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Abstract 

St. Michael's Association for Special Education, located near Window Rock, AZ, 
is an institution that has been established for the schooling and therapy of approximately 
100 mentally and physically challenged Navajo children and adults. The existing school 
buildings are located on a 20 acre site are structurally unsound, crowded and poorly 
equipped to handle the daily functions of the school. 

FBM has outlined criteria by which the ideal solution to the problems at St. 
Michael's maybe resolved. The selected design alternative is a single, one story, 70,600 
square foot multipurpose building that addresses site, structural, electrical, HVAC, 
plumbing, fire protection, and other concerns of the students, faculty, and staff of St. 
Michael's. 

The building is located on the previously developed portion of St. Michael's site. 
The site is regraded in order to accommodate the building materials and methods chosen 
and to add to the long term stability of the structure. Architectural features of the building 
fall in line with the client's preferences. Masonry bearing walls and steel KCS joists 
make up the superstructure of the building and are supported by continuous footings. 
Pilasters are employed for lateral support. A ground source heat pump is employed for 
HVAC. Solar power supplements 509,000 kWh per year of electricity supplied to the 
building. 

Our design brings about a safe, efficient building that promotes a healing and 
nurturing school environment at a cost of about $7 million. 
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Introduction 

St. Michael's Association for special education (St. Michael's), located in the 
Navajo Nation near Window Rock, AZ, is a special education counterpart of St. 
Michael's School, located in the same town. St. Michael's is part of the original mission 
founded by Katherine Drexel, a recently canonized saint in the Roman Catholic Church 
and neice of Anthony J. Drexel, founder of Drexel University. 

The special education school servesd the needs of approximately 87 children who 
are day students, about 12 of whom are infants. In addition, approximately 20 adults are 
enrolled in St. Michael's assisted living program. All of the students are Navajo Indians. 
About 140 total faculty and administrators are employed either full or part time by St. 
Michael's. 

The 19 existing campus buildings cover approximately 32,000 sq. ft. of total 
building footprint. Several of these buildings show signs of structural damage due to 
apparent soil settlement. Most notably, the cafeteria has experienced settling of up to five 
in. across its floor span of about 85 ft. Many of the buildings are inefficient, exhibiting 
energy loads that are well above current design standards. Most of the buildings are 
cramped, having little space available for necessary daily activities. The disjointed 
buildings create ambulatory difficulties for the students. 

St. Michael's does have the ability to improve its campus. If it provides state, 
federal, and Navajo Nation officials with preliminary engineering design plans for a new 
or augmented school facility, it will be able to apply for funding to do bring th eproject to 
completion. 

FBM has considered many alternatives in designing each system of an ideal 
building for St. Michael's. Site development has been performed so that the placement of 
the building minimizes grading and drainage problems. The geotechnical design provides 
foundations that will support the building with minimal settlement. A masonry block 
retaining weall unifies grading on the site. The architectural design provides the 
amenities the faculty requested, while still conforming to the style of traditional Navajo 
architecture. The structural design provides adequate support for vertical as well as lateral 
loads, employing familiar, economical, and aesthetically pleasing building materials. 
Heating, ventilation, and air conditioning (HVAC) design employs a ground source heat 
pump system to handle building heating and cooling loads efficiently. The electrical 
system employs active solar energy systems to lessen electrical demand. The plumbing 
system provides potable water to all building fixtures. 

Site Development 

Proposed 
FBM proposed to remedy many of St. Michael's settlement, space allocation, and 

stormwater problems through proper site development. The building was to be situated so 
that the students would experience a healthy, nurturing environment. The building 
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location was to be on St. Michael's previously developed site. The building pad was to be 
elevated to maintain a 5% slope for a lateral distance of 15 ft. on all sides of the building 
to allow stormwater to move away. Parking was to be provided for all staff and 
administrators. Utilities were to be rerouted as necessary to connect with the new 
building. 

Design Alternatives 
A campus set up and a single building were considered for the new St. Michael's 

facility. A single building was selected based on the ability to provide for students needs, 
faculty preference, and cost. The building shape and orientation was chosen based on 
grading, geotechnical, architectural, and energy preferences noted in Appendices A, B, C, 
andF. 

Final Design 
The new building will be situated on the existing St. Michael's campus as shown 

on the site plan Appendix A. The existing cafeteria and "solar" classroom building will 
be removed to make room for the proposed building. The building will be oriented so that 
the main entrance faces east in accordance with Navajo custom. Principal hallways will 
be in the north/south direction, along an existing 1 to 2 percent slope, minimizing the 
amount of grading needed to provide a level building pad. 

About 6500 CY of soil will be cut and deposited. No soil will be imported from 
off site. The cut/fill line will be initiated in the NW/SE orientation through the 
approximate middle of the building at an elevation of 6738 ft. Refer to Appendix for 
grading plan and associated calculations. 

The natural landscape slope of between 4.1 and 5.5 percent to the east and west 
of the level building pad remains in order to provide a natural drainage path for 
stormwater. This natural slope dips to the south side of the building and will hold all 
stormwater for a minimum retention time of 5 hours. The fill soil is sloped 5% for a 
lateral distance of 15 ft. on all sides to allow runoff to be transported away from the 
building. Furthermore, four stormwater inlets are located 100 ft. apart on the east side of 
the building. Stormwater collected at these locations is transported beneath the building 
via 4 in. pipes and deposited on the building's west side. Refer to Appendix for 
stormwater calculations. 

FBM will provide a 60 space parking lot located to the south of the proposed 
building. The lot will be gravel covered and underlain by a nonwoven geotextile. The lot 
is configured in a square "U" pattern and allows for two way travel in driveways. Overal 
parking lot dimensions are 140 ft. by 140 ft. The existing 3 percent slope in th earea of 
the proposed parking lot will be maintained to allow for adequate drainage. Refer to 
Appendix for parking lot details. 

Water and sewer lines will be rerouted to the east and south of the proposed 
building. Refer to Appendix for site utility plan. 
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Geotechnical 

Proposed 
The proposed foundation system has been designed to support the superstructure 

of the building while minimizing settlement. A retaining wall has been designed to join 
existing and proposed grade lines. 

Design Alternatives 
A variety of shallow foundation types were considered for the proposed building, 

including spread footings, strip footings, and mat foundations. Strip footings were chosen 
as the best alternative based on the type of superstructure selected and loads expected. 

Final Design 
FBM presents a geotechnical design that will accommodate a 70,600 SF concrete 

masonry building. Continuous strip shallow footings with a base of 4 ft. wide located 4 ft. 
below the proposed building grade (6734 ft.) will be used to support the building's loads 
of about 3.5 kips per linear ft. This foundation will provide a factor of safety of 3.9 
considering general shear failure. Refer to Appendix for bearing capacity calculations 

Differential settlement is minimized, not exceeding one total in. at any location. 
This amount is reasonable to expect and acceptable for the size and type of the proposed 
building. Refer to Appendix for settlement calculations. 

The concrete floor slab is 5 in. thick with steel wire mesh reinforcement. 
Construction joints are spaced every 40 ft. along the major axes of the building. The 
retaining wall will have a total length of 580 ft. around the proposed gymnasium to the 
north, east, and south, and will be a maximum of 15 ft. tall.The wall footing will be 
similar to the strip footing beneath the building, as detailed in the Appendix. It will be 
externally reinforced by a homogeneous bilateral geogrid with a tensile strength of no 
less than 10 kip/ft. An 18 in. permeable sand layer should be installed vertically behind 
the wall to carry water down to weep holes at the wall's base to alleviate hydrostatic 
pressure. Refer to Appendix for all foundation calculations. 

A new boring location plan has been devised to determine soil properties in the 
exact location of the building. The plan may be viewed in Appendix. 

The largest embankment on which a portion of the school will be built has been 
analyzed for slope stability. It has been determined that the slope is stable with the added 
surcharge weight of the building without external reinforcement such as geosynthetics. 
Refer to Appendix for calculations. 

Architectural 

Proposed 
The architectural system proposed was one that could meet the varied and specific 

client needs. This design was to include a one story building composed of several wings. 
Each wing was to have a specific purpose (ie. Separate wings for classroom space and 
administration space). The overall building was estimated to be approximately 68,550 
square feet. FBM also promised several features would be incorporated into each 
classroom space. An extensive list of rooms and areas that will be incorporated into the 
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design. The client also requested to have the adult classrooms distinctly separate from 
the other classrooms, but still in the same building. 

Design Alternatives 
The first alternative explored was a three-wing design with a central entry space 

in the shape of a Hogan. One wing was for administrative needs, one wing was for 
classroom spaces and the gymnasium, and one wing was for the other spaces in the 
building (nurse's office, sound therapy, pottery, and macrame) as well as the cafeteria 
(see appendix C). A rough plan was then submitted for client review. With the client's 
comments FBM has arrived at a final design. 

Final Design 
The final design is similar to the initial design in that it still has three wings 

arranged around a central entry space in the shape of a Hogan. Some of the major 
changes include the addition of two classrooms, a teacher resource room/computer room, 
two small conference rooms and an employee lounge. These additions increase the size 
of the overall building to 70,600 square feet. The adult classrooms were moved to a less 
central space to allow for more privacy, and the nurse's office and sound therapy rooms 
were moved into the classroom wing. Refer to the final floor plan in appendix C. 

The wall construction used for most of the building was and 8" CMU wall, 2" air 
space, 2" insulation, and Vz" drywall with a steel stud backup. 

Structural 

Proposed 
The structural system was proposed to withstand all lateral and gravity loads 

placed upon it. It was to have a maximum bay size of 25 feet, and a maximum deflection 
of L/240 in the steel members. The only major refinement to the design was an increase 
in the proposed bay size. The 25 feet that was proposed obviously overlooked the 
gymnasium and cafeteria. The bay size was also increased in the classrooms to provide a 
more usable space. The final spans of the gymnasium, cafeteria, kitchen, and classrooms 
were increased to 60 feet, 54 feet, 44 feet, and 35 feet, respectively. 

Design Alternatives 
The four main alternatives considered were steel, concrete, masonry wall with a 

precast concrete roof, and masonry wall with a steel joist roof. These systems were 
weighed against criteria such as availability of materials, availability of skilled workers, 
and ability to withstand deflections. A complete list of these criteria is provided in 
appendix D. 

Final Design 
After evaluating the criteria, a masonry bearing wall structure with a steel joist 

roof was selected. The system will resist a total wind load of 6.25 PSF pressure on the 
windward wall, 3.88 PSF suction on the leeward wall, and 5.425 PSF suction on the roof. 
These loads will be resisted using a system of pilasters and cross walls spaced at a 
maximum of 12 feet apart. 
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KCS joists will support the roof for all spans between 10 and 15 feet. They were 
chosen because of their high versatility. Since the exact locations of mechanical units 
and solar panels has not been determined yet. The KCS joists have a constant resistance 
to shear along the entire length of the span. Long span joists will be used for the longer 
span. W8xl0 beams will carry shorter spans. Loads will be transferred to the joists by 
metal roof deck fastened to the top of them. 

HVAC System 

Proposed 
Initial specifications called for interior design conditions of 78 ± 3 F db temperature 
during the summer and 72 ± 5 F db temperature in the winter, with 50 ± 10% relative 
humidity year round. It was also stated that 15-20 CFM/person of fresh outdoor air shall 
be supplied to the interior zones. The design criteria established for this project during 
the proposal phase are as follows: 

• Energy efficiency 
• Low costs (operational/maintenance as well as initial) 
• Comfortable temperature levels 
• Adequate moisture content of air 
• Air cleanliness 
• Adequate supply of fresh outdoor air 
• Proper air distribution and circulation 
• Minimal noise intrusion during system operation 

Design Alternatives 
Several alternatives were considered for this project, each possessing numerous 
advantages and disadvantages. The options receiving the most consideration were: 

• Ground source heat pump system 
• Thermal ice storage system 
• Radiant heating and cooling panels 
• Fan coil units 
• Packaged rooftop air-conditioning units with baseboard heating 

Thermal ice storage was eliminated from consideration once it was determined that there 
is not a large enough difference between electricity charges during peak demand periods 
versus off-peak demand periods. Radiant panel heating and cooling was eliminated 
because there have been many reports that the system has produced unreliable results in 
non-residential applications. Also, the lag-time (time for conditioned space to reach 
desired set-point temperature) involved with the system is high and a cause for concern. 
Fan coil units are highly maintenance intensive, can produce considerable noise intrusion 
in the conditioned space, and also require separate condensing units, resulting in 
additional maintenance requirements and added expense. The use of packaged rooftop 
units to satisfy the entire cooling load would be maintenance intensive and very 

5 



expensive. For information on the systems listed above, refer to Appendix E, Section 
*C\ 

Final Design 
The building loads were found to be 586.2 MBh for heating and 110 tons for 

cooling (see Appendix E, Section 'E'). The system selected for this project is a 
combination of two of the above-mentioned alternatives. Based on the design criteria, it 
has been determined that the use of ground source heat pumps in combination with 
packaged rooftop air-conditioning units is the best system to employ. This hybrid system 
offers many advantages, all of which are addressed in Appendix E of this report. The 
heat pump units will satisfy the heating and cooling requirements of each of the interior 
spaces within the building, including the classrooms, offices, and therapy rooms. 40 
horizontal heat pumps shall be used, ranging from VA to 5 tons of cooling capacity. The 
packaged rooftop units will be utilized as makeup air units, which means that they will 
condition only the outdoor air supplied to the spaces, and not the total air supplied to each 
space. 10 makeup air units shall be utilized for the total building ventilation 
requirements. In terms of the ground coupled heat exchanger, the loop will consist of 
120 bores drilled to a depth of 300 feet. The bores will be 2%" in diameter, and the pipes 
will be 1" in diameter. The total flow rate through the ground loop will be 330 GPM, 
requiring a loop supply and return main sized at 8". The pumps used to circulate the 
brine solution will be two 40 HP pumps. Refer to Appendix E for more information on 
the system design. 

An annual energy consumption calculation was preformed through Energy 10. 
By simulating our building with a normal HVAC system and ground source heat pump, it 
was found that 5.2 kBtu/ sqft. Refer to Appendix E for more information on annual 
energy consumption. 

Electrical 

Proposed 
The overall objective of FBM Design was to provide adequate power for all 

building applications in an energy efficient design. The emergency power supply must 
provide adequate power in case of a power outage. The use of multiple control panels 
will power the separate applications. Daylighting will also be maximized in the building. 
Lastly, all design and construction will abide by the national electrical code. 

Design Alternatives 
The design alternatives that FBM has explored include wind and solar energy. 

Both alternatives were chosen because they are currently implemented in the region and 
are efficient in producing energy. The need to provide alternative means of producing 
energy is caused by a high energy bill. Currently, the entire campus is powered using 
electricity. Therefore, these alternatives will be implemented into the design to ease the 
demand from the utility grid. 

6 



Final Design 
The decisions made by FBM provide the most feasible and efficient electrical 

system. The chosen electrical system must be able to support 509,000 kWh per year. The 
electrical system consists of a primary 13,200-volt service coming in from the utility grid 
provided by the Navajo Tribal Utility Authority (NTUA). The service will then pass 
through the meter. After passing through the meter, the voltage will be stepped down via 
a 277/480-volt transformer. Once the power has been stepped down it will pass through a 
substation, breaking off to mechanical panel and a 120/208 transformer. All power both 
277/480 and 120/208 or both 3 phases services, only at the switchboard were 120/240-
volt service is separated using one of the legs of the 120/208 does the power become 
single phase. The switchboard has a lighting, auxiliary, and emergency panel. The 
system integrates the use of solar power at the switchboard to power the single-phase 
auxiliary power needs. Also lowering the demand from the utility grid are self-contained 
exterior light units, which are solar powered Also incorporated is a generator for the 
emergency power. A complete system schematic is viewable in the back of Appendix F 
along with detailed descriptions of its individual components. 

