear stress, compression, and deflection, then all members are adequate
under strength and serviceability requirements under the assumed loading. In this case, all

members are adequate.
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Table 5: Comparison of Ultimate and Allowable Stress and Deflection Experienced by Roof Members

Members Type Ultimate Value Allowable Value
Decking Bending 287 psi 1787 psi
Compression

Decking Perpendicular to Axis 15.93 psi 425 psi
Decking Deflection 0.006 in 0.27 in
Rafters Bending 581 psi 1509 psi
Rafters Shear 31.8 psi 31.8 psi
Rafters Deflection 0.13in 0.32in
Purlins Bending 749 psi 1656 psi
Purlins Shear 41.97 psi 216 psi
Purlins Deflection 0.374 in 0.51in
Truss Axial 323 psi 960 psi
Truss Bending 1103 psi 1397 psi
Truss Shear 98.8 psi 216 psi
Truss Deflection 2.31in 1.7in

5.1.3 Hammer Beam Trusses
The hammer beam truss was analyzed under three different loading cases: gravity

governed, lateral (seismic) governed, and gravity and lateral governed. The results from the
MATLAB analysis are shown in the following figures. Figures Figure , Figure, and Figure
summarize all of the axial loads in the truss for each case and represent the load path taken by the
external forces coming from the purlins. Figures Figure , Figure, and Figure summarize all of the
axial stresses in the truss for each case. Red refers to compression whereas blue refers to tension.
Note that the colors used in the gravity case are proportioned with 15,000 Ib and 175 psi
representing the maximum loads and stress possible whereas the lateral cases with greater loads
are represented with 30,000 Ib and 300 psi representing the maximum loads possible.

The truss was also analyzed for deflection and is shown for each of the three cases in
Figures Figure, Figure, and Figure. Under the gravity case, the truss deflects inwards and pushes out

at its base. Under the lateral cases, the truss deflects to the side. It is important to note that the
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deflection shown in these images are exaggerated for visual purposes. The true deflection is very
small—Iless than an inch for most member nodes.

All reactions for the truss in each case were recorded and shown in Figures Figure, Figure ,
and Figure. These reactions represent the magnitude and direction of the forces that are required to
resist the loads acting on the truss and are equal and opposite in direction to the loads the truss
exerts onto the buttress. All of the numerical details for axial loads/stresses, shear, bending, and

deflection for each member can be seen in a table in appendix C.

Table 6: Comparison of Ultimate and Allowable Stress and Deflection Experienced by Truss Members (Worst Case Members—
See Appendix D on Details for Members and Nodes)

Member Type Ultimate Value Allowable Value
72 (Case 2) Axial 323 psi 960 psi
36 (Case 2, Node 8) Shear 98.8 psi 216 psi
35 (Case 2, Node 67) Bending 1103 psi 1397 psi
39 (Case 2, Node 9) Deflection 2.31in 1.7in
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Figure 42: Member axial loads experienced under case 1 (primarily gravity governed)
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Figure 43: Member axial stress experienced under case 1 (primarily gravity governed)
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Figure 44: Member axial loads experienced under case 2 (primarily lateral governed)
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Figure 45: Member axial stress experienced under case 2 (primarily lateral governed)
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Figure 46: Member axial loads experienced under case 3 (gravity and lateral governed)
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Figure 48: Truss Deflection Under Case 1 Loading Conditions (Primarily Gravity Governed)
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Figure 49: Truss Deflection Under Case 2 Loading Conditions (Primarily Laterally Governed)
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Figure 50: Truss Deflection Under Case 3 Loading Conditions (Gravity and Laterally Governed)
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Figure 51: Truss Reactions Under Case 1 Loading Conditions (Primarily Gravity Governed)
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Figure 52: Truss Reactions Under Case 2 Loading Conditions (Primarily Laterally Governed)

86



Ri = 475|b st

R: = 10707Ib }

Rz = 9899]b st

Rz = 20213Ib §
R1

Figure 53: Truss Reactions Under Case 3 Loading Conditions (Gravity and Lateral Governed)

Rz

87



The adequacy results for the truss are shown in Table 6. All of the members of the truss
are acceptable for strength considerations. The ultimate axial stresses, bending stresses, and shear
stresses for all members in all cases are below the maximum allowable axial stresses, bending
stresses, and shear stresses. For serviceability considerations on the other hand, the maximum
allowable deflection of 1.7 in is below the ultimate deflection of about 2.3 in under lateral case 2.
For comparison, the maximum deflection under the gravity case is 0.1 in. That means that during
a major seismic event, under the most extreme circumstances, potential displacement in the roof
can cause minor ceiling damage to the plaster, but the roof is in no danger of caving in. This effect
though may be reduced as there is a gap between the truss and the ceiling.

Based on these results, the truss is very well designed to resist gravity loads whereas the
truss is not well designed to resist lateral loads. This is likely due to the many vertical members
called hammer beam posts which help to distribute the gravity loads from the upper braces to the
lower braces. The lateral conditions can also create a lot of tension in some of the connections of
the truss that are potentially not designed to take tension. It may be prudent to inspect the trusses

and their supports at regular intervals.

5.1.4 Floor
A summary of the results for all members of the floor in between the sanctuary and

basement are shown in Table 7. The members were analyzed in a very similar way to the roof

members (see section 5.1.2). In this case, all members were adequate.

Table 7: Comparison of Ultimate and Allowable Stress and Deflection Experienced by Floor Members

Members Type Ultimate Value Allowable Value
Joists Bending 679 psi 1006 psi
Joists Shear 44 psi 135 psi
Joists Deflection 0.291in 0.51in
Girder Bending 960 psi 1035 psi
Girder Shear 78.1 psi 135 psi
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Girder Deflection 0.30in 0.44 in

5.1.5 Walls
A summary of the results for the walls at the location of the buttresses are shown in Table

8. The maximum tension and compression refer to that experienced at the extreme fibers of the

cross-section, which occurs at the most interior and most exterior parts of the cross-section.

Table 8: Maximum Tension and Compression Experienced by the Buttress within the Cross-Section at Critical Heights under
Various Loading Scenarios

Case Point | Maximum Compression (psi) = Maximum Tension (psi)
Gravity C 61.57 0
Gravity E 89.01 0
Gravity F 50.86 0
Seismic 1 C 90.99 11.53
Seismic 1 E 145.10 21.72
Seismic 1 F 81.48 10.52
Seismic 2 C 46.45 27.29
Seismic 2 E 72.84 48.47
Seismic 2 F 53.17 23.89

According to the National Concrete Masonry Association (NCMA), normal type Portland
cement mortar used in brick masonry found on the interior of the wall has an allowable tensile
stress normal to the bed joints of 30 psi which is greater than the ultimate tensile stress of 21.72
psi under seismic case 1. Consequently, if the assumptions that were made for the wall analysis
are correct and if the brick is in good condition, no reinforcement is needed for the buttress.
Unfortunately, conditions of the masonry are unknown and due to moisture and neglect it is
possible that overtime the mortar bonding in the brick can rupture during a seismic event and
cracking can occur. In this case, assuming poor masonry conditions, tensile reinforcement should
be sized for the interior of the wall to prevent cracking.

Based on this analysis, it was found that any amount of steel will work when placed 52

inches from the left most end of the buttress. The reason for this is because the location of the
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neutral axis is primarily governed by the location of the steel reinforcement and the buttress will
not crack at all beyond the location of the neutral axis. The amount of compression the buttress is
under prior to cracking is also far below the allowable yield stress of the masonry even with
conservative assumptions. This allows the neutral axis to shift freely without the risk of the buttress
to fail under compression. Reinforcement is still necessary though because if the cracking
propagates all the way through the buttress, it will fail. Consequently, a small thin section of
reinforcement is all that is necessary.

Based on the calculations found in appendix C, five % in studs are required for full
composite action which would put the spacing of the studs at 44 in between the basement floor
and the base of the truss. The maximum spacing for shear studs based on AISC section 18.2d is 36
inches requiring 7 studs to be placed 33 inches.

When analyzing the buttress for reinforcement for seismic case 2, the exterior granite
masonry is in tension where the maximum tension is about 48 psi. Normal type Portland cement
used for concrete masonry has an allowable tensile stress parallel to the bed joints in running bond
of 60 psi. Because the granite masonry is visually in good shape, no major evidence of cracking
exists on the exterior, and the granite masonry has a cross-section for mortar placement that
provides for more tensile resistance than concrete masonry, the granite masonry is adequate for

tensile stresses under maximum seismic loading conditions.

90



5.1.6 Determination of Vibration Thresholds
With 1-290 and Route 9 directly adjacent to the church, there were some concerns that the

vibrations may have been affecting the structure. Mentioned previously in the methodology, we
found that the church would experience damage if a vibration of 0.59 in/s occurred at an instant or
if a vibration of 0.24 in/s occurred continuously according to the Swiss Standards Association 640
312. Based on the data from the accelerometers in the towers and shown in Table 9 below, the
highest acceleration experienced by the church was 0.025 g and the highest velocity experienced
by the church was 0.08 in/s. This value does not approach the peak particle velocity of vibration
the church can withstand. This means that the vibrations the church is experiencing daily is not an
issue for the longevity of the structure. Although, the accelerometers that were used to obtain this
data were only able to hold a limited amount of storage due to cost. There is a possibility that the

true maximum acceleration may not have been recorded with these accelerometers.

For comparison, in terms of seismic loads, the peak ground acceleration for a structure to
even experience very light damage is 0.039 g. With our data being within the range of the seismic
data, it confirms that our accelerometer data is accurate. Also, the PPV for the church to experience
physical damage, such as hairline cracking, is 0.75 in/s. This value is also much above the highest
velocity experienced by the church. Our group was then able to determine that the cracks in the

plaster of the church are from the moisture issues rather than vibrations.
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Figure 54: Site Plan Showing the Close Proximity of the Church, I-290 and Route 9

Table 9: Max Values Experienced by Accelerometers

Accelerometer Max Acceleration (g) Max Velocity (in/s)
Tower 1 East 0.025 0.08

Tower 1 North 0.025 0.08

Tower 2 South 0.023 0.074
Tower 2 West 0.022 0.07

5.2 Geotechnical Analysis
There were some initial concerns geotechnically with the church and its proximity to the

retaining wall and the highway. The retaining wall is of little concern to the church as most of the
influence in failure caused by the soil is vertical rather than horizontal. That means that the
retaining wall will cause little concern on the church but potential settlement in the church can
cause extra horizontal forces that should have been considered when constructing the retaining

wall.
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Besides the retaining wall concern, other results from the geotechnical analysis such as

bearing capacity, and settlement will be addressed in this section.

5.2.1 Determination of Soil Conditions
Based on the soil classification from the Massachusetts DOT overpass project, it was found

that all soil that exists below the foundation is fine sand with a unit weight of about 120pcf and a
friction angle of 34 degrees. A representative soil profile was created to show the layers of soil as
well as each layer’s unit weight and friction angle. This profile is shown in Figure. One
consequence of fine sand is that any settlement experienced by the columns are immediate short-
term settlement and no long-term settlement exists. No major evidence of cracking in the walls
also suggest that there is no evidence of long-term differential settlement and as a result when

sizing the footings, they only need to be tested against bearing capacity failure.
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5.2.2 Foundation
Upon testing the foundation for bending and shear below the buttresses, it was found that

these footings are only slightly larger than the buttresses themselves, and any critical sections for
shear and moment exist outside of the footings. This means that there is no risk of failure of the
footings due to structural causes. The footings below the lally columns were of the same depth as
the buttress footings despite only carrying about 10% of the load the buttresses carry. That means
that the footings were sized very conservatively for structural failure.

To test the footings for failure due to geotechnical limitations, the factor of safety was
compared with the required factor of safety. This comparison is shown in Table 10. For all the

footings under all loading conditions, the footings were acceptable for bearing capacity.

Table 10: Comparison of ultimate and allowable stress experienced by the footings

Footing Location (Loading Type) Factor of Safety Required Factor of Safety
Buttress (Gravity) 3.14 1.6
Buttress (Seismic 1) 1.83 1.6
Buttress (Seismic 2) 3.75 1.6
Lally 10.46 1.6

5.3 Envelope Analysis
Envelope Analysis was performed through a combination of methods (DesignBuilder

model and hand calculations). These analyses were possible through production of thorough
digital models that were produced from site surveys and documentation obtained from the

Massachusetts State Archive.

5.3.1 Walls
Using ASHRAE calculation methods, the U-Value of the church walls are estimated to be:

0.328 BTU/h*ft"2*F. The U-value of the tower walls with air gaps are estimated to be 0.409

BTU/h*ft"2*F.
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It was assumed in the preliminary estimates of the heating load required by the sanctuary
performed in the fall of 2019, that the walls were just 24” of stone. The actual wall construction is
displayed in Figure 56. The hand calculations of potential wall U-values were different compared
to the DesignBuilder energy analysis. DesignBuilder includes the unique individual thermal
properties of the church’s building envelope elements. built into its software rather than using the
assumption of full generic stone in the hand calculations. The DesignBuilder analysis is likely far
more accurate and allows for more complex analysis based on comprehensive weather data and

thermal bridging.
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Figure 56: Sanctuary Wall Section

Based on the findings from the Relative Humidity sensor placed inside of the wall, it was
found that the relative humidity levels behind the plaster was nearly at 100% as displayed by the
graph in Figure 57. This reveals that the air gap in the tower is completely saturated. As discussed
previously in the report, it is most likely that the leading cause of water infiltration is due to the
issues with the roof and its waterproofing components. Developing a way of drying out the towers
is critical in order to maintain the integrity of the building and the air holes that were cut will
hopefully improve this situation until the roof can be repaired. This saturation can be visualized

when viewing the walls on the mezzanine level by viewing the water staining and cracks in the

plaster.
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Figure 57: Temperature and Humidity Readings Inside the Right Tower Wall from November to December 2019

5.3.2 Roof

The U-Value of the roof is estimated to be between 0.237 and 0.274 BTU/h*ft"2*F based
on its construction and positioning of the purlins. This U-Value assumes that the envelope of the

roof is complete and does not have any defects. However, due to the holes and separation in the




roof and weakening of the wood envelope, it is likely that the actual U-Value of the roof is much

higher and significantly contributes to the overall heat loss of the building.

5.3.3 Windows
The U-Values used for the windows was 1.078 BTU/h*ft"2*F. The accepted ASHRAE

standard for stained glass is 1.09 BTU/h*ft"2*F. During site surveys of the building, it was
observed that there were many portions of stained glass that have cracks, holes, missing
components, and are failing due to warping. These issues with the windows are another factor
contributing to the discomfort that is being felt inside the sanctuary during services. Since there
are open holes, air infiltration is prevalent and causing drafts, exacerbating heat loss, and causing
excess humidity throughout the church. It should also be noted that the primary component of
stained-glass windows is lead, which is used as a barrier between colors on stained glass. For safety
reasons, it is recommended that patrons should not touch the windows due to health concerns and
barriers to prevent access be established.

The windows throughout the gym and basement have been upgraded to double hung,
double paned windows and appear to have no issues. It was estimated that the U-Value of these

windows was 0.50 BTU/h*ft"2*F.

5.4 Energy Analysis
The building as currently standing (assuming an intact envelope) is within national energy

consumption guidelines. Based on this analysis with the assumed occupancy settings, the building
is estimated of having an annual energy consumption of 781,909 kBTU between heating and
electricity consumption. 565,966 kBTUs are utilized for heating needs annually. This comparison

is shown in Figure 58.
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Figure 58: ASHRAE Baseline vs. Existing Building Energy Consumption Comparison

5.4.1 Walls
Based on the DesignBuilder and hand calculation analysis, most heat loss in the church is

due to the granite massing walls. Unfortunately, due to the orientation of the church, most thermal
mass effects due to sun exposure is experienced by the front of the building due to the sun path.
This design choice was most likely done intentionally so that the sun would shine through the front
facing stained glass windows during services. The high-rise apartment building across Belmont
Street also blocks most of the sun path annually.

Adding insulation inside of the walls is not an option due to the construction of the building
(i.e. no large air gaps in the walls to add blown-in insulation). However, an analysis was performed
to quantify improvements by adding varying ratings of insulation on the inner surface of the church
to see the improvement in heat loss (Figure 59). Adding a layer of R-20 or R-30 Insulation to the

inner surface of the walls would result in approximately 147,000 BTU/Hr improvement to the
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buildings heat loss issue. This would result in a 26% improvement of the buildings energy

consumption.

Total energy consumption (kBtu) - MQP Worcester Gospel Church, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Parametric Analysis Student
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Figure 59: Existing Wall Construction vs. Proposed Wall Insulation Improvement Comparisons

Any improvements that could be made to insulate the walls would make a significant
difference in annual heat loss and fuel consumption. Improvements to the insulative properties of
the wall should be investigated as this will create the most noticeable improvements. However, if
a similar solution is implemented, it is important to consider additional condensation effects that
may occur by adding another layer of insulation on the existing wall. Any modifications to the
wall envelope should be first vetted by an engineer experienced with building enclosure

improvements as this would be a significant undertaking.
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5.4.2 Roof
The roof deck over the sanctuary is currently uninsulated and in an attic space that is not

visible or accessible to the congregation. Adding insulation to this space was one of the first things

considered for potential building improvements. Such an improvement could be implemented

relatively easily compared to the other envelope suggestions in this report. A simulation was

created by comparing the existing roof construction and comparing the differences if adding roof

code compliant insulation was installed (Figure 60). By installing R-30, R-35, or R-40 batt

insulation in the roof deck would result in an approximate improvement of 47,000 BTU/Hr or an

8.3% improvement to the buildings energy consumption.
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Figure 60: Existing Roof Construction Energy Consumption vs. Proposed Roof Insulation Improvements Comparisons
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The most pressing issues with the roof are external due to gaps in the slate and issues with
the waterproofing methods, leading to water infiltration and exacerbated heat loss. The simulation
that was performed assumed that the roof’s envelope is intact and will retain heat appropriately.
Unfortunately, this is not the case with its current condition and its current insulative properties
are unknown. It could be assumed that performing necessary roof repairs and adding insulation
would result in a much greater overall energy improvement than 8.3%. It should be considered if
the church is going to be reroofed, either with slate or a more cost friendly solution, to consider

the addition of insulation in the roof deck at the same time to minimize labor costs.

5.4.3 Windows
It was found that a double-glazed window system of 3mm clear glass with a 13mm air gap

of air or argon would result in the best energy savings over triple glazed systems if instituted in
the church (Figure 61). Adding a secondary 3mm layer of glass with an air gap would result in a
17,000 BTU/HTr or a 3% improvement in annual energy consumption, while an argon filled double

pane window system would result in an 19,000 BTU/Hr or a 3.4% improvement.
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Figure 61: Existing Window Energy Consumption vs. Proposed Window Improvements Comparisons

While these improvements may not appear to be significant, the actual condition of the
windows is akin to having them partially open all the time. Repairing the windows, independent
of adding another layer of glass, will dramatically improve the overall discomfort that is felt in the

sanctuary by reducing drafts and heat loss.

5.4.4 Heating Setpoints
Adjusting the church’s heating setback to 60F from 63F results in an annual energy savings

of 30,000 BTU or a 5% reduction in heat needed (Figure 62). Identifying ideal heating setback and
cooling setback temperatures combined with a thorough occupancy study will result in improved

occupant comfort and long-term energy savings.
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Figure 62: Heating Setback Energy Consumption Comparison

5.4.5 Overall Improvements
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Implementing all the envelope suggestions above would result in an approximate 42.7%
reduction in overall energy needed to heat the building. A visual representation of the energy
improvements suggested in this report is seen in Figure 63. Having the roof and windows properly
repaired would bring the building up to the baseline established by DesignBuilder. These repairs
combined with these suggested improvements would result in a greater energy reduction than

postulated by this report.
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5.5 HVAC Analysis
One of the primary goals of this project was to obtain values so that the church leadership

would have a better understanding of the heating and cooling loads needed to properly condition
their building. Potential heating and cooling systems and system improvements that could be

feasibly implemented have been suggested.

5.5.1 Heating Load
Hand calculations assuming average Worcester winter temperatures resulted in the total

heating load of the church in the winter of 499,311 BTU/Hr equating to a 41.6-ton system. The
sanctuary with roof included was calculated having a heat loss of 230,893 BTU/HTr, equating to a
19.2-ton system. The initial 10-ton system estimate for the sanctuary that was provided by the
heating contractor would have resulted in a vastly undersized system and the same heating issues
repeating. The gym was calculated as having a heat loss of 70,879 BTU/Hr which equates to 5.9
tons. The entire basement, including the slab floor, was calculated as having a total heat loss of
197,540 BTU/Hr equating to 16.46 tons.

DesignBuilder calculated the total heating design load of the church for worst case winter
scenarios using ASHRAE weather data beyond the conservative hand calculations. Internal
heating times were determined by the occupancy schedule defined, as well as internal operating
temperatures of 68F and a heating setback of 62F. The total design heating capacity of the building
in worst case scenarios is 1,026,570 BTU/Hr or 85.45 tons. This number included areas of the
church that were not included in the hand calculations and would be assumed to remain
unconditioned in the future. The sanctuary calculated at these conditions was found to have a heat
loss of 301,160 BTU/Hr equating to 25 tons. The basement was found to have a total heat loss of
414,420 BTU/Hr equating to 34.5 tons. The Gym was determined to have a heat loss of 203,080

BTU/Hr equating to 16.9 tons. These combined three zones at worst case weather scenarios results
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in a total system size of 76.4 tons. The total required tonnage of a new heating system required is
most likely between the hand calculations and the worst-case scenarios. The total system size
should be approximately 50-60 tons to appropriately heat the entire church appropriately during

the winter.

5.5.2 Cooling Load
Based on hand calculations and an ASHRAE ComCheck format, the total cooling load of

the church is between 364,603 BTU/Hr (average summer temperatures) and 431,097 BTU (peak
summer temperatures with occupancy). These numbers translate to 30.4 tons and 35.9 tons
respectively. The sanctuary was calculated to have a cooling load of 190,329 BTU/Hr or 15.7 tons
(average summer temperatures) and 227,994 BTU/Hr or 19 tons (peak summer temperatures with
occupancy). The basement was calculated to have a cooling load of 82,326 BTU/Hr or 6.7 tons
(average summer temperatures) and 139,336 or 11.6 tons (peak summer temperatures with
occupancy). The gym was calculated to have a cooling load of 63,767 BTU/Hr or 5.3 tons (average
summer temperatures) and 91,948 BTU/Hr or 7.7 tons (peak summer temperatures with

occupancy).

5.5.3 Hot Water Baseboard Fuel Type Comparison
It was determined by using DesignBuilder that the building as standing without any

envelope improvements would require approximately 565,907 kBTU of fuel annually to heat. If
one gallon of fuel oil contains 139,000 BTUs, the overall consumption of the church would be
4,071 gallons of fuel oil annually. Based on current market trends and the 2019-2020 national
average of $2.95 per gallon results in an overall annual fuel oil cost of $12,009.45.

If the boilers in the church were upgraded to use natural gas instead of fuel oil, given that
the average cost in Massachusetts of natural gas is $13.98 per 1000 cubic feet of natural gas. There

are approximately one million BTUs in 1000-cubic feet of natural gas. This would require 565.907
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1000-cu. ft units of natural gas annually to appropriately heat the church. This would cost the
church $7,911 dollars yearly in order to heat utilizing natural gas. The conversion to natural gas
would result in an annual cost savings of $4,098.45 yearly for the same amount of heat or a 34%
reduction in heating costs.

If envelope improvements suggested in the energy analysis section were implemented, it
would result in a 42.7% reduction in the overall amount of fuel required to heat the building. This
would be 241,642 kBTUs annually compared to 565,907 kBTUs annually prior to any
improvements. This would equate to 1,738 gallons of fuel oil annually or an annual cost of $5,128.
If the hot water baseboard system was upgraded to natural gas, the overall heating with envelope

improvements would require 241.64 1000-cu. ft units of natural gas or an annual cost of $3,378.

5.5.4 Variable Air Volume Systems
One of the primary findings in the cooling analysis was that in-wall air conditioning units

would be the most efficient, however, because of the building’s construction and important
aesthetic value, this solution would not be feasible due to the need to make holes in the building’s
granite walls. A ducted VAV system would be feasible and provide heating and cooling to all areas
of the church. Ducts containing hot/cold air could either be installed in the floor between the
basement and first floor and vented appropriately to each zone of the church. The ducts could also
be run through the Sanctuary ceiling supported by the trusses, although that would dramatically
alter the aesthetics of the building. Retrofitting such a system into the existing building would be
difficult but possible. A VAV system operates on the principle of variable air volume and not
constant air volume like other forced air systems (Figure 64). VAV systems vary air flow with a
constant temperature resulting in lower energy costs due to the reduction of the need of fans and
results in more precise temperatures and less long-term wear of the system. A VAV system also

offers additional passive dehumidification which is a major feature that the church requires now
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without any envelope repairs. It is estimated that an installation of a VAV system compared to the
existing fuel oil system would result in approximately a 22,000 BTU reduction in total energy

based purely on the efficiency of the system alone compared to baseboard heating.