Plumbing 

Proposed 
The plumbing system has been designed to serve approximately 250 St. Michael's 

students, faculty, and staff. The potable water system will deliver hot and cold potable 
water to the cafeteria, student restrooms located in the classrooms, faculty restrooms, and 
the therapy pools. The wastewater system will convey wastewater from the sinks, toilets, 
and floor drains to the public sewer system, and ultimately deposited into a wastewater 
treatment facility. Another function of the plumbing system is stormwater drainage. 
Pitched roofs and roof drains have been implemented to facilitate this process. 

Design Alternatives 
Most design alternatives pertain to the hot water supply system. The hot water 

distribution system can use tankless water heaters or a boiler and storage tank 
combination to supply sufficient hot water at the fixture. Since FBM plans to use solar 
energy to generate hot water, there must be a storage tank to hold the hot water generated. 
This decision eliminates the use of tankless water heaters for primary hot water 
generation. FBM has decided to use a water heater to both supply the hot water and store 
it. The large capacity water heater serves a dual purpose as heater and storage tank and 
appears to be more economical than a separate boiler and storage tank combination. 

Final Design 
The final water distribution system will enter the building in a 3 inch supply main 

at a flow rate of 142 gallons per minute and a velocity of 7 feet per second. The water 
service will then split to 126 gallons of cold water and 72.5 gallons of hot water each 
minute. An explanation of why the hot and cold do not add to the total flow rate is 
included in Appendix G. A 600 gallon electric water heater will supply/store the hot 
water. The hot water loop will be circulated by 3A horsepower in-line centrifugal pump. 
The sanitary system will include vents and traps to safely prevent waste gases from 
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entering the building. The building sewer will be 4 inch diameter and slope of 1/4 inch 
per foot. 

Constructibility 
The phasing of construction for the proposed building has encountered a number 

of concerns. The process of construction is an inherently difficult issue from the nature of 
the project. St. Michael's is a year round institution; therefore, construction should be 
quick and quiet, occurring whenever possible at off peak times of the day so as not to 
disturb the daily work of the students and faculty at the school. All construction will 
ideally be completed in the summer when the student population is lowest. 

The most important construction phasing issue is the cafeteria/kitchen area. 
Coincidentally, the existing and proposed kitchens lie almost exactly in the same place. 
Thus, the kitchen equipment should be moved out of the existing cafeteria into a 
temporary structure for most of the project. The proposed cafeteria/kitchen can be built 
first, although the grading for the whole site must be completed before the erection of any 
part of the permanent structure. 

Economic Analysis 
Three alternatives for the overall procedure of the project have been considered. 

Realizing that St. Michael's ideal building design, according to our building program 
outlined in the proposal stage of this project may exceed the estimated funding available, 
FBM could have cut back on the design so that the project would fall entirely within the 
expected funding value, design the structure in phases so that the whole project could be 
ultimately completed when more funding became available, or design the ideal building 
in the hope that more funding would become available sooner with a fallback on building 
in phases. FBM chose to design the ideal building. 

After the design of all systems, FBM is under the projected ideal building budget. 
The building total is currently $6.7 million, as opposed to the $8.2 million estimated in 
the proposal. For a system breakdown of proposed budgets, refer to Appendix H. 

Schedule 
Research and preliminary system investigation took place beginning in June, 2000 

and proceeded until December. System alternatives were evaluated and selected during 
January, 2001. Preliminary system design proceeded through February and March. 
Additions and alterations to the preliminary design have been performed through May. A 
detailed schedule is presented in Appendix I. 
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APPENDIX A: SITE DEVELOPMENT 

• SITE BACKGROUND A-2 

• PROPOSED BUILDING LOCATION A-3 

• PROPOSED GRADING A-4 

• STORMWATER MANAGEMENT A-5 

• PARKING A-6 

• SITE UTILITIES A-7 

• ALTERNATE SITE CONSIDERATION A-8 
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Site Background 

Saint Michael's Association for Special Education is located in the Navajo 

Nation, near Window Rock, AZ. At the southern tip of the Rocky Mountains, the 

landscape exhibits arid, desert like conditions. 

The site exhibits a moderate grade of about six percent sloping downward toward 

the southwest. Grading operations for existing buildings were performed on an individual 

basis, not in combination with other buildings. The elevation of the existing buildings is 

approximately 6700 to 6750 feet above sea level. 

Several existing buildings on St. Michael's site lie directly in a natural drainage 

swale area where occasional seasonal rains drench the area and result in water infiltration 

into buildings and erode soils. This activity has indirectly caused structural damage to 

buildings by compromising the integrity of the building footprints. 
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Proposed Building Location 

The proposed building will be situated on St. Michael's existing site as shown 

on the site plan. The existing cafeteria and "solar" classroom buildings, two of the most 

outdated and structurally deficient buildings, will be demolished in order to create 

space for the new building, as shown on the demoition plan on page A-2.2. The 

elevation of the proposed building is 6738 ft. 

The chosen site has several advantages over other site alternatives, including the 

preservation of St. Michael's undeveloped space on campus, the ability of the site to 

sustain architectural preferences of the client, and the minimal amount of grading that 

will have to be performed, as detailed on page A-3. 
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Proposed Grading 

The proposed grading for St. Michael's provides a level building pad at 6738 ft. 

Approximately 7,000 cubic yards of earth will be cut and redistributed on site as shown 

on the site plan. 

Three ft. outside each exterior wall of the building, an 8 ft. wide sidewalk is 

provided. Immediately beyond the sidewalk, the ground slopes away from the building at 

a 5% slope for a lateral distance of 15 ft. Embankment fill areas beneath the building on 

its west side are typically 2 to 5 ft. However, the maximum embankment height is 9 ft, 

located beneath theproposed cafeteria area.each embankment employs a 4H to IV slope 

to join the existing and proposed grades. 

An embankment stability analysis has been performed for the highest 

embankment under the greatest load (the embankment beneath the cafeteria). The results 

have shown that the slope is stable and external reinforcement of the slope by 

geosynthetics or similar materials is not necessary. Calculations can be found in 

Appendix B. 

Approximately 7000 cu. yds. on soil will be extracted and redistributed as shown 

in the proposed site plan, this soil will be primarily clayey sand with a unit weight of 

about 109 pcf. Using a 3 cu. yd. backhoe, 250 cu yds. per hour can be excavated at a cost 

of about $1 per cu. yd. Using three 20 cu. yd. dump trucks, 7.5 loads per hour can be 

transported to the appropriate fill area at a cost of about $2.30 per cu.yd. A spreader will 

be used to level the building pad at a cost of about $1.10 per cu. yd. Using these rates, the 

regrading process is estimated to take about two weeks and cost a total of about $60,000. 
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Stormwater 

The proposed stormwater drainage plan is designed to eliminate the drainage 

difficulties encountered on the eisting site, including the alleviation of large quantities of 

standing water that are present after storms and other drainage problems that are 

associated with building settlement as noted in Appendix B. 

The level building pad is implemented at 6738 ft. The natural landscape slopes of 

about 4.2% to the southeast, 5.5% to the west and 6.0% to the northeast will remain in 

order to provide a natural drainage path around the proposed building. In addition, 4 

stormwater inlets located along the east side of the building spaced about 75 ft. on center 

as shown on the site plan, will be implemented. These inlets will deliver stormwater to 4 

in. diameter PVC pipes sloped at 8% that will transport water under the building to the 

west side. 

All soil immediately outside of the sidewalk area around the building will be 

sloped 5% for a lateral distance of 15ft. to allow rainfall and roof runoff to flow away 

from the building as per the recommendation of Agra Inc., of Farmington, NM. On the 

west side of the building, a slope of 15% will be implemented as shown on the site plan 

to connect existing and proposed grade lines. 

A 25 yr. storm for the geographic location of St. Michael's is 2 in. over 24 hrs 

(National Weather Serice data). Peak runoff has been determined using the rational 

method. Using C = 3.0 and a rainfall intensity of 1" per hour, peak runoff has been 

determined to be 6,600 cu ft. The capacity of the existing swale to the south and west of 

the proposed building exceeds this amount, providing a 25 yr. storm a retention time of 

4.4 hrs, far above the design standard of 10 min. See the following page for stormwater 

calculations. 
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Parking 

A square, 60 space parking lot with a U-shaped driveway located to (he south of 
the proposed building is provided, the driveway of the parking lot is connected to the 
main access raod to the school at the east and west ends as shown in the site plan. Overall 
dimensions will be 140 ft. per side. Individual spaces will be 19 ft. long and 9 ft. wide. 
Four handicapped spaces, 19 ft. long and 13 ft. wide are also provided in accordance with 
ADA. Four rows of cars will be separated by two driveways as shown on the site plan. 
Driveways will be 22 ft. wide and will be made of the same base course material as the 
parking lot. Driveways will be orthogonal to the parking space orientation to allow for 
easy entry or exits from spaces when cars are traveling in either direction of the 
driveways. 

The lot will be gravel underlain by a nonwoven geotextile applicable for the 
separation of soil and grave! particles. The existing grade will be maintained at about 
5.1% to allow for adequate drainage as shown on the site plan. 
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Site Utilities 

Potable water, sewer, and electrical utility lines currently exist as shown in the 
existing site plan. AH utilities are provided by the Navaho Tribal Utility Authority. 
Utilities will continue to be supplied to the proposed building from this company. 

Water and wastewater lines will be relocated around the proposed building as 
shown in the proposed utility plan. Both lines will be rerouted to the southand west of the 
building. The natural existing slope of about .5% will provide adequate gravity flow 
through the pipe. The electrical lines will be connected to the proposed building after 
construction. 

A groundwater heat pump well grid will be drilled at the south of the proposed 
building area as shown on the site plan. It should be noted that the well grid is shown 
here only in order to give an idea of the relative size of the grid. The grid need not be laid 
out in a geometric square pattern as shown. For ease of maintenance, it would be better to 
not locate the grid directly under any part of the building. The exact location of the grid 
should be determined with regards to construction scheduling and landscape architecture, 
which are outside the scope of this project 
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Alternate Site Consideration 

At the presentation of the progress report to St, Michael's on March 20, 2001, an 
alternate site plan was discussed. The possibility was raised by H. John Sivroy, a private 
managerial consultant for St. Michael's, of removing the proposed retaining wall from 
the east side of the building, relocating it to the west side, and filling the entire area in the 
middle. Due to the magnitude of the task of determining the feasibility of this solution, 
FBM has decided not to explore the possibility during the completion of this Senior 
Design Project. 

A number of issues would need to be investigated if this design was to move 
forward. First, the availability of the enormous volume of fill required to grade up the 
approximately four acre building area would have to be noted. This fill would have to be 
well graded non-plastic soil similar to that of the in-situ first 15 ft. of soil at St. Michael's 
in order for the proposed foundations to perform satisfactorily. The cost effectiveness of 
moving and adequately placing about 100,000 cu. yds. of such fill would then have to be 
evaluated. 

The west side retaining wall would then have to be evaluated. Instead of a 14 ft. 
high retaining wall at the east side, the west side wall would be about 30 ft. high and 
would have to negotiate the added lateral earth pressure induced by the weight of the 
building behind it. 

Because of the magnitude of the analysis needed to determine the feasibility of 
this task, and because of many obvious potential pitfalls including but not limited to the 
ones noted above, this alternative is rescinded for consideration of the St. Michael's 
board. 
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Soil Survey 

This soil survey is based on a geotechnical sludy performed in 1997 by Agra 
Earth and Environmental Services, Inc., Farmington, NM. Nine test borings were 
performed inside and around the existing cafeteria building. Refer to page B-8 for the 
boring location plan. 

The existing soil at St. Michael's exhibits four major strata at the following average 
depths: 

• Fill, silty sand (SM), from average depths of 0 to 2 ft., 
• Clayey sand (SC), from average depths of 2 to 7.5 ft. 

• Silty clay (CL), from average depths of 7.5 to 18.5 ft. 

• Auger refusal occurs at an average depth of 18.5 ft. Spoon refusal occurs at an 
average depth of 20 ft. 

No groundwater was found in any of the boring locations, although samples were 
generally moist. 
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Soil Analysis 

Soil in stratum one (Fill) is comparable to the clayey sand layer beneath it in color 
and density. It is probable that the fill was taken from elsewhere on the 20 acre St. 
Michael's campus and compacted in place on the existing cafeteria building pad. 

Soil in strata two and three (SC and CL, respectively) are normally consolidated 
residuals. These soils exhibit low densities averaging 104 pcf, medium plasticities with 
plasticity indexes averaging 20, and high compressibilities, averaging about 7 percent 
compression in-situ. 

As a result, soils typically exhibit low ultimate bearing capacities at depths where 
foundations are located (0 to 2 ft. below the surface), averaging one tsf. Furthermore, 
stratum two exhibits a high primary consolidation number, although it is impossible to 
precisely calculate without building surcharge load data, which is unavailable. 

Spoon refusal occurred at an average depth of 20 ft. No rock core samples were 
taken. From the geologic history of the area, it can be concluded that the area is underlain 
by moderately to slightly weathered sandstone. 
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Geologic Survey and Conclusions 

Arizona has a complex geologic history that spans 1.8 billion years and resulted in 
the formation of three geologic provinces: the Colorado Plateau, Transition Zone, and 
Basin and Range Province. Our site lies in the Colorado Plateau in northern Arizona. It is 
a region of broad plateaus and mesas composed of picturesque sedimentary rocks 
deposited during the Paleozoic and Mesozoic Eras (570 to 245 million years ago). On the 
Geologic Map of Arizona, the Colorado Plateau includes the large region shown in light 
shades extending from the northwest comer south and east to the middle of the eastern 
boundary of the state. The Plateau is incised by deep canyons, such as the Canyon de 
Chelly, which are illustrated on the map by the purple and brown colors that represent 
deeper rocks exposed in the canyons. 

It may be noted from the geologic history of the region and the fact that no 
buildings were built on St. Michael's site before the school's campus that soils on site are 
normally consolidated. 
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Geotechnical Conclusions 

Based on observed structural conditions in St. Michael's existing buildings, the 
soil survey provided by Agra Inc., and accompanying soil lab testing and analysis, it can 
be concluded that several buildings on campus, especially the cafeteria have experienced 
building settlement. Most of this settlement has probably occurred as primary 
consolidation in the stratum three, the silly clay layer from average depths of 7.5 to 18.5 
ft. 

It can also be concluded that stormwater infiltration into the building area has 
exacerbated the consolidation settlement. Secondary consolidation may be a result of 
dissipation in pore water pressure below some buildings, which may result in further 
overall settlement. 

It is estimated that parts of the cafeteria building may have settled between 0.5 
and 1.0 in. since the current geotechnical survey being used for analysis was performed in 
1997. Furthermore, it is likely that building settlement will continue in the if actions are 
not taken to remediate the situation. 

The proposed geotechnical design considers low ultimate bearing capacities of 
approximately 1.0 tsf. In addition, differential building settlement should be minimized, 
with no part of the building experiencing more settlement than 1 in. total. 

* 
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Proposed Foundation 
The proposed foundation for the new St. Michael's Facility consists of continuous 

wall footings located under each load bearing concrete masonry wall (four along each 
axis of the building). The footings will be cast in place concrete four ft. wide and one ft. 
thick, with its bottom surface at Elevation 6733 ft., four ft. below the proposed grade of 
the building. 

The footings will be used to support the building's vertical loads of 3.5 kips per 
linear ft, supplying a factor of safety of 3.9 against general shear failure. Furthermore, 
total building settlement of more than 1.0 in. will be prevented. Refer to the following 
sheets for calculations. 
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^"^ i^eat Sunlit r 
gamma (pcf) 
phi (deg) 
c (psf) = 

104.5 
14 

365 

(No geosynlhelic reinforcement) 

slice (n) 
1 
2 
3 
4 
5 
6 
' 
Id 
id 

10 

width of slice (ft) 
10 
10 

lenqlh of slice 
1 
1 

10 1.5 
10 2.5 
10 3.5 
10 4 
10 4 
10 4 
10 4 
10| 3.5 

sum 

Area(ftA2) 
10 
10 
15 

27.5 
37.5 
42.5 
42.5 

40 
4 0 
35 

300.00 

Weiqhl (lbs) 
1045 
1045 

1567.5 
2873.75 
3918.75 
4441.25 
4441.25 

4180 
4180 

3657.5 
31350 

Thela {d 
-25 
-22 

-20 
-12 

Thela (rads) 
-0.4361111 
-0.3837778 
-0.3488889 
-0.2093333 

-9 | -0.157 
o| o 

10 
15 
2C 
25 

I 0.17444444 

Ni(kN.m) 
947 
969 

1473 
2811 
3871 
4441 
4374 

0.26166667 4038 
0.34888889 3928 
0.436111111 3315 

30167 

sum 

[Ni'tan(phi)+c*ti] (fWbS) 
266.0 
271.5 
397.1 
730.5 
994.5 

1136.7 
1119.9 
1036.2 
1008.9 
7547.5 

14508.9 

[Wi'sin(thetai)] (ft-lbs) 
9.2 

-954.0 
841.1 

-1184.3 
0.0 

-2416.1 
2888.1 
3816.1 
-553.2 

0.0 
2446.8 

[W (surcharge)"sin (thetal)] (lbs) 
30.9796 
•3195.3 
1878.01 
•1442.4 

0 
-1904.1 
2276.01 
3195.31 
-463.23 

0 
375.273 

Wi'sln(thetal)#R 
=> 19574.49862 

yi(ft) 

sum 

Ti-yi (Ib-ft) 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
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Proposed Retaining Wall 

The proposed retaining wall rises a maximum of 14 ft. above the proposed grade 
of Elevation 6738 ft. It will be constructed of 8 in. concrete masonry block, with a 3 ft. 
deep concrete footing, as shown in the following section. It will be reinforced with 10 
and 15 ft. lengths of geogrid having a machine direction ultimate tensile strength of at 
least 10 kip/ft„ An 18 in. sand layer having a transmissivity of at least 0.01 cm/sec will 
be installed vertically behind the wall. Drainage will be through weep holes 4 sq. in. and 
spaced every 10 ft. along the base of the wall at a height of 1 ft. above the finished 
ground surface. Refer to the following sheets for diagrams and calculations. 
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FBM Engineers 
Geotechnical Calculations 

Number 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Depth (ft) 
0.93 
1.6 

2.27 
2.94 
3.61 
4.28 
4.95 
5.62 
6.29 
6.96 
7.63 
8.3 

8.97 
9.64 
10.31 
10.98 
11.65 
12.32 
12.99 
13.66 
14.33 

spacing (ft) 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 
0.67 

Le (ft) 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
036 
0.36 
0.36 
0.36 
0.36 

Le min{ft) 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

Lr (ft) 
14.27367 
13.7504 

13.22713 
12.70386 
12.18059 
11.65732 
11.13405 
10.61078 
10.08751 
9.56424 
9.04097 
8.5177 
7.99443 
7.47116 
6.94789 
6.42462 
5.90135 
5.37808 
4.85481 
4.33154 
3.80827 

3/8/2001 

Lcalc (ft) 
14.77367 
14.2504 

13.72713 
13.20386 
12.68059 
12.15732 
11.63405 
11.11078 
10.58751 
10.06424 
9.54097 
9.0177 
8.49443 
7.97116 
7.44789 
6.92462 
6.40135 
5.87808 
5.35481 
4.83154 
4.30827 

Lrqd (ft) 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



1997 Boring Location Plan 
Boring Plan Notes 

The following boring location plan illustrates the locations of nine borings 
performed on St. Michael's campus during September, 1997. The information discovered 
during this site exploration is still valid for the proposed project. However, supplemental 
borings must be performed in order to generalize the findings for the rest of the proposed 
new building site. 
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Proposed Boring Location Plan 

Boring Plan Notes 

Proposed boring names and locations are noted on the following plan. Borings are 
spaced approximatley 200 ft. on center in major corridors of the building. Borings should 
be performed before any other action on the site, including the drilling of the ground 
source heat pump well grid. 

No borings are proposed for the south side of the building because of its 
proximity to the area already explored by Agra, Inc. in 1997 and the proposed ground 
source heart pump well grid. After other borings have been performed, a field 
geotechnical engineer should observe the drilling of the wells and examine cuttings to 
determine similarities or differences versus the expected fill based on the results of 
previous sampling. If notable differences in strata are observed, additional borings in the 
area may be required. 
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Appendix C: Architectural Appendix 

Wall Construction C-2 
Roof Construction C-2 
Acoustics C-2 
Overall Building Design C-2 
Calculations: 

Wall temperature and moisture gradients 
Drawings: 

Perspectives and Elevations 
Floor Plan A-l.l 
Office Wing A-2.1 
Miscellaneous Wing A-2.2 
Gymnasium and Cafeteria A-2.3 
Classroom Wing „.„„ A-2.4 
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Wall Construction 
The wall construction for the majority of the building will be a 8" masonry wall, a 

2" air space, 2" of insulation, and V%y drywall with a steel stud backup. Using this design, 
the winter conditions of the site require that a vapor barrier is added to keep moisture 
from accumulating in the wall. See the calculations later in this appendix. 

Roof Construction 
The roof construction will consist of built-up roofing on top of a layer of 2" 

insulation which is all supported by 1 W\ 20 gage metal roof deck. This whole 
construction will be supported by roof joists and beams which bear on the concrete 
masonry unit walls. 

Acoustics 
Acoustics is a concern in two areas of the building. The first area is in the sound 

therapy rooms. The students need a place free from distraction where they can have their 
hearing testing. FBM suggests a small booth where they are separate from the people 
doing the testing. A cut sheet has been provided later in this appendix for a room such as 
this. The other area where acoustics may be a concern is in the gymnasium. FBM 
suggests the implementation of sound absorbent materials placed in the ceiling to keep 
sound from echoing throughout the large space. 

Overall Building Design 
Great care was taken to be sure that the architectural program met the varied needs of the 
client. St Michaels was happy with the initial program, but had several suggestions for 
improvement: 

• The main suggestion the client gave was an increase of the number of classrooms 
from six to nine. The client felt that the campus would have expanding needs and 
therefore need additional classrooms. 

• They also expressed a possible need for additional meeting space so two 
additional conference rooms were added to the office wing- They also requested a 
100-seat auditorium space, however FBM was unable to supply this. Instead the 
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cafeteria was equipped with a large stage area and versatile seating area so that it 
can be easily transformed into an auditorium setting if necessary. 

• St Michaels expressed a need for a computer/resource room for the teachers to 
utilize for email and Internet needs, so a room was added. 

• The client wanted to see a staff lounge for their teachers to relax and get away 
from things for a while. This area should include a kitchenette, vending 
machines, and couches for seating. This room was also added. 

• An expanded nursing staff is expected in the near future of the school, so they 
asked that the nurse's office be enlarged to accommodate three nurse's offices. 

• A more detailed outline of the offices needed was provided to FBM to make the 
design of the office area easier. This new information made the office area grow. 
These offices include: 

o Education Administration 

■ Director of Education (with secretary) 

■ Assistant to the Director of Education 

■ Education compliance 

■ Family services 

■ Social Services 

o Residential Administration 

■ Director of Residential (with secretary) 

■ Residential Supervisors (3 of them and I'm assuming they could all 
share an office) 

o Developmental Supports Administration 

■ Director of Developmental Supports (with secretary) 

■ 1 office for several part time workers 
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o Administration 

■ Executive Director (with secretary) 

o Information Technology 

■ Director of Technology 

■ Office for troubleshooter 

o Development Office 

■ Coordinator 

■ Large work area room 

o Business & Operations 

■ Director of Business & Operations 

■ Assistant to the Director 

■ Human Resources office 

■ Accounts Receivablc/Payable/Accounting Manager (3 people 
sharing I office) 
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Homework #3 Justin Ruby 
AE544 
5/24/01 

Summer Condit ions 
Description 
Inside Air Temperature 
Inside Air Film 
1/2" Gypsum Wallboard 
2" Insulation 
2" Air Space 
8" CMU Wall 
Outside Air Film 
Outside Air Temperature 

TOTAL 

R 

0.68 
0.45 
11 

0.77 
2.2 
0.25 

15.4 

Delta T 

1 
0 
11 
1 
2 
0 

I 16 

Temp 
78 
79 
79 
91 
91 
94 
94 
94 

SVP 
0.96665 
0.99899 
0.99899 
1.4671 
1.4671 
1.6102 
1.6102 
16102 

I 

Rep 

0.008 
0.02 
1.25 

0.004 
2.4 

0.008 

3,69 

Delta VP 

0.000 
0.001 
0.058 
0.000 
0.112 
0.000 

0.171 

AVP 
0.483 
0.484 
0.485 
0.543 
0.543 
0.654 
0.655 
0.655 

| 

Pressure Gardient 

1.6102 
1.4671 

2.000 

1.6102 " 1-500 
0.99899 1.4671 

0.99899 
0.96665 0.654 

0.485 J>-543 -♦•-•♦0.655 
♦ - • • ♦ - ♦ * * \ - \ v " 
0,483 0.484 

0.543 

i.000 jS 
Si 
Q. 

0.500 

L 0.000 
--AVP—a—SVP 



Homework #3 Justin Ruby 
AE544 
5/24/01 

Winter Conditions 
Description 
Inside Air Temperature 
Inside Air Film 
1/2" Gypsum Wallboard 
2" Insulation 
2" Air Space 
8" CMU Wall 
Outside Air Film 
Outside Air Temperature 

ITOTAL 

R 

0.68 
0.45 
11 

0.77 
2.2 
0.25 

I 15.4 

Delta T 

2 
2 

37 
3 
7 
1 

I 52 

Temp 
68 
66 
64 
27 
24 
17 
16 
16 

I 

SVP 
0.690 
0.644 
0.601 
0.143 
0.124 
0.089 
0.085 
0.022 

Rep 

0.008 
0.02 
1.25 

0.004 
2.4 

0.008 

| | 3.69 

Delta VP 

0.001 
0.002 
0.114 
0.000 
0.220 
0.001 

0.338 

AVP 
0.345 
0.344 
0.343 
0.228 
0.228 
0.008 
0.007 
0.007 

I 

Pressure Gardient 

0.690 

0.344 
♦ - ♦ - ♦ . 

0.345 0,343* "*V 0.228 0.228 

0.143 
0.089 0.085 

0.124 

--AVP SVP 
0.008 0-007 

- 0.700 

- 0.600 
■ 0.500 a 

0.400 w 
(A 

• 0.300 ^ 
• 0.200 

• 0.100 
- 0,000 



Homework #3 Justin Ruby 
AE544 
5/24/01 

Winter Conditions 
Description 
Inside Air Temperature 
Inside Air Film 
1/2" Gypsum Wallboard 
6-mil Polyethylene Sheet 
2" Insulation 
2" Air Space 
8" CMU Wall 
Outside Air Film 
Outside Air Temperature 

R 

0.68 
0.45 

0 
11 

077 
2.2 
0.25 

Delta T 

2 
2 
0 

37 
3 
7 
1 

TOTAL | 15.4 | 52 

Temp 
68 
66 
64 
64 
27 
24 
17 
16 
16 

SVP 
0.690 
0.644 
0.601 
0.601 
0.143 
0.124 
0.089 
0.085 
0.022 

" 

Rep 

0.008 
0.02 
3.333 
1.25 

0.004 
2.4 

0.008 

7.024 

Delta VP 

0.000 
0.001 
0.160 
0.060 
0.000 
0.115 
0.000 

AVP 
0.345 
0.345 
0.344 
0.184 
0.123 
0.123 
0.008 
0.007 
0.007 

0.338 | 

Temperature Gradient 

64 
64 

75 
-65 
• 55 
-45 £ 

h 35 
24 

27 .17 
- 25 
- 15 

- 5 
- -5 
■ - 1 5 

I 
Pressure Gardient 

0.690 

0.601 

0.345 \ 0.344 
• > 0 . 1 8 4 \ 0 1 4 3 

0.089 

0.124 0.123 0.085 
* V A v ♦ 0.007 0.008 

• 0.700 
■ 0.600 
■ 0.500 g 
- 0.400 « 

CO 

r °'300 a 
- 0.200 

0.100 
■ 0.000 

--AVP ■SVP 



Homework #4 Justin Ruby ■ 
AE544 : 

Month 

January 
February 
March 
April 
Vlay 
June 
July 
Auqust 
September 
October 
November 
December 

Mean 
Outdoor 

Temp 
31.9 
39 

45.5 
53.3 
62.3 
72.2 
78.2 
75.7 
68.2 
56.2 
43.9 
33.1 

Saturated 
Vapor 

Pressure 
0.179542 
0.23819 
0.30604 

0.409456 
0.565964 
0.796552 
0.973118 
0.895802 
0.695012 
0.455088 
0.287904 
0.188458 

Totals | I 

Average 
Outdoor 

RH 
42.5 
40 

36.5 
32 

29.5 
27 

35.5 
39.5 
40.5 
38.5 
41.5 

45 

Average 
Outdoor 

VP 
0.07628 
0.09525 
0.11166 
0.13098 
0.16692 
0.21525 
0.34579 
0.35415 
0.2817 
0.17532 
0.11944 
0.08482 

Winter 
Wetting 

0.304068 
0.24542 
0.17757 

0.074154 

0.028522 
0.195706 
0.295152 
1.320592 

Winter 
Drying 

0.399044 
0.581302 
0.627323 
0.541652 
0.413312 

2.562638 

Summer 
Wetting 

0.165848 
0.1072 

0.03935 

0.057486 
0.156932 
0.526816 

Summer 
Drying 

0.064066 
0.399044 
0.581302 
0.627328 
0.541652 
0.413312 
0.109698 

2736402 

Winter Indoor Design Conditions: 
Air Temperature: 78 
Relative Humidity: 50 
jVapor Pressure: 0.48361 

Summer Indoor Design Conditions: 
Air Temperature: 68 
Relative Humidity: 50 
Vapor Pressure: 0.34539 

Mean Outdoor Temperature Information Courtesy of: 
http://www.ncdc.noaa.qov/ol/climate/online/ccd/meantemp.html 

Average Outdoor Relative Humidity Information Courtesy of: 
http://www.ncdc.noaa.qov/ol/climate/online/ccd/avgrh.html 

Average Outdoor Vapor Pressure Calculated Using: 
http^//wwyy. linric.com/webpsy.htm 

http://www.ncdc.noaa.qov/ol/climate/online/ccd/meantemp.html
http://www.ncdc.noaa.qov/ol/climate/online/ccd/avgrh.html
linric.com/webpsy.htm


Philadelphia Industrial Building Wetting and Drying Cycles 

r / S 
Month 

Saturated Vapor Pressure Average Outdoor Vapor Pressure 



BULLETIN 5A10l.fi 
400-A SERIES 

ROOMS FOR THE MEDICAL 
AND LIFE SCIENCES 

Fgrffth 
^9 Tat 

Generation IAC Sound Isolation Rooms Feature: 
Textured Stee/ Finish — outside and inside surfaces 

•Aluminum-Trim "Pressure-Sealed" acoustic window 
• Interchangeable panels 
• "spaSA VERB" ventilation built into roof panels 

■STATEOFTHEAHTNOISERCDUCT10NDATA • TYPICAL REVERBERAIION TIMES • FLUSH MOUNTED DOORS • CAM-UITHINQES 
.CRAVITYTHRESHOIDCOMPRESSIONSEALS - MAGNETIC DOUBLE KQiSl LOCK' PERIMETER SEALS • PBOVSN PERFORMANCE 

'"i:::; ,—, controlled environ mo nt s lor acouslics/r.t/60 cyclo/vibratlon/tomporaturolhumldity 
vv.«sHW, 

US M * N * tW*r iac INDUSTRIAL ACOUSTICS COMPANY 

5A10l.fi


400-A SERIES 
IAC plsneered the development cf prefabricated rooms lor the MediralVe Sciences. "4Q0-A" 
Senes Rooms are \n$ most wtd*ry used (owns of their kind. Thousands ate m successful opera 
ton [f-roughd'jt the United States arid atrcad. 