EXHAUST OUTDOOR
AR AlR

1|

DAMPERS A

L !

RETURN |
AlR FAN I

T R l

AIR HAMDLING UNIT

r
|  SUPPLY
AR

l

VALVE |

R
RADIATION

THERMOSTAT

T RETURM AlRf=—

Figure 64: Example Diagram of a VAV System?6

5.5.5 Radiative Heaters
One potential solution has been implemented in medieval churches in Europe involves the

installation of infrared heaters in the sanctuary (Figure 65). Radiative heaters are very energy
efficient as they directly reach occupants and surroundings due to the use of shortwave infrared
heat and does not transfer heat to objects that may not necessarily need to be.

It would be possible to supplement the existing baseboard heating system with these
ceiling/wall mounted radiative heaters. The existing baseboards could be used to condition the

space in the winter at a stationary temperature to ensure proper humidity levels during the winter,

16 University, Drexel. 2005. Adventure Works Products Page. Accessed February 25, 2020.
http://www.pages.drexel.edu/~ea38/AE390/A5/products.htm.
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but then utilize the radiative heaters when Sunday services are taking place. These heaters can then

be left off at all other times resulting in lower overall energy costs but still warming the sanctuary.

Figure 65: Example of Radiative Heaters Installed in a Medieval Church 17

There are many radiative heating options that operate either on electricity or natural gas. It
would most likely be advantageous to convert the heat energy source of the church from fuel oil
to natural gas and utilize a few methods of heating/cooling different areas of the church which

would result in greater efficiency and greater cost savings.

17.2020. Tansun. Accessed January 14, 2020. https://www.tansun.com/gb_en/blog/what-is-the-best-
method-for-heating-a-church.html.
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Figure 66: Tansun Sorrento Triple Infrared Quartz Heater 18

Tansun infrared heaters (Figure 66) that have been utilized in similar churches have a 6kW
output approximately. This equates to 20,470 BTU/Hr. If the sanctuary requires 301,160 BTU/Hr
to heat, this will require 15 infrared heaters positioned around the sanctuary. A potential placement
of these heaters is suggested in Figure 67. This option is certainly feasible and would detract

minimally from any aesthetic value of the church. These heaters are designed to be installed at

18 2020. Tansun. Accessed February 20, 2020. https://www.tansun.com/gbh_en/infrared-
heaters/sorrento/sorrento-triple.html.
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higher ceiling heights and could be installed at the tops of walls to ensure maximum range of

| g

coverage.

Figure 67: Suggested Placement of Infrared Heaters in the Sanctuary
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Since these Tansun units are powered electrically, it would be advantageous to install any
forms of green energy production to offset any utility costs or to appropriately size additional
systems with these considerations in mind. Additionally, this brand would need to have a separate
electrical service installed throughout the sanctuary since they operate at 220 volts. The current
condition of the buildings electrical system requires addressing before an addition of another 220V

service.
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6.0 Recommendations
After analyzing the church, there are several recommendations that should be considered

for structural and energy improvements. All suggestions should be discussed with a Professional
Engineer and if decided to be implemented, installed by a certified contractor. These
recommendations are based off of visual observations taken from many church visits as well as

observations from the results of the analysis.

6.1 Structural Recommendations
Based on the structural analysis of the church, the building is structurally worthy and there

are no immediate issues with the trusses, walls, roof and other load bearing members. Based on
the computer analysis of the truss, diagrams have been provided for key areas of the truss to
observe for any defects or changes in crack size or location. These defects could occur during a
seismic event and combined with the high moisture content (relative humidity) in the church could

cause issues in the future in the event of an earthquake or other significant seismic event.

6.1.1 Sub-Basement Concrete Reinforcement
The main concern structurally remains with the coal chute area located in the sub-basement

next to the boilers. On inspection of this area it was observed that the concrete slabs and supporting
steel members have corroded significantly. Since this area has ground directly exposed above,
caution must be exercised if a cherry picker, scissor lift, or any significant weight is placed on this
area. There is a potential that extra weight on this portion of the ground could cause this coal chute

area to cave in.
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Figure 68: Corrosion in Steel Reinforcement in the Sub-Basement Area

6.1.2 Truss I-beam
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Figure 69: I-Beams as shown in the Archive Plans

From the review of section plans retrieved from the Massachusetts State Archives, it was
determined that there are steel I-beams encased by wood located at the base of every truss. It is
uncertain whether these I-beams are either encased with molding or embedded in wood. Due to
the high humidity levels that the church has experienced as well as its age, it is recommended that
a few test holes be made to inspect these I-beam members for rust and structural integrity. The
shifting of these I-beam members is also causing cracking in the drywall. The holes should also be
used to inspect if these cracks persist through the masonry behind the drywall and determine if

there are any other underlying issues.
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Figure 70: Cracking in drywall where the truss connects to the buttress

6.1.3 Buttress Reinforcement
During a seismic event, the interior brick may be responsible for providing tensile

reinforcement. This brick layer should be inspected and if it is in poor condition, either the masonry
should be repointed, or tensile reinforcement should be considered. A thin 1in? section of steel
with 1/2in studs spaced 33 inches from the basement floor to the base of the truss should provide

the necessary reinforcement. See Appendix C and the structural analysis section for more details.

6.2 Envelope Recommendations
A roof inspection is an immediate priority. In order to determine the extent of water

infiltration coming from the roof level, an inspection from roof level was needed for this report,
but this could not be accomplished since this group was unable to obtain access to a cherry picker
or scissor lift. However, based on the photos sent by Jonas Chang and the observable damage, it
is assumed that the condition of the roof is a major issue. These issues need to be addressed and
repaired in order to prevent any further damage via water transport through the roof and the effects
of annual heating and cooling cycles.
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6.2.1
o Where the Towers meet the roof there may be an issue with the flashing/counterflashing

allowing water to travel down the towers internally and make its way into the plaster. Over
100 years of weathering has most likely made these waterproofing systems not nearly as
effective as originally intended. These areas of the roof should be thoroughly investigated
by a roof inspection.

o There may be an issue with moisture transport occurring through the masonry construction
of the granite walls. It is possible that water is being absorbed through the aggregate and
being retained in the brick next to the plaster in the wall envelope. This moisture then
leaches out due to heating and cooling cycles. The building should be inspected by a
professional stonemason to verify the status of the masonry and determine if repointing is

necessary.

6.2.2 Fenestrations
There are several stained-glass windows in the sanctuary that are broken/cracked and have

warped frames. These openings are creating significant air changes in the sanctuary and creating
a great deal of heat loss as can be directly felt as drafts while people are seated during church
services. Correcting this issue will dramatically help with heat loss and the discomfort felt in the
sanctuary. Installing another layer of glass over the existing stained glass in the sanctuary will
dramatically improve the heat loss in the church. It was determined through analysis via
DesignBuilder that adding another layer of clear glass, much like a double paned window, would

reduce the energy needed by almost 20,000 BTUs.

6.2.3 Insulation
Installation of insulation on top of the granite walls would be a significant undertaking.

However, based on the amount of heat being lost by the walls it is a worthwhile avenue to
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investigate in order to reduce energy consumption. Adding insulation to the roof deck is an option

that is much more obtainable and would help dramatically with heat retention in the sanctuary.

6.3 Renewable Technology Considerations
The position of the towers of the church are directly obstructing the annual sun path.

Additionally, the high-rise apartment building across Belmont Street is significantly taller than the
church and contributes to blocking the sun path. This is shown in Figure 71. These obstructions
will accumulate shadows on potential solar panels that could be installed on the roof and result in
minimal energy being produced in the winter months when the sun is at its lowest. Due to the
offset of the back wall between the church and the gym annex, shadows would be thrown over

much of the roof during half of the year, making a potential installation of PV panels not
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advantageous from an electricity production and a maximization of return on investment (Figure

72).

Figure 71: Google Earth Image of Belmont Street and the High-Rise Apartment Building Across the Street from the Church
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Figure 72: Simulated Sun Path in DesignBuilder

However, one consideration to keep in mind would be to add a solar parking area that have
become more common in past years (Figure 73). Since the church offers their property for parking
during the weekdays, it would be possible to add solar collectors to the parking areas and shield
cars from sun and weather. The potential cost of this project could be offset by raising parking
costs to commuters and could also be done slowly and expand as necessary and find an ideal place

to place a potential solar field.
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Figure 73: Example of a Solar Parking Lot?

Based on Google Earth calculations there is approximately 17,800 square feet in the top
parking lot (Figure 74). The rear parking lots sun path is blocked by the building itself. An average
of a 15% efficient solar panel would produce 15 watts per square feet resulting in a power
production of 267 kW. Such power production would be enough to power the radiative heaters

suggested in previous sections.

% https://solarips.com/2019/09/solar-carports-and-canopies-a-practical-solution/
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Figure 74: Existing Parking Lot Behind the Church
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6.4 Additional Recommendations
During a site survey investigating the roof construction via access through the ladies first

floor bathroom, it was noticed that the electrical service located there is not up to code. When a
light was turned on at the higher level above the ladder, there was significant amounts of smoke
and a burning electrical smell. The electrical system at hand represents a fire hazard and should be
addressed soon. As improvements are made to the building, upgrading the existing electrical

system is critical.
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Appendix A: Temperature/Relative Humidity Data
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Sensor #1:
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Sensor #3: Under Pew- Left Side
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Sensor #5: Left Side Truss- Mezzanine
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Sensor #7: Tower 1 Attic
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Lowest RH Recorded: 63.84%

—Temp, *C (T)
=—RH. % (RH)

# Host Connected
W Bad Battary

X End Of File

01120 12:00:00 A4 GWT-04.00
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Sensor #9: Tower #2- West Side

ho.9 -
—Temp. *C (T)
=—RH. % (RH)
10-] &0 # Host Connected
* End Of File
75
-]
=70
20+
& &5 L
15
60
10+ |
55
[
§ * Fo
T T T T 45
0ming 05119 [ [ 0] 1o 0101720

030118 12:00:00 All GMT-04:00 0101720 12:00:00 AW GKIT-04:00

Highest Temp Recorded: 32.33C Highest RH Recorded: 82.13%
Lowest Temp Recorded: 4.64C Lowest RH Recorded: 48.72%

Sensor #10: Outside Entrance

4 No.10
—Temp, *C (T}
oo —RH, % (RH)
# Host Connectes d
W Bad Battery
304 X End Of File
| “( ‘ 8
| V il
| |
‘ 1 |‘ ‘ ‘ ([ | . e
e | | .‘ [ | 1 ‘ ‘ »
104 ‘J " \|
| )
(L]
ke I 2
. | |
A0 | T
0aming 05m1Ne 7o 0 1mine 0120
0319 120000 A GMT-04:00

0101720 12:00:00 A GAT-04:00

Highest Temp Recorded: 35.08C Highest RH Recorded: 100%
Lowest Temp Recorded: -5.54C Lowest RH Recorded: 1%

132



Appendix B: Accelerometer Data
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Appendix C: Load and Structural Calculations

Heigd Measurements | ‘MQP

©

Gym o\l weion)

©=5756" x=16'1"
H=11.70" ™=0y"

Hiey = 17.03"

© =90°-74%0' 20" = 18.99°
H= tan® (ke115'2" ) = 23,035

o BT de o'« 28257

G¥m Apex

W - [TH

Sahc’ruary Wall height (Com gound)
&=26.12° x=U57'
H=22.Ul' TH=6178"

H-&o’r = 37.56‘
A
B=1"82'40"  gin(n°sr'uc”)  SinA
as U5, 7' 9" T )
g A=29.07°
¢ 8
& C=132.964
()
& ig)_Q:S"LE’ =632
8

Church Apex \nc@n\-

Gym Secondary Apex

G =326.% g )(:Q%,@‘
H=51UR" TH:g125"
Hiot = 56.63'

a2l | Church Roof” S\ope
J 5663 -22.56"
29!

=100 ' un° s\ope

©:= 25.306° x=27¢"
H=26.63" TH=61B"

Hior = 31,77
va QOO? S\Ope apex - wall he‘.g\\&-
!3‘2,37‘ - \0.03' wall \eng'h
21.06'

= .0l =100 ..45%°slepe

Gym Secondary Apex \ase hé«g‘n\' (assuvri\ng ccti\ue\en* s\opa

B b e
CCTI

\h=23\"
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Dec:d Loads+ Live Ldods Roct

RooFFrom bottom Yo top: Truss, puriing, rafters, decking, s\ate

-

LLg =300\ (concenttated)
Llr= 20ps0 (un'form)
(ASCE 7-\0 Tol\e 4-\)

Orit weignt of s\ade * 16299 pef
Thickness of slate & 4" but overlaps SO thickmess
It} /q,
Dead load of slate =40, 0ps
Dead ‘oad of chandeter =100\ - applied at cen’rer o5 purin |
Derd \ood of CMEP: 5 gsh - applied wriformly over Aruss |
Eastern’ %pruce Oeckmg G=0Ul = ¥= 2553pct
Decking & L1abin thick
[Decd \ood of decking = D‘-\OPS';l :
Sprucc Roflers G- oq\-az{ 25.68pck
flempers ate 2'x2" ‘spaced 6" O.C.
[Dead load of rafters = 2.3Up\t on D\3QSU

Eas\ecn %pruce Pucling -G=0Ul > = 25 B¥pct
Members are 3" x\0"' spaced 976k OC
[Dead load of purlns =1yt p\Wj -

DL (slave + deckwngy) =44 Ypst

,sec note on page

,:‘)/3" pne sheathng G =036 ¥= 2046 9t
[Cead 00d of Sheadnwg = \.638pST |
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Dead Loads s Lwe \,oczlc\s Floor o
Retween VY Qloor and vosement
: fogieric -
LY LY 1 -l ] L]

—

From dop Yo bollam: carpet —»deckw 9> yosts - girders > drop cei\'mg

LL (sanchuory) = 60psf (wikh Fixed scofing) o 30010

DL (carpet + pad)=3psf

DL (decking)=24psE

0L (iosts)=4.063 0 F (212 spruce)
OL (0jrders)=12.05¢\¢  (@x\2 spruce)
OL (nEP)=logst (hyp)

Note : Opon rz:qlcw'ms, fhe deand load due +o s§q1fe S quite ‘\n'\s\'\
but will serve ag™a very conseruative estimaye {or tmig
P(f“?ose—eSpech\\y with potential differences between the
orignal archive plans and wnak may loe qc\-ua\\y present
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Seiemic Looads l

Sreel Sy ans 3,
S = W% 3 = O'-Lf) ?

ASCE 1-\0 \‘—';3ores
Sis 7% 9 = 0.0

2Z N R

3\'-22?.
Mok exempk =% Wiz LBC i3,

Si—tg 3 Seismic Desiﬁn Co.l—c&ortj (SDC.)
o) Soil Classikicakion (Lrban Leund)
Qive Class D —> Web Sail Suru(u)
W) Sps ona Spy = ASLE 7-1D Towie W=l =+ 1142

Swet (B)IRY(SS) Farte  Sout (BRI Fo=zu
= () (1) (02 ) » (M) Z24) | D01e)
Sus= 0213 Swiz D1l

-CAR'\S\A Qo_\—ca)orc.s ‘3_ ASCE 1-10 Table 18 -1
(=SS C.o_\rtclor:} 1 e

d) Sue  (bs)
=3

DL Lis)
- {3

Stepl  Anotusis Procedore
(ELF Permikied)
o) Devev e Fondasmeniod Qcvind, T
To= Ce hu®  Ce= 0.016(D.0MGL)* 3 Tosre 12.8-2

X=0.9 ASCE
Ta 5 (0.01) D.04GE)™ T2 CsTa Coz e = Tewle \Z7.%5-\ ASCE
Tq_'- OWN :
:0.1(3) N =4k ob sharies
To? 0.3

T=loloz) T=0Dwu8s

) Dertvmine Ty
_si . D2y
EINY o.zrs3
Siep 5 Devevemine R, Pevgonse Mpdificaion Coetitient
Bw\ns ol
- Ovdinev pledn rMASOON shheavr wWalls

he Ve
Skep b Derevmine Teismic Tenpor Fance Foacree ; Te

Tg = = DS53S

Le = 1.0D
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S-eismic Loods |

Skte 7 Dereremine Seismic Wose Dwear, V

N 20 -
Cee Sas . DU3q N =04z UU?.KB W= W13 ,0% st
2 (=) 0.2 N=qy.5 wies
Te -'_) )
%hgz Wisrvibore V over Hne vxci%vu- o +ne Avvoerure

T&£058% so w=l

W o \’\\(u'
Fu 20UV sawveve Sz im

(}‘M&f ;i=‘ Wt V\‘,K
W it | Wenh® ) Cux Fo | EShey Sveor
Level )\ B3\ Wies 20! a4 L0 0.5 L7, p8k| Y41.0%
Level 2 | 3%\ kigs 30" A0 0.5 Y1.08 .| qu.ls
Steo 9 '\)\cdundour\c‘,) Yocvor |, P WL W

p=10 e I e 30 S O
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Qeismic Loods

Final TAesolts

S\—r.g‘l
Nz Gy W
oMz (3raw)
T B8, LY W

Skrep® Diskviboke
T & D.Ss

F-:’ Cur V
R=1s

Q“': 2.5
Cb = V28

N.OY W

D f P AL N

Re- do of Sc:auf\c‘.\—uo.m:3

Totad DL *2%%,23% Ib
T 3%9 w

\/ Gver
80 W =\

ST IR [ NS

29"

\e'

\f\flos\/\\’ 69 sktvucku e

T2\ o 2'2.
S5L3% - 3§

JED w

\1‘J

} ® 2%
J ® Vi

Lever | Wy | we* | Wand] e | B | €308 Pev Sechion
Rool 1osw | w [0 {021 | o | 52w | Loun
7 3 M2 | 23 | 3a8K, | 0.5 | 2D.AK| UB.L W 2.k
\ 2wl 16" Liwkd | 6.23 | 1anr] 12, 1w 2.64 %
710k
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Snow Loads

o Mect Taole \6ow, 1\

For Worasster, MA ground Swou \cad Po = SOps Odapted with TeC

Terrain  Cotegory ® (urtoan anea) = Exposure f{ackar (Ce)=09
Reof J?u\\y exposed ASCE 7-\0 Tolo\e 2-2
Therwmol {aetor (€)= 1.0 =>heated struckure (Too\e 7- 3)
Risk Ca’cogory TL=>Weh risk assemboly bbﬂ\d\ﬂg (Tovo\e \B- -\

L Snou Twmportonce Factor (Tg)= 1.\ (Tol\e \5-2)

Flax cast snow \oad (pe)=07CeCe Tspg 2 36939

=020 (LA V) (50pef) 225psh | MEHTavle \ou
Pr=347 50236050 = proapst e

For C*do rook s considesed wWarm

ASSQW\MS the roof " s ok nsyloted S\ope factor (Ce) 2 0.7
(Figure 7-2a ASCE 7-10)

Sloged roof snow \cad (ps) = Capr = (0 ’77(35939 )i Bpsl

‘Note Wal e \ocad acts ver\mm\\y oand et an \we
plane of e roof

* :
Mec Massachuseyl e Stale Bu\\d'ms Codes
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Wind Loads \

‘ . , y)
sk Category ILSWgh risk assemboly stcucture (2300 capacity
Risk Category ? SCE 7-\0 Tadle 1.5-\)

Wind wportance factor (Tu):=\.0 (tav\e \.B-2)
Vo= \34 moh, (MSBC Tale \6CU.11)
D\recx\om\\sf), Factor (k4) =085 =budings (ASCE 7-\0 Tao\e 26.6-1)

Surface Roug\nnes:s Co%egory 8 = urban area
Mean Roof \-\e’g\n* (n) (Scinc*uar\/\= 42\ iy
Mean Reol Wegat (W) (Gywmnasiam) = 2236

for wmean roof Wit graater Man 200y, exposure B applies
Surloce roughmess “prevails w upuind direction at¥ a distance

greater Maan 2600 £% or 20 Awnes building heght, whchever greader
Oh=20(26.638:= 1338 . 2¢00 0t governs

=2Tn s case, sut{ace mus\mess Cotresponds Yo otVner \Quk\d’w\gg/

and accerdng fo google wmaps, any distance of 26006 Srowm
he church Wi\ fesult i anoter ‘ou'x\c\'ina

2, exposure m-\esory e

for wnd speed up eliects, here exisis a (e*o(m'ms wa\l hese
he \r{\s\any S ouk Nis Lol S Obosteuched Up wind \gy Me waoll

on e oler side of Wme \r\lg\\uc\y. Any o¥her wind Speed up
effecks com be consdered negligiole

Kz0=\.0 = N0 wind speedup eflacis

’G=O.35 =>\Q'\9'\d Shructure '

Enclosure ClassiVication: Encloged
L GCpi= 2013 (Table 26,1-1)

Cor 2= 11354 (Gym wall height), Kz = 0,593 Tavle
{for z= 2560, (Sanc*uory wol \ne'\s\ﬂ\,\(zz 0.630 \
for z=38270y (Gym apex), k.= 0750

For 2256.630% (Apex), kz=0937

7.3"

2236 = Q00256 2k 2¢ky U™ = 000256 (0.592)(1.0) (085Y(\3Umh)* = 23.10¢

2= (22560 "©:00256(6.620) (1.0)(0 35Y( Mg = 26,57 ps€
2= (33.320%) = 0,005 (6,250 (1 .0) (0.88)(1 34 mpw)? = 29,20 p=§

Q= (86.6301) 20,0056 (6.332)(1 ) (0.36) (134 wighn)* = 32 20pSE

=9
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Roc Yype' Goo\e Roof anoje (8)=4%°

GCop
2 ;r T l.
¥ #
\A'md e
226Cp —s —
P T
E E \evotion
Plan

Wall pressuse coef cient, Cp=08 (Windward wall) (17.Q'Q
Vor Sancluary, B MBUE, L=6325(% Y/g=0.616
For gym, 82610501 L=u2150 “Ye=c.ce8

Cp=-05 (Lecward Uall) Cp=-0.3(Side Vall) (Figure 27.u-1)

Roof Presre GaefTiciant, Cy +0,0,0.355 (i irdsanekiry)
°r SanCluary, W=U2ARk 289250, “j:07a3

Cor Oy, M=2200 L=u42.250, “W/L=0.659 (Figure 22.4-\)
CP: 0.0,0,363 (\«o\nd\d&\‘d, SY“\\ CP= -0.6 (\eeuarc\)

I'\G‘A Z= \"suhc'mnr)’ ! Kz= 0.7705 .COP < =\’]9Y“‘ ‘kz G 0'6%\6

In (Sm\c&uqry\ = 0.00256 (6.7705)(1.6)(0,25)( BUmgh) =201\ pst

! Q_h( m)=o, |
ym) = o ©025¢ (o.e%\es(\.o)(oss)(\*aump\n\’= 26.63pst

See atlached spread sheet
of” resSults
cost -ues wnd divectiog - SUWanary o
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MWFRS Wind Loads lob No:
ASCE 7-10 Designer: Jason Strauss
Enclosed & Partially Enclosed Buildings of All Heights Checker:  Prof. Tao, Van Dessel
Notes: Sanctuary East-West Direction Date: 10/20/2019
Basic Parameters
Risk Category ] Table 1.5-1
Basic Wind Speed, V 134 mph Figure 26.5-1A
Wind Directionality Factor, Kg 0.85 Table 26.6-1
Exposure Category B Section 26.7
Topographic Factor, K, 1.0 Section 26.8
Gust Effect Factor, G or G¢ 0.850 Section 26.9
Enclosure Classification Enclosed Section 26.10
internaf Pressure Coefficient, GCy; +/-0.18 Table 26.11-1
Terraln Exposure Constant, & 7.0 Table 26.9-1
Terrain Exposure Constant, z, 1,200 ft Table 26.9-1
Wall Pressure Coefficients
Windward Wall Width, 8 95 ft
Side Walt Width, L 58H
L/B Ratio 0.62
Windward Wall Coefficient, C, 0.80 Figure 27.4-1
Leeward Wall Coefficient, C, -0.50 Figure 27.4-1
Side Wall Coefficient, C, -0.70 Figure 27.4-1
Raof Pressure Coefficlents
Roof Slope, © 45.0°
Median Roof Height, h 42 ft
Velocity Pressure Exposure Coef,, K, 0.77 Table 27.3-1
Vetocity Pressure, gy, 30.2 pst Equation 27,3-1
h/\. Ratio 0.72
Windward Roof Area o ft?
Roof Area Within 21 ft of WW Edge 0 ft2
s i Horiz Distance From Windward Edge
Location Min/Max of 2R 2r TR
Windward Roof Coefficient Min 0.00 0.00 0.00 0.00 Figure 27.4-1
Normal to Ridge, C, WMax 0.36 0.36 0.36 036
teeward Roof Coefficient Min -0.60 -0.60 -0.60 -0.60
Normal ta Ridge, C, Max -0.60 0.60 -0.60 -0.60
Roof Coefficient Min -1.08 -1.08 -0.59 -0.48
Parallel to Ridge, C, Max -0.18 -0.18 -0.18 0.18