AH types of mEiiwtefrents reeling the e«luscn of sourd can te made instfe these rooms 
v;hen located in areas o' "ncrmar amhiert. The definition of "formal" may vary with tfe type 
of measurements invoked Our Advisory Services. uifang the tatest sound measuring equip 
ment. a-'e avalahle far consu'taiion at no change. 

Rooms are constructed of 4 in I I D?mml modular panels and provide the rehired acoustic en-
VKcrvnenl to conduct valid pure tone air and bone conduetcn tests, speech tests, and 
audiclogcal. psycholago!, feart sounds, auscultation and cardiography eiaminaton ana 
research Modes afe desgred lot either individual or muKpte occupancy 

All rooms are supo'ied w in top partpfmarca Nose-Loc** Doors with flush-mounted. cam-ift, 
butt type hinges. duiKe positrre magnetic sea's at head atd pmb whxh effect a swretabsorrjrng 
fclvrinth Hairessng the pfinctfa of gravity and magnetism, PSSS untcue doers achieve relate 
n-fieW acuusticai pertr/marte. A sound-tight seal results as ire cam action ol lACs unique hinges 
compress the bottom seal firmly against the sill eliminating a hazardous step in:o tne room. 

IAC "spaSAVER"" forced ventfetion intake and discharge sJcncei systems are standard eouip-
ment and bu'lt mio the roof panels. Ihe wntibtion system matches the acoustca! environmeni 
prDAfed Dy the room ttseH Perfected after years o) BSD in our own Aero Acoustic Laboratory. 
a c the firest and only one ol its type 

Rooms may also be direct fy coupled lo an etsting a* conditioning system va lie<&e cornec-
isrs Additional pacVjged sound attenuators m the air randftoning intake and exhaust lines may 
be required ard supplied 

Hon than 300 types ol cefguratons and layouts are evafcbte. Theie provide f>j< ihe misi-
caanggav*t>* of Wbioew, doo\ tool, pewe panels, and other components. 

W"„"M-

It 
L t M i l " 1 

I 

F U H t K i m 

'^ff&SSm 

. . ( - i -T |/"5r«pi 

(■-JACK 

STANDARD ROOM FEATURES 
i IAC acaSAVER' " ce l l i ng parxj is con ta in ing a n all- in-one forced 

■■eMhiaitOft l y s ' e m *> tn b u ' t M n in ta*o ana eanaust s i l e n c e s 
2 Ucee>t 400-A ara 407-A o'fa*aiia^l'l"i*otrpvseteor,tiguta-

f o i l pfrmilMg 000 ' *«?d wndow D*"*' vacations. MO0M 4C2-A. 
403-A. 404-4. and 4CS-A ax- a u i H W ' n D r t r 300 type* a-viecnltg 
ura t to ru 

3 Fo jMncn- iR ich OOZmrn) durable non-com DO stir>'e NoQ»lOCJ( i t M l 
panels — m no»so reduc t ion co«!l«i«r«»» o l 0 9 5 l M 0 ) a » !e»tee In a 
recogn ised independent and opp 'O 'Cd acous t i ca l f ebP 'a lO i j 
A C O J S I I H o i e " * f ioor e n -,:"■■■ v i t r i i t i cn iso la tors 

b S p w W y rJOHrrml 2 ? b u Q i d l (S immi Hoiw- ioc fc R u s h Moiif i ino 
Cam-UN Mao no l ie S o i l Door. 

6 Dojbte-glaxed 24 in 130 in. reiOnun *76?r ;n i )Ncn».Uoe«». i r»30* 

7 Jack P*n»l S»w> Horn S on back M g « o f I M J Bu ' tq l ln for d ? t a i ' * d 
sr>«cilicaiiOAs on lac* oan«l 

5. nccesssd mc a " d e s c e n t n g m l i i l j r o s r>'«v>ircd * t i n cower co rd 
fo i connec t i on t o power p a n e l 

0. Power panel ( t a c t c y p ren i red and Mo5P«tal Grade) 
i n i w i o ' - t w o (2t tockor i w i t c r « « : « K C W S d ^ d ' a n s 

-one ( i ) d u p l e i mcep^ac ip 
e* ter io t - i * a (J) dupto> receptac les to pt- jg i n tignt a i d - a n * 

- o n e { I t 10 f l <JO*efirot l ong pCfWM cord tor connec t i on 10 
s l a n d a i d H O V o y H e t . 

10 Carpet 
11. Co'or: Desert &a<ui$ 

i N e w L o c * dovbe-c*A.-eci i 2 m ■ i 2 h 
(305"im i a o f v - i j -r.ir.aovi i n d e c . 

2 Addhboa l H0iin*LOck d ' > t b * c ! « M w.irv 
COW*. 

1 C 'n ; A j . g lass NOCMlOCJl window l u B i l t 
t j?cc for starwiard 

4 0 " « w a y N o i s e - l o c * g i a s a o n n . - j i - g r a u . 

OPTIONAL EQUIPMENT 
AvMAfcE M *CO' iO.»i C « r 

S. Light l ight shades w ' l n frames. 
0 Quiei f (uo«eKeni I f i h a w i n remote bal lasts 
7 Irr lorcom By I t cm 
B. RF afxl tUcVOai l l tC snrcld-ng. 
9. Pow^y UUct . 

10 On I SHe wood gram vin>l f inish 
11. Special outside or inside paint c ^ o r s . 

' 2 . Special ia~* pane's, cutouts and p tug i . 
' 3 Huf fMRy and ' r r - r w a t u ' e c o n t r o l 
14 Recessed v e » M ^oc*s 
I? Ton* tormica s(*~«vs 
lC. S f -ou l i e t p \ j a - n power strrp. 
1 ^ U l l n c - r » s v a n ! pan * ! * and d o f con. 

StfUCt^n 

& T . - 5 - ' 'BfS, i t ; » . M d CK'MW- 'MO B, ^PUSTR.'_*COUSICSCOU(k*H' 

-r.ir.aovi


, v ; 'T „ 

IfMQTH . . ■ . L - : - ' 

I PAVEl 
t ■ 

K A f i 5 E C T i C 

M N B 

51C"0HAVHEV*I»N 

REVERBERATION TIMES 

' / ] OCTAVE BAND 
CENTER FREQUENCY. Hi 
SECONDS 

125 

024 

250 

0 19 

500 

0.1' 

IK 

*C 1 

ZK 1 4X 1 BK 

<0.1 | ( 011 ( 0 1 

NOISE REDUCTION 
' / .OCTAVE BAND 
CENTER FREQUENCY. Mr 
NOISE PEOUCHON. t)B" 

125 

23 

2S0 

X 

SOD 

43 

IK 

5? 

ZK 

61 

« 8K NIC 
6'. j 5? | 50 

'Z. 3 08 toi instrument accuracy 

SELECTED DESIGN DATA - 400 -A SERIES ROOMS 

MODEL 

400 

401 

402 

403 

404 

405 

DIMENSIONS 
ft-In. n m 

INSIDE 
W ! L 

3'-4" 
1015 

4*-0~ 
1250 
6*-4-
1930 
T--4" 
2235 
9 -0 -
27i5 

iO'-<r 
30M 

3--CT 
915 

T -4 -
1015 
6'-0~ 
iex 
r-o~ 
2135 
8 ' - r 
2540 
y - 4 -
2S-55 

H 

(1980) 

OUTSIDE 
W 

4-r 
1233 
4 - 8 -
K25 
7--0-
2136 

e-o" 
2i iJ 
9--B-
29^5 

10'-6-

L 
3 -8" 
1120 
A'-tr 
1220 
6'-8" 
2035 
7'-8' 

9-tr 
2745 

1C-0" 
3050 

M 

7*-6" 
I22SO 

ROOM 
WT. 

fthg 
1300 

520 
2,100 

550 
3.47S 

4,160 

5.250 
2.3iO 

6.125 
2760 

VENT 
SYSTEM 

elm m'.'min 

100 
2 55 
100 
2 85 
200 
5 66 
200 
5*6 
200 
566 

300 
B5C 

ALSO AVAILABLE IN OTHER SIZES AS REQUIRED. 
NOTE: Height ?'-B" (?2$6mrn) — »»'' If under ff'-O" t2*38T.rr.i ceiling 

ACOUSTICAL AND STRUCTURAL SPECIFICATIONS FOR 
IAC SERIES " 4 0 0 - A " EXAMINATION AND RESEARCH ROOMS 

1. Medical Rooms 
Rock's shall be Mud«i Nu"iber (insert as tequired) manulac-
tu'C3 oy tnous'f ial Acoustics Company. I re . 1160 Commerce 
Aver-uS. Bronx. New York 10-562 

2. Roof and Wall Panels 
Roof arc w * i panels shaK be made ot no: less than 14 gauge 
0 9»vm co'a ic-ied TifXTuRED sieei <.CRS) outside surfaces 
ano 22 yauye (0.76i'irin galvanized perforated TEXTLIREO 
s'eei c>s>cle sudaces wtth VE In. (2.36mm) dimeter openings 
of "V" in. (J.76mm) staggered centers, reinforced with is 
gauge l i 21 mm) CRS channels lor rugged metal frame 
Average weight to be not less lhan 6 a>'so It (39 fcg'sa m) 

3. Floor Construction 
Acoust>-Ffoie"v ttcoi sna" be & In. (I02mmj thick with l i 
uauce (3 Qrtmm) hot rotted Sleet (HRS) upper surface anc 16 
gauge (t 52mmi CRS bottom sheets structurally reiniorced 
All *:cofs s""ai De covered with carpeting Aveiage weight io 
be nor less lhan 10 ic-'sq ft W9 kgvsq m) Floors shall f;oa* on 

properly loaded isolators rated for natural frequency of 6Vi Hz 
for maximum elimination o' structural noise. 

4. Acoustic Infill 
Infill for floors, walls, door, and roof panels shall be sound-
rc'ardant, absorbing. inert, mildew resistant and vermin-
proof. It snait have UL, lire hazard classification of not less 
irian* Flame Spread-0: Smoke Deveicoed-5. Fuel Cor.-
tnOuieo-0 Meai iranslt^ faciot shall be no nwe man 0 07 
BTUtir f i^F 

5. Door Construction 
IAC Noise-Lock' Flush-Mounted Cam-Lift magnetic-seat 
doors shall be provided wflh clear opening of 33 :n (838mm) 
wide * 73 \ \ in f 1867mm) high Doc leaf shall bo fabricated of 
16 gauge ( i 52mm) cold rolled TEXTURED steel, tr-rer and 
outer sheets Sides and head of door and frame shall receive 
two (2) sets of sellal'gning MAGNETIC COMPRESSION 

tr/nsmuvt 



SEALS. Acoustic labyrinth shall be created when doca is in 
closed position. Bottom of door leaf shall contain continuous 
gravity activated seat which shall compress against Hoc* as 
door is closed. RAISEO SILL AND THRESHOLD DROP SEALS 
NOT PERMITTED 

Hardware shall include two (2) cam-iifi Dull-type hinges 
finished in U.S. 26-D satin chrome. SURFACE MOUNTED 
HINGES NOT ACCEPTABLE. Latches shall nol be required or 
permitted to hold door closed or to achieve acousto seal. 
Door leaf shall be held closed by the magnetic action of the 
acoustic seals. 

6. Walt and Roof Panel " H " Members 
Wail a r c rcof Dane's sna't be acoustically and structurally 
joined together by " H " members. One piece seamless, non-
welded. and roll lorrned " H " members, constructed of 20 
gauge (091 mm)CRS Shad maintain the acousucai integrity ol 
the room. 

7. Window Construct ion 
Windows shall bo 24 In (610mm) x 30 In. (762mm) double-
glazed Vi in (6 35mm} thick safety glass with "pressure-
seated' ALUMINUM TRIM FRAME. 

B. Jack Panel 
A lack panel consisting o l ten (10) Switchcrati 3-wtre phone-
type jacks wilh covers, one (1) each Oncri Jones Series No. 
303 and 304 connectors. and two (2) 1-inch (25.4mm) ID 
gromme'ed holes shall be provided under the window On 
Models 4Q0--A and 401-A jack panel shall consist of six <6) 
Switchcraft and one ( l ( each Cinch Jcnes No 303 and 304 
Jack Panels sna'i oe designed to preserve acoustical Integrity 
o l *ne room. 

system, supplementary lAC Ouiel Duct Spencers (optional) 
a-e available for installation in the duct work by others. 

11. Fire Rating— (Recommended Option) 
Rooms shall be constructed of Fire-Noise-Lock" Panels fire 
rated by U L . for 90 min with sound absorptive surfaces fac­
ing fire inside room Rating for sow surfaces facing tire out­
side room shall not be less than 60 min. Each Fire-Nose-Lock 
Panel shall bear a label with Listing Mark of Underwriters 
Laboratories Inc. certifying dual ratings. 

12. Noise Reduct ion-
The minimum allowable noise reduction of completely 
assembled rooms as tested in accordance with ASTM 
Designation; E 596 shall be as shown in table below. 