Structure Pressure Summary {Add Internal Pressure 9.GC,, or 9,GC,; as Necessary)

Roaf
3 Walls Normal to Ridge Parallel internal
Height, z K, q, B % — i
ww LW WW+LW |  Side ww LW Ridg; Positive | Negative
0ft 0.57 22.5psf {1 153 psf 28.1 psf 5.4 psf
3 ft 0.57 22.5psf | 15.3 psf 28.1 psf Min: Min: 2 5.4 psf
6 ft 0.57 22.5 psf § 15.3 psf 28.1 psf 0.0psf | -15.4 psf | -24.6sf | 5.4 psf
8 ft 0.57 22.5psf { 15.3 psf 28.1 psf 5.4 psf
11ft 0.57 22.5 psf | 15.3 psf 28.1 psf 5.4 psf
14 ft 0.57 22.5psf | 153 psf | -12.8 psf | 28.1psf | -17.9 psf S5.4psf [ -5.4psf
17 ft 0.59 23.1psf | 15.7 psf 28.5 psl 5.4 psf
19 ft 0.62 24.1psf | 16.4 psf 29.2 psf Max: Max: z 5.4 psf
22ft 0.64 251 psf { 17.0 psf 29.9 psf 9.1psf | -15.4psf | -46ysf [ 5.4 psf
25 ft 0.66 | 25.9psf | 17.6 psf 30.4 psf 5.4 psf
28 ft 0.68 26.7 psf | 18.2 psf 31.0 psf 5.4 psf

Pagelof1
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MWEFRS Wind Loads Job No:
ASCE 7-10 Designer: Jason Strauss
Enclosed & Partially Enclosed Buildings of All Heights Checker:  Prof. Tao, Van Dessel
Notes: Gym East-West Direction Date: 16/20/2019
Basic Parameters
Risk Category 1] Table 1.5-1
Basic Wind Speed, V 134 mph Figure 26.5-1A
Wind Directionality Factor, Kg 0.85 Table 26.6-1
Exposure Category B Section 26.7
Topographic Factor, K, 1.00 Section 26.8
Gust Effect Factor, G of Gy 0.850 Section 26.9
Enclosure Classification Enclosed Section 26.10
Internat Pressure Coefficient, GCy, +/-0.18 Tabie 26.11-1
Terrain Exposure Constant, o 7.0 Table 26.9-1
Terrain Exposure Constant, 2, 1,200 ft Table 26.9-1
Wall Pressure Coefficients
Windward Wall Width, B B1ft
Side Wall Width, L 42ft
L/8 Ratio 0.69
Windward Wall Coefficient, C, 0.80 Figure 27.4-1
Leeward Wall Ceefficient, C, -0.50 Figure 27.4-1
Side Wall Coefficient, C, -0.70 Figure 27.4-1
Roof Pressure Coefficiants
Roof Slope, 6 45.0°
Median Roof Height, h 28ft
Velocity Pressure Exposure Coef,, Ky, 0.68 Table 27.3-1
Velocity Pressure, gy 26.8 psf Equation 27.3-1
h/L Ratio 0.66
Windward Roof Area oft?
Roof Area Within 14 ft of WW Edge Of?
: . Horiz Distance From Windward Edge
Location Min/Max R TR B f R
Windward Roof Coefficient Min 0.00 0.00 .00 0.00 Figure 27.4-1
Normal to Ridge, C, Max 0.37 0.37 0.37 0.37
Leeward Roof Coefflcient Min -0.60 -0.60 -0.60 -0.60
Normal to Ridge, G, Max -0.60 -0.60 -0.60 -0.60
Roof Coefficient Min -1.03 -1.03 -0.56 043
Parallel to Ridge, C, Max -0.18 -0.18 -0.18 -0.18
Structure Pressure Summary {Add Interna! Pressure q,GC,; or q,GC,; as Necessary)
Roof
Helght, 2 K, 4 Walfs Normal to Ridge Paraliel internal
ww LW WwW+ LW Side ww LW Rid Positive | Negative
0ft 0.57 22.5 psf | 15.3 psf 26.6 psf 4.8 psf
2ft 0.57 225 psf | 15.3 psf 26.6 psf Min; Min: g 4.8 psf
3ft 0.57 22.5 psf | 15.3 pst 26.6 psf 0.0psf | -13.6 pst | -28.3%sf | 4.8 psf
5 ft 0.57 22.5 psf | 15.3 psf 26.6 psf 4.8 psf
7 ft 0.57 22.5 psf | 15.3 psf 26.6 psf 4.8 psf
9 ft 0.57 22.5psf | 153 psf | -11.4 psf | 26.6 psf | -15.9 psf 4.8 psf -4.8 psf
10 ft 0.57 22,5 psf | 15.3 psf 26.6 psf 4.8 psf
12 ft 0.57 22.5 pst | 15.3 pst 26.6 psf Max: Max: 5 4.8 psf
14 ft 0.57 22.5 psf | 15.3 psf 26.6 psf 8.4psf | -13.6psf | - sf 4,8 psf
16 ft 0.58 22.7 psf | 15.4 psf 26.8 psf 4.8 psf
71t 0.60 23.4 psf | 15.9 psf 27.3 psf 4.8 psf

Page 1 of 1
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wind Loads Eost -West Sumwmary 12
'-\7.9;;9(\
ol O o e M
- V5 dpst
i % Q\pst,
—> —> ‘
\8.2ps(—>
1 Sanet E i
ey Sanc*cor'y
= -
. ) -\3395(
- &
_y
] T .L \5,395-?—; e
~9pst
-159 0t
>TTTTTTTTT
Q.stc -\S.GGQP
= ] woek
B e * Gym
| L, ~Wlest
— -
153 ps( | >
P O T .
-\5999?
Internal pressure Yonoes Srom -5 Ypst |
Ypst o 54psC (sanctuary)
and {rom -UBpsh to Ugpsh (9Y"") ¢ ;
. For SQnC\'uary’ add ISQ\J“‘\‘QC\— 5"'999 ‘o a\\ values
' For 9ym, add Jsuotract L\.‘Zpssr\ ‘o all values
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Wind Loads Eask -Wesh

12

Use ASCE 7-10 Tabkle 27.6-2 Yo conlirm answers

Windward ool pressure
V=130meh Exposuse C h=UOR = p='6993¥‘, QOpSQ
Vz UOwmph, Exgosute € W=UON => p=-8.0ps(, 23.\psl
V=130mph Exposure C w50 =5 p=-22¢sf, 20.9ps¢
V= UOmph Exposure C h=B00t =% p = -8.4psf, 23.\pst
Leeward roof pressure :
V=120wmph Exposure C W:UOGY =7 P =-26.8psf, - 12 sk
V=WOmeh Expasure C W=Uofy = o= “30.7psK, -4, 70t
V= \20meh Exgosuse C w280 => p=-27,305F) -13.30sE
NV=\UOmph Txgosure C w508 = = -32.2p5F), - 15 4 st

to canverd Exposure C va\ues ko exgosure © values, muliph
values Yoy adyustwment (actor. (67219 or N=4oft and 07U\ for g
Widward of pressure
G = = F e B
XPOSUe B V=\20meh W:uofy = p= -5.03, WLES, -535, 1548
Exposure © V= Womeh W=U0ft =5 p:-%,33, 16,24
Exposure & y- \0wmph  h=500k = o= -53y, B4, e e
Bxposure & V= Womgh W2 50R =5 pz -6z, 1 >
Lecward wof prassyre
Exposure @ VE\30mey, W
Cxposure B Vailiowm,
Exposure B

:L\O.r* = 9 = '\9.3), '926 5 _30_94’-9.%“'
o h=loft =5 p= =22.98,-10.72
V=130mph W= 508 => 9= -20.60,-9. 96 7-2190,-10.48
ExpoSure B V=\UOmph =500 =5 p= “22.36, - 114\

L‘mec.r\y nterpelate do Sind values (o V=124 mph =Ua 0L

VWndward p=-5.U2,15.62 These values ase sVigntly grcq-ks:*
e manue\ a\cu\ations
o R Eoclnt, Y mnm'\:\nue\ ca\cu\atiens \nave an Y
feduckion fackor Wat & nok accouned
for W dne la\e -\nen Woe
AsSuwmed Yo ave Yhe greatest S?qc’orl
Manue\ values watch Ve lable

HGx)
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Wwnd \ocods Nortn-Souly Paropel

\u

Determnmg wind \cods e vorth-South direchon yeguires
the same analysis as the east-uest direction except 8 and L
ase sSwapped and G=0°

The Qo\\cu‘mg spreadshesis Summarze Wae numercal vesulks

There are Ywo parapets on the bouildin
OSouth (Front) end of churchy over sanciuary
@Northeost end over Oym stawrs

® Pp'-'-fp(GCpn\
= 60?)‘(\- Kz-’-’ Q. %5\

0.00256k, k A
S o 8 24500 Kg=085 V=1BUmph

Qp =0.002560 8=1)(1.0)(0, 35)(\3‘-&\«"9»,): - 33,25 psf
GCpn=\.5,-1.0

Pp = (33.25ps()(1.8) = U9.8gpef
P = (33.250s0)(-1.0)= -33.25psF

@ 2= 31790 k20711 Kz4=1.0 ka=0.85 V=13Umgh
e =0.00256 (0. 211)(1.0Y(0.25)(1BUmpw)? = 22.78 0§
P = (22.28p0)(1.5) = UL.67psk
Po= (22.28ps0)(-1.0) = -22.28 ps{

(D Front ®sde
U9 38ps€ : —|-22.25psF
[
—  |—
@ Front Q) Side

(4

)
w1epest ] -a728gst

>

—

i >
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MWFRS Wind Loads Job No:
ASCE 7-10 Designer: lason Strauss
Enclosed & Partiatly Enclosed Buildings of Al Heights Checker:  Prof. Tao, Van Dessel
Notes: Sanctuary North-South Direction ’ Date: 10/21/2019
Basic Parameters
Risk Category 1L} Table 1,5-1
Basic Wind Speed, V 134 mph Figure 26.5-1A
Wind Directionality Factor, K¢ 0.85 Table 26.6-1
Exposure Category B Section 26.7
Topographic Factor, K, 1.00 Section 26.8
Gust Effect Factor, G or Gy 0.850 Section 26.9
Enclosure Classification Enclosed Section 26.10
internal Pressure Coefficient, GCyy; +/-0.18 Table 26.11-1
Terrain Exposure Constant, o 7.0 Table 26.9-1
Terrain Exposure Constant, z, 1,200 ft Table 26.9-1
Wall Pressure Coefficients
Windward Wall Width, B 58 ft
Side Wall Width, L 95 ft
1/8 Ratio 1.62
Windward Wall Coefficient, C, 0.80 Figure 27.4-1
Leeward Wall Coefficient, C, -0.38 Figure 27.4-1
Side Wall Coefficient, C, -0.70 Figure 27.4-1
Roof Pressure Coefficients
Roof Slope, 8 0.0°
Median Roof Height, h 42 ft
Velocity Pressure Exposure Coef,, K, 0.77 Tabie 27.3-1
Velocity Pressure, q 30.2 psf Equation 27.3-1
h/L Ratio 0.45
Windward Roof Area oft
Roof Area Within 21 ft of WW Edge 0 #t?
Location Min/Max Horiz Distance From Windward Edge
- oft 21ft 42 ft 84 ft
Windward Roof Coefficient Min -0.90 0.90 -0.50 -0.30 Figure 27.4-1
Normal to Ridge, C, Max -0.18 -0.18 -0.18 -0.18
Leeward Roof Coefficient Min -0.90 -0.90 -0.50 -0.30
Normal to Ridge, C; Max -0.18 -0.18 -0.18 -0.18
Roof Coefficlent Min -0.90 -0.90 -0.50 -0.30
Parallel to Ridge, G, Max -0.18 -0.18 -0.18 -0.18
Structure Pressure Summary {Add Internat Pressure q,GC,; or 0,GC;as
Roof
Height, z K, 4, . Wolls Normal to Ridge Paralle! Internal
ww LW WW + LW Side ww (174 to Ridge | Positive | Negative
0ft 0.57 22,5 psf | 15.3 psf 24,9 psf 5.4 psf
61t 0.57 225psf | 15.3 psf 24.9 psf Min: Min: Min; 5.4 psf
11 ft 0.57 22.5 psf | 15.3 psf 24.9 psf -23.1psf | -23.1psl | -23.1psl | 5.4 psf
17 ft 0.60 233 psf | 15.8 psf 25.4 psf 5.4 psf
23 ft 0.65 25.3 psf | 17.2 psf 26.8 psf 5.4 psf
28 ft 0.69 269psk | 18.3psf | -9.6psf | 27.9psf | -17.9 psf 5.4 psf -5.4 psf
341t 0.73 28.4 pst | 19.3 psf 28.9 psf 5.4 psf
40 ft 0.76 29.6 psf | 20.2 psf 29.8 psf Max: Max: Max: 5.4 psf
45 ft 0.79 30.8 psf | 20.9 psf 30.6 psf -4.6psf | -4.6psf | -4.6psf 5.4 psf
51 ft 0.82 31.8 psf | 21.7 pst 31.3 psf 5.4 psf
57 ft 0.84 32.8psf | 223 psf 31.9 psf 5.4 psf

Pagelof 1
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MWFRS Wind Loads ob No:
ASCE 7-10 Designer: Jason Strauss
Enclosed & Partially Enclosed Buildings of All Heights Checker:  Prof. Tao, Van Dessel
Notes: Gym North-South Direction Date: 10/21/2019
Basic Parameters
Risk Category It Table 1.5-1
Basic Wind Speed, V 134 mph Figure 26.5-1A
Wind Directionality Factor, Kg 0.85 Table 26.6-1
Exposure Category B Section 26.7
Topographic Factor, Ky 1.00 Section 26.8
Gust Effect Factor, G or G¢ 0.850 Section 26.9
Enclosure Classification Enclosed Section 26.10
internal Pressure Coefficient, GCjy +/-0,18 Table 26.11-1
Terrain Exposure Constant, o 7.0 Table 26.9-1
Terrain Exposure Constant, z; 1,200 1t Table 26.9-1
‘Wall Pressure Coefficients
Windward Wall Width, B 421t
Side Wall Width, L 61 ft
L/B Ratio 1.45
Windward Wall Coefficient, C, 0.80 Figure 27.4-1
Leeward Wall Coefficient, C; -0.41 Figure 27.4-1
Side Wall Coefficient, C, -0.70 Figure 27.4-1
Roof Pressure Coefficients
Roof Slope, 6 0.0°
Median Roof Height, h 28 ft
Velocity Pressure Exposure Coef., , 0.68 Table 27.3-1
Velocity Pressure, g 26.8 psf Equation 27.3-1
h/\. Ratio 0.45
Windward Roof Area of*
Roof Area Within 14 It of WW Edge ot?
Location Min/Max Horiz Distance From Windward Edge
oft 14 ft 28 ft 55 ft
Windward Roof Coefficient Min -0.90 -0.90 0.50 -0.30 Figure 27.4-1
Normal to Ridge, C, Max -0.18 -0.18 -0.18 -0.18
Leeward Roof Coefficient Min -0.90 -0.90 -0.50 -0.30
Normal to Ridge, C, Max -0.18 -0.18 -0.18 -0.18
Roof Coofficient Min -0.90 -0.90 050 -0.30
Parallel to Ridge, C, Max -0.18 -0.18 -0.18 -0.18
Structure Pressure Summary {Add internal Pressure 4,GC,, or g,GC,
Roof
Walls Normal to Ridge Paralle! Internal
Height, z K 1 ww w wwetw]  Side ww % to Ridge | Positive | Negative
Oft 0.57 22.5psf | 15.3 psf 24.6 psf 4.8 psf
4ft 0.57 225psf | 15.3 psf 24.6 psf Min: Min: Min: 4.8 psf
8ft 0.57 225 psf | 153 psf 24.6 psi -20.5 psf | -20.5 psf | -20.5 psf | 4.8 psf
12 ft 0.57 225 psf | 15.3 psf 24.6 psf 4.8 psf
15 ft 0.58 22.6psf | 15.4 psf 24,7 pst 4.8 psf
19t 0.62 24.1psf | 16.4 psf | -9.3psf | 25.7 psi | -15.9 psf 4.8 psf -4.8 psf
231t 0.65 25.4pst | 17.3 psf 26.6 psf 4.8 psf
27t 0.68 26.5 psf | 18.0 psf 27.3 psf Max: Max: Max; 4.8 psf
31ft 0.71 27.6 psf | 18.7 psf 28.1 psf -41psf | -4.1psf | -4.1psf 4.8 psf
351t 0.73 28.5 psf | 19.4 psf 28.7 psf 4.8 pst
38 ft 0.75 29.4 psf | 20.0 psf 29.3 pst 4.8 psf
Pagetof 1
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Wind Loads Nor¥n-South Summary \7
-9.6pst
I il v o % el
j -230p5¢ -3 pst
._)
i
L
Sanctuary — Sanc\uaty
N
—)
L -19pst -129ps
B
-_.)
o e 50 ol { -
153 ps6 - 2235
-92ps¢
P e o el ol ol il 11
-05¢¢ -205pst
GY"“ Gym
~\5 9t -\699‘3(
il Al e ol i
15.2p5¢ -20.0 sk
Tnternal pressure ronges Qrom -5 pst
2pst Yo H sl
(sanctuary) and Srom -4.8ps€ o 4 gpst (gym) 4
.. For sonctuary, odd [subtmct BUESE 4o all values
. For gym, add [subkract 48psE Yo all volues
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Wind \Loads Total Sumwmary '3
3 4 Spst
- 28 ,5psk
23.6p5€ ‘ F
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I I IR ey
-353p5¢
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-207pst |, | -4
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: y Y
Roo§" Analyss I Deckwo \

= 1 50 ) L = F
DL=UUY psf sctinl (632431(42. S“:\’ o |
= S = 4 s o
= _Z}L}.Bp‘gr verfically  SL=12.20pst | \%“* "3
LL =20p8) or 200\ LL=1y, \L"PS‘POF M \2o norwmal
WL =WBpst, -28.5ps(" facking normal o Vne roof
Gouern\ng Lood Combomations (see excel sprecdshest)
©B50915ps€ 4 Ol (040751 +0.75(0.61)+075S)
(0329280814 1591016 (040751 +0.I5(6.613) + 0I5L,)
D3\ 4pses 2121310 (DiLe)
© Mmax = 9.56 0% = 1477111
Bmax = O —neg\'«glb\e
@ Minax=47.210- % = 56683114,
%qu = 0.00%n
® Minax- €05V} = 72625 0 in — gaverns
Bmax=0.00611n —sgouvems :
Cort 38 (i Lo Cr=110 (b22in) C,»\.0 (no mnciging)
Cy=1.0 (Te100°F) (NDS UE) Ce=1.0 (incorporated)
(NOS 2.372) Cn=1.0 (M219%) (NOS UE)
C =10 (deb) (NOS LE)
© (NDS 33.3) Ceu=10 (incorporotad)
(NOS UE)

width (0)=131n  deptn (d)= 1125 in \length (L) =96in (assumed)
Fo=1287psi (,=28pst FS=63

Dalow = O $:=0. 0061n FS:=4%

Fer=4a5pe) G, - \%.93psi ©S=27
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Rool” Analysis ‘ Raflters

T UAE with \6in Spacwn 9
2; 22,:‘;2?* - acting OL=62.0u\0

verticall -

Lys= :)Ops(\ o 200\b ¥ SL= 33.67‘)\?

” Le=2667p\ or 3001y
WL=Spsl, '33.59'39}00&\{9 NCrwmg) WL= 13,620\, :26.870\¢ |
WL = 10, 353?5?, '20.\598’?2 UCF\‘;CQ\

WL=12,670\8, -26870\8 -
WL = 1025305k, - 20,45 psE Thorizonta)

Governing \oad combwations
OHUNp\Es ol (DrS)

® 92.69p\€ (verticed) « 6A5R\C (herizontal) (0+0,75L40.95(0.60)+6.755)
® 3.9 P\ 2951 (vertical) + 6.5\ (horizontol) (DY¥OIBLAGN(0, 61107
@ e OUp\Fs 2000 (vertical) (0« Le)

O Minax = 789,51 -4 = UG 12 1o - I

Vmax=335.19 \p
Dwmax = O, W2

B\.c)

@ Mmax = 823,92 1o -1} 2928716 Vo “in
Vmax = 329,371
Bwmax O.\M2in

® Mimax = 1005.95 16 - £} = 120671.3U Vb -in
Nmox = 334,79\
Smax'-'O.\?Qin

@ Mumax=1032.1¢ \b- (Y = 12,385.920s-1n
Vimax =319, 0\ '
Bmax = O\23in

Cosl2  Ce21a (R bedin,d=gin) Ci21.0
Ci=r0 (NOS uA) Ce =115 (for raQlers)
C=1.0 Cm=\.0

(NDS U29)
C.cu = \.0

it (0)= 2in - depind)=%in engiw (1) = 116.5Uin
Fo'= 1509 g (o=5%\psi FS=ng

Ralleu= 0.1 £=013n FS:=26

FV'=168.9ps1 231805 FS=52
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Rool’ Awnalys's | Puring

2\

Drly from Gener raller = 6010 Vox ‘OO“DE case © assumng Osly

Load ﬁ"am all other ra(—\(_yg;: 2001.2\b @ worsh case

0+S from center mltecs=U89 9. \00\\0} case @ assuming D4S
Load $iom all elwer rafiers =U5991b 8 worst case

Center raftes \oad = 450110 11000), « 329> Cose @) qsng{ms
Al alher aliers = 4SO \bY, 4+ 299 -

Center tallec load = 5561\ 4100\ § + 2991, -v} case (&) asSuwmin
AN c\Wec rafters:= 23] 1lbd & 29 91k~

Addtioval sheating dead tood 1.63% pek - 15.90p (971 & sgading)
Se\l” weight dead Vodd = W2\ p €

Due 7{'0 u5® 9"3\&: = S‘I‘V\QEO(DlLNS,u)

® (CEV\ Yer = 495 2 \b} 4 (Au ather = 213.0\p) 4 19 9\;(“‘)

@ (center =395916) + (AN obher = 325.21) + (2129 pi€)
@ (center=UI0-1b) + (AN other = 339,410) + (229 p\()
@ (center=4gB.110) + (AUl cther = 255.316) 4 (21,29 o\F)

0402511 0.5(G.64 40759

D+ G5 +0.95(0.6W) 1075\

© Yo = 6352.U 1o~ = 76289 b -in
Vmax = \591.5 b
Swmox 20,276 w
@ Nmax = 303 - [} = 96136 Vo -in
Vmax = 2148 2\ '
Bmax= 0.260 in
@ Mumax =224 - 0 =99 8691
Vmax = 2233,2 b Governwg load combinetion
B = OB Min , D+05L 4 0.75(0.6 1) 1 O.I5S

® Mumar 70822 1b- (1 224998 lb-w

Vimox = 18160 Yo

Bwax = 0.2 i Fo=1656psi Fp=749.0pst FS=2.2)
Co=16 (wind) Cp=\0 Fu'=216ps1 £, =UL 9281 FS=5.16

Cn=1o Cr=10 (uD)

T Ballow = 0.5\ §= j Y
gRED Ceu= 1.0 (4D) i P s e
C’.:\.O Cr:\ll:—,

¥
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Roof™ Avalysic | | Truss

22

remo\hiv19 members are assumed
x4
All members are Spruce =>E-= WOO0O0 ps, i
O Gwxllin @ 10WxWin' G 8y Oin ® 7inx\lin ® 9inx\dn ® 10N x\0in
@ Co=1ib Cyz10 Cisiley Ce=\1.0 Ceus\0 Cis\O Cer:=10 Ci =099
@Cp-‘-\je =L@ E et o Ce=09% CQ,F\-O C;’\-O Ce=1.0 CL=O’99
Ce= (D/d) 82092 (Sor d>\2n) (Table 4p)

@C[):Lé Cu=\o Cs=\0 Ce=\0 Cg,=vr.0 C;z\.0 Ce=\0 CL:
B CHet6 Cpelo Cistig Ceslo Cg=lo ¢

B Co1.6 Cne1o Cilo C:l.0 Copey o Cizto Cr=\0 ¢ =099
Co=46 Cn:t.0 C4¢2\.0 Cr-lio Clu=1.0 C;:t.0 Cr=1.0 CL=099
{or @ Two eoual concenteated loads at Yz ponts wty

\ckeral suppert at Vs ponts  fe=168 2, uhere fu=29.30
fe=1.6% Qu=1.62(2942C}) = 49U}

Slendemess rotic Rg = ]’.’%‘i_ :J WM (i) - 9,07

0.99
L0 Ce=s\O =09

Qoin)*
- V2 & : ’ ; .
Fog= g nin- - 12(510.900041) 3(5‘3;’32 TM%psi Fo*:900psi(1.6)(0.98)= 1412
C = (Fe/pgx) | [fieCFoc/rt) )’_M =23-2,212099
L ) ¥ b

case O carry over puriing - 4russ = 3\5%\% ‘

Shc’o*\n'mg OL or Worizonta\ seckion o tcuse = 1.632ps% 25,06 p\¢ (1524

MEP DL on herizontal cection of tcuss = 5t - 76.5p\¢

s ueight © 1220\ @ 24.87pE B 14.01p\¢ @13,63p1C B19.190\¢
®NI6e\E

psl

spa) ‘
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Rool’ Analys's l Truss

23

case ® P=3153\b, w=10156p\¢
04075L40.75(0.6W) + 0.15S

G\'"Ou'.‘ry «3ouerncd

case @ P,= 2082\, P=6,\OU4lY,
P3= 7728 W= 1015616
Dy 0.7E R
Latera\ Governed

case @ Cbrfy over: \cad rafders - purling = 3012\
a2 @ carry over lood. purling= truss = 20881
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Rood” Avalysie Truss
| |

24

Case @) P,=2°00\n P;=‘+S’I%\‘w Pa=5)96\b w=\01.56\N
D+ 0.I5L+0.75(0.9E) 40,753

case (&) carry over \cad vollers =2 pPurlins =420 |,
case (@ c@rry over \ood purling—s truss = 2800\

@) Graatest okial stress = 190 psi dnewrv\::e\"sv —7 c\.r;d lO)
@)Greotest axal s¥v¢83=5339§'f (member 3 ~26505\ (membver E9)
B Gratest axal. stress =222 081 (mewmber 73), = 160ps1 (mem'ver v9)

O Greatest Shear Streas = 12905 (menmpers 23 and 26, omks 7and )
0 Greatest shear Stess = 92.8p8 (member 36, somt 2)

@Greatest shedr SIreSS 291008 (member 36, jownt )

O Greatest bending stress= 1698t (members 34 and 37)
@ Greatest bending Stess=1103psi (mewver  25)
@) Geplest \:end'ms Shess = 36508 (memver 32)

Fr'ed0psi £ =323psi F3=097 < Durng a sesmic event, potential
Fu'= D16 981 Q:%S’ps‘\ F$=0.19 3.99\qocmen¥ can cause Ccmvs
Fp'=1397ps1 (= )103pst 52127 amagc.