Vi Octave Band Center 
FiOQuencv. H z 
rMoo flcdurunn o 8 " 

135 

ra 

260 

36 

500 

i f i 

1K 

5; 

2K 

6 i 

« 
61 

8 K 

57 

NIC 

50 

•DoiKxdas :r>c&!^e"cet>y>A*onfuiyjetessuifrfcvei n a revsraetat-n 

■vaWu on toatni. 
"+. 3cfl tor let) rsvur*'*! Kcjacy 
WC — Nctse tsoa'ion Class si^g* i\i'<:c 'H'<t\ 5yl"*m l a naj© 

trtjtter. cfj»ac»'is'C5 

13. Reverberation Times (RTs) 
Typical reverberation times as measured m a completely 
assembled room are as follows 

'ft O c l i n Band CwiiBf 
F l u e n c y , H i . 
S i - c i i - i - , 

12S 

::-.: 
2S0 
•; • r, 

SOU I K 

c i ' 1 (■■:'■ 

2K 4K e.< 

<;■ ■ | i o i | to i 

9. Electrical 
All components snail be UL approved and Hospital Grade. AH 
wiring shall be m accordance wBfl the National Electric Code 

Ail Series rooms sna" be provided with recessed incandes­
cent Ights anc a factor/ wired "power panel" consisting of 
Interior - Two (2) rocker switches to control lights and fans 
independently. One ( l ) duplex cutlet Exterior - Two (2) 

d-piex outlets to plug 
(3048mm) long power cord 
110V/60 H2 power Supply 

lights and tons 
plug for and 

One (D 10 toot 
connection to a 

14. Finish 
Degrease and clean ail meia' surfaces with welds ground 
smooth and Idled as needed. Coat with rust inhibtlive 
chrcnate modified aikyd primer RrUsh with cellulose-nitrate 
polyester modified coating per cuaii'y standards 01 National 
Association of Architectural Metal Manulaciurers Cdcr 
Desert Sands 

15. Erection Procedure 
Rooms shall be so engineered as to allow the installation of 
this equipment within 4 in. ( i02mm) ol an existing wail. 

10. Venl i la l lon Systems 
spaSaver'" ceiling panels containing an all-in-one integrated 
Tranquil-Aire" ventilation system with buBt-tfi intake and ex­
haust silencers or a packaged Tranquil-Aire ventilation 
system, root or wall mounted shall be provided Whore inoms 
3-e directly coupled through a tiexio'e duel to a building AC 17. No Exception To This Specif ication Al lowed. 

16. Supplier's Experience 
The contactor shall prov>de proof Inal he has tra'ned person­
a l and his own shop facilities for performing me work under 
established Quality-control procedures 

All desmans ana specifications subject to change without notice. Dimensions nominat 

■1 T.W2 ft IliWl 

INDUSTRIAL ACOUSTICS COMPANY 
s w e n w t - lE/cfHSAW-HcovroMCvcivrEfuvH PBOOVCTSAKOtmiUS WITTS I I I I W 
" t o C C w i n c t AVIMUC 
w t O M K «.!- fc >'■=■ ' ' . i . . ' :•./ 
H < A E <'<>>«» axe 
' - ' ' " » t ' l " i l 

u v m u M S M 
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NOISE" LOCK 
CEILING SYSTEMS 

• SOUND ABSORPTION • TRANSMISSION LOSS -MODULAR FLEXIBILITY 
• CUSTOM AND STANDARD DESIGNS • FULLY ENGINEERED AND TESTED 

r—x mm 

^^FrSf^nrl^^^^^^t'-^f^^ 

A H ' auiioiMS •.(■* - O " . •. - jy-- , ;=N o ;a^ t ( . »n;«"ic< » 
r*lli»MQ**tf C C K V 0 M W*»Ct. 8 " l U l " * 5 * W * t s *ai->*f&" t 

INDUSTRIAL ACOUSTICS COMPANY 



NOISE-LOCK CUSTOM 
C CEILING SYSTEMS 

Since 1949. i'AC'has been engagedin de-zeioping products end systems to solve noise cor'trot problems. These 
range from containing the high ncsv levels of jet engines to Che design and ccnstiiction of ultra-quiet onecheuc 
chambers to measure no>se levels betcv* the threshold of human hcanng Working iwrft owners, architects, and 
consultants, IAC ftes also been nnensrvefy mvo/yca m the design and ;ns:a.''at>an of innovative integrated ceilings 
to meet tfxr needs of our now space-age and hign-technology society 

Unhung the IAC Asro-Acoosttc Laboratory. high?/successful custom designs were developed and installed. In 
the following. we desenbe five of these A v x r a - i o r * Ceding Systems, from Man: I to V. and at$o ttie original 
Variione'v I and It Systems This experience andaccumu'ated technology ft ava,ia&e to solve your noise-contra 
andsouna'conditioning problems 

A Philip M o r i s C o i e n r i i . \ o - i r t C a m i ' - a ; • ' 
-;*-. ■■:.,•• * _ • . - - - ■ - • . ' , . . ' . ■ t»f l . - . j ' ^ j (AC 
' . ' * • • . l ■•-■■; r - - • " - ■ : .■..>: > - - ; - z • > ■ • ■ - . . - - ■ - . - - I - - - : - ; -

r, - . • ■ ' ■ - .'■ • * /. •". '■ .: ; ' : ' * i " ' . ' : rtt I 
.. - ; ; ■ • ' • " ~ .■■•■■ ■' ■*■ d ' . ■ ■ ■ - . . ■ ■ ■ ■•■ 2 f i ' ! ' B 2 5 f n 
. ' " >' :>■: • ■ • ■> n *-:. •:-• •• ■•:-■:. ••■ -i ■•■;.• • : - • ' ■ , ? ■ 
'■ • • . '• • - - ,. ■ .• - J - ; • ■■ .■- j .1 . . . •• I r' "-■ • ■ • ... 

■;■■ ,•..■■'--■ : ••■ <. - . ,■ , ■ , - . • • ■ . . . " . . - . . - • . , ■ 
- . "■ ■ . ■ - ; . , • • ■ . ' - ■ - - * ■ ; : ■ • < ■ '* " - ' - ■ I f B N Z'Z 

I ■- " ■ , . . . ; ■ . . . • ; , - ■ ,',. • * - . , . ■ ' I ■'•••.:' - ;." - . "-. • 

:: ; • . . • ■ ■ - r* ■ S ' C d l T V M '-•::■■ 9 . P a t i c c . i w IrHPrnBlio"*1 

P r i i M t O * tNJi LJIDt •"■C M « k H C* ■;■..<■■■ -.•.<■ '^ * - - •&> VCI" :• * 

* Br.Mn D»w3 Dr-oi—iaccvi'cai ccmcany ■ . 
• ■ - ■ - , . . : : • • - • ■ - - • - . • - . - - ' ■ ] • ' . : - . ■■ ■ - ■ ■ ■ • . -

) • t - • ■ j " * - . * ■ : - ■* ■ ; - : • : . ■ . ■ ■ . ' i* ■ . ■ ■ . - - . II , - , . _ . } ■ ■ : 

i* ■ ,■•'-■ * . ' - G - i ' ■ . . - ■ ■ ■ ' ■■ • .■ . . i- .•.■■■ ■•■-■ ••• 

' ■ • . - . . ; • . - - . - ■ . ; . - . . , — . ■ ; . > • / ■ ' . ■ • :■:,■■:■,■ , - - '. ■ 
■ • ■' '- • ' ' • •■; .:'•■■ ■ -..;; * • - •■ ■ .' ■• * • ; • 

• -■ ' . •• . V * - . iV ;-■■. f . * * t * . 4 *0 * * . y : ' . . • . : : '. '. .-^> tfw 
' .-■■:■ .-. • ; ! • ■ : • ■ ■ : :■ - • : . • ■ * • ■ • - ■:•.-■- p - c - I 

C A l i i Now Yor*. *J*vv Y o n ,-•..•■ ■ * ¥ » • ' , T « i>ge tt< 
s . • • - • : : > • ■ . ' : - ' ■ . - a . * ; - - - - ■ - . * - * S * v w ! * C M t i k U C« * - ; 5 . A * ' 1 

■ "■■ , "■■.'S' ■* • '■ ' ■ '•■ • ~ - ' > : ' : • ' • . ' " • ■ ■. * ■ • ■ :' ' ■ ' ■. '■' •«*'■ 
■ |i . ■.- )« ; . . . . , , - • - . . ;—■ , 6 $ i v .-•:■ r u n •■, -■■-
. . . . . ■ . . . • ■ . , . . . . . . . , . ■ . ■ i ■ ; . . • ■ , • . . - ■ . • - - . • -

-.. ; , - . ■ > ■ . . ■ . ■ ■ ■ - , , - . . - • . / - - . ; • • ' ; - : ; " • • ' > ■ - ; 

. v * * - - . . ! • - ' , . - ■ - . . i - . ' - . • • * /■- ■■ ■■ ■ ■ . . , - ■ . * . iow>a 

. . . . . . . . . . , .... ... , . ; .. , - . . . • ■ " . -,... . . " ■ : . ■ . • ; • . . ■ ■ ' . / • 

■.'. .... ng| [J ( . ' . . " . ' ■.■."' - ; ■ , . . . . . - . , . . ,....■ , ,... . , ■ . - . ! 
■ . , • - . ■ , • ■-, • " - . - ■ a ■ , " • - ? ' " ■ '" " " - i — - , .*■ * • - . ; j . ■ . ; ' • . . ■ • - M 

. ! • ■ ■ ■ " ■ ■ . ■ ■ - : - v ■■' ■ ■::'■< " . '■' - ■ ' . < ■ ' . - ■ * « ' : t - o i i - - % v . • 

, . i , ■• -1—»--.-»-„Ti^ [- .>: ir.^1"'! BMCD! • ■■•-r ■ - • ■ r> *.;■: ■■ • - ■ **n A I ' I 
.; . •_ : " ■ ! . - • . .*.-*•'.:.•.■■>•> .- ■ ■ ■ ■.' | i W P 

■ - " " r i . - ■ * • ' - .■. ' ■:■ ■.;•■••■■ r I ■■■■— ..-'. -
■■•'.* ' • ' ■ ' ] .•.>-•'.■■.■;;.-: " _ B ■. ' ;•■;■•■ , <- I( : .. ■ i - . ; ■: *' , i— 

'. .-• i '•■ >■ "'■ ■• ■. '"■.■ ■■ ■■ ■• W. :■■■ .:■ •••■ a 
- j . i - .•-■■ _ .!■■ 1 ; - , . . ! ' • < ■ ■• - .:. -..-': • - - . - . . • . - , . , .. T 

.• ••■ ■ ■ - . • ' - • i ■ ■ • * . . ■ ■ . ' • • ■'.-:■-,■ \*rf front m 

, . ■ . - ... ■->--.;. ■ j j - . . ' . - . ' . . ; ■ v.- .-•■:.-. '- . ■ ;■ - , • - ■ - - . ; -

... ... .. ... -..,.,. v.._. ,. t v ,.,. 

•;C0PVH10HI 1934. REVlS€OFEB=IUiRv i«93. L A S I PRINTED OCTOOEH 1M6 BY INDUSTRIAL ACOUSTICS COUPANY 

file:///o-irt


i AEROACOUST1C 
ISC LABORATORY 

the job. lAC wt!<dcvc'cpa custom 
sohtvon and guarantee : ' i * ; 
r&SV'l &e$€Orch, de^lopment. 
and s.>>'ingncss to assume 
'stngi: source- turnkey response 
Wiy '* a continuous commitment 

Tne lAC Aerc Acoustic Laboratcr/ tins generated a series of "fasts" m the development ofnotsthcontrof eouipmefJt - ^ 
and eng-necrng solutions to ncrse- and sound cont'd! problems. 7'tese range from audicmetnc testing O 
rooms lO'nospWS and'doctors offices-studios for bromlcastmg and recording-music practice rooms *% 
for schools and urwers'ties to d.ss'pai'vG. reactive, and diffuse type nose suopressors lor in; errgines 
—Cean-Pia,v''' ventilation silencers for hospitals and laboratories—security cc/ings for 
correctional facilities —soundproof doors, pane! and operable waif systerrx. and OtJfeC-
Flos.* Air Handung Unix lor commerce and industry 

Otn&r -firsts" m integrated acoustic ceilings and sound absorption 
systems are descr-beti en oppos'te pope and illustrated oeiow 
untie: development m the lAC Aero-Acoustic Lat*ya-
ton/. Qr.iers, architects, and consultants are 
encouraged to bring tlie-r acoustic problems to 
(AC II a standard product wtfl not do 

opto 10'1» 10C13 Obi- ■ j ;Smrwo5S$ec-
Wy> 2. 75 000 c'm <<:2.-JE0 rr)*.*wl v&ne-
S . * (an 3, Svsie'- i >■•.-:•:■ A. Plenum 
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: t»r«f-i«w lots 14*11 
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NOISE^LOCK STANDARD 
C CEILING SYSTEMS 

IAC Stardarf Ceilmg Systems ca the rcsu/; of custom research work which produced the staryiara designs new 
dv&ta&e for a g>eat variety of apportions These modules contain open & uncased sound absorbing afemems. 
Trsfse Mies are described fiete-.v. Each a an economxai, az-rneta/, f-reres'stani module manufyctured on modern 
tiythupccd mochmery which con to instaffad tutf) most a*&JatA> gtxt. lighting, and diffuse/ systems. 

Ihe i'ACMai* IP. IV. ,)ndVaes^nscdrtheUjm^no^>r'de^'Wfdemandd:mv''sionsofopio(}Oin ftSS4ramtx 
6G m. <lQ?Qmitu and ir> rsciangufdf as ncn as spocwfmc&jies The creative imaginai^on of most de&tgaets can he 
satisfied with the great MnBty of ntatortfisffin^hes rivatteD'e v.itn t/,C Standard Ceif>ng Systems. T'vsv mcatfe 
pawled, vinyi cca:od. stainless stee>'. atUitifnwn, solid a- perforatedm fht cv rigidjindihosts. IACCar*provide a Wry 
retnarkatm high-performance, acoustjc, integrated ceii-ng system with custom features at lovier than custom cost 
Contact [ r t for dotal*, spe-jfioat-cns. ana application information We lutve ifuabfitdrefnesertatnre£ ir. moat areas'. 

IAC NOISE-LOCK MARK 
IAC Nose-Los*' Uarfc ill Gating System - 2 in. filmm) ThtcH — A 'ay-tr C cfifc«««a grid rAMl panel s>s:s~ivatflch 3"c™<je5 Hand DawpMn era 
W.'VV- &ŝ n= wa-i-isici Fc«s ccce~.es *va tan in p.â M'i.1 or ~>;fC-ce"o'a:o- oa'jarr.s r e ear.teco* v - / ccarcs Ma*HI cs>:.ng aai*' can M 
■"ST3'i90»(i"icorventofla,5"iasY3 f̂ns lepts. gnocfuws ScuncVdfif.S5C1 lessss:aass as:ooac"W Dai*' o-y 

SOUND TRANSMISSION LOSS 

Cn nti- r Frequency, H i ' l i Octave 8and 

SOUND ABSORPTION COEFFICIENTS 
Center F'FQuaney. M I ' / i Octavo Band 
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IAC NOISELOCK MARK 
IAC Nose-Loc*" Mori* iv WtMSBal System - 2',; in, (W-tm) Thick — A oacbea- r5 aa^fl m«iv e -e*c - i'f3:e a-. - '̂js'Kta' ,%c<»ng s.rfsce »̂-
Tan;eifcic€S"CK;«S5ios«^ices6n0c*3Cij;LonK«iC~c"T.iccveTece 'DO Pa',fr;,rcc--'«s4a'-i <i2l9*"ri<60 fl 0bi&rr.—)'r&mCeufi'aoc4K*y-
acMf!ei=«s»0 ws>>300f:conc«n:-atK: caOso*2a0io('.I3«g;aE=r "r.i la-c t^asM»;#*! c a,~ "in- oare «ngr^taDi;S9-*cS'i'5r: oroc«ic* 
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48 In. K 49 In. (1219""" 
to-jd. lb ICO 1 

Oclieciio". i » : OJ4 | 

PANEL STaUCTUQflL CHARACTERISTICS 

t 1219mm) panel simply supported - Iwo sides only. Cone a nl rated toad over 1 i q | I (£939 aq m) 

:-.") 1 nn [ 4co ! 4so 
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lood.Ws ':■■:■ 6 i ' -Cs84 ■.^■;- ; - ■ ■ : : ;■ * -.' 