Ballow = 1.7 Bmayx = 2.3 (ceiemic)
‘ Bmax = O\t (Bvay)
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Floor Avolysis Scnctuory Sowshs

25

Loods

Oead 1oad = 3pst s 24pel =B 4ps( 5O 5,
S\ Leignt dead \oad = 4262018 B lengin

L= 60 pel or 300\,

\&6 \n s;mc'mg

GOverning load cOwmpinotions
P65 4 pst (nok wclud g S wegu) (O Law Bl

3‘5-“{?‘:‘:(& 300\\6 (ot 'mc\ud\ng‘gc\&\ Nc'g\“}\ CON smatad)

© es.4psf (16in) G +U4.263pI0 =946 p\C
® Bupst (i) (S i) +4.263p\04 20000 = (1.5 p1F4 30010
® Mman = %i" (aiue i)\?§(\5"/‘m 'Q')a
3

Vimax = L2 (9146 o\PYV (18 %4 1)

max 3““ = A 27050y
Bimax = 290L__ (M6 (™) (155 01) LT SR
B4ET 33‘-(—(\%00%0\9‘31\(333\\0“) ‘ .

% a1l 2976 o i Scenario © wiy Qovern
Vimax = 2391\ _

= QN2 V-0 = 32,6060 n

Pladh T Hin Fp=1006.250s1 £-679.29p5 FS=148

Co=1.0Qlve) Ce=10 F'\,=\35.oopsl Q:W.Oépﬁ FS=3.06
Cnzl® Ca210 Sallow=0Bln  $=0.29in

Cr=l.0 Ci=l.0 ‘ :

Grafl ) Ce=115 " yosYs are ade?ua&c
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Load combino tiop _
0+L = |oPsP(L6_i/Eﬁ\+\v.osp\P+ 05\ (spaced 16in) = 17| o\Fs 705\

6}\‘6‘(‘?\"

SPO\CM
Mmax = \B355,8 |\,-(} = 184,267 lb-iny
Vmax=5000\\o
Smax = 0.299;, \-‘b‘=\035psi Q,=%0ps} FS=1.08
Cost0  Cerlin Fu'= 135 psi Fu=28.1psi FS=1.93
C\’\:\'O C{‘u:\o %Q\\ouzO.qLDi\n S=O.3<)Qin

Ci=10 €0
vl £dyis

: ' 26
Floor Awnalysis Sanctuary Girder
Locads
Oeadload = 705\b (spaced \6in) + 10ps+ 17.05p18
: e W
liveload Corry over from ME P Sic:gﬂ
Joigyg
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Floor AwalysiS Sanctuary Frame 27
Case O Grovity Only p, L
s p|P|-~-x'-l3 P05 o= 101"
| A R R R R N
® c © E 3 G
n'
75 g E 4&3‘ B 7“7'/7
A Yegns Tl ilal s kL
Cose @ SQeismic  DO+0OJE
iy l’| x4 P26 wE\\W\o /0
waste, JIEL LEL L L LA L L L LEL AL L bl
c 1o gy 5 23
7 J?‘L A A - 7HJ'-7—

Coee Groulw ¢ Lateral D+O.5L+0.75(6.78)+ 0,755

B0 xus PaSBO.9M =12t lefgy
e N AR O O 1 T P O P P
B- C [ € | T G
= k. y o & b
case ® Hu=21051b> Ma=1751b-D V,=UE00WA Bolh bukiesses

Max \ally = 2071 \b C‘ow)preSSk)n
0 @D Hp<1025be  Ma= I, 1700-1 9 V= 482
Mi=Bl63 -39  Vy=151211
Max \Q\\y =226\ \b COVnpreSS‘lOY\
Cose (3 Huz352« Ma= 11, 21H16-89 Va2 3211101
Hu=9920¢ W= 31941b- 049 V= 223571
Max \q\\y =675\ compression

Hy= 753\bs-

éxperience Sawme

{oree
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Butireas

Sanctuary | Sesmic (Case 1)

1%

Pure granite=169g®
ASSuwe weight % \‘50“”/@}3 with mertar

ok

v

7“—/‘ c

1 th\ voids

uweight dbove pomt C

a0 (150" 2) (2 (2B (2 + (50 aZ)(5)(20)
(W0 AN () + (190 /) () (U ) (261
= 1200\ + | 830 o+ 16800 o = 192000

a ‘%.Sqa\bj _&‘i‘@;‘b;,L Prota) = 19800+ \3, 59310 = 38,393\

D@L, o= (FBH0)(16H) - (12593 16)( 2 ()
=(12001L) (\ () - (1200W) (0,55Y)
Mo= 60254 \b - £ A
P M, 23293% _ 4 (60,254 (1)
Olrension =& " BL = OMWUM) (20) (@)
l @C U*cns'\on= 6499 pS{:: us.\ PS.‘

£, 6o 32,593 ¢(60,2541b-()
A el MUY (MU

Ocom presson =

20

l5l31bl‘9753\b

|€C Cromprassion= 16,097 ps8= 12 psi|

Above 15 based on worst cose seiswmic event

Veignt cove pont €
058 (1980010 + (150"/+2) (V) (US4 HAY(F) (20)
+ (150 "%a 2) () (W) (oY)
= 19200\bx \BEO\b 4 16BO0N = 37650\
Protol = 326504 18593 16+ 151210 = 57, 755 Yo

DMo = (95410 ( 226¥) & (750N (10.56) - (18593 10)

LSRN S S G L

TS
ml

564

(2.5 - (\BI2) (2.5 - (12001) (1. BFY)
- (130010 (1£1) - (1620011 (0.54}) - (BEO0N0)
(0250) = 164,295 \o- £+
Geoe o O Mo _ 57755k _ 6(164295V-Q)
tension® AT g T (a®GH) | (a0 (56
@E Olension® 13.94005F = 6.8 051 |
o . @ EMo B7BEW (164,295 (o- 1)
ccmPresson— A 4 BL: @ ()G\(Sﬂ) (}“) (5(4)3

@E O'ccmpress'\on= 25,U91 pst'= \27 51
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Buttess

Sanctua y G‘(‘OMH‘Y

29

26t

26k

Wk

ek

007V l

Uy

—-—;‘Lpi / 4600\\01

L

26622 |, -

70\

10,50+

XN

Ry

54

wegnt cloove pont C = 19200\

Piotal= 19200V + IOUU\L = 363UY
D Mo= (660210)(10F4) -(1D0ud ) (20) -(20010)(10)

Tiensions o= &Y 268UUNo _ (2983210 -Q0)
T A e QAU (RGRY?

@c, Ciengion= 992 pS—V: e,%(,ps'\

o, s £ 6Mo ety | 6(298201-61)
compresson= g YOl GAYUE) | e (42

@c, Gccmp(css'tow =\0, \99@9@ = WO.SBPSﬂ

weight aoove ot E=37680\p
Pioral = 3265010+ 12,0701 U600 o= 59320\,

9 Mo= 663216200 + (MOV)(10,56) - (1,07 Wb\ (2.50))
- (Hecom)( 2 50 ~(acelo)(1LBAY - (180ON(15Y)
- (\62C0W(0.50) - (2EOVL) (0,251 = 73015 o=}
Tiension= L. 6Mo_ 293200 _((93015)),-
A BT aysl) | (M (sR)R
[’éE ' o'-&en

gion = 2830 P s€=19.¢5 psl\

L =8 6V _ Bo300M | ((73015\b-41)
Ceompression =7 ¥ 25" = QMG meae

@E, Teompeession = \U, 6t ps= 102.04 Q
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Bulrcess I Son C*uo\’y Graul ty 20 |

sl

- QEH)OSE) + (2.5
J2hy L M EMN (N5

3
2% b 1, ORGAE | oyt anen - sy

= 3,286 5%

SIS SR

4__3ﬂ / 20} g &2 5‘;*2(“" 4 » (BN -2 agsnY

Lx=UB 0T, @ Ut 50t 2,680 - 26 Y

J

\7071\\,1\3 L8k Aboue based on 30 %26 buhiress
Below based on ARG ‘euiicess

5= QOQMONNOSNAEY)  ~ om
X= =,
Uk QEN Q) + N (2.568) L

8,7 (—DQ—?:QQK + QEN(R) (2 5P -

LY

2
4t QAL ey rsa(an -5 5790

R 5 Ty= LBBQ%Q_S?Q% 504, g,eéfg‘wg 18,9604
% qﬁcorsj Ul—“"b > Weighh above pany C=\98001%
+ (B0 EcE (B HEN(AX)(18F1) = 19800 o + 29000

=U9BOOY, .
Piotay = UIBOO Wiy V10TV = 6657\

1| o] @M (6602160100 - (11071 1G)(UFk - 2. S7964)

e - (1200WIBE - 2,5796X) - (29,7000 (3 -2 BN
+(\2006)(0.0790) 4 (16206 1) (0.5796%)

Mo= 39423 b5}

" Mol w71 29422 o -4 (UGk -1 SPE
> 5 AT SN A S O-'\CV\S\DY\= %- ) - 66 \h_,( (‘A’ \

T T 902 12 9604
S ‘ |
Crension= -BU9 pst .. no {ension chove eeny C
weEnY dboue pownt E= 2650

+(\B0pef (5. SHN(AMN (2088) = 3765004 UIB00 s

| = ANB0V,
20 250 ‘ ‘
I Protal = N ZOWox NOT 1o ¢ U600V = 108921 Yo

9 Mo (66221)(2261) - (NOW)10.541) - (USS00NY)
CIe 3.2%681) - (07 Vo técave) (L NUEY)
e ] = (120010 ) (@ NuE) - (180016)(0.2161)
+ (V6200028654 ) + (135010)(0.53641)
+ (\6500\0) (0, 72654 = QUBI -5}

oo P Mol 1R | (@UB12 -5 (B4Y -3.2868)
g+en§ton~ o < —Q-‘-F_S_u' 7'\56 Qq&:““‘

Nm

= - \200ps¢

nc%cnslcVL
~J

N Lk s
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Butress ‘ Sanctuary Seiama (case 1) o
: A2k Bubheeeg L ¥ 2 2.579C Tz 19 96 04
*—ﬂ"(“ 3P 2 \oudhress ' ¥ 53,2865 Te=36.090%
20 3 Tegnt dove powk C 209,500 %
F A S
K 26 / = P*o*q\ =U9, 500V« \8593 1, = 68093\,
T 9 Mo= (995L)006F) - (12593 1) (LU ) - (aco) (ot215y)
- (2970016} (6.42161Y4 (1800W)(0, 079 £3)
| 954 +(\620016)(0.£795%) = (9990 Yo £
= Chension= £ NeC . 68099y (69920 -61) (14a15)
Otension=1661psC = 15308 |
Crompreation =\3103psd = Qo,q?ﬁgsij
V Pt Weght 7a\o;3u;e pont E= 27190\ -
Protal = €80V ¢ 185931b+ 151216 = 107255 1y
Iy - 9 Mo = (9954 16)(2260) + (75310) (10.541) - (U95C0W)
e usm,l 67*53\5 (02U - (1259310 15121) (1, 74 - (12001v)
(0.2WU4Y) - (\200N)(0, 20UEY) + (168001L)(0. 3B64Y)
+ (BEOL) (0. 53681 4 (1650010)(0.736(Y)
Mo = |19UB U7 Vo- €4 s
usy ; ; -9 (1Y
B | Guonons- 5205 R (g
| Orension= 2122 ps€ = 21.72p51 ]
¢ Ocompression = 0334 pst’= 5.0 PSJ
G G 4 i G i 4 7 .
S0y
_’4_
Qq 7.5
ok
T30 Tan ‘

164



Butrvess

| Sonciua ry Seemc (case D)

22

23
Bl 220 oukbeess 1X =386 Te=36, 290"

220 bultess: X = 25796 Tx=18.96R"%

20

2%

(28]

,"-Wr

weiont alove pomy C=UIBCON
Pirotal = U500 b4 BB Vo = BDBUIB |\
it DMo=BGIRIL)(10MR) 4 (5918 16) (| H21EF) 4 (2970010) (0,420 )

~(180016)(0,6796%) + (1200 L) (042154 ) - (1680016) (0.5 794)
Mo = 50329 \lb- £}

o= P aMoC 554181 4 (50329 1b- 1) (264 £0.5794)
2878l A T \9?‘3 \@“96“4

59\%\\,1

[1£%

hd

msou,l

10351 - (1650010)(0.I86() = 126795 \b- £t

8

| Chension = 2929 pst = 22,29 psi l
| Ccomprassion = 6689 psf= 46.45pS |
Weight avove poink E=€71501p
Piotal = 82150 \by 5I1Blpy UB0To = 94518 1o
9 Mo= (337810)(220) 4 (102510)(10,50)+ (ENBW) (1214 4)
+ (1B (LYY + (49500 W00 MU 4 (120016) (0140
¢ + (180016)(0:2 W ) - (168001p)(0.226 &) - (1350 Y0536 ()

0 e LyMeC . ausi® \\ot@6795\\0.@)(3,5(110.7%%)
T AQ° 36,290

[ Giension = 6980psF= UB.UT oS!
i, IGcompveséOn= \OL\GQ‘ngz 72,84 psi

7 £ 4T AT A A 4

G

i

7 BT

7 544
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Foundation - ButkcesS | Sanctuary Bsioiy

33

riy

4yt

N

A

Founcdation center of mass
7. 2M0G.0 (1506 (3EN(1.5 M) (s 1Y z}agﬂ

(3 ) (o8 GC.SH) 31
I"zﬁﬁ}%gﬂi +(3NE.OA)(26UF - LAY

236Uk

(7__(___.594) B (5 6MEH) U 56 - 240

6759(%4\ Pl LARTAL- Y8 S VRPNIY A E = @\ ASTeky

i 15&

\,.)e\s\n‘c alpoue Pom* 5

= (180 pe$)(2.5A) (2R (30,6750 + (150 pcf) 5 (244 (20) M)
L (180ec ) (200 () (N + (120 e 2 F(2F13H)

+(150pc ) (N6 1NN+ E9pIZM (2. 5M (1. 234Y)

+(169 ) (3 (3.080) (1. 3364) = 9624\ Vb

Pictat® 963U o+ 1IO7N o4 4 60O =118012 b

o

I3

"Pul ©

I

'a

T 'S

9

T

P 7668210
P=2101b
Pa= 107\ b
Py =4600 o

38 7

W

D My= (6622 1) ( 24EL) - (NO1B) (12, BL4X) = (1071 1L)(1.8654)
- (UBOON)( 1,265V - (900R\0) (0.86:<X) - (B05M0) (0.264K)
+(60W) (©.204) & (B4COW) (1 IUED)4 (2501L)(Y 20
+ (1050310)(1, 648 1+ (202310)(2. 1) = B00BS it

Oy ® . 10C - UBO120 | (50051,-1)(22680) _ 457 pef]
tengion™ T ETF e A 2 usad U272 g

. Entiie -Voo’nrg acks on the <oi\ (no tension)

o . ,B o hc usoial (00 - (2. 645H)
conesesSn S XS NSRS | | | SLdaan

=7324 pst= 50, 96 o5t

56+
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Foundation - But¥ress l Sanctuary Seismc

3

1

iR

PI

B2 + (UBOIBL) (1. 8651 + (6900210)(0.2681) + (0B )0, 2661)

(]

& ] R

36k 756+
7
=

3G 26

£, = 9954y L P=-3mb e
!

P=7531p & SESMC oo li0asip | VG
P3=18593 1\ one P3=59%8 1\ 100
Py=15121b @ = 4500

%=3,0u0 T,=81u0nt
Pictal= 96341 1ox 12593 [y 1512l = 164H6 b
D Mo=(99540) (QUY) + (75316) (12.535F) - (1859310)(1.26)
~(1BWI(260) - (6900816)(0.860)- (505710 866)
+ (60010)(0. B0 + (00 (1 48 + (750'B) (1 29 6)
+(105021B)(L.64 ) + (202312, WUY) = 179920 lp-£&

Trensian = -2 Mo Wakliely _ (179930 b -0) (3,361
+ension A T " —mm—gv @"‘49‘(\3“(3 36{\“

= Bt ps{=10.52p8
/. Eccenteicity 1s \eeyond kefn distance
MoC _ 1164461, | (199201b-F1)(3. 64 1)

fonty g
Ceompression =z + =3~ = 5" 53 2149
= 1734 ps(= 9148 ps)
. Effeckive width of {ourndatian g 5'3{'2&},

Rrsial " 9@34\ o + 5918 b+ WEOI = 1037090
DM, = (3878 0)(2UR) 1 (1005 1) (12,5250 & (5919 1) (1,264

= (600\) (0. 20N - (GUEC Y (LW - (950 FY(1.2940)
- (165021) (1. 64 1) - (022W)( 21U LX) = 150714 Vo - (4

VoC 103709 (1507214 tb- (H(2.6441)
T - 3.B(R 2149 At

G—*ensicm
= 3440 ps 0= 02,89 05
“ Eccentciddy s beyond kern dAstance

LR HC 03709 . (150714 lb-£3)(2. 3651
G“"’V“SSS“”"’/T*T= IV - i aLa9

= 7657 o= 53,17 o3
Eq\ec*'(uc widh of foamdation s 4 4
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Foundation - Buttess i Sanctuary l Beorng Capacity

2B

©® Gravity G Sesmic Case (1) Note' D250

'WTT 1 LA
qlqll l.l'q"
i | %] 4 ;l: =4 I"
— ‘
O%ess  Y=120pef Wiesl  gregp
@ =3y°
@ seismic Cas"‘ () O B=3" = Ne=52g, No=365,Ny239.¢
1" 2““.: ¢ NC*GONQ*O‘BX 6N8
it - qut = O(52.6)+ (20pc) (21 (36,5)
K_ + 0.5(120pc0 )(641) (29.6) = 23,006 pst’
g = %‘“ 159, %393\
= (‘)Pc
Fe= 2y

@ Qe ‘C'NC+O'ID ?\)cli'o 5% ' BNy
zull- a5 6)+ (lmpcﬂ(am(% 5)+0.5(120pc)(5.3360)(29.6) = 21, Uest

o ?‘UH _C'NC*O—'DNZ"'O Bb’ P.)Nz{

Quit = o(®a, 6))«(|QO()C—(\3(Q 3’5@)(36 cj) 05010 O, " ne,73\ s(-\
Qetk= 199,500 m * peO) (N FH(29.) = P

Use linear fSrmalation o determine eﬂ’éci(iue foumdation widts {&v @ and G

1,48 : .
3 wms= :;”O 2081 5 3PY 0= 152" V() - 21 48 pSt x=5320F -y

@ e 53.17 PZ&QB.'%QQS} =12.84 PS}/G 0=12,84% pS]/ﬂ (K) JEB D PS.\ %= U1 0L = ‘-ll "
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Foundation - Lally | Sanctuary | S¥rauctural 3b
J,P
,jE_n . Note: Plans called for bedstone -(\oohv\g
>aBume that bedstone refers 4c gremite
oyt with 'Pg)“-‘.lqooo‘js‘ <\9KSI\) ancd 62700"5.‘ & tenSiov)
—assume that gromite W0s the came
cleevoge Hailure mechanisme as concrede
*T* ~ACT design provisons will be wsed

P=23072\b (see (loor ano\ys‘\s--crame)
foo-\'ms Q@ Sgpuare
bo=T(z51, 16in) = 61.26iy

- B " p=\ for Square {octin S
a=min 25 /\Lj?g) bed de= U0 for nterior looded columng

wsd

22940 d = 16 inches .
‘ 2=l (refers 4o lightueight ve, necmalweghk cowc,)

Vo= 4 (D) ie55p5 (20.99in) (16in) = 194 *

Plg=0.75Vg = sk

| 30 \6‘lh'\'3-5'\h e ‘
V= e (b°-<mﬁa» b . ) far—e = 9.751n
T 5= 897 psi

Vu= 8998 (B0 - 1(3.381) )= 529G 1= HYS
Prozy, [EFE5a]/ . fooking aceptale G tuo-uay sheor

Vg (4-vay) = 2 J b = 2.(0) e (20 (16in) o) = B3¢ By= 99,2
V“(i'.”“?\’ (3 (34 7)) 0= (8.59p51) (18in- 12.25im)(20) = - 64"
7

M, = an N2 L N Py
it (2)( 4 Ymd ,b 2 Rotiig |2 teo Wick ‘o
Mu= (8.92psi) (%)(3;'" - \,751») (30-\,1\ = 23,4 % -in experence onerway Shar
sl ) foiluse = ertical gechion exs\s
BMg= 0:9(700p2i) 3 (%in) (30in) = 60U.B k-in ouiside #ne Looting

¢M52. Mu .granite tensile y}cld Sﬂreﬂs\-h © Wigh enoudh
Yo support columm \oads widhout renfercement

169



Feundation - Lally Sanctuary Baocing Capacity 37

= > Ne= 526, No=36,5,N =29, 6
T77) JL [~77 .
a | a2 %uu: \.3C'NC+ GDNQ*O-qG'BNa

A T 13(0)(B2.6) 4 (10 peM (2 51) 26 B). ‘ |
z;lux‘: A +04(120pef)(2.501(239.4) = 12512 psh = 93,93 s |

=120pc : |
¢=344° Fg: \O,L[.é, i - ‘
Du’35p¥
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Buttcess Remforcement I Sanctuary Seismic (case 1)

According Yo Nationa\ Concrete Masonry Association (WCHMA), norimal
type portland cement mortar used iy brick masonry found an e
nterior of e wall Was an allouakle tensile S‘\r‘eSS_ normal o Ahe
bed yowmts of' 2008, which s greates Wan Ahe ulfimate ‘ensile Siress
of 22081 Theore 'ca\\y, no remfercement © veeded, uk due ‘o
g Sain sslle poor conditions ol the wasonry due to
‘:hoo'ls’mre and ' negfect, lets assuwme e brick
wasoney (S beyond the wodwlus of vupture and
chack‘mg oCcCUTS, .
5 A

|

|

I . 1 .