DefloctiOM. mm 833 1 " f * | i "i»3 | ' '. 'X 

IAC NOISE-LOCK MARI 
tAC N site ■ Loci*" Mark V Ce-l'ng S>s:em —2 m. (SlmmJTfMH&eo1 —A 'ogfesiod ff-aoft'O1 sys»~ Mir 3"e altractve S"aOCA'"«-e>~* Drsv^os^cn 
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SOUND TRANSMISSION LOSS 

Center Frequency. H i ' I l Octave Band 
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SOUND ABSORPTION COEFFICIENTS 
Center Froquency. Hi '/1 Octave Band 
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FEATURES 
Designer Modularity/Versatility 
Permanent/Durable 
Economical/Low Life Cycle Costs 
Attractive Finish Options 
Abuse/Stain Resistant 
Interstitial Load Boaring Designs 
Contamination/Dust Free 
Integrates Services/Partitions 
Ease of Access 
Superior Acoustical Pertormanco 

-Sound Absorption NRC o.03 —0.96 
-Sound Transmission Loss STC 33—45 

UI CEILING SYSTEM 
0«;a;ibe!c*natraMa tin unbasfvg oa*Q /•-cr atMR*ay E ' C O C J B U M 6MO*Oftripo-'i'marcs w- 4 indbacked : i » e s A"- c-DRTrioaEW K--*"3 
a;oo-c: c- o-s :-a-i~ *i<Srt oss cosa*!.**. ir - c r a i =-a::i« r e t e ca 'e ' VMS ,\c. 3 -c* ce = -"=e= !-<;.*"<•-
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IV INTERSTITIAL SYSTEM 
D*ia'i»w<»\-s:rato* appeal rCarstta cs3=c3-r.j =a->c- »,,a:eo^co--ea;-*i» 2, c c - ' . c s sr-ctv'oi'-^-^K's . " '* Mi*-'- :-i*-u-.a S.vor -an 
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SOUND 
ABSORPTION 
SYSTEMS VARITONE 

FOR NEW OR RENOVATED BUILDINGS 
•DECORATIVE •CONTROL NOISE -ABUSE RESISTANT •CONTROL REVERBERATION 

frxftisrnsf Acovsvcs Company's Vantone^ Sound Absorption Systems feature ocooStrtM/fy engineered. a'ch<tec-
umtfy ccmp/tit&e. tectangu.'ar medu'es tor attachment to walls or to* suspension from ce£ng$ oferfc^osedor sem>-
encosed areas to reduce d-s;raamg echorrcverberatron effects; and thus create an «OUSlfcBflV softer. more «B«-
ant ambience improving voice and audio curr/trxjnicwoo. 

Fabricated from IB-gauge ''.5 mm! to 22-gat.ge '0 76 nvnfsreeffn standardv/idihs, m modular lengths, ondm 
thicknesses oftwo or lourinches f5l or l02rr.mK V&iione. Svstem modules concavity acoustic/thermalM navg a 
higher degree 0*sound absorptcn. partrcufany in tf>e t&rd-to-COhtroi fo>v frequencies, than da f/ght-wetght-metaf or 
foDrte-ccscred designs. We can supply the steel modu^s in neas-er gouges for special applications, i 

Fashioned with interior-design appea' and for fong-serwee Me. Vantone modules can he installed easily as «■ 
di/fduai units. >" clusters, c >n series. No mutter •••.here cr how tfa's IAC System is app'-ed. the modules exiiit/rt the 
ftw m vixualy tir.roctiva. atxeso-rGSiatorv. sound atso'pwc properties to meet the most domsndmo reouiremens of 
ecns&&nis, architects, ando&r.fs 

VaMone I — rn>. --,1 * ■ i i>- : r- " . • • ' - ! «<■■-' •- -.- i i--•■*:-■ i'-'*—. 
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FEATURES/BENEFITS 
^engineered s o u n d a b s o r p t i o n • cevcrbcto t ion con t ro l 
.noise reduc t i on • m o d u l a r f lex ib i l i ty • designer f in ishes 
•abuse, s ta in , and sc ra tch resistant ■ ease of ins ta l la t ion 
.wall. 'cei l ing m o u n t e d ■ tamper and concea lment resistant 

APPLICATIONS 
•aud i t o r i ums • gymnas iums • conven t i on centers 
• concer t hal ls • restaurants • houses o ' w o r s h i p 
• schoo ls ■ theaters ■ s w i m m i n g pools • broadcast 
s tud ios • jai ls and pr isons • t ransi t faci l i t ies • a n d o ther 
places of pub l ic a c c o m m o d a t i o n 

VARITONEI 

Module 

2 i n . i ' j t - — i 

4 in 11C.2 mm) 

T A B L E 1 — V A R I T O N E 1 SOUND A B S O R P T I O N C O E F F I C I E N T S 

O c t a v e B a n d C e n t e r F requency . Hz 

. 125 ' 250 5CO . IK i 2K 1 4K : N f l C * 
; • : ' ; • ;■ '.-■'. * r- i / ' < : ■ • . ■.) - . " ■ . ' 
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* "*SC w c i *o> .%-j'se ^ M - c ^ c C z f > : <n : a*a s :-< «-.4*939 *-> t i p 
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TABLE 2 — ABSORPTION UNITS IN SABINS RELATED TO DIMENSIONS OF IAC VARITONE I MODU'.CS 
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The structural system proposed in the fall was promised to resist all lateral and 
gravity loads placed upon the structure. 

Lateral Loads 
The lateral loads are comprised of wind and seismic. The wind loads were 

calculated based upon the criteria set forth in the Uniform Building Code. The exact 
calculations follow in the subsequent pages. A wind pressure of 6.25 PSF was calculated 
for the windward walls and a suction of 3.875 PSF and 5.425 PSF were calculated for the 
leeward walls and roof, respectively. The seismic loads will be checked later after design 
when the overall weight of the building has been calculated. 

Gravity Loads 

The gravity loads on the roof include 6 PSF for roofing material, 0.8 PSF for 
insulation, and 2 PSF for the metal roof deck. A 10 PSF load was also added to the entire 
roof based on the approximate weight of the solar panels to be placed on the roof. The 
roof deck selected can withstand a span of about 5.5 feet when subjected to these loads. 

System Selection 
Three possible building alternatives for the wall system were explored. These were 

steel frame, concrete frame, masonry bearing wall with a precast concrete roof, and 
masonry bearing wall with a steel joist roof. Each of these was evaluated with an 
extensive list of criteria. Some of these criteria included: 

• Availability of Materials: The St. Michaels campus is located in a very remote 
area so this criterion becomes a very important one. Most of the materials would 
be supplied from the nearest big city of Gallup, New Mexico. The city can 
probably supply most of these three materials since it appears to be a very 
industrious area, however masonry is probably the preferred system since it is the 
most likely material to be readily available. 

• Availability of Skilled Workers: The area around St Michaels campus contains a 
very specific type of building. Although some of the buildings in the area are 
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built of steel, masonry is by far the prevailing construction method. This would 
lead FBM to believe that skilled workers are more available in masonry than any 
other building type. 

• Material Costs: The upfront material cost is an important criterion because there 
is a very limited budget for construction. Steel is the most expensive building 
material in comparison. Concrete and Masonry have similar material costs. 

• Transportability: The road back to the main campus is a very bumpy dirt road 
that cannot handle really heavy truckloads. Each of these materials can be very 
heavy to transport so transportability is not a really big factor. Concrete and 
Masonry would probably be the preferred systems because the amount that is 
carried in each truckload can be better controlled than steel. 

• Ability to Deflect: The building material selected should be able to withstand 
minor deflections since the soil underneath the building is highly prone to 
differential settlement. Steel would be the most able to resist deflections, 
however if masonry is properly designed it could also pass. 

• Span Versatility: In the case of the roof, the method of construction needs to be 
able to span a wide variety of distances from twenty-five feet to sixty feet. The 
roof will also need to be able to carry large loads from the mechanical units 
placed on the roof. Steel joists far surpass precast concrete in this criterion. 

• Engineer's Preference: The engineer has experience is all three building types, so 
any of the building types pass this criterion. The engineer is however much more 
experienced in steel design than the other two wall types. 

• Client's Preference: The client has a very good idea of the things that they would 
like to see in their building and also the materials they would like to sec. They 
have expressed an interest in having a masonry bearing wall structure since that is 
what their current permanent buildings are constructed of. 

Final System Selected 
The final system selected was a masonry bearing wall structure with a steel joist 

roof. This system was selected because it fits all of the major criteria for the building. 
Concrete frame was clearly eliminated because it is not used readily in the area, not very 
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able to deflect, cannot span large distances easily, and is difficult to design and detail. 
The masonry-bearing wall with a precast concrete roof was eliminated because it is not 
able to span long distances easily and it would be difficult to transport down the bumpy 
road to the site. Steel was eliminated because of the large construction expense and the 
availability of skilled workers and materials. 

Wall Lateral Support Requirements 
The minimum lateral support requirements (1/t) are given by Table 21-0 in the 

1997 Uniform Building Code. 

Construction 
Bearing Walls 

Solid or Solid Grouted 
All other 

Nonbearing Walls 
Exterior 
Interior 

s were resisted through the 

Maximum 1/t 

20 
18 

18 
36 

use ofacombiri 

orh/t 

^̂ -̂̂ ^ 

lation of 

walls. Several different types of walls occur in the building and as a result they have 
separate requirements. 

1. 8" Thick Hollow Bearing Walls (1/t = 18): 
Maximum Laterally Unsupported Length =* 18(8) = 12*-0" 

2. 8" Thick Nonbearing Exterior Walls (1/t * 18): 
Maximum Laterally Unsupported Length = 18(8) = 12'-0" 

3. 8" Thick Nonbearing Interior Walls (1/t = 36): 
Maximum Laterally Unsupported Length = 36(8) = 24'-0" 

4. 12" Thick Hollow Bearing Walls (1/t = 18): 
Maximum Laterally Unsupported Length= 18(12)** 18MT 

5. 12" Thick Nonbearing Exterior Walls (I/t = 18): 
Maximum Laterally Unsupported Length = 18(12) = 18MT 
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Control Joints 
Control joints will be placed in the masonry where the pilasters meet the main 

wall. A Vi" control joint has the ability to span a maximum of twelve feet and so the span 
between each on the pilasters should be adequate enough. The sealant used is specified at 
a ±25% sealant movement and is supplied by Master Builders. See calculations and cut 
sheets for the control joints later in this appendix. 

Total Roof Load Calculations 
The factored roof load value will be calculated using the Load and Resistance 

Factor Design Method. The load will then be used to calculate the joist and beam sizes 
needed to adequately support the roof structure. 

Load Description 
Dead Loads 

Built-up Roofing 
2" Rigid Insulation 
Yi" Metal Deck (20 Gage) 
Solar Panels 

TOTAL (D) 

Roof Live Load (Lr) 
Snow Load (S) 
Wind Uplift Load (W) 

Weight (psf) 

6 
0.8 
2.1 
10 
19 
20 
10 
5.5 

LRFD Load Combinations: 
1. 1.4D= 1.4(19) = 26.6 psf 
2. 1.2D + 0.5U = 1.2(19) + 0.5(20) = 32.8 psf 
3. 1.2D + 1.6Lr + 0.8W = 1.2(19) + 1.6(20) + 0.8(5.5) = 59.2 psf 
4. 1.2D+1.3W + 0.5Lr= 1.2(19)+ 1.3(5.5)+ 0.5(20) = 40.0 psf 
5. 1.2D + 0.2S = 1.2(19) + 0.2(10) = 24.8 psf 
6. 0.9D- 1.3W = 0.9(19)- 1.3(5.5)= 10.0 psf 
The highest value of these load combinations is taken as the roof load; therefore 

the total factored roof load is 59.2 pounds per square foot. 
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Joist Design 
KCS joists were used for spans less than 50 feet, and LH joists were used in the 

gymnasium where the span is greater than 50 feet. KCS joists will be used because 
general locations and weights of the solar panels and mechanical equipment on the roof 
are known. The KCS joists are so named because they are constant shear joists. They 
are capable of carrying the same value of shear across their entire length. As long as the 
point loads do not surpass the maximum shear specified on the design sheets, the joist 
will not fail. Refer to joist calculations and the joist plan later m this appendix. KCS 
joists are designed by calculating the ultimate shear and moment that the joist can hold. 
The KCS joist load table is then consulted to find the least size of joist that corresponds 
to the ultimate load and shear. This joist then needs to be checked for the specified 
deflection criteria of 17240. The final joist designs are between 10 and 20 inches deep. 

Roof Deck 
The roof will be covered by a United Steel Deck, Inc. Type "B" 20 gage wide rib 

deck. The USD catalog gives a maximum span between supports for this type of deck at 
T-&\ This span will support up to 65 pounds per square foot and maintains the specified 
17240 deflection criteria. See copy of the selection chart later in this appendix. 

Skylights 
The roof over the top of the atriums will be a skylight system made by Kalwall. 

The skylights will either be designed in an octagon shape or a pyramid shape. Two of 
each of these skylights will be needed. The base of the skylight will rest on steel beams 
and masonry walls depending on the location. Structural skylights may also be 
incorporated in to the roof of the cafeteria and gymnasium buildings. See cut sheets and 
details of the skylight system later in this appendix. 

Steel Canopy Design 
The front canopy over the entrance to the building is constructed of hollow 

stainless steel columns supporting a wide-flanged frame roof. The design of the canopy 
is shown later in this appendix. 
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MASTERFLEX 700 - High performance, elastomeric joint sealant, (gun and pouring grades) Page I of 5 

Master Supers 
TechratogiGs 

MASTERFLEX®700 

High performance, elastomeric jo int sealant, (gun and pouring grades) 

Description 

MASTERFLEX 700 is a high grade, polysulphide based sealant possessing 
outstanding resistance to deterioration due to weathering, ozone, ultra-violet 
light and attack by chemicals present in industrial atmospheres. It has the ability 
to withstand repeated cycles of compression and extension over a wide 
temperature range, and has excellent adhesion properties to all materials 
commonly employed in building and construction work. 