:)Si[ | : Cme= 1500 pst (NC\"\A}‘COY\S&(‘UQ*WQ for aranite mason
| using ASD, £Fin=0us Pin=€25psi .

% ! mensues benaver of pudress (s elaskic (stage 2)

ot Em=900£'m CNCV\A) = 1,250,800 ¢,

£ 67505
| - ¥ 67500
174 Em max Em ~ 1380000gst ~ 9005
5 |
|

T:E' | Fo=14,000051 (NCWA Ror grade € steel)
e e 9,000,000 051 (ATSO)
’ : =.Fs _ 24000pei  _
G s ccops - 0000828

P=1072551b (Yotal lood on buttwess at poink € on cage )
d25) in Rom \efF end

butress wdih = 26 (AU wall lengtn permitted due Yo ehear \agy =2 B0
buttress depth=30+ (36 n) wall depth =20 (auin) -

Choose Ask =1 => T=Fipg= :1"-!,00093\ (1ind)= 24,000 \p
C = PyT = 107,255\ 24,0006=\3\ 255\,

Through Weration, neutm\ axie determined o ve 18.193 1 Som \elt =55

€s 5o 0.000808 2
31893 " 8.93n " 33807 Lm=000045=0,0005 b4

- Far tind steel, steel will yield belare masonry
Fin= EmEm = 1350000051 (0.000u8) = 631 22081 62551V
C=%(19.1930) (24in) (601,23 ps)= 131,255/

Ma= C (d-12491) = 30551 (50in - BB, (629296 Yo-1n=BOUL to-C}
M= U347 (o=t £ BEOAUUL -0 /

f e

i

I steel'ls odeguate {or reinlescement, Infact, any amount of steel
is adeguate with d=52in, Steel is theoretianlly ot neaded for Strengthe
Pucrpasss, a8 masonry s aapdble of supporting extm compression \oads
due Yo @xentrity, Conseguently, the purpose of Ane rewborcement 1S
Yo \keep Cmck‘mg O Pcopasa{—lng ’fV\rOug‘h the buteess.
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Buttress Rewlowewent | Sanciuary Seiswic (case 1)

One way Yo @inforce the wtericr masonry udheut wayor CGhS*".udlon
g Yo natall a Wiy section cf stee\ to e exterier of the \on?t
face along e height of We wall (From twe ‘russ Yo Qwr) uging
sheer studs or stee\ anchors Yo create composite ackion,

, steel sectian (ATSC -section T8.3q)
Gy =7, Fursa =337 (€0k31)(0.96 i) = 5,09k /stid

for grade 60 stee\, = ¢ops
for os" diameter studs , Asa® 0. \96n?
Lgsa3t fe-ASD

; : tin?(24000ps))
{or lin? steel section, numbver of studs = /g,‘is = ‘205,0-\%%

5 studs ae needed Lor Ll composite action
228 (12"47)

spacing = ool ot~ £36nches (128.2d)
YUng36m weight of wall below Yruss
_anfr (\3\"/{@ . ements do not
dgnny e Comoer of sids) o\ - 2GR 95 - Aange 1€ <t

: 3 z wiorcewmeny was
Ds&uds are reguired spaced 33 mcth] DAt % %o tiged

Note : &5 acieme case 2, the exteror ganite wmasoncy s n Yension
Where Ooy 1S 48.47ps. Normal type portland cemend uged {or
Concrete masonty, was an allovable tensile stress parallel 1o tne
bed cints n runnng ‘eond of 6Gpsi. Granite masonry has a
Cross -seckion of motar placement Wl provides for wore tensile
strengty Hhay Qvicrete masonry, Because the grantte masonry (<

algo w goed Shape and no evidence of mayor crock‘wq cready
exists, the gran'de mawonny s ade uake for Yensile skeesses
under wmaxwmum Seiswmic \ooding conditions,
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Appendix D: Massachusetts State Archive Plans
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Appendix E: Renovation Floor Plans
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Appendix F: Heating/Cooling Load Calculations
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Appendix G: DesignBuilder Energy Analysis

Table of Contents

Program Version: EnergyPlus, Version 8.9.0-40101eaafd, YMD=2019.12.26 10:45
Tabular Output Report in Format: HTML

Building: Building

Environment: MQP WORCESTER GOSPEL CHURCH (01-01:31-12) ** WORCESTER MA USA TMY2-94746
WMO#=725095

Simulation Timestamp: 2019-12-26 10:47:47

Table of Contents

Report: Annual Building Utility Performance Summary
For: Entire Facility

Timestamp: 2019-12-26 10:47:47

Values gathered over 8760.00 hours

Site and Source Energy

Total Energy Energy Per Total Building Area Energy Per Conditioned Building Area

[kBtu] [kBtu/ft2] [kBtu/ft2]

Total Site Energy 781896.00 21.63 22.48

Net Site Energy 781896.00 21.63 22.48

Total Source 1278240.02 35.36 36.74
Energy

Net Source 1278240.02 35.36 36.74
Energy

Site to Source Energy Conversion Factors
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file:///C:/Users/Aaron%20Kotilainen/AppData/Local/Temp/Complete%20Building%20Analysis%20Summary.htm%23toc
file:///C:/Users/Aaron%20Kotilainen/AppData/Local/Temp/Complete%20Building%20Analysis%20Summary.htm%23toc

Electricity

Natural Gas

District Cooling

District Heating

Steam

Gasoline

Diesel

Coal

Fuel Oil #1

Fuel Oil #2

Propane

Other Fuel 1

Other Fuel 2

Building Area

Site=>Source Conversion Factor

3.167

1.084

1.056

3.613

0.250

1.050

1.050

1.050

1.050

1.050

1.050

1.000

1.000

Area [ft2]

Total Building Area | 36151.86

Net Conditioned Building Area | 34787.98

Unconditioned Building Area 1363.88

End Uses
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Heating
Cooling
Interior Lighting
Exterior Lighting

Interior
Equipment

Exterior
Equipment

Fans

Pumps

Heat Rejection
Humidification
Heat Recovery
Water Systems
Refrigeration

Generators

Total End Uses

Electricity
[kBtu]

45.85

0.00

0.00

0.00

215626.78

0.00

0.00

316.61

0.00

0.00

0.00

0.00

0.00

0.00

215989.24

Natural Gas
[kBtu]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Additional Fuel
[kBtu]

565906.76

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

565906.76

District Cooling = District Heating

[kBtu]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Note: Additional fuel appears to be the principal heating source based on energy usage.

End Uses By Subcategory

Heating

Subcategory

Boiler

Electricity Natural Gas = Additional Fuel

[kBtu]

0.00

District

Cooling

[kBtu] [kBtu] [kBtu]
0.00 565906.76 0.00

[kBtu]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

District
Heating
[kBtu]

0.00

Water
[gal]

0.00
0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Water
[gal]

0.00
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Cooling

Interior Lighting

Exterior
Lighting

Interior
Equipment

Exterior
Equipment

Fans

Pumps

Heat Rejection

Humidification

Heat Recovery

Water Systems

Refrigeration

Generators

Boiler Parasitic

General

General

General

General

General

Ventilation
(simple)

General

General

General

General

General

General

General

Normalized Metrics

45.85

0.00

0.00

0.00

215626.78

0.00

0.00

316.61

0.00

0.00

0.00

0.00

0.00

0.00

Utility Use Per Conditioned Floor Area

Electricity Natural Gas

Intensity Intensity

[kBtu/ft2] [kBtu/ft2]

Lighting 0.00 0.00
HVAC 0.01 0.00
Other 6.20 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Additional Fuel
Intensity
[kBtu/ft2]

0.00

16.27

0.00

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00

District Cooling
Intensity
[kBtu/ft2]

0.00
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

District Heating
Intensity
[kBtu/ft2]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Water
Intensity
[gal/ft2]

0.00
0.00

0.00
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Total 6.21

0.00

Utility Use Per Total Floor Area

Electricity

Intensity

[kBtu/ft2]

Lighting 0.00
HVAC 0.01
Other 5.96
Total 5.97

Electric Loads Satisfied

Natural Gas
Intensity
[kBtu/ft2]

0.00

0.00

0.00

0.00

16.27

Additional Fuel
Intensity
[kBtu/ft2]

0.00

15.65

0.00

15.65

0.00

District Cooling
Intensity
[kBtu/ft2]

0.00

0.00

0.00

0.00

Electricity [kBtu] Percent Electricity [%]

Fuel-Fired Power Generation

High Temperature Geothermal*

Photovoltaic Power

Wind Power

Power Conversion

Net Decrease in On-Site Storage

Total On-Site Electric Sources

Electricity Coming From Utility

Surplus Electricity Going To Utility

Net Electricity From Utility

0.000

0.000

0.000

0.000

0.000

0.000

0.000

215989.240

0.000

215989.240

0.00

0.00

0.00

0.00

0.00

0.00

0.00

100.00

0.00

100.00

0.00

District Heating
Intensity
[kBtu/ft2]

0.00

0.00

0.00

0.00

0.00

Water
Intensity
[gal/ft2]

0.00
0.00
0.00

0.00
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Total On-Site and Utility Electric Sources 215989.240 100.00

Total Electricity End Uses 215989.240 100.00

On-Site Thermal Sources

Heat [kBtu] Percent Heat [%]

Water-Side Heat Recovery 0.00

Air to Air Heat Recovery for Cooling 0.00
Air to Air Heat Recovery for Heating 0.00
High-Temperature Geothermal* 0.00
Solar Water Thermal 0.00

Solar Air Thermal 0.00

Total On-Site Thermal Sources 0.00

Water Source Summary

Water [gal]  Percent Water [%)]

Rainwater Collection 0.00 -
Condensate Collection 0.00 -
Groundwater Well 0.00 -

Total On Site Water Sources 0.00 -
Initial Storage 0.00 -

Final Storage 0.00 -
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Change in Storage 0.00 -

Water Supplied by Utility 0.00 -
Total On Site, Change in Storage, and Utility Water Sources 0.00 -
Total Water End Uses 0.00 -

Setpoint Not Met Criteria

Degrees [deltaF]

Tolerance for Zone Heating Setpoint Not Met Time 2.00

Tolerance for Zone Cooling Setpoint Not Met Time 2.00

Comfort and Setpoint Not Met Summary

Facility [Hours]

Time Setpoint Not Met During Occupied Heating 105.83
Time Setpoint Not Met During Occupied Cooling 0.00
Time Not Comfortable Based on Simple ASHRAE 55-2004 1524.00

Note 1: An asterisk (*) indicates that the feature is not yet implemented.
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Climatic Data Summary
Envelope Summary

Lighting Summary
Equipment Summary

HVAC Sizing Summary
System Summary

Outdoor Air Summary
Object Count Summary
Sensible Heat Gain Summary
Standard 62.1 Summary

LEED Summary

Life-Cycle Cost Report

| Entire Facility |
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Report: Input Verification and Results Summary

For: Entire Facility

Timestamp: 2019-12-26 10:47:47

General

Value

Program Version and Build  EnergyPlus, Version 8.9.0-40101eaafd, YMD=2019.12.26 10:45

RunPeriod

Weather File

Latitude [deg]

Longitude [deg]

Elevation [ft]

Time Zone

North Axis Angle [deg]
Rotation for Appendix G [deg]

Hours Simulated [hrs]

MQP WORCESTER GOSPEL CHURCH (01-01:31-12)

WORCESTER MA USA TMY2-94746 WMO#=725095

42.27

-71.9

987.58

-5.0

0.00

0.00

8760.00
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ENVELOPE

Window-Wall Ratio

Total

Gross Wall Area [ft2] 16155.05

Above Ground Wall Area
[ft2] 16155.05

Window Opening Area [ft2] | 1526.72

Gross Window-Wall Ratio

w0

Above Ground Window-Wall

Ratio [%] 945

Conditioned Window-Wall Ratio

Total

Gross Wall Area [ft2] 15257.42

Above Ground Wall Area
[ft2] 15257.42

Window Opening Area [ft2] | 1526.72

Gross Window-Wall Ratio
[%] 10.01
Above Ground Window-Wall

Ratio [%] 10.01

Skylight-Roof Ratio

North (315 to 45
deg)

3456.29

3456.29

114.24

3.31

3.31

North (315 to 45
deg)

2749.11

2749.11

114.24

4.16

4.16

East (45 to 135 | South (135 to 225 | West (225 to 315

deg)

4659.51

4659.51

543.54

11.67

11.67

East (45 to 135
deg)

4659.51

4659.51

543.54

11.67

11.67

deg)

3451.93

3451.93

303.36

8.79

8.79

South (135 to 225
deg)

3261.47

3261.47

303.36

9.30

9.30

deg)

4587.32

4587.32

565.57

12.33

12.33

West (225 to 315
deq)

4587.32

4587.32

565.57

12.33

12.33
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Total

Gross Roof Area [ft2] | 12853.41

Skylight Area [ft2]

Skylight-Roof Ratio [%]

PERFORMANCE

Zone Summary

GYM:ZONE3

GYM:ZONE1

GYM:ZONE2

CHURCHROOF:ZONE1

CHURCHROOF:ZONE4

CHURCHROOF:ZONE2

FIRSTFLOOR:ZONE3

FIRSTFLOOR:ZONE4

0.00
0.00
g 11
ft2
)
5947.
27 Yes
141.1 Yes
1
63.83 Yes
867.3
8 No
248.2
5 No
248.2
5 No
322.6
8 Yes
324.0
3 Yes

Par
t of
Tot

al
Flo

or
Are

Y/

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Volum | Multipl
e [ft3] iers
o765L 100
1764.0 1.00
1
797.93| 1.00
1304831. 1.00
1713.2 1.00
1713.2 1.00
6295.2 1.00
6321.8 1.00

Above
Groun

Gross
Wall
Area
[ft2]

2400.

34

420.0

213.1

707.1

95.23

95.23

790.5

799.8

Undergr
ound
Gross
Wall
Area
[ft2]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Wind
ow
Glass
Area
[ft2]

194.
17

23.4

5.57

0.00

0.00

0.00

40.4

40.4
4

Open
ing
Area
[ft2]

194.1

23.49

5.57

0.00

0.00

0.00

40.40

40.44

Light
ing
[Btu/
h-
ft2]

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

Peop

[ft2
per
pers
on]

200.
02

200.
02

200.
02

50.0

50.0
0

Plug
and
Proc
ess
[Btu/

ft2]

2.37
72

2.37
72

2.37
72

0.00
00

0.00
00

0.00
00

2.37
72

2.37
72
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FIRSTFLOOR:ZONE2

FIRSTFLOOR:ZONE6

FIRSTFLOOR:ZONE?7

FIRSTFLOOR:ZONE1

BASEMENTXABOVEGRA
DE:ZONE1

BASEMENTXABOVEGRA
DE:ZONE2

BASEMENTXABOVEGRA
DE:ZONE3

BASEMENTXABOVEGRA
DE:ZONE4

BASEMENTXABOVEGRA
DE:ZONE5

BASEMENTXABOVEGRA
DE:ZONE6

BASEMENTXABOVEGRA
DE:ZONE7

BASEMENTXABOVEGRA
DE:ZONE8

BASEMENTXABOVEGRA
DE:ZONE9

BASEMENTXABOVEGRA
DE:ZONE10

BASEMENTXABOVEGRA
DE:ZONE11

BASEMENTXABOVEGRA
DE:ZONE12

9178.

84

244.8

244.8

114.8

782.3

424.5

509.7

8398.

23

207.9

354.3

651.1

1541.

77

454.9

280.4

796.9

161.7

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

16324

3.84

4774.3

4774.3

2238.7

4364.7

2368.8

2843.8

46857.

00

1160.4

1977.2

3632.9

8602.1

2538.1

1564.8

4446.5

902.28

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

4162.

38

389.1

480.8

3.78

443.6

374.9

273.1

971.1

117.7

190.2

241.0

452.7

133.5

66.96

208.6

202.8

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

645.
87

31.4
9

31.4

0.00

79.2

0.00

35.9

95.6

0.00

0.00

0.00

53.2

26.6

0.00

0.00

8.98

645.8
7

36.09

36.08

0.00

79.25

0.00

35.99

95.64

0.00

0.00

0.00

53.20

26.65

0.00

0.00

8.98

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

0.00
00

50.0

50.0

50.0

50.0

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

200.
02

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72

2.37
72
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BASEMENTXABOVEGRA | 964.3
DE:ZONE13 2

BASEMENTXABOVEGRA | 601.2
DE:ZONE14 6

BASEMENTXABOVEGRA | 575.7
DE:ZONE15 3

BASEMENTXABOVEGRA | 1500.
DE:ZONE16 33

36151

Total 86

Conditioned Total 34787

.98

Unconditioned Total 1363.

88

Not Part of Total 0.00
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Report: Demand End Use Components Summary

For: Entire Facility

Timestamp: 2019-12-26 10:47:47

End Uses
Electricity
[kBtuh]
Time of Peak | 18-FEB-09:09
Heating 0.02
Cooling 0.00
Interior Lighting 0.00

Yes | Yes 5380.3 1.00 298.8
1 9
Yes Yes 3354.6 1.00 443.0
6 3
Yes Yes 3212.2 1.00 430.5
4 6
Yes | Yes 8370.9 1.00 739.1
2 6
37590 16155
7.72 .05
35943 15257
7.87 42
16469. 897.6
86 3
0.00 0.00
Natural Gas Fuel Oil #1
[kBtuh] [kBtuh]
- 03-FEB-09:20
0.00 1140.64
0.00 0.00
0.00 0.00

0.00 40.3

0.00 15.4

19.1

0.00 6

130.

0.00 02

1517

0.00 t4

1517

0.00 54

0.00 0.00

0.00 0.00

District Cooling
[kBtuh]

0.00
0.00

0.00

0.00

40.32 00

0.00

15.40 00

0.00

19.16 00

130.0 0.00
2, 00

1526.
72

0.00
00

1526.
72

0.00
00

0.00

0.00 00

0.00

Steam
[kBtuh]

0.00

0.00

0.00

200.
02

2.37
72

200.
02

2.37
72

200.
02

2.37
72

200.
02

2.37
72

109.
43

2.28
75

105.
30

2.37
72

0.00
00

Water
[gal/min]

0.00

0.00

0.00
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Exterior Lighting

Interior
Equipment

Exterior
Equipment

Fans

Pumps

Heat Rejection
Humidification

Heat Recovery
Water Systems
Refrigeration

Generators

Total End Uses

0.00

78.62

0.00

0.00

0.14

0.00

0.00

0.00

0.00

0.00

0.00

78.78

End Uses By Subcategory

Heating

Cooling
Interior Lighting

Exterior
Lighting

Subcategory

Boiler
Boiler Parasitic
General

General

General

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 1140.64
Electricity = Natural Gas | Fuel Oil #1
[kBtuh] [kBtuh] [kBtuh]
0.00 0.00 1140.64
0.02 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

District
Cooling
[kBtuh]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Steam
[kBtuh]

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Water
[gal/min]

0.00

0.00

0.00

0.00

0.00
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Interior
Equipment

Exterior
Equipment

Fans

Pumps

Heat Rejection

Humidification

Heat Recovery

Water Systems

Refrigeration

Generators

Table of Contents

Report: Component Sizing Summary

General

General

Ventilation
(simple)

General

General

General

General

General

General

General

For: Entire Facility

Timestamp: 2019-12-26 10:47:47

ZoneHVAC:Baseboard:RadiantConvective:Water

FIRSTFLOOR:ZONE3 WATER RADIATOR

GYM:ZONE3 WATER RADIATOR

GYM:ZONE1 WATER RADIATOR

GYM:ZONE2 WATER RADIATOR

78.62

0.00

0.00

0.14

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Design Size Maximum Water Flow

Rate [gal/min]

20.26

1.47

0.772107

3.41

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

U-Factor times Area

[Btu/h-F]

2708.46

190.83

97.62

450.03
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FIRSTFLOOR:ZONE4 WATER RADIATOR

FIRSTFLOOR:ZONE2 WATER RADIATOR

FIRSTFLOOR:ZONE6 WATER RADIATOR

FIRSTFLOOR:ZONE7 WATER RADIATOR

FIRSTFLOOR:ZONE1 WATER RADIATOR

BASEMENTXABOVEGRADE:ZONE1 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE2 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE3 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE4 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE5 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE6 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE7 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE8 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE9 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE10 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE11 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE12 WATER
RADIATOR

BASEMENTXABOVEGRADE:ZONE13 WATER
RADIATOR

3.51

31.27

1.77

2.03

0.598264

2.79

1.86

1.75

15.21

0.699907

1.13

1.68

3.82

1.23

0.680585

1.77

0.901499

2.36

463.11

4184.36

230.30

264.99

74.59

367.23

242.70

228.00

2031.67

88.04

145.85

218.90

504.85

158.69

85.48

231.29

114.82

310.13
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BASEMENTXABOVEGRADE:ZONE14 WATER

RADIATOR 2:32
BASEMENTXABOVEGRADE:ZONE15 WATER 226

RADIATOR '
BASEMENTXABOVEGRADE:ZONE16 WATER 4.75

RADIATOR
User-Specified values were used. Design Size values were used if no User-Specified values were provided.

PlantLoop

Maximum Loop Flow Rate [ft3/min] Plant Loop Volume [ft3]

HW LOOP 14.74 29.49
User-Specified values were used. Design Size values were used if no User-Specified values were provided.

Pump:VariableSpeed

Design Flow Rate [ft3/min]  Design Power Consumption [Btu/h]

HW LOOP SUPPLY PUMP 14.74 676.34
User-Specified values were used. Design Size values were used if no User-Specified values were provided.

Boiler:HotWater

Design Size Nominal Capacity [Btu/h] | Design Size Design Water Flow Rate [gal/min]

BOILER 996952.59 110.29

User-Specified values were used. Design Size values were used if no User-Specified values were provided.

Table of Contents
Report: Adaptive Comfort Summary
For: Entire Facility

Timestamp: 2019-12-26 10:47:47

304.41

295.98

630.32
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Time Not Meeting the Adaptive Comfort Models during Occupied Hours
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Report: Climatic Data Summary
For: Entire Facility

Timestamp: 2019-12-26 10:47:47

SizingPeriod:DesignDay

Wind

Maximum | Daily Temperature ' Humidity | Humidity Speed Wind
Dry Bulb [F] Range [deltaF] Value Type [ft/min] Direction
SUMMER DESIGN DAY IN MQP Wetbulb
WORCESTER GOSPEL CHURCH 85.82 15.84 71.24 [F] 0.00 0.00
(01-01:31-12) JUL
WINTER DESIGN DAY IN MQP Wetbulb
WORCESTER GOSPEL CHURCH 1.94 0.00 1.94 [F] 2677.30 0.00
(01-01:31-12)

Weather Statistics File

Value

None
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For: Entire Facility
Timestamp: 2019-12-26 10:47:47
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COPY OF
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COPY OF
_ COPY OF
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COPY OF
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COPY OF
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with
Film
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0.44

0.44
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6
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or no
Film
[Btu/
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ft2-
Fl

0.70

0.70

0.70

0.70

0.70
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0.27
4
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[ft2]

373.7

526.3

861.9

131.8

443.1

72.26

747.0
6

Net | Azimu
Area th
[ft2] | [deg]

327.0 90.00

470.3 0.00

765.5 270.0

109.0 90.00

443.1 0.00
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[deg
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TED

COPY OF
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COPY OF
CHURCH
ROOF
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COPY OF
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COPY OF
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COPY OF
COPY OF
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COPY OF
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COPY OF
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0.40

0.40
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0.44

0.27
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1203.
54

2052.
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150.8

150.8

212.5

103.7

103.7

143.7

69.38

1203.
54 90.00

2052. 270.0
79 0
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150.8 | 180.0
8 0

189.0 90.00

103.7 0.00
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6 0
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CZ5 NON-
RES ROOF
INS
ENTIRELY
ABOVE
DECK R-
19.9C.I.
(3.5C.L) U-
.048
(.273)

GYM:ZONE2_ROOF_1_0_0

COPY OF
COPY OF
CHURCH

WALL

CHURCHROOF:ZONE1_WALL_1 0_0

COPY OF
COPY OF
CHURCH

WALL

CHURCHROOF:ZONE1_WALL_1_0_1
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FLOOR
STEEL-
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(.214)

CHURCHROOF:ZONE1_EXTFLOOR_2_0_
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EXTERNAL
FLOOR
STEEL-
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1

COPY OF
CHURCH
ROOF
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TED

CHURCHROOF:ZONE1_ROOF_0_0_0

COPY OF
CHURCH
ROOF
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TED

CHURCHROOF:ZONE1_ROOF_3_0_0
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0.40

0.40
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0.04

0.44

0.44

0.03

0.05

0.70

0.70

0.04

0.04

0.27

0.27
4

63.83 63.83 180'8 0.00
3970 3670 gy 900
3201 3201 0 900
720 7.200 0.00 18&
720 7.20 o000
6133 6133 g0 59 452

613.3 613.3 270.0  45.0
3 3 0 0
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CHURCHROOF:ZONE4_WALL_3_0_0

CHURCHROOF:ZONE4_ROOF_0_0_0

CHURCHROOF:ZONE2_WALL _4_0_0

CHURCHROOF:ZONE2_ROOF_3_0_0

FIRSTFLOOR:ZONE3_WALL_3_1 0

FIRSTFLOOR:ZONE3_WALL_4 0_0

FIRSTFLOOR:ZONE3_WALL_5_0_0

FIRSTFLOOR:ZONE3_ROOF_6_2_0

FIRSTFLOOR:ZONE4_WALL_3_1_0

COPY OF
COPY OF
CHURCH

WALL

COPY OF
CHURCH
ROOF
UNINSULA
TED

COPY OF
COPY OF
CHURCH

WALL

COPY OF
CHURCH
ROOF
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TED

COPY OF
COPY OF
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COPY OF
COPY OF
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COPY OF
COPY OF
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0.30
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0.44
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0.44
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91.02

351.2

348.2
7

61.66

97.53
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61.66
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90.00 45.0

180.0  90.0

270.0 45.0

0.00 90.0

269.5 90.0

180.0 90.0
0 0

180.0 0.00
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FIRSTFLOOR:ZONE4_WALL_4 0_0

FIRSTFLOOR:ZONE4_WALL_5_0_0

FIRSTFLOOR:ZONE4_ROOF_0_2_0

FIRSTFLOOR:ZONE2_WALL_13_0_0

FIRSTFLOOR:ZONE2_WALL_14_0_0

FIRSTFLOOR:ZONE2_WALL_15_0_0

FIRSTFLOOR:ZONE2_WALL_16_0_0

FIRSTFLOOR:ZONE2_WALL_19 0_0

CHURCH
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COPY OF
COPY OF
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WALL

COPY OF
COPY OF
CHURCH

WALL

PITCHED
ROOF -
UNINSULA
TED -
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LOADED
TO FILE)

COPY OF
COPY OF
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COPY OF
COPY OF
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COPY OF
COPY OF
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COPY OF
COPY OF
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COPY OF
COPY OF
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FIRSTFLOOR:ZONE2_WALL_22_0_0
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0
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1
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COPY OF
COPY OF
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COPY OF
COPY OF
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COPY OF
COPY OF
CHURCH
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COPY OF
COPY OF
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COPY OF
COPY OF
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MODIFIED
WHEN
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TO FILE)
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ABOVE
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RES ROOF
INS
ENTIRELY
ABOVE
DECK R-
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0.04 0.05 1249. 1249.| 270.0 45.0
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BASEMENTXBELOWGRADE:ZONES_EXTF
LOOR_0_0_1
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0.44

0.44

0.44

0.44

0.44

0.24

0.70

0.70

0.24

0.70

0.70

0.70
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BASEMENTXBELOWGRADE:ZONE2_WALL
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BASEMENTXBELOWGRADE:ZONE2_WALL
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BASEMENTXBELOWGRADE:ZONE2_WALL
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BASEMENTXBELOWGRADE:ZONE2_WALL
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WALL

COPY OF
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WALL
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WALL
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WALL
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BASEMENTXBELOWGRADE:ZONE2_EXTF
LOOR_0_0_3

BASEMENTXBELOWGRADE:ZONE2_EXTF
LOOR_0_0_4

BASEMENTXBELOWGRADE:ZONE2_EXTF
LOOR_0_0_5

BASEMENTXBELOWGRADE:ZONE2_EXTF
LOOR_0_0_6

BASEMENTXBELOWGRADE:ZONE2_EXTF
LOOR_0_0_7

BASEMENTXABOVEGRADE:ZONE5_WALL
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BASEMENTXABOVEGRADE:ZONE6_WALL
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WALL 22 0.0_12 0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22 0.0_13 0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_ 22 0.0_14 0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_15.0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_16_0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_17_0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22 0_0_18 0_1
_WIN
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FIRSTFLOOR:ZON
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FIRSTFLOOR:ZON
E2_WALL_22 0.0
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FIRSTFLOOR:ZONE2_
WALL_22_0_0_19 0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_20_0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL 22 0.0.21 0_1
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_22 0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_23 0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_24 0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_25_0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_26_0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_27_0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_28 0_2
_WIN
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FIRSTFLOOR:ZON
E2_WALL 22 0_0

FIRSTFLOOR:ZON
E2_WALL 22 0_0

FIRSTFLOOR:ZON
E2_WALL_22 0.0

FIRSTFLOOR:ZON
E2_WALL_22 0.0

FIRSTFLOOR:ZON
E2_WALL_22 0.0
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FIRSTFLOOR:ZONE2_
WALL_22_0_0_29 0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_30_0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_31.0_2
_WIN

FIRSTFLOOR:ZONE2_
WALL_22_0_0_32 0_2
_WIN
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E2_WALL 22 0_0
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E2_WALL 24 0_0
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FIRSTFLOOR:ZON
E2_WALL_24 0.0
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FIRSTFLOOR:ZONE2_

FIRSTFLOOR:ZONE2_
WALL_24_0_0_10_0_0
_WIN

CHURCHROOF:ZONE3_
WALL_3_0.0_0.0_0

CHURCHROOF:ZONE3_
WALL_3.0.0_1.0_0

CHURCHROOF:ZONE3_
WALL_3.0.0_.2 0.0

CHURCHROOF:ZONE3_
WALL_3_0_.0_3_0_0

CHURCHROOF:ZONE3_
WALL_3.0.0 400
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FIRSTFLOOR:ZON
E2_WALL_24 0_0

FIRSTFLOOR:ZON
E2_WALL 24 0_0

FIRSTFLOOR:ZON
E2_WALL 24 0_0

FIRSTFLOOR:ZON
E2_WALL 24 0_0

CHURCHROOF:ZO
NE3_WALL_3_0_0

CHURCHROOF:ZO
NE3_WALL_3_0_0

CHURCHROOF:ZO
NE3_WALL_3_0_0
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CHURCHROOF:ZONE3_
WALL_3_0_0_5_0_0

CHURCHROOF:ZONE3_
WALL_3_0_0_6_0_0

CHURCHROOF:ZONE3_
WALL_3.0.0_7.00

CHURCHROOF:ZONE3_
WALL_3_0.0.8.0_0

CHURCHROOF:ZONE3_
WALL_ 300900

CHURCHROOF:ZONE3_
WALL_3_0_0_10_0_0_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_11.0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_12 0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_13_0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0_14 0_1_
WIN
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CHURCHROOF:ZO
NE3_WALL_3_0_0

CHURCHROOF:ZO
NE3_WALL_3_0_0
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NE3_WALL_3_0_0
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CHURCHROOF:ZONE3_
WALL_3_0_0_15_0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_16_0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0.17 0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0_18 0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0.19 0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_20_0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_21 0_1_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_22 0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_23_0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0.24 0_2_
WIN
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CHURCHROOF:ZONE3_
WALL_3_0_0_25 0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_26_0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0.27 0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0.28 0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0.0.29 0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_30_0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_31.0_2_
WIN

CHURCHROOF:ZONE3_
WALL_3_0_0_32 0_2_
WIN

FIRSTFLOOR:ZONE6_
WALL_3_0_0_0_0_1
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NE3_WALL_3_0_0

CHURCHROOF:ZO
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FIRSTFLOOR:ZONE7_
WALL_2_0.0.0.0_1

FIRSTFLOOR:ZONE7_
WALL_2_0.0_.1.00

BASEMENTXABOVEGR
ADE:ZONE1_WALL_3_
0_0_0_0_3_WIN

BASEMENTXABOVEGR
ADE:ZONE1_WALL_3_
0_0_1.0_2 WIN

BASEMENTXABOVEGR
ADE:ZONE1_WALL_3_
0_0_2 0_1_WIN

BASEMENTXABOVEGR
ADE:ZONE1_WALL_3_
0_0_3_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE1_WALL_4_
0_0_0_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE3_WALL_3_
0_0_0_0_1_WIN

BASEMENTXABOVEGR
ADE:ZONE3_WALL_3_
0_0_1_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE4_WALL_22
0_0_0_0_4 WIN
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BASEMENTXABOVEGR
ADE:ZONE4_WALL_22
0_0_1 0_3 WIN

BASEMENTXABOVEGR
ADE:ZONE4_WALL_22
0_0_3_0_1_WIN

BASEMENTXABOVEGR
ADE:ZONE4_WALL_22
0_0_4_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE4_WALL_24
0_0_0_0_1_WIN

BASEMENTXABOVEGR
ADE:ZONE4_WALL_24
0_0_1_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE8_WALL_4_
0_0_0_0_3_WIN

BASEMENTXABOVEGR
ADE:ZONE8_WALL_4_
0.0_10_2 WIN

BASEMENTXABOVEGR
ADE:ZONE8_WALL_4_
0.0_2 0_1 WIN

BASEMENTXABOVEGR
ADE:ZONE8_WALL_4_
0_0_3_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONES_WALL_5_
0_0_0_0_1_WIN
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BASEMENTXABOV
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BASEMENTXABOV
EGRADE:ZONE4_
WALL_22_0_0

BASEMENTXABOV
EGRADE:ZONE4_
WALL_24_0_0

BASEMENTXABOV
EGRADE:ZONE4_
WALL_24_0_0

BASEMENTXABOV
EGRADE:ZONES8_
WALL 4 0_0

BASEMENTXABOV
EGRADE:ZONES8_
WALL 4 0_0

BASEMENTXABOV
EGRADE:ZONES8_
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BASEMENTXABOVEGR
ADE:ZONES_WALL_5_
0_0_1 0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE12_WALL_ 3
0_0_0_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE13_WALL_5
0_0_0_0_4_WIN

BASEMENTXABOVEGR
ADE:ZONE13_WALL_5
0_0_1_0_3_WIN

BASEMENTXABOVEGR
ADE:ZONE13_WALL_5
0_0_2 0_2 WIN

BASEMENTXABOVEGR
ADE:ZONE13_WALL_5
0_0_3 0_1 WIN

BASEMENTXABOVEGR
ADE:ZONE13_WALL_5
0_0_4 0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE14_WALL_2
0.0.0_0_1 WIN

BASEMENTXABOVEGR
ADE:ZONE14_WALL_2
0_0_1_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE15_WALL_5
0_0_0_0_1_WIN
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WALL_5_0_0

BASEMENTXABOV
EGRADE:ZONE13_
WALL_5_0_0

BASEMENTXABOV
EGRADE:ZONE13_
WALL_5_0_0

BASEMENTXABOV
EGRADE:ZONE13_
WALL_5_0_0

BASEMENTXABOV
EGRADE:ZONE13_
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BASEMENTXABOVEGR
ADE:ZONE15_WALL_5
0_0_1 0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL_5
0_0_0_0_1_WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL_5
0_0_1_0_0_WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL 7
0_0_0_0_5_WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL_7
0_0_1_0_4 WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL_7
0_0_2 0_3_WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL_7
0_0_3.0_2 WIN

BASEMENTXABOVEGR
ADE:ZONE16_WALL_7
0.0.40_1 WIN
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0_0_5_0_0_WIN
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North Total or Average 4.2 01

0.

Non-North Total or 8
Average 1

9

Interior Fenestration

Area of

. Area of One .
Construction - Openings
Opening [ft2] [ft2]

Total or

Average 0.00

Exterior Door

Construc
tion

Cz5
NON-
RES
OPAQUE
——————— DOOR
SWINGI

NG U-.7

(3.975)

Glass U-Factor

[Btu/h-ft2-F]

U_
Fact
or
with
Film
[Btu/
h_
ft2-
Fl

0.72
9

U-
Fact
or no
Film
[Btu/
h-
ft2-
Fl

1.91
9

Gro
SS
Are

[ft2

27.
77

Glass
SHGC

Glass Visible Parent
Transmittance Surface

Parent Surface

GYM:ZONE3_WALL 4 _0_0
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Cz5
NON-
RES
FIRSTFLOOR:ZONE3_WALL 500 22 0 0_D OPAQUE 0.72 1.91 36.
OOR| DOOR 9 9 25
SWINGI
NG U-.7
(3.975)

FIRSTFLOOR:ZONE3_WALL_5_0_0

cz5

NON-

RES
FIRSTFLOOR:ZONE4_WALL_5_0_0_22 0_0_D OPAQUE 0.72 1.91 40.
OOR DOOR' 9 9 45

SWINGI

NG U-.7

(3.975)

FIRSTFLOOR:ZONE4_WALL_5 0_0

cz5

NON-

RES
BASEMENTXABOVEGRADE:ZONE2_WALL_2_0_| OPAQUE 0.72 1.91 22.  BASEMENTXABOVEGRADE:ZONE2_
0.0.00.DOOR, DOOR 9 9 80 WALL_2 0_0

SWINGI

NG U-.7

(3.975)

cz5

NON-

RES
BASEMENTXABOVEGRADE:ZONE4_WALL 22 0 OPAQUE 0.72 1.91 18. BASEMENTXABOVEGRADE:ZONE4
_0.2.02DOOR DOOR| 9 9 9 WALL 22 0.0

SWINGI

NG U-.7

(3.975)

cz5

NON-

RES
BASEMENTXBELOWGRADE:ZONE2_WALL_2 0_ | OPAQUE 0.72 1.91 15. BASEMENTXBELOWGRADE:ZONE2_
000 0DOOR DOOR 9 9 04 WALL_2_0_0

SWINGI

NG U-.7

(3.975)

CZ5

NON-
BASEMENTXABOVEGRADE:ZONE14_WALL_6_0 rRes| 072 1.91 16. BASEMENTXABOVEGRADE:ZONE14_

_0_0_0_0_DOOR OPAQUE 9 9/ 65 WALL_6_0_0

DOOR
SWINGI
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NG U-.7

(3.975)
Cz5
NON-
RES
BASEMENTXABOVEGRADE:ZONE15_WALL_6_0 OPAQUE | 0.72| 1.91 16. BASEMENTXABOVEGRADE:ZONE15_
_0_0_0_0_DOOR DOOR 9 9 65 WALL_6_0_0
SWINGI
NG U-.7
(3.975)
Table of Contents
Report: Lighting Summary
For: Entire Facility
Timestamp: 2019-12-26 10:47:47
Interior Lighting
Lighti Zon
ng e Total Schedule Retur
Power Powe End Use Sched Hours/W | Full Load . Conditio
Zon .| Are n Air Consumpt
Densi r | Subcateg ule eek > Hours/W . ned .
e Hours/W Fracti ion [KWh]
ty [Btu/ ory  Name 1% [hr]| eek [hr] (Y/N)
[ft2 eek [hr] on
[Btu/ 1 h]
h-ft2]
Interi
or
Lighti 0.0001 0.0 0.00 0.00
0 0
ng
Total
Daylighting
Zone Control Daylighting Control Fraction Lighting Installed in | Lighting Controlled
Name Method Type Controlled Zone [Btu/h] [Btu/h]
None
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Exterior Lighting

Total Astronomical  Schedule
Watts Clock/Schedule Name

Exterior
Lighting  0.00
Total

Table of Contents

Report: Equipment Summary

For: Entire Facility

Timestamp: 2019-12-26 10:47:47

Central Plant

Nominal Capacity

Type [Btu/h]
BOILER | Boiler:HotWater 996952.59
Cooling Coils
Desian Nominal Nominal
. 9 Total Sensible
Type Coil Load Capacit Capacit
[Btu/h] pacity pacity

[Btu/h] [Btu/h]

None

DX Cooling Coils

Scheduled Hours/Week Full Load Consumption

Hours/Week > 1% [hr] Hours/Week [kWh]
[hr] ° [hr]

0.00

Nominal Efficiency

[Btuh/Btuh]

0.89

Nominal .
Latent Nominal
Sensible

Capacity .
[Btu/h] Heat Ratio

IPLV in SI Units

[Btuh/Btuh]
Nominal Nominal
. Coil UA
Efficiency Value
[Btuh/Btuh] [Btu/h-F]

IPLV in IP Units

[Btu/W-h]

Nominal
Caoil
Surface
Area [ft2]
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DX Cooling Standard Rated Net ' Standard Rated Net COP EER SEER IEER
Coil Type Cooling Capacity [ton] [Btuh/Btuh] [Btu/W-h]| [Btu/W-h] [Btu/W-h]

None

DX Cooling Coil ASHRAE 127 Standard Ratings Report

DX | Rated Net Ratgd Rated Net Ratgd Rated Net Ratgd Rated Net Ratgd

. ) Electric . Electric . Electric Cooling Electric
Cooling Cooling Cooling Cooling .

Coil Capacit Power Capacity Power Capacit Power Capacity Power

pacity Test A P Test B pacity Test C Test D Test D

Type | Test A [ton] Test B [ton] Test C [ton]

[W] [W] [W] [ton] [W]
None
DX Heating Coils
DX Heating | High Temperature Heating (net) Low Temperature Heating (net) HSPF Region
Coil Type Rating Capacity [Btu/h] Rating Capacity [Btu/h] | [Btu/W-h] Number

None

Heating Coils

Type | Design Coil Load [Btu/h] Nominal Total Capacity [Btu/h] Nominal Efficiency [Btuh/Btuh]

None
Fans
Design
Rated
Total Delta Max Air Ratgd Power Per Motor Day Date/Time
- Electric } Heat In End Name for
Type Efficiency | Pressure Flow Rate Power Max Air Air | Use Fan for Fan
[Btuh/Btuh] [psi] [ft3/min] Flow Rate . . Sizing Peak
[W] . Fraction Sizing
[W-min/ft3] Peak
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None

Pumps
. Power Per
Head | Water Flow Flectric Water Flow _I\_/Iotor
Type Control [psi] [gal/min] Power Rate [W- Efficiency
P g [W] . [Btuh/Btuh]
min/gal]
HW LOOP
SUPPLY | Pump:VariableSpeed ' Intermittent| 2.90  110.292138 198.22 1.80 0.90
PUMP
Service Water Heating
Tvpe Storage Volume Input Thermal Efficiency Recovery Efficiency Energy
P [ft3] [Btu/h] [Btuh/Btuh] [Btuh/Btuh] Factor
None
Table of Contents
Report: HVAC Sizing Summary
For: Entire Facility
Timestamp: 2019-12-26 10:47:47
Zone Sensible Cooling
Calc Us User Ther | Indoo Outdo Outdo Mini| He
User ] Indoor
ulate . er Calc pesi Date/T A mosta r e or or mu| at
Desi : Humidi . .
d De ulate gn Desi ime Of t Temp ty Temp Humidi m  Gai
Desi 9" sig dAir °'9  Ppeak Setpoi eratur Ratio | €ratur ty, Out n
Loa Desi n Day atio Ratio | d R
gn q n| Desi  Flo Name {TIME nt eat ot eat atio | door | Rat
Load Bt Lo, gn w STAMP | Temp | Ppeak peak Peak at| Ar| e
[Btu Bt o9 A [ft3/ } eratur | |oad Load Load Peak  Flo fro
/h] /h] per  Flow  min] eat [F] [IbWat [F] Load w m
Are Peak [Ibwat | Rate | DO
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a [ft3/
[Bt | min]
u/h

ft2

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
323 109
2814 5.4 | 953. CEST
GYM:ZONE3 6.39 68.? 4 607 6.62 ER
GOSP
EL
CHUR
CH
(O1-
01:31
-12)
JuL

SUMM

ER

DESI

GN

DAY

IN

MQP

WOR

1165 134 9.5 39.4 45.4 CEST
GYM:ZONEL' “e3' 070 0 99 23 R
GOSP

EL

CHUR

CH

(01-

01:31

-12)

JuL

SUMM
ER

DESI
403. 464.| 7.2 13.6|15.7 GN

56 100 7 73 24 ppy
IN

MQP

WOR

GYM:ZONE2

Load
[F]

16:20:  84.99 84.99

09:00:  84.99 84.99

16:50:  84.99 | 84.99

er/IbAi er/IbAi | [ft3/| AS

r] r] ' min] | [Bt

u/h

]

0.0137 0.0137  505. 0.0
p 8445 1 660 0
0.0137 0.0137 11.9 0.0
p 77AL 1 98 o0
0.0137 0.0137  5.42 0.0
1 83.81 1 7 0
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FIRSTFLOOR:ZO | 4165 479 14.
NE3 | .52/ 0.35 85

FIRSTFLOOR:ZO | 3932 452 13.
NE4

FIRSTFLOOR:ZO 4741 25245; 5.9 1606

NE2 | 0.60 9 4 .284

141. 162.
129 298

133.153.
151197 96 222 205

7.22

CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
N
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

184 SUMM
ER
7 DESI

GN

7/31
15:30: | 84.99 | 84.99
00

7/31
14:00:  84.99 84.99
00

7/31
16:20: 84.99 84.99
00

0.0137
1

0.0137
1

0.0137
1

85.34

85.82

84.45

0.0137| 51.6 ' 0.0

1

35

0

0.0137 51.8 0.0

1

0.0137
1

51

146
8.77
0

0

0.0
0
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FIRSTFLOOR:ZO | 2917 335 13. 98.8 113.
35 660

NE6

.1814.76 | 70

FIRSTFLOOR:ZO | 2162 | 248 10.| 73.2 84.2

NE7

95/7.39 16

81

74

DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(O1-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
CEST

GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

7/31
16:20: | 84.99 | 84.99
00

7/31
09:00:  84.99 84.99
00

0.0137
1

0.0137
1

84.45

77.11

0.0137/ 39.1 0.0

1

76

0

0.0137/ 39.1 0.0

1

76

0
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SUMM
ER
DESI
GN
DAY
N
MQP
FIRSTFLOOR:ZO 1237 142 12. 41.9 48.2 g§$ 7131 0.0137 0.0137 18.3 0.0
NEL| .68 3.33 40 33 23 ER 18'3& 84.99| 84.99 p| 8083 1 70 0
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
BASEMENTXABO 7/31
4246 488 6.2 143. 165. CEST 0.0137 0.0137 | 66.5 0.0
VEGRADE.ZONIi 55318 4 864 444 ER 09.4(5)(i 84.99 84.99 1 78.90 1 14 o
GOSP
EL
CHUR
CH
(O1-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
BASEMENTXABO MQP  7/31

VEGRADE:ZONE 73371' 84971' 2'8 24é3 369'2 WOR| 16:10: 1 84.99 84.99
2 CEST 00

ER
GOSP
EL
CHUR
CH
(O1-
01:31

0.0137 0.0137 36.0 0.0
1 84.66 1 9 0

258



-12)
JuL

SUMM

ER

DESI

GN

DAY

N

MQP

WOR

480. 552. 1.0 16.2 43.3 CEST
43 49 8 77 37 ER
GOSP

EL

CHUR

CH

(01-

01:31

-12)

JuL

BASEMENTXABO
VEGRADE:ZONE
3

SUMM

ER

DESI

GN

DAY

IN

MQP

WOR

?/'TESCEERI\/lA%NET)Z(ézg 1086 9112.2 1.4 368. 714. CEST
4 2.27 1 9| 017 050 ER
GOSP

EL

CHUR

CH

(O1-

01:31

-12)

JuL

SUMM
ER
DESI
GN

BASEMENTXABO DAY
VEGRADE:ZONE 411. 472./ 2.2 13.917.6 N

5 25 93 7 33 84 MQP
WOR

CEST

ER

GOsP

EL

7/31
15:50: | 84.99 | 84.99
00

7/31
16:30:  84.99 84.99
00

7/31
16:40:  84.99 | 84.99
00

0.0137
1

0.0137
1

0.0137
1

85.03

84.24

84.02

0.0137/43.3 0.0

1

37

0

0.0137|714. 0.0
1| 050

0

0.0137 17.6 0.0

1

84

0
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CHUR
CH
(O1-
01:31
-12)
JuL

SUMM

ER

DESI

GN

DAY

IN

MQP

WOR

?/AESGERMA%NETEQE(E 393. 452. 1.2 13.330.1 CEST
6 56 59 8 34 31 ER
GOSP

EL

CHUR

CH

(O1-

01:31

-12)

JuL

SUMM

ER

DESI

GN

DAY

IN

MQP

WOR

?ﬁiimﬁﬂgggﬁg 622. 715. 1.1 21.0 55.3 CEST
o 33 68 0 8 62 ER
GOSP

EL

CHUR

CH

(01-

01:31

-12)

JuL

SUMM
ER

BASEMENTXABO DESI
VEGRADE:ZONE °¥28 624 /4.0 183.1211. gy

g 93327 5 93 524 py
IN

MQP

WOR

7/31
16:30: | 84.99 84.99
00

7/31
15:40: 84.99 84.99
00

7/31
17:20:  84.99 | 84.99
00

0.0137
1

0.0137
1

0.0137
1

84.24

85.19

83.07

0.0137  30.1
1] 31

0.0137| 55.3
1 62

0.0137 | 131.
1| 087

0.0
0

0.0
0

0.0
0
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BASEMENTXABO
VEGRADE:ZONE
9

2628 | 302 6.6 89.0 102.
43 400

171240 4

BASEMENTXABO
, 321. | 369.
VEGRADE:ZONE | > 70 *7 1 =

10

BASEMENTXABO
851. 979.
VEGRADE:ZONE 36 06 3 44

11

1.3 10.8 23.8
46 ER

1.2| 28.8 67.7

CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
N
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
N
MQP
WOR
CEST

GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
60 pEst
GN

7/31
17:20: 84.99 | 84.99
00

7/31
16:40: 84.99 84.99
00

7/31
16:10:  84.99 84.99
00

0.0137
1

0.0137
1

0.0137
1

83.07

84.02

84.66

0.0137| 38.6 0.0

1

78

0

0.0137 23.8 0.0

1

46

0

0.0137 67.7 0.0

1

60

0
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BASEMENTXABO
VEGRADE:ZONE
12

BASEMENTXABO
VEGRADE:ZONE
13

302. 347. 2.1 10.2|13.7

19 52

5 38/ 50

3085 354 3.6 104. 120.