MASTERFLEX 700 can be supplied in pouring and gun grade for sealing 
horizontal and vertical joints where movement is expected, or where the 
performance specification is too rigorous for most common mastic and joint 
sealers. It is ideal for use in expansion joints in reinforced concrete structures 
such as bridges, reservoirs, water treatment works, sea walls and roads, etc. It 
can also be used in floors subject to heavy usage where a high resistance to 
damage is required, 

Typical properties 

Colour: 

Solid content %: 
Viscosity: 
Tack free at 20aC: 
Staining: 
Slump gun grade: 
Resistance to ozone: 

Hardness shore A: 
Operating temperature: 
Recommended 
Movement: 

grey 
>99% 
thixotropic paste 
24 hours 
none 

nil 
non-crack 
25 
-30°C to 90°C 
transverse ±25% M.A.F. 
(Movement 
Accommodation Factor) 

Packaging 

Gun Grade: 3 litre sealed containers 

Pouring Grade: 3 litre sealed containers 

Standards 

http://www.mbt-middle-east.com/datasheet/html/joint/mfiex700.html 5/18/01 
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MASTERFLEX 700 - High performance, elastomeric joint sealant, (gun and pouring grades) Page 2 of 5 

ASTM C920 - 79 

BS 4254-83 

BS 5212-90 

WRC For use in Potable Water (Grey) 

US Federal Specification 

TT-S-00227E 

SS-S-200D 

Typical set and cure times 

Property 

Pot life 

Initial set 

Full cure 

5°C 

24hrs 

5 days 

8wks 

10°C 

18hrs 

72hrs 

5 wks 

25°C 

2hrs 

24hrs 

2 wks 

40°C 

1 hr 

5hrs 

7 days 

Joint size 

Joint size may range from a minimum of 5mm to a maximum of 50mm wide. 
Joints with cyclic movements should have a width:depth ratio 2:1 and designed 
so total movement does not exceed the 25% M.A.F. related to the joint width. 
Sealant depth shall not exceed joint width. 

Minimum sealant depth recommended: 

• 5mm for metals, glass and other impervious surfaces. 
• 10mm for all porous surfaces. 
• 20mm for joints exposed to hydrostatic pressures. 
• 5mm below flush for joints exposed to traffic. 

Application procedure 

Joint preparation surface treatment: 

Concrete & 
Masonry 

Metals 

Wood (bare) 

Surfaces must be clean and dry. 
Wire brush thoroughly and 
remove dust and all 
contaminants. 
Remove any corrosion or 
millscale by grit or shotblast, 
wirebrush, grinder or chemical 
remover. De-grease the surfaces 
with clean cloths soaked in oil-
free cleansing solvent. 

Wood surfaces must be clean 

http://www.mbt-middle-east.com/datasheet/html/joint/niflex700.html 5/18/01 
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MASTERFLEX 700 - High performance, elastomeric joint sealant, (gun and pouring grades) Page 3 of 5 

and dry, cut back or abrade 
where necessary to sound timber. 

Glass and glazed 
materials 

Coating surfaces 

Thoroughly clean the surfaces 
with clean cloths soaked in oil-
free cleansing solvent. 
Coating should be removed and 
the surfaces treated as above. 

Where required, a bond breaking tape should be applied before priming. 

Priming: 

The correct primer must always be used. 

Surface application: 

Porous surfaces (such 
as concrete and 
masonry) 

Non-porous surfaces 
(such as metals, glass 
and glazed surfaces) 

MASTERFLEX PRIMER NO 
1 

MASTERFLEX PRIMER NO 
2 

• Application of primer should not be carried out below 4°C. 
• A single coat of primer should be applied by brush in accordance with 

the instructions on the primer tins. The primer must be allowed to dry to 
a tack free state before applying MASTERFLEX 700. 

• MASTERFLEX 700 should be applied within 3 hours of primer, otherwise 
repriming will be necessary. 

Application temperatures: 

MASTERFLEX 700 should be applied when the ambient temperature is 
between 4*C and 50°C. When the temperature is below 10°C storage at room 
temperature for several hours will ease mixing and application. 

Mixing MASTERFLEX 700: 

• Mix and use one complete unit at a time. Do not sub-divide. 
• Gun grade is supplied in a single can. Pouring grade is supplied in 

separate tins with the curing agent contained in a smaller tin. 
• Mix for 5 -10 minutes using a suitable paddle fitted to a 500 rpm electric 

drill moving the paddle completely through the mass of the material. The 
sides and base of the container should be periodically scraped down with 
a palette knife to ensure all of the curing agent is completely blended 
with the base compound. 

• Failure to completely disperse curing agent throughout the base 
compound will result in uncured sealant. Once mixed MASTERFLEX 700 
should be used immediately. 

Application: 

http://www.mbt-middle-east.com/datasheet/html/joint/mflex700.html 5/18/01 
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MASTERFLEX 700 - High performance, elastomeric joint sealant, (gun and pouring grades) Page 4 of 5 

• MASTERFLEX 700 is formulated to be applied using a sealant gun but 
may be applied by trowel if required. 

• Sealant guns are fitted with conical nozzles which can be cut to suit the 
joint width. 

• The sealant should be gunned into the joint using an even trigger 
pressure, cleaning the nozzle occasionally to avoid contamination. Deep 
joints should be filled in two or more runs, to prevent air entrapment. 

• Once the sealant has been applied, a small timber spatula, soaked In 
soapy water, should be used to compact the sealant into the joints and to 
achieve a smooth polished finish. Any masking tape which has been 
applied should be removed before the sealant cures. 

• Mixing and application equipment should be cleaned immediately. 

Coverage 

MASTERFLEX 700 (length of joint in metres filled per 1 litre of materia!) 

Depth of joint 
mm 
10 

15 

20 

25 

Width of joint mm 
10 

10 

15 

6.7 

4.45 

20 

5 

3.33 

2.5 

25 

4 

2.67 

2 

1.6 

30 

3.33 

2.23 

1.67 

1.33 

Storage 

Store under cover out of direct sunlight and protect from extremes of 
temperature. In tropical climates the product must be stored In an air 
conditioned environment. Shelf life is at least 12 months when stored between 
5°C and 35°C. 

Safety precautions 

The components and mixed sealant should not be left in contact with skin for 
prolonged periods. Gloves should be worn and the use of a barrier cream is 
strongly recommended. Solvent must not be used for cleaning the hands. Use 
an industrial cleaner and wash with soap and water. For further information 
including disposal instructions refer to the Material Safety Data Sheet. 

Note 

Field service, where provided, does not constitute supervisory responsibility. 
For additional information contact your local MBT representative. 

MBT reserves the right to have the true cause of any difficulty determined by 
accepted test methods. 

http://wvAv.mbt-middle-east.corn/datasheet/htmI/joint/mflex700.html 5/18/01 
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MASTERFLEX 700 - High performance, elastomeric joint sealant, (gun and pouring grades) Page 5 of 5 

Quality and care 

All products originating from MBT's Dubai, UAE facility are manufactured under 
a management system independently certified to conform to the requirements 
of the quality, environmental and occupational health & safety standards ISO 
9000. ISO 14001 and OHSAS 18001. 

11/93 MBT-ME revised 01/2001 
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I 
GEO KOOFS 

STANOARO SIZES 
8'-0" TO 28'-0" 
NOMINAL OUTSIDE 
CURB DIMENSION 

IN I ' -O" INCREMENTS 

GEO ROOF PLAN VIEW 

( 1 4 0 m m ) / / , 

ALUMINUM CAP 
EXTERIOR 

INTERIOR 

OUTSIDE CURB DIM 

ELEVATION 

15' CURB CAP 
EXTRUSION AND FLASHING 

BY KALWALL WITH 
STANDARD UNITS ONLY 

/ £ \ COUNTER FLASHING 
^ NOT BY KALWALL 

/ r x SUPPORT NOT 
^ BY KALWALL 

/J\ STANDARD 
^ FLASHING BY 

KALWALL 





Steel Code: LRFD 
RAMSBEAM V2.0 - Load Diagram 
Licensed to: Intergrated Project Services 
Job: SR DESIGN 
Beam Size = W8X10 
Span information (ft): 
Length = 10.00, Left Support at 0.00, Right Support at 10.00 

Load Dist 
Wl 
W2 

0 . 0 0 
1 0 . 0 0 

0 . 1 5 3 
0 . 1 5 3 

0 .150 
0 .150 

0 .000 
0 .000 

0 . 3 0 3 
0 . 3 0 3 



RAMSBEAM V2 .0 - Gravity Beam Design 
Licensed to: Intergrated Project Services 
Job: SR DESIGN Steel Code: LRFD 

SPAN INFORMATION: 
Beam Size (Optimum) = W8X10 
Total Beam Length (ft) = 10.00 
Mp (kip-ft) = 36.96 
Top Flange Braced By Decking 

Fy = 50.0 ksi 

LOADS: Self Weight = 0.010 k/ft 
Line Loads (k/ft): 

Distl Dist2 DL1 DL2 Pre DL1 Pre DL2 
0.00 10.00 0.142 0.142 0.000 0.000 

LL1 
0.150 

LL2 
0.150 

SHEAR (Ultimate! Max Vu 1.2DL+1.6LL (kips) =2.12 0.90Vn = 36.22 

MOMENTS: 
Span Cond 

Center Max + 
Controlling 

REACTIONS (Unf. 

LoadCase 

1.2DL+1.6LL 
1.2DL+1.6LL 

actored) (kips) 
DL reaction 
Max + LL r 
Max + tota 

DEFLECTIONS: 
Dead load 
Live load 
Total load 

eaction 
1 reaction 

(in) at 
(in) at 
(in) at 

Mu 
kip-ft 

5.3 
5.3 

; 

5.00 ft 
5.00 ft 
5.00 ft 

@ 
ft 
5.0 
5.0 

Left 
0.76 
0.75 
1.51 

= -0. 
= -0. 
= -0. 

038 
038 
076 

Lb Cb 
ft 
0.0 1.00 
0.0 1.00 

Right 
0.76 
0.75 
1.51 

L/D = 
L/D = 
L/D = 

Phi 

0.90 
0.90 

3122 
3176 
1574 

Phi*Mn 
kip-ft 
32.95 
32.95 

>3fc© ££> 
>X40 §2) 



Anchoring Systems 

HIT HY20 for Masonry Construction 4.2.3 
TO 

HIT HY20 Allowable Loads for Threaded HIT-A Rods in Hollow Concrete Block, &"* 
Lightweight Concrete Block, Brick with Holes, Clay Tile L:IL"I '~ 

Anchor 
Type 

HIT-A 
Rod 

Anchor 

Anchor 
Diameter 
in. (mm) 

V*" 
(6.4) • 

V16 
(7.9) 
3/8 

(9.5) 

(12.7) 

HIT-A Short 2" (51mm) Embedment 

LAV or N/W Hollow Concrele Block 
Tension 
lb (kN) 

255 
(1-D 
370 
(1.6) 
525 
(2.3) 
525 
(2.3) 

Shear 
lb (kN) 

340 
(1.5) 
505 
(2.2) 
790 
(3.5) 
1230 
(5.5) 

HIT-A Standard 3Va" (86mm) Embedment 

Brick with Holes 
Tension 
lb (kN) 

365 
(1.6) 
565 
(2.5) 
775 
(3.4) 
775 
(3.4) 

Shear 
lb (kN) 

305 
(1.4) 
530 
(2.4) 
930 
(4.1) 
1375 
(6.1) 

Clay Tile 
Tension 
lb (kN) 

130 
(0.6) 
150 
(0.7) 
150 
(0.7) 
150 
(0.7) 

Shear 
lb (kN) 

100 
(0.4) 
220 
(1.0) 
220 
(2.2) 
500 
(2.2) 

1/4" anchor diameter installed at 2 ' embedment in brick with holes and clay tile. 

TO 
HIT HY20 Allowable Loads for Threaded HIT-I Inserts in Hollow Concrete Block, ̂ T " 
Lightweight Concrete Block, Brick with Holes, Clay Tile £= ! 

Anchor 
Type 

HIT-I 
Insert 

Anchor 

il! 

Mo H Kitm 
w/utwi* 
(6.4)' 

(7.9) 

(9.5) 
V2 

(12.7) 

HIT Short 2" (51 mm) Embedment 

LAV or NW Hollow Concrete Block 
Tension 
lb (kN) 

240 
(1.1) 
400 
(1.8) 
400 
0-8) 
400 
(1.8) 

Shear 
lb (kN) 

510 
(2.3) 
780 
(3.5) 
1425 
(6.3) 
1800 
(3.0) 

HIT Standard 3Ve" (86mm) Embedment 

Brick wi th Holes 

Tension 
lb (kN) 

300 
(1.3) 
585 
(2.6) 
1160 
(5.2) 
1160 
(5.2) 

Shear 
lb (kN) 
530 
(2.4) 
750 
(3.3) 
1380 
(6.1) 
1635 
(7.3) 

Clay Tile 
Tension 
lb (kN) 

85 
(0.4) 
175 
(0.8) 
185 
(0.8) 
185 
(0.8) 

Shear 
lb (kN) 

150 
(0-7) 
220 
(1-0) 
435 
(1.9) 
500 
(2.2) 

1/4" anchor diameter installed at 2" embedment in brick with holes and clay tile. 

Anchor Spacing and Edge Distance Guidelines 
Influence of Anchor Spacing and Edge Distance 

Brick with Holes and Multi-Wythe 
Brick Walls 

Spacing: 
s„=sm=Two (2) complete bricks in any direction 

Edge Distance: 
c„= cM=Two (2) complete bricks, or 16 inches 

(406 mm) in any direction 
(whichever is less.) 

Clay Tile 

Spacing: 
S*=smP=One (1) anchor per tile cell 

Edge Distance: 
ca= 0™= 12 inches (305 mm) from free edge 

Hollow, Normal Weight and 
Lightweight Concrete Block 

Spacing: 
sl( = smn = One (1) anchor per block cell 

Edge Distance: 
c„= cM= 12' (305 mm) minimum from free edge 

80 Hilti Product Technical Guide 10/98 



Joist Design Summary 

Joist Number 1 
Joist Number 2 
Joist Number 3 
Joist Number 4 
Joist Number 5 
Joist Number 6 
Joist Number 7 
Joist Number 8 
Joist Number 9 
Joist Number 10 
Joist Number 11 
Jo is t Number 12 
Jo is t Number 13 
Joist Number 14 
Joist Number 15 
Joist Number 16 
Joist Number 17 
Joist Number 18 
Joist Number 19 
Joist Number 20 
Joist Number 21 
Joist Number 22 
Joist Number 23 
Jo is t Number 24 
Joist Number 25 
Joist Number 26 
Joist Number 27 
Joist Number 28 
Joist Number 29 
Joist Number 30 
Joist Number 31 
Joist Number 32 
Joist Number 33 
Joist Number 34 
Joist Number 35 
Joist Number 36 
Joist Number 37 
Joist Number 38 

Tributary 
Area 
4.92 
7.08 
6.67 
6.67 
5.67 
5.00 
6.17 
7.33 
7.00 
5.75 
4.83 
3.42 
6.50 
6.33 
4.04 
5.75 
6.67 
6.67 
6.33 
6.00 
3.67 
1.71 
5.83 
6.67 
5.83 
3.92 
5.83 
5.92 
6.00 
5.75 
5.92 
6.13 
6.50 
6.33 
6.17 
6.33 
6.33 
6.50 

Span 

29.60 
34.00 
35.33 
34.00 
34.00 
35.33 
34.00 
35.33 
34.00 
34.00 
34.33 
34.33 
34.00 
35.33 
26.00 
26.00 
24.67 
26.00 
24.67 
26.00 
26.00 
32.00 
32.00 
31.33 
31.33 
16.00 
16.00 
14.67 
16.00 
16.00 
16.00 
14.67 
16.00 
16.00 
16.00 
14.67 
16.00 
14.67 