.72 8.58

8| 545 227

DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(O1-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
CEST

GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

7/31
18:30: | 84.99 | 84.99
00

7/31
13:40:  84.99 | 84.99
00

0.0137
1

0.0137
1

80.83

85.56

0.0137|13.7 0.0

1

50

0

0.0137/81.9 0.0

1

90

0
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SUMM
ER
DESI
GN
DAY
N
MQP
WOR
BASEMENTXABO 7/31
1633 187 3.1 55.3 63.6 CEST 0.0137 0.0137 51.1 0.0
VEGRADE.ZOI:E o laesl 3l a7l 4ol Er 10.5(?(i 84.99  84.99 | 8178 17510 e
GOSP
EL
CHUR
CH
(01-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN
MQP
WOR
BASEMENTXABO 7/31
2287 | 263 4.5| 77.4 89.1 CEST 0.0137 0.0137/48.9 0.0
VEGRADE.ZOI\llE 09 015 7 87 10 ER 17.0(?6 84.99 84.99 1 83.60 1 51 0
GOSP
EL
CHUR
CH
(O1-
01:31
-12)
JuL

SUMM
ER
DESI
GN
DAY
IN

BASEMENTXABO 144 MQP  7/31
VEGRADE: ZONE 14282 94.6 9'2 402376 4(?;4 WOR | 17:10: 84.99 84.99 0'013Z 83.34 0'013Z 15254 0'8
16 9 CEST 00
ER

GOSP
EL
CHUR
CH
(O1-
01:31
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-12)
JuL

The Design Load is the zone sensible load only. It does not include any system effects or ventilation loads.

Zone Sensible Heating

Us
er Mini| He
De Ther Outdo, mu at
sig Calc User mosta Indoor or| m Gai
Calc 9 . Indoo  Humidi ' Outdo .
n ulate Desi t Humidi| Out| n
ulate | User Date/T . r ty or
. Lo d gn . Setpoi . ty door | Rat
d| Desi . . .| ime Of Temp Ratio Temp . .
. ad Desi Air Desig Ratio| Air| e
Desi. gn Peak eratur at  eratur
per gn Flo| nDay Temp at, Flo| fro
gn| Load . {TIME eat Peak eat
Are | Air w | Name eratur Peak W m
Load | [Btu/ STAMP Peak  Load| Peak
a| Flow [ft3/ eat Load Rat| DO
[Btu/ h] . ) Load | [Ibwat Load
h] [Bt [ft3/| min Peak [F] er/IbAi [F] [IbWat e AS
u/h | min] 1 Load ] er/IbAi | [ft3/ [Bt
- [F] r] min u/h
ft2 11
1
WINT
ER
DESI
GN
DAY
IN
MQP
1459 1824 321 WOR| 1/15
GYM:ZONE3 | 64.9 56.1 -0 2298 071 CEST 06:00: 68.00 68.00 0:000% g4 0.0009/505.10.0
68 .568 3 0 660 O
4 8 0 ER 00
GOSP
EL
CHUR
CH
(01-
01:31
-12)
WINT
ER
DESI
en 1/15
, 1060 | 1325/ 93. 186.233. DAY "~ 0.0009 0.0009 11.9 0.0
GYM:ZONE1 152 1.90 91 557 196 N 06.03)6 68.00 68.00 3 1.94 0 9 o
MQP
WOR
CEST
ER
GOSP
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EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
10 WOR
5563 6954 97.9 122.
GYM:ZONE2 45 31 8.9 01 376 CEST
5 ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

FIRSTFLOOR:ZO | 2455 3069 | 95. | 432. | 540.
NE3 ' 4.57 3.21| 12 091 113

WINT
ER
DESI

GN
FIRSTFLOOR:ZO | 2525 3157 97.  444. 555. ppy
NE4 8.35 294 44 475 594 IN

MQP
WOR
CEST

ER

1/15
06:00:  68.00 68.00
00

1/15
06:00:  68.00 68.00
00

1/15
06:00: | 68.00| 68.00
00

0.0009
3

0.0009
7

0.0009
7

1.94

1.94

1.94

0.0009  5.42 0.0

0

7

0

0.0009  51.6 0.0

0

35

0

0.0009 51.8| 0.0

0

51

0
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GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
. 2252 2816 495 WOR 1/15 146
FIRSTFLOORNS 99.7 | 24.6 36% %ggj 5.79 CEST 06:00: 68.00 68.00 0'0003 1.94 0'0003 8.77 0'8
1 4 2 ER 00 0
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP

. WOR | 1/15
FIRSTFLOOR:ZO | 1272 1591 | 64. | 223.|279. CEST | 06:00: 68.00 68.00 0.0009 1.94 0.0009 39.1 0.0

NE6 8.80 1.00/ 99 991 988 ER 00 7 0 76/ 0

GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI

FIRSTFLOOR:ZO | 1459 | 1824 74. 256. 321. GN 1/15 0.0009 0.0009 | 39.1 0.0

NE7 7.24 6.56 53 870 087 DAY 06:0&; 68.00  68.00 7 14 0 76 0
IN

MQP

WOR
CEST
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ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP

, WOR  1/15
FIRSTFLOOR:ZO 4310 5388 46.| 75.8 94.8 ‘& (00 o0 eo g 0:0009 o, 0.0009 183 0.0

NE1 .81 .51 94 58 22 ER 00 7 0 70/ O

GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR  1/15
2010 2512 32. 353. 442. 0.0009 0.0009 66.5 0.0
VEGRADE:ZONE ‘101 C15 13 708 137 CEST| 24:00: 68.00 68.00 g 194 ol a2l o
1 ER 00
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER

DESI
BASEMENTXABO 1/15 0.0009 0.0009 36.0 0.0

: GN 04 . 9

N
MQP
WOR
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BASEMENTXABO - coe 30 | 91 977,

VEGRADE:ZONg 4.99 6.23 91| 812 265
BASEMENTXABO | 1095 | 1369 16. 1928 241
VEGRADE:ZONE | 84.7 80.9 31' 380 0.47
4 6 6 ' 5
?/’I-I\ESGERN/[\E)NET;%?; 5043 6304 30. 88.7 110.
' 5 21 .01 31 46 933

CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
N
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP

1/15
24:00: | 68.00 68.00
00

1/15
24:00: | 68.00 68.00
00

1/15
24:00: | 68.00 68.00
00

0.0009
8

0.0009
8

0.0009
8

1.94

1.94

1.94

0.0009 43.3| 0.0

0

37

0

0.0009  714.| 0.0
0/ 050

0

0.0009  17.6 0.0

0

84

0
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A voe 8173 1021 28, 143. 179
ONE 92 7.40 83 838 797
BASEMENTXABO

1211 1514 23. 213. 266.

VEGRADE:ZONE | 4 57 315 26 181 476

7

BASEMENTXABO
VEGRADE:ZONE
8

2750 3437 | 22. 483. 604.
3.28 9.11 30 980 974

WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
N
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(O1-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN

1/15
24:00: | 68.00 68.00
00

1/15
24:00: 68.00 68.00
00

1/15
24:00: | 68.00 68.00
00

0.0009
8

0.0009
8

0.0009
8

1.94

1.94

1.94

0.0009 30.1| 0.0

0 31

0.0009 | 55.3
0 62

0.0009 | 131.
0 087

0

0.0
0

0.0
0

269



MQP
WOR
CEST

ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR | 1/15
8867|1108 24. 156. 195. 0.0009 0.0009  38.6 0.0
VEGRADE:ZONE 5> 4.40 37 043 054 CEST | 24:00: 68.00 68.00 8 1.94 0 78 0
9 ER 00
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR| 1/15
VEGRADE: ZONE 4903 6129 | 21. 86.2 107. CEST | 24:00: 68.00 68.00 0.0009 1.94 0.0009  23.8 0.0
98| .97 86 96 870 8 0/ 46 O
10 ER 00
GOSP
EL
CHUR
CH
(O1-
01:31
-12)

S WINT
e AEons 1278 1507 20. 224. 281, ER
: 2.47 8.09 05 935 169 DESI

11 N 00

DAY

1/15
. 0.0009 0.0009 67.7 0.0
24:00:  68.00 68.00 g 194 ol eol o

270



IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR 1/15
6495 8119 50. 114. 142. 0.0009 0.0009 | 13.7 0.0
VEGRADE:ZONE 78 73 21 307 884 CEST | 24:00: 68.00 68.00 8 1.94 0 50 0
12 ER 00
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR| 1/15
1702 2128 | 22. 299. 374. 0.0009 0.0009  81.9 0.0
VEGRADE:ZONE 255 443 07 636 545 CEST  24:00: | 68.00 68.00 8 1.94 0 9 o
13 ER 00
GOSP
EL
CHUR
CH
(O1-
01:31
-12)

WINT
BASEMENTXABO 1/15 0.0009 0.0009 51.1/ 0.0

1671|2089  34. 294. 367.
. R .00-
VEGRADE.ZOTE 9.54 942 76 216 770 : 24:00:  68.00 68.00 g 1.94 : )1 :

GN
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DAY
IN
MQP
WOR
CEST
ER
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR 1/15
1626 | 2033 | 35. 286. 357. 0.0009 0.0009  48.9 0.0
VEGRADE:ZONE 568 2.00 32 230 787 CEST | 24:00: 68.00 68.00 8 1.94 0 51 0
15 ER 00
GOSP
EL
CHUR
CH
(01-
01:31
-12)

WINT
ER
DESI
GN
DAY
IN
MQP
BASEMENTXABO WOR 1/15
3425 4281 28. 602. 753. 0.0009 0.0009 | 127. 0.0
VEGRADE:ZONE 0.04 255 54 703 379 CEST | 24:00: 68.00 68.00 8 1.94 0 564 0
16 ER 00
GOSP
EL
CHUR
CH
(01-
01:31
-12)

The Design Load is the zone sensible load only. It does not include any system effects or ventilation loads.

System Design Air Flow Rates
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Report: System Summary

For: Entire Facility

Timestamp: 2019-12-26 10:47:47

Economizer

Outdoor Air

Outdoor Air
Enthalpy | Temperature Limit  Enthalpy Limit

Return Air

Minimum Maximum | Return Air
Outdoor Air

Outdoor Air

High Limit

Temp
Limit

Shutoff
Control

[F]

[F]

Limit

[ft3/min]

[ft3/min]

None

Demand Controlled Ventilation using Controller:MechanicalVentilation
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Outdo Air Air Air

or Air| Outdo ' Outdo o . L
Per| or Air or Air Outdo Outdo Outdo | Distributio | Distributio | Distributio

. . . or Air n n n
Controller:MechanicalVe ' Person Per Per | or Air| or Air . . .

ntilation Name | [ft3/mi| Area| Zone ACH Metho Sched Eﬁectlvgn Effectwep Effectiven

ule ess in ess in ess

n- | [ft3/mi [ft3/mi [ACH]
person | n-ft2] n]
1

Name Cooling| Heating Schedule
Mode Mode Name

Non

Time Not Comfortable Based on Simple ASHRAE 55-2004

Winter Clothes [hr]  Summer Clothes [hr] | Summer or Winter Clothes [hr]

GYM:ZONE3 1510.17 1524.00 1510.17

GYM:ZONE1 1523.33 1524.00 1523.33

GYM:ZONE2 1523.17 1524.00 1523.17

FIRSTFLOOR:ZONE3 1479.33 1524.00 1479.33
FIRSTFLOOR:ZONE4 1477.17 1524.00 1477.17
FIRSTFLOOR:ZONE2 1428.67 1523.33 1428.67
FIRSTFLOOR:ZONE6 1491.17 1524.00 1491.17
FIRSTFLOOR:ZONE?7 1497.83 1524.00 1497.83
FIRSTFLOOR:ZONE1 1478.17 1524.00 1478.17
BASEMENTXABOVEGRADE:ZONE1 1510.50 1524.00 1510.50
BASEMENTXABOVEGRADE:ZONE2 1524.00 1524.00 1524.00
BASEMENTXABOVEGRADE:ZONE3 1524.00 1524.00 1524.00
BASEMENTXABOVEGRADE:ZONE4 1488.67 1524.00 1488.67
BASEMENTXABOVEGRADE:ZONE5 1524.00 1524.00 1524.00
BASEMENTXABOVEGRADE:ZONE6 1524.00 1524.00 1524.00
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BASEMENTXABOVEGRADE:ZONE7 1517.83

BASEMENTXABOVEGRADE:ZONES 1506.67
BASEMENTXABOVEGRADE:ZONE9 1507.00
BASEMENTXABOVEGRADE:ZONE10 1518.50
BASEMENTXABOVEGRADE:ZONE11 1505.50
BASEMENTXABOVEGRADE:ZONE12 1524.00
BASEMENTXABOVEGRADE:ZONE13 1448.17
BASEMENTXABOVEGRADE:ZONE14 1511.00
BASEMENTXABOVEGRADE:ZONE15 1514.67
BASEMENTXABOVEGRADE:ZONE16 1486.00
CHURCHROOF:ZONE1 0.00
CHURCHROOF:ZONE4 0.00
CHURCHROOF:ZONE2 0.00

Facility 1524.00

Aggregated over the RunPeriods for Weather

Time Setpoint Not Met

During Heating | During Cooling

[hr] [hr]

GYM:ZONE3 273.00 210.50
GYM:ZONE1 162.50 173.83
GYM:ZONE2 242.00 134.83
FIRSTFLOOR:ZONE3 8.33 195.83
FIRSTFLOOR:ZONE4 7.50 203.83
FIRSTFLOOR:ZONE2 48.00 216.00

1524.00

1524.00

1524.00

1524.00

1524.00

1524.00

1524.00

1524.00

1524.00

1524.00

0.00

0.00

0.00

1524.00

During Occupied

Heating [hr]

90.83

57.33

96.50

0.00

0.00

0.00

1517.83

1506.67

1507.00

1518.50

1505.50

1524.00

1448.17

1511.00

1514.67

1486.00

0.00

0.00

0.00

1524.00

During Occupied
Cooling [hr]

0.00

0.00

0.00

0.00

0.00

0.00
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FIRSTFLOOR:ZONE6

FIRSTFLOOR:ZONE7

FIRSTFLOOR:ZONE1

BASEMENTXABOVEGRADE:ZONE1

BASEMENTXABOVEGRADE:ZONE2

BASEMENTXABOVEGRADE:ZONE3

BASEMENTXABOVEGRADE:ZONE4

BASEMENTXABOVEGRADE:ZONE5

BASEMENTXABOVEGRADE:ZONE6

BASEMENTXABOVEGRADE:ZONE7

BASEMENTXABOVEGRADE:ZONE8

BASEMENTXABOVEGRADE:ZONE9

BASEMENTXABOVEGRADE:ZONE10

BASEMENTXABOVEGRADE:ZONE11

BASEMENTXABOVEGRADE:ZONE12

BASEMENTXABOVEGRADE:ZONE13

BASEMENTXABOVEGRADE:ZONE14

BASEMENTXABOVEGRADE:ZONE15

BASEMENTXABOVEGRADE:ZONE16

CHURCHROOF:ZONE1

CHURCHROOF:ZONE4

CHURCHROOF:ZONE2

Facility

Aggregated over the RunPeriods for Weather

25.17

19.50

145.00

36.50

36.00

50.50

91.33

78.17

77.50

76.67

66.17

66.17

126.50

90.83

28.17

37.33

23.50

23.00

31.67

0.00

0.00

0.00

423.83

166.17

149.83

153.50

264.67

137.83

149.00

176.00

134.33

113.83

123.83

183.83

208.50

126.83

134.83

146.00

222.83

176.50

172.17

293.00

0.00

0.00

0.00

345.83

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

105.83

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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Report: Outdoor Air Summary
For: Entire Facility

Timestamp: 2019-12-26 10:47:47

Average Outdoor Air During Occupied Hours

Average | Nominal

Number | Number Zone Mechanica e AFN Simple

| Infiltratio . . o

of of  Volume Ventilation| n [ACH] Infiltratio | Ventilatio

Occupant ' Occupant [ft3] [ACH] n [ACH] | n[ACH]
S S

GYM:ZONE3 29.73 29.73 | 67651.14 0.000 0.315 0.000 0.000

GYM:ZONEL 071 071 176401, 0000 0314 0000  0.073
GYM:ZONE2| 032 032 79793 0.000 0314 0000  0.054

FIRSTFLOOR:ZONE3 | 645 645 629556  0.000 0309  0.000  0.011
FIRSTFLOOR:ZONE4 648 648 6321.00 0000 0309 0000  0.017
FIRSTFLOOR:ZONE2 | 183.56  183.56 163243'2 0.000 0313 0000  0.098
FIRSTFLOOR:ZONE6 | 4.90  4.90 477430  0.000 0310 0000  0.002
FIRSTFLOOR:ZONE? 490 490 477430  0.000 0309 0000  0.000
FIRSTFLOOR:ZONEL 230 230 223872  0.000 0311  0.000  0.001
BASEMENTXABOVEGRADE:ZONEL  3.91  3.91 436475 0000 0516 0000  0.000
BASEMENTXABOVEGRADE:ZONE2 ~ 2.12 2.2 2368.80  0.000  0.514 0000  0.000
BASEMENTXABOVEGRADE:ZONE3 ~ 2.55  2.55 2843.86  0.000  0.516  0.000  0.000

BASEMENTXABOVEGRADE:ZONE4 41.99 41.99 | 46857.00 0.000 0.519 0.000 0.017

BASEMENTXABOVEGRADE:ZONE5 1.04 1.04 1160.48 0.000 0.516 0.000 0.000

BASEMENTXABOVEGRADE:ZONE6 1.77 1.77 1977.25 0.000 0.516 0.000 0.000
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BASEMENTXABOVEGRADE:ZONE7

BASEMENTXABOVEGRADE:ZONES8

BASEMENTXABOVEGRADE:ZONE9

BASEMENTXABOVEGRADE:ZONE1
0

BASEMENTXABOVEGRADE:ZONE1
1

BASEMENTXABOVEGRADE:ZONE1
2

BASEMENTXABOVEGRADE:ZONE1
3

BASEMENTXABOVEGRADE:ZONE1
4

BASEMENTXABOVEGRADE:ZONE1
5

BASEMENTXABOVEGRADE:ZONE1
6

3.26

7.71

2.27

1.40

3.98

0.81

4.82

3.01

2.88

7.50

3.26

7.71

2.27

1.40

3.98

0.81

4.82

3.01

2.88

7.50

Values shown for a single zone without multipliers

Minimum Outdoor Air During Occupied Hours

GYM:ZONE3

GYM:ZONE1

GYM:ZONE2

FIRSTFLOOR:ZONE3

FIRSTFLOOR:ZONE4

Average
Number
of
Occupant
s

29.73

0.71

0.32

6.45

6.48

Nominal
Number
of
Occupant
s

29.73

0.71

0.32

6.45

6.48

3632.92

8602.15

2538.14

1564.80

4446.53

902.28

5380.31

3354.66

3212.24

8370.92

Zone
Volume
[ft3]

67651.14

1764.01

797.93

6295.56

6321.00

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Mechanica
|
Ventilation
[ACH]

0.000

0.000

0.000

0.000

0.000

0.516

0.518

0.518

0.518

0.517

0.513

0.520

0.515

0.514

0.517

Infiltratio

n [ACH]

0.005

0.005

0.005

0.005

0.005

0.000
0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

AFN
Infiltratio
n [ACH]

0.000
0.000
0.000
0.000

0.000

0.000

0.002

0.002

0.000

0.001

0.000

0.058

0.002

0.002

0.015

Simple
Ventilatio
n [ACH]

0.000

0.000

0.000

0.000

0.000
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163243.8

FIRSTFLOOR:ZONE2 183.56 183.56 4 0.000 0.005 0.000 0.000
FIRSTFLOOR:ZONE6 4.90 4.90 4774.30 0.000 0.005 0.000 0.000
FIRSTFLOOR:ZONE7 4.90 4.90 4774.30 0.000 0.005 0.000 0.000
FIRSTFLOOR:ZONE1 2.30 2.30 2238.72 0.000 0.005 0.000 0.000
BASEMENTXABOVEGRADE:ZONE1 3.91 3.91 4364.75 0.000 0.008 0.000 0.000
BASEMENTXABOVEGRADE:ZONE2 2.12 2.12 2368.80 0.000 0.008 0.000 0.000
BASEMENTXABOVEGRADE:ZONE3 2.55 2.55 2843.86 0.000 0.008 0.000 0.000

BASEMENTXABOVEGRADE:ZONE4 41.99 41.99 | 46857.00 0.000 0.008 0.000 0.000

BASEMENTXABOVEGRADE: ZONES 1.04 104 116048 0000  0.008  0.000  0.000
BASEMENTXABOVEGRADE: ZONE6 1.77 177 197725 0000  0.008  0.000  0.000
BASEMENTXABOVEGRADE: ZONE7 3.26 326 363292 0.000 0008  0.000  0.000
BASEMENTXABOVEGRADE: ZONES 7.71 771 8602.15  0.000 0008  0.000  0.000
BASEMENTXABOVEGRADE: ZONE9 2.27 227 253814 0000  0.008 0000  0.000
BASEMENTXABOVEGRADE:ZONE; 1.40 140 156480 0000  0.008  0.000  0.000
BASEMENTXABOVEGRADE:ZONEi 3.98 398 444653  0.000 0008  0.000  0.000
BASEMENTXABOVEGRADE:ZONE; 0.81 0.81 90228  0.000 0008  0.000  0.000
BASEMENTXABOVEGRADE:ZONE; 4.82 482 538031 0000  0.008  0.000  0.000
BASEMENTXABOVEGRADE:ZONE}‘ 3.01 3.01 335466  0.000 0008  0.000  0.000
BASEMENTXABOVEGRADE:ZONE; 2.88 288 321224 0.000  0.008 0000  0.000
BASEMENTXABOVEGRADE:ZONEL 7.50 750 837092  0.000  0.008  0.000  0.000

6

Values shown for a single zone without multipliers
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Report: Object Count Summary
For: Entire Facility

Timestamp: 2019-12-26 10:47:47

Surfaces by Class

Total | Outdoors

Wall | 336 110

Floor | 139 29

Roof | 128 18

Internal Mass 0 0

Building Detached Shading 0 0

Fixed Detached Shading 0 0

Window = 299 299

Door 8 8

Glass Door 0 0

Shading 0 0

Overhang 0 0

Fin 0 0

Tubular Daylighting Device Dome 0 0
Tubular Daylighting Device Diffuser 0 0

HVAC
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Count

HVAC Air Loops 0
Conditioned Zones 25
Unconditioned Zones 3
Supply Plenums 0

Return Plenums 0

Input Fields

Count

IDF Objects 0
Defaulted Fields 0
Fields with Defaults 0
Autosized Fields 0
Autosizable Fields 0
Autocalculated Fields 0

Autocalculatable Fields 0

Table of Contents

Report: Sensible Heat Gain Summary
For: Entire Facility

Timestamp: 2019-12-26 10:47:47

Annual Building Sensible Heat Gain Components
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GYM:ZONE3

GYM:ZONE1

GYM:ZONE2

FIRSTFLOOR:
ZONE3

FIRSTFLOOR:
ZONE4

FIRSTFLOOR:
ZONE2

FIRSTFLOOR:
ZONE6

HVA

Zon
e Eq

Othe

Sens
ible
Air
Heat
ing
[kBt

150
452.
201

110
75.4
03

632
5.43

741
2.77

750
5.85
0

755
62.3
09

458
3.35

HV
AC
Zo
ne

Eq

Ot
her
Se
nsi
ble
Air
Co
oli
ng
[to

hrs

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

HV
AC
Ter
mi
nal
Uni

Se
nsi
ble
Air
He
ati
ng
[kB
tu]

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

HV
AC
Ter
mi
nal
Uni

Se
nsi
ble
Air
Co
olin

[to

hrs

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

HV
AC
In

pu

He
ate

Su
rfa
ce
He
ati

ng

Bt
u]

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

HV
AC
In

pu

Co
ole

Su
rfa
ce

oli

hrs

Peo
ple
Sens
ible
Heat
Addi
tion
[kBt
u]

152
66.6
34

364.
727

165.
989

368
6.65

370
2.22

986
37.4
13

276
9.76

Lig
hts
Se
nsi
ble
He

at
Ad
diti
on
[kB
tu]

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

0.0
00

Equi
pme
nt
Sens
ible
Heat
Addi
tion
[kBt
u]

368
63.0
44

874.
666

395.
643

200
0.08

200
8.45

568
93.3
27

151
7.49
7

Win

Heat
Addi
tion
[kBt

243
34.2
26

389
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person] [ft2] 9 9
None
Zone Ventilation Calculations for Cooling Design
Mlnlmr: Zone
Zone Zone Zone Outdo | Primar Secondar
Primar = Dischar Primar or y | Prima Supol Mixed = Outdo Zone
AirLo | Box y ge Airflow Outdo ry Air Y SUPPY I nt or Air | Ventilati
. . y . ) . Recirculati Air . .
op| Typ Airflow  Airflow . Coolin | or Air | Fracti . Fracti Fracti on
Airflow . on | Fractio .
Name e -Vpz| -Vdz Viz- g-| Fracti on- Fraction- n-Fa ©°0°  on- Efficienc
[ft3/mi | [ft3/mi p_ Voz-clg| on- Ep Fb Fc y-Evz
n] n] min [ft3/mi Zpz Er
[ft3/mi
n]
n]
Non
e
System Ventilation Calculations for Cooling Design
. sum gf zone SYStem . Sum of.Zone Sum of Min Zone Zone Outdoor .Zo.ne
Primary Airflow - Primary | Discharge Airflow . . . . Ventilation
. Primary Airflow - | Airflow Cooling - .
Vpz-sum | Airflow - Vps - Vdz-sum Vpz-min [ft3/min] | Voz-clg [ft3/min] Efficiency - Evz-
[ft3/min] [ft3/min] [ft3/min] P 9 min
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None

Zone Ventilation Calculations for Heating Design

Minimu ' Zone

m  Outdo .
Zone Zone Zone or Primar Secondar
Primar = Dischar Primar Airflow y | Prima Suppl Mixed = Outdo Zone
AirLo  Box y ge . Outdo  ry Air ) y pp_y Air | or Air | Ventilati
. . y | Heatin . . Recirculati Air . .
op| Typ Airflow Airflow . or Air | Fracti . Fracti| Fracti on
Airflow g- . on  Fractio .
Name e -Vpz - Vdz Fracti, on- . on-  on - Efficienc
. . -Vpz- Voz- Fraction-| n-Fa
[ft3/mi  [ft3/mi . on - Ep Fb Fc| y-Evz
n] n] min htg 757 Er
[ft3/mi| [f3/mi P
n] n]
Non
e
System Ventilation Calculations for Heating Design
Sum of Zone System Sum of Zone . Zone Outdoor Zone
. . 8 . . Sum of Min Zone | . . S
Primary Airflow - Primary | Discharge Airflow . . Airflow Heating - Ventilation
) Primary Airflow - -
Vpz-sum | Airflow - Vps - Vdz-sum Vpz-min [ft3/min] Voz-htg Efficiency -
[ft3/min] [ft3/min] [ft3/min] P [ft3/min] Evz-min
None
Table of Contents
Report: LEED Summary
For: Entire Facility
Timestamp: 2019-12-26 10:47:47
Secl.1A-General Information
Data
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MQP WORCESTER GOSPEL CHURCH (01-01:31-12) ** WORCESTER MA USA TMY2-94746

Weather File WMO#=725095

Total gross floor area
2] 36151.86
Principal Heating

Additional Fuel
Source

EAp2-1. Space Usage Type

Space Area OCcu;f;gu/ﬁ:Z Unconditioned |  Typical Hoqrs/Week in

[ft2] [ft2] Area [ft2] Operation [hr/wk]

GYM:ZONE3 5947.27 5947.27 0.00 29.23

GYM:ZONE1 141.11 141.11 0.00 29.23

GYM:ZONE2 63.83 63.83 0.00 29.23
FIRSTFLOOR:ZONE3 322.68 322.68 0.00 29.23
FIRSTFLOOR:ZONE4 324.03 324.03 0.00 29.23
FIRSTFLOOR:ZONE2 9178.84 9178.84 0.00 29.23
FIRSTFLOOR:ZONE6 244.82 244.82 0.00 29.23
FIRSTFLOOR:ZONE7 244.82 244.82 0.00 29.23
FIRSTFLOOR:ZONE1 114.80 114.80 0.00 29.23
BASEMENTXABOVEGRADE:ZONE1 782.30 782.30 0.00 29.23
BASEMENTXABOVEGRADE:ZONE2 424.56 424.56 0.00 29.23
BASEMENTXABOVEGRADE:ZONE3 509.71 509.71 0.00 29.23
BASEMENTXABOVEGRADE:ZONE4 8398.23 8398.23 0.00 29.23
BASEMENTXABOVEGRADE:ZONE5 207.99 207.99 0.00 29.23
BASEMENTXABOVEGRADE:ZONE6 354.38 354.38 0.00 29.23
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BASEMENTXABOVEGRADE:ZONE7 651.13 651.13 0.00 29.23

BASEMENTXABOVEGRADE:ZONES8 1541.77 1541.77 0.00 29.23
BASEMENTXABOVEGRADE:ZONE9 454.91 454.91 0.00 29.23
BASEMENTXABOVEGRADE:ZONE10 280.46 280.46 0.00 29.23
BASEMENTXABOVEGRADE:ZONE11 796.96 796.96 0.00 29.23
BASEMENTXABOVEGRADE:ZONE12 161.72 161.72 0.00 29.23
BASEMENTXABOVEGRADE:ZONE13 964.32 964.32 0.00 29.23
BASEMENTXABOVEGRADE:ZONE14 601.26 601.26 0.00 29.23
BASEMENTXABOVEGRADE:ZONE15 575.73 575.73 0.00 29.23
BASEMENTXABOVEGRADE:ZONE16 1500.33 1500.33 0.00 29.23
CHURCHROOF:ZONE1 867.38 0.00 867.38 0.00
CHURCHROOF:ZONE4 248.25 0.00 248.25 0.00
CHURCHROOF:ZONE2 248.25 0.00 248.25 0.00
Totals 36151.86 34787.98 1363.88

EAp2-2. Advisory Messages

Data
Number of hours heating loads not met  105.83
Number of hours cooling loads not met| 0.00

Number of hours not met 105.83

EAp2-3. Energy Type Summary

Utility Rate | Virtual Rate [$/unit energy] | Units of Energy  Units of Demand
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None

EAp2-4/5. Performance Rating Method Compliance

Natural

. Natural . District L . District
Electric Electric Gas Gas | Additional Additions| Coolin D'St.rICt Dlsmf:t Heating
Energy Energy Fuel Cooling ' Heatin
Demand Deman  Fuel Use g Use Deman
Use [W] Use d [kBtu] Demand [ton- Deman | g Use d
[kWh] [thern]l [Btu/h] [Btu/h] hrs] d [ton]  [kBtu] [Btu/h]
Heating - 4500 000 000 000 °0°9067 1139827.00 4000 o400 000  0.00
Boiler 6 1
Heating --
Boiler  13.43  25.00 0.00  0.00 0.00 0.00 000 0.00 000  0.00
Parasitic
Cooling --
Not 0.00 0.00 0.00  0.00 0.00 0.00 000 0.00 000  0.00
Subdivided
Interior
L'ght'”ch'); 0.00 0.00 0.00 0.0 0.00 000 0.00 0.00 0.00 0.0
Subdivided
Exterior
L'ght'”gN(;; 0.00 0.00 0.00 0.0 0.00 000 0.00 0.00 0.00 0.0
Subdivided
Interior | 31518 23025.1
Equipment - e L 000 0.00 0.00 0.00 0.00 0.0 000  0.00
General
Exterior
Eq“'pme“:k;; 0.00 0.00 0.00 0.0 0.00 000 0.00 0.00 0.00 0.0
Subdivided
Fans --
Ventilation 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 000  0.00
(simple)
Pumps - Not o5 231 49822 0.00  0.00 0.00 0000 0.00 0.00 0.0 0.0
Subdivided
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Heat
Rejection --
Not
Subdivided

Humidificatio
n -- Not
Subdivided

Heat
Recovery --
Not
Subdivided

Water
Systems --
Not
Subdivided

Refrigeration
-- Not
Subdivided

Generators --
Not
Subdivided

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

EAp2-6. Energy Use Summary

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Process Subtotal [kBtu] Total Energy Use [kBtu]

Electricity

Natural Gas

Additional

Total

215626.78

0.00

0.00

215626.78

EAp2-7. Energy Cost Summary

Process Subtotal [$] Total Energy Cost [$]

215989.24

0.00

565906.76

781896.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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Electricity 0.00

Natural Gas 0.00
Additional 0.00
Total 0.00

Process energy cost based on ratio of process to total energy.

L-1. Renewable Energy Source Summary

Rated Capacity [kW] | Annual Energy Generated [kBtu]
Photovoltaic 0.00 0.00

Wind 0.00 0.00

EAp2-17a. Energy Use Intensity - Electricity

Electricty [kWh/ft2]

Interior Lighting (All) 0.00
Space Heating 0.00

Space Cooling 0.00

Fans (All) 0.00

Service Water Heating 0.00
Receptacle Equipment 1.75
Miscellaneous (All) 1.75
Subtotal 1.75

EAp2-17b. Energy Use Intensity - Natural Gas
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Natural Gas [kWh/ft2]

Space Heating 0.00
Service Water Heating 0.00
Miscellaneous (All) 0.00
Subtotal 0.00

EAp2-17c. Energy Use Intensity - Additional

Additional [kBtu/ft2]
Subtotal 15.63

Miscellaneous 15.63

EAp2-18. End Use Percentage

Percent [%]

Interior Lighting (All) 0.00
Space Heating 72.38

Space Cooling 0.00

Fans (All) 0.00

Service Water Heating 0.00
Receptacle Equipment 27.58
Miscellaneous 0.04

Schedules-Equivalent Full Load Hours (Schedule Type=Fraction)
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Equivalent Full Load Hours of Operation Per Year Hours > 1%

[hr] [hr]
WINTER HEATING (NORTHERN
HEMISPHERE) 1560. 1560.
ASHRAE 90.1 OCCUPANCY - OFFICE 2654. 5998.
ASHRAE 90.1 SERVICE HOT WATER -
OFFICE 1595. 8760.
Schedules-SetPoints (Schedule Type=Temperature)
Days Days
with with
Month  11am First Sa”; 11pm First Sa”;
First Object Used | Assume | Wednesda Wednesda
d [F] 11a [F] 11p
y m y m
Valu Valu
e e
GYM:ZONE3 HEATING ]
SETPOINT SCHEDULE GYM:ZONE3 DUAL SP | January 68.00 365 58.0 365
GYM:ZONE3 COOLING
SETPOINT SCHEDULE GYM:ZONE3 DUAL SP July 75.99 365 84.99 365
GYM:ZONE1 HEATING
SETPOINT SCHEDULE GYM:ZONE1 DUAL SP | January 68.00 365 -58.0 365
GYM:ZONE1 COOLING .
SETPOINT SCHEDULE GYM:ZONE1 DUAL SP July 75.99 365 84.99 365
GYM:ZONE2 HEATING .
SETPOINT SCHEDULE GYM:ZONE2 DUAL SP | January 68.00 365 58.0 365
GYM:ZONE2 COOLING .
SETPOINT SCHEDULE GYM:ZONE2 DUAL SP July 75.99 365 84.99 365
FIRSTFLOOR:ZONE3 HEATING .
SETPOINT SCHEDULE FIRSTFLOOR:ZONE3 DUAL SP | January 58.0 365 58.0 365
FIRSTFLOOR:ZONES3 COOLING FIRSTFLOOR:ZONE3 DUAL SP July 75.99 | 365 84.99 | 365

SETPOINT SCHEDULE
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FIRSTFLOOR:ZONE4 HEATING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE4 COOLING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE2 HEATING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE2 COOLING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE6 HEATING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE6 COOLING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE7 HEATING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE7 COOLING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE1 HEATING
SETPOINT SCHEDULE

FIRSTFLOOR:ZONE1 COOLING
SETPOINT SCHEDULE

BASEMENTXABOVEGRADE:ZONE
1 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
1 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
2 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
2 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
3 HEATING SETPOINT
SCHEDULE

FIRSTFLOOR:ZONE4 DUAL SP

FIRSTFLOOR:ZONE4 DUAL SP

FIRSTFLOOR:ZONE2 DUAL SP

FIRSTFLOOR:ZONE2 DUAL SP

FIRSTFLOOR:ZONE6 DUAL SP

FIRSTFLOOR:ZONE6 DUAL SP

FIRSTFLOOR:ZONE7 DUAL SP

FIRSTFLOOR:ZONE7 DUAL SP

FIRSTFLOOR:ZONE1 DUAL SP

FIRSTFLOOR:ZONE1 DUAL SP

BASEMENTXABOVEGRADE:ZONE
1 DUAL SP

BASEMENTXABOVEGRADE:ZONE
1 DUAL SP

BASEMENTXABOVEGRADE:ZONE
2 DUAL SP

BASEMENTXABOVEGRADE:ZONE
2 DUAL SP

BASEMENTXABOVEGRADE:ZONE
3 DUAL SP

January

July

January

July

January

July

January

July

January

July

January

July

January

July

January

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

365

365

365

365

365

365

365

365

365

365

365

365

365

365

365

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

365

365

365

365

365

365

365

365

365

365

365

365

365

365

365
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BASEMENTXABOVEGRADE:ZONE
3 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
4 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
4 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
5 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
5 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
6 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
6 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
7 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
7 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
8 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
8 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
9 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
3 DUAL SP

BASEMENTXABOVEGRADE:ZONE
4 DUAL SP

BASEMENTXABOVEGRADE:ZONE
4 DUAL SP

BASEMENTXABOVEGRADE:ZONE
5 DUAL SP

BASEMENTXABOVEGRADE:ZONE
5 DUAL SP

BASEMENTXABOVEGRADE:ZONE
6 DUAL SP

BASEMENTXABOVEGRADE:ZONE
6 DUAL SP

BASEMENTXABOVEGRADE:ZONE
7 DUAL SP

BASEMENTXABOVEGRADE:ZONE
7 DUAL SP

BASEMENTXABOVEGRADE:ZONE
8 DUAL SP

BASEMENTXABOVEGRADE:ZONE
8 DUAL SP

BASEMENTXABOVEGRADE:ZONE
9 DUAL SP

July

January

July

January

July

January

July

January

July

January

July

January

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

365

365

365

365

365

365

365

365

365

365

365

365

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

365

365

365

365

365

365

365

365

365

365

365

365
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BASEMENTXABOVEGRADE:ZONE
9 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
10 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
10 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
11 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
11 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
12 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
12 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
13 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
13 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
14 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
14 COOLING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
15 HEATING SETPOINT
SCHEDULE

BASEMENTXABOVEGRADE:ZONE
9 DUAL SP

BASEMENTXABOVEGRADE:ZONE
10 DUAL SP

BASEMENTXABOVEGRADE:ZONE
10 DUAL SP

BASEMENTXABOVEGRADE:ZONE
11 DUAL SP

BASEMENTXABOVEGRADE:ZONE
11 DUAL SP

BASEMENTXABOVEGRADE:ZONE
12 DUAL SP

BASEMENTXABOVEGRADE:ZONE
12 DUAL SP

BASEMENTXABOVEGRADE:ZONE
13 DUAL SP

BASEMENTXABOVEGRADE:ZONE
13 DUAL SP

BASEMENTXABOVEGRADE:ZONE
14 DUAL SP

BASEMENTXABOVEGRADE:ZONE
14 DUAL SP

BASEMENTXABOVEGRADE:ZONE
15 DUAL SP

July

January

July

January

July

January

July

January

July

January

July

January

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

75.99

-58.0

365

365

365

365

365

365

365

365

365

365

365

365

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

84.99

-58.0

365

365

365

365

365

365

365

365

365

365

365

365
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BASEMENTXABOVEGRADE:ZONE

BASEMENTXABOVEGRADE:ZONE

15 COOLING SETPOINT July 75.99 365 84.99 365
SCHEDULE 15 DUAL SP
BASEMENTXABOVEGRADE:ZONE
16 HEATING SETPOINT BASEMENTXABOVEGTQDD%/%\E';E January -58.0 365 -58.0 365
SCHEDULE
BASEMENTXABOVEGRADE:ZONE
16 COOLING SETPOINT BASEMENTXABOVEGT’QDDEU'ﬂE july| 7599 365  84.99 365
SCHEDULE
Table of Contents
Report: Life-Cycle Cost Report
For: Entire Facility
Timestamp: 2019-12-26 10:47:47
Life-Cycle Cost Parameters
Value

Name | LIFE-CYCLE COST ANALYSIS EXAMPLE 1

Discounting Convention
Inflation Approach

Real Discount Rate

Nominal Discount Rate
Inflation

Base Date

Service Date

Length of Study Period in Years

Tax rate

EndOfYear

ConstantDollar

0.0294

- N/A --

- N/A --

January 2011

January 2013

0

25

.0000
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Depreciation Method None

Use Price Escalation

RESIDENTIAL-ELEC

Resource Electricity
Start Date January 2010
1 0.979000

2 1.013800

3 1.012700

4 1.009600

5 1.017700

6 1.027900

7 1.034400

8 1.032700

9 1.038200

10 1.045400

11 1.049400

12 1.056400

13 1.058700

14 1.054900

15 1.056600

16 1.063000

17 1.070700
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18

19

20

21

22

23

24

25

1.085700

1.095300

1.106300

1.116500

1.122700

1.129200

1.134900

1.141400

Use Adjustment

January 2013

January 2014

January 2015

January 2016

January 2017

January 2018

January 2019

January 2020

January 2021

January 2022

January 2023

ELECADJUSTMENT

Electricity

1.000000

1.002200

1.002300

1.002400

1.002500

1.002600

1.002700

1.000000

1.000000

1.000000

1.000000
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January 2024

January 2025

January 2026

January 2027

January 2028

January 2029

January 2030

January 2031

January 2032

January 2033

January 2034

January 2035

Cash Flow for Recurring and Nonrecurring Costs (Without Escalation)

January 2011

January 2012

January 2013

January 2014

January 2015

January 2016

January 2017

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

Recurring

0.00

0.00

2000.00

2000.00

2000.00

2000.00

2000.00

ANNUALMAINT  ESTIMATEDSALVAGE

Nonrecurring

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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January 2018

January 2019

January 2020

January 2021

January 2022

January 2023

January 2024

January 2025

January 2026

January 2027

January 2028

January 2029

January 2030

January 2031

January 2032

January 2033

January 2034

January 2035

Energy and Water Cost Cash Flows (Without Escalation)

January 2011

January 2012

January 2013

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

-2000.0

0.00

0.00

0.00

0.00
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January 2014

January 2015

January 2016

January 2017

January 2018

January 2019

January 2020

January 2021

January 2022

January 2023

January 2024

January 2025

January 2026

January 2027

January 2028

January 2029

January 2030

January 2031

January 2032

January 2033

January 2034

January 2035

Capital Cash Flow by Category (Without Escalation)
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January 2011

January 2012

January 2013

January 2014

January 2015

January 2016

January 2017

January 2018

January 2019

January 2020

January 2021

January 2022

January 2023

January 2024

January 2025

January 2026

January 2027

January 2028

January 2029

January 2030

January 2031

January 2032

January 2033

Construction | Salvage | OtherCapital

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

-2000.0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Total

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

-2000.0

0.00

0.00
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January 2034 0.00 0.00

January 2035 0.00 0.00

0.00

0.00

0.00

0.00

Operating Cash Flow by Category (Without Escalation)

Energ Wate = Maintenan
y r ce

Januar
y| 0.00 0.00 0.00
2011

Januar
y| 0.00 0.00 0.00
2012

Januar
y| 0.00| 0.00 2000.00
2013

Januar
y| 0.00 0.00 2000.00
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0.00
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0.00

0.00

0.00

0.00

nt

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

au

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

au

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

nal

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Total
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0.00
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Monthly Total Cash Flow (Without Escalation)

2011

2012

2013

2014
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2017
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2000.00
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2000.00

2000.00

0.00

0.00

0.00

0.00
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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2000.00

2000.00

2000.00

March
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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April

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

May

0.00

0.00
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0.00
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July | August ' September | October November December

0.00 0.00 0.00 0.00 0.00 0.00
0.00  0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00  0.00 0.00 0.00 0.00 0.00
0.00  0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00  0.00 0.00 0.00 0.00 0.00
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2025

2026

2027
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2029
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2034

2035

Present Value for Recurring, Nonrecurring and Energy Costs (Before Tax)

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

0.00

2000.00

2000.00

2000.00

2000.00
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0.00
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Category

ANNUALMAINT | Maintenance

ESTIMATEDSALVAGE

TOTAL

Salvage Nonrecurring | -2000.0

Present Value by Category

Construction

Salvage

Present Value

0.00

-1088.3

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Recurring 1 2000.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Kind

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0.00
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Cost | Present Value | Present Value Factor

31230.01

-1088.3

30141.67

15.6150

0.5442

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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Other Capital
Energy

Water
Maintenance
Repair
Operation
Replacement
Minor Overhaul
Major Overhaul
Other Operational
Total Energy
Total Operation
Total Capital

Grand Total

0.00

0.00

0.00

31230.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

31230.01

-1088.3

30141.67

Present Value by Year

Total Cost | Present Value of Costs

January 2011

January 2012

0.00

0.00

January 2013 | 2000.00

January 2014 | 2000.00

January 2015, 2000.00

January 2016 | 2000.00

0.00

0.00

1833.49

1781.12

1730.25

1680.83
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January 2017

January 2018

January 2019

January 2020

January 2021

January 2022

January 2023

January 2024

January 2025

January 2026

January 2027

January 2028

January 2029

January 2030

January 2031

January 2032

January 2033

January 2034

January 2035

TOTAL

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

2000.00

0.00

2000.00

2000.00

2000.00

2000.00

1632.83

1586.20

1540.89

1496.88

1454.13

1412.60

1372.26

1333.07

1294.99

1258.01

1222.08

1187.18

1153.27

1120.33

0.00

1057.25

1027.06

997.72

969.23

30141.67
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Appendix H: Massachusetts DOT Church Pre-Construction Condition
Survey

Appendix I: Massachusetts DOT Geotechnical Report

Appendix J: Roof Photos
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