Design 

18KCS2 
24KCS3 
24KCS3 
22KCS3 
22KCS3 
22KCS3 
22KCS3 
24KCS3 
24KCS3 
22KCS3 
20KCS3 
20KCS2 
22KCS3 
24KCS3 
14KCS2 
16KCS2 
16KCS2 
18KCS2 
16KCS2 
18KCS2 
14KCS2 
14KCS1 
20KCS3 
20KCS3 
22KCS2 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 
12KCS1 

Number 

2 
2 
21 
14 
4 
2 
6 
8 
6 
4 
2 
2 
3 

23 
1 
1 
8 
6 
1 
1 
1 
2 
1 
3 
1 
1 
2 
2 
6 
1 
1 
1 
1 
1 
1 
2 
1 
1 

Cost 

$452.94 
$722.50 

$7,883.01 
$5,057.50 
$1,445.00 
$750.83 

$2,167.50 
$3,003.33 
$2,167.50 
$1,445.00 
$729.58 
$554.48 

$1,083.75 
$8,634.58 
$176.80 
$187.85 

$1,425.73 
$1,193.40 
$178.22 
$198.90 
$176.80 
$353.60 
$312.80 
$918.85 
$266.33 
$81.60 

$163.20 
$149.60 
$489.60 
S81.60 
$81.60 
$74.80 
$81.60 
$81.60 
$81.60 

$149.60 
$81.60 
$74.80 



Joist Design Summary 

Joist Number 39 
Joist Number 40 
Joist Number 41 
Joist Number 42 
Joist Number 43 
Joist Number 44 
Joist Number 45 
Joist Number 46 
Joist Number 47 
Joist Number 48 
Joist Number 49 
Joist Number 50 
Joist Number 51 
Joist Number 52 
Joist Number 53 
Joist Number 54 
Joist Number 55 
Joist Number 56 
Joist Number 57 
Joist Number 58 
Joist Number 59 
Joist Number 60 
Joist Number 61 
Joist Number 62 
Joist Number 63 
Joist Number 64 
Joist Number 65 
Joist Number 66 
Joist Number 67 
Joist Number 68 
Joist Number 69 
Joist Number 70 
Joist Number 71 
Joist Number 72 
Joist Number 73 
Joist Number 74 
Joist Number 75 
Joist Number 76 

Tributary 
Area 
6.67 
6.75 
3.25 
4.50 
5.08 
5.67 
5.67 
5.83 
6.00 
6.33 
6.67 
6.67 
6.42 
3.42 
4.83 
5.25 
5.75 
5.83 
5.50 
6.08 
6.17 
6.42 
7.00 
6.67 
5.67 
5.50 
6.33 
6.33 
2.67 
5.17 
5.67 
5.83 
6.00 
6.75 
4.08 
3.58 
6-33 
5.75 

Span 

16.00 
13.15 
24.67 
24.67 
23.33 
24.67 
23.33 
23.33 
24.67 
23.33 
23.33 
23-67 
16.27 
24.67 
24.67 
23.33 
23.33 
24.67 
24.67 
23.33 
24.67 
23.33 
24.00 
18.83 
34.67 
33.33 
33.33 
34.67 
35.33 
35.33 
35.33 
34.00 
35.33 
34.00 
35.33 
35.33 
34.00 
34.33 

Design 

12KCS1 
12KCS1 
14KCS1 
14KCS2 
14KCS2 
16KCS2 
14KCS2 
14KCS2 
16KCS2 
14KCS2 
16KCS2 
16KCS2 
12KCS1 
14KCS1 
14KCS2 
14KCS2 
14KCS2 
16KCS2 
14KCS2 
14KCS2 
16KCS2 
14KCS2 
16KCS2 
14KCS1 
24KCS3 
20KCS3 
24KCS3 
24KCS3 
16KCS3 
24KCS3 
24KCS3 
24KCS3 
24KCS3 
24KCS3 
20KCS3 
20KCS2 
24KCS3 
24KCS3 

Number 

1 
1 
1 
1 
1 
5 
2 
1 
4 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
3 
1 
2 
1 
4 
4 
6 
4 
1 
3 
2 
1 
5 
1 
1 
2 
16 
2 

Cost 

$81.60 
$67.04 

$136.28 
$167.76 
$158.67 
$891.08 
$317.33 
$158.67 
$712.87 
$158.67 
$168.58 
$170.99 
$82.98 

$136.28 
$167.73 
$158.67 
$317.33 
$178.22 
$167.73 
$158.67 
$534.65 
$158.67 
$346.80 
$104.05 

$1,473.33 
$1,303.33 
$2,125.00 
$1,473.33 
$315.35 

$1,126.25 
$750.83 
$361.25 

$1,877.08 
$361.25 
$345.38 
$570.63 

$5,780.00 
$729.58 



Joist Design Summary 

Joist Number 77 
Joist Number 78 
Joist Number 79 
Joist Number 80 
Joist Number 81 
Joist Number 82 
Joist Number 83 
Joist Number 84 
Joist Number 85 

Tributary 
Area 
3.08 
5.83 
6.00 
5.67 
6.50 
6.67 
6.67 
5.92 
3.75 

Span 

35.33 
35.33 
34.00 
35.33 
34.00 
30.00 
27.58 
34.33 
34.33 

Design 

20KCS2 
24KCS3 
24KCS3 
24KCS3 
24KCS3 
20KCS3 
20KCS2 
24KCS3 
20KCS2 

Number 

3 
1 
2 
4 
1 
2 
1 
1 
1 

216 

Cost 

$855.95 
$375.42 
$722.50 

$1,501.67 
$361.25 
$586.50 
$222.74 
$364.79 
$277.24 

$72,444.34 



KCS JOIST LOAD TABLE 

(U.S. CUSTOMARY) 

JOIST 
DESIGNATION 

10KCS1 
10KCS2 
10KCS3 
12KCS1 
12KCS2 
12KCS3 
14KCS1 
14KCS2 
14KCS3 
16KCS2 
16KCS3 
16KCS4 
16KCS5 
18KCS2 
18KCS3 
18KCS4 
18KCS5 
20KCS2 
20KCS3 
20KCS4 
20KCS5 
22KCS2 
22KCS3 
22KCS4 
22KCS5 
24KCS2 
24KCS3 
24KCS4 
24KCS5 
26KCS2 
26KCS3 
26KCS4 
26KCS5 
28KCS2 
28KCS3 
28KCS4 
28KCS5 
30KCS3 
30KCS4 
30KCS5 

OEPTH 
(inches) 

10 
10 
10 
12 
12 
12 
14 
14 
14 
16 
16 
16 
16 
18 
18 
18 
18 
20 
20 
20 
20 
22 
22 
22 
22 
24 
24 
24 
24 
26 
26 
26 
26 
28 
28 
28 
28 
30 
30 
30 

MOMENT 
CAPACITY* 
(inch-kips) 

172 
225 
296 
209 
274 
362 
247 
324 
428 
349 
470 
720 
934 
395 
532 
817 

1062 
442 
595 
914 

1191 
488 
658 

1012 
1319 
534 
720 

1108 
1448 

580 
783 

1206 
1576 
626 
846 

1303 
1704 
908 

1400 
1833 

SHEAR 
CAPACITY* 

(IbS) 

2000 
2500 
3QQ0 
2400 
3000 
3500 
2900 
3100 
39D0 
4000 
4800 
5300 
5800 
4700 
5200 
5700 
6200 
5200 
6000 
79O0 
0400 
5SQ0 
6600 
7900 
8G0O 
6300 
7200 
8400 
89CO 
6500 
7300 
8500 
9200 
6900 
8000 
8500 
9200 
8000 
8500 
9200 

APPROX. 
WEIGHT" 

(lbs/It) 

6.0 
7.5 

10.0 
6.0 
8.0 

10.0 
6.5 
8.0 

10.0 
8.5 

10.5 
14.5 
18.0 

9.0 
11.0 
15.0 
18.5 
9.5 

11.5 
16.5 
20.0 
10.0 
12.5 
16.5 
20.5 
10.0 
12.5 
16.5 
20.5 
10.0 
12.5 
16.5 
20.5 
10.5 
12.5 
16.5 
20.5 
13.0 
16.5 
21.0 

GROSS MOMENT 
OF INERTIA 

(irV4) 

29 
37 
47 
43 
55 
71 
59 
77 
99 
99 

128 
192 
245 
127 
164 
247 
316 
159 
205 
308 
396 
194 
251 
377 
485 
232 
301 
453 
584 
274 
355 
536 
691 
320 
414 
626 
808 
478 
722 
934 

BRIDG. 
TABLE 

SECT. NO. 

1 
1 
1 
3 
5 
5 
4 
6 
6 
6 
9 
9 
9 
6 
9 

10 
'10 

6 
9 

10 
10 
6 
9 

11 
11 
6 
9 

12 
12 

6 
9 

12 
12 
6 
9 

12 
12 
9 

12 
12 

1 

... 

•MAXIMUM UNIFORMLY DISTRIBUTED LOAD CAPACITY IS 550 PLF AND SINGLE CONCENTRATED LOAD CANNOT EXCEED SHEAR CAPACITY 
•DOES NOT INCLUDE ACCESSORIES 

- ft I T ' - , 
■ • **d 

30 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 1 

Tributary Width 
Span 
Total Load 
Linear Load 

4.92 ft 
L 

a; tot 

29.60 ft 
59.20 psf 

291.07 IbS/ft wtot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

396.84 kip-in Mmax=(0.125*(cotot+1.2\vjst)*LA2*12)/1000 
4468.3 lbs Vmax=(o>tot+1.2*cjist)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 

COjst 

Mall 

Shear Capacity (LRFD) Vail 

18 in 
9 Ibs/ft 

127 inA4 
395 kip-in 

586.6 kip-in 
4700 lbs 

7064.1 lbs 

Ma|1>Mmax OK^M~[ 

Vall>Vmax 
- ■ ? ■ ■ ■ ; 

Maximum Deflection 1.4165 in 
L/251 

A=(5*(&>tot+1.2*cJist)*(L*12)A4)/(384*29000000*l*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$452,94 r><yj**L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 2 

Tributary Width 
Span 
Total Load 
Linear Load CO tot 

7.08 ft 
34,00 ft 
59.20 psf 

419.33 lbs/ft cotot=LP 
cotot<55o ibsm OK m m 

Maximum Moment 
Maximum Shear 

Mmax 753.13 kip-in Mmax=(0.125*(w iot+1.2"wist)*LA2"12)/1000 
Vmax 7383.7 lbs Vmax=[cotoH-1.2*co|st)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 

COjst 

Mall 
Shear Capacity (Table) 
Shear Capacity (LRFD) Vail 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax 

Vall>Vmax 

Maximum Deflection 1.4961 in 
L/273 

A=(5*(cotot+1.2*coiS0*(L*12)A4)/(384*29000000*I*12) 

A>U24O mmmm 
Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$722.50 C=cojst*L*c*n 



St. Michael 's Assoc ia t ion for Special Education 
New Facility Design 

' 
Joist Design Select ion 

J o i s t Number 3 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

COloI 

6,67 ft 
35.33 ft 
59.20 psf 

394.67 lbs/ft a>!ot=LP 
CJIOI<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

767.02 kip-in Mmax=(0.125*(o>tot+1.2Vfrt)"LA2*12)/1000 
7236,8 lbs Vmax^(wiot+1.2*wist)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 

24 in 
CJjst 

Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

MaII>Mmax 

Vall>Vmax 

Maximum Deflection 1.6452 in 
L/258 

A=(5*(aJ»oi+1.2*cJiSlr(L*12)A4)/(384*29000000*i*12) 
A>L/240 

Number of Joists 
:ost per Pound 

Total Cost 

n 21 
$0,85 

$7,883.01 C=cotst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 4 

Tributary Width 
Span 
Total Load 
Linear Load 

6.67 ft 
34.00 ft 

CO tot 

59.20 psf 
394.67 lbs/ft cotot=LP 

cotot<550 lbs/ft wtsm Maximum Moment 
Maximum Shear 

Mmax 710.36 kip-in Mmax=(0.125*(cotot+1.2V,5t)"LA2*12)/1000 
Vmax 6964.3 lbs Vmax=(cjtot+1.2*cojst)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 

COjst 

Mall 

22 in 
12.5 lbs/ft 
251 inA4 
658 kip-in 

977.1 kip-in 
Shear Capacity (Table) 6600 lbs 
Shear Capacity (LRFD) Vail 9919.8 lbs 

Mall>Mmax 

Vali>Vmax mm 
Maximum Deflection A 1.6922 in 

L/241 
Ag(5*(cjtoH-1.2*cjjat)*(L*12)A4y(384*29000000*I*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

n 14 
$0.85 

$5,057.50 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Number 5 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Depth 
Weight 
Moment of Inertia 

Wtot 

Mmax 
Vmax 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

OJjst 

Mai 

Vail 

Maximum Deflection A 

Number of Joists 
Cost per Pound 
Total Cost 

5.67 ft 
34.00 ft 
59.20 psf 

335.47 lbs/ft 

607.71 kip-in 
5957.9 lbs 

22 in 
12.5 lbs/ft 
251 inA4 
658 kip-in 

977.1 kip-in 
6600 lbs 

9919.8 lbs 

1.4477 in 
L/282 

$0.85 
$1,445.00 

Joist Design Select. 

a>iot=LP 

wiot<550 lbs/ft 
Mmax=(0.125*(cow+1.2*W)strLA2*12)/1000 
Vmax=(cjioH-1 .2*COJSQ*(L/2) 

Mall>Mmax 

Vall>Vmax 

A=(5*(gjtQH-1.2*coiStr(L*12)A4)/(384*290000QO*I*12) 
A>U240 

Owj**L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selecuon 

Joist Number 6 

Tributary Width 
Span 
Total Load 
Linear Load a; tot 

5.00 ft 
35.33 ft 
59.20 psf 

296.00 lbs/ft CJtot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

582.40 kip-in Mmax=(0,125*(coiot+1.2*wjst)*LA2*12)/1000 
5494.3 lbs Vmax=( &3wH.2*6?jst)*(L/2) 

Depth 
Weight 
Moment of Inertia 

GJjst 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

22 in 
12.5 lbs/ft 
251 inA4 
658 kip-in 

977.1 kip-in 
6600 lbs 

9919.8 lbs 

Mall>Mmax \m$i -: i 
VaII>Vmax OK:,,;:;::-

Maximum Deflection A 1.4983 in 
L/283 

A=(5*(gjtot-H.2*ctjjst)*(L#12)A4)/(384*29000000*I*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$750.83 C=0>isi*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 7 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

CO tot 

6.17 ft 
34.00 ft 
59.20 psf 

365.07 lbs/ft cotot=LP 
wtot<55Q lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

659.04 kip-in Mmax-(0.125*t-iot+1.2'wj,.)*LA2*12)/1000 
6461.1 lbs Vmax=(^bi+1.2*cojstr(L/2) 

i ' ^ - i i - . - . . " . . . M M U M M I M . n 

Depth 
Weight 
Moment of Inertia 

CJjsl 

Moment CapacityJTable) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

22 in 
12.5 lbs/ft 
251 inA4 
658 kip-in 

Mali 

Vail 

977.1 kip-in 
6600 lbs 

9919.8 lbs 

MaII>Mmax K; 

Vall>Vmax 

Maximum Deflection 1.5700 in 
U26Q 

A=(5*(a)i0i+1.2*CJi5tr(L*l2)A4)/(384*29000000*i*12) 
A>L/240 F~~ 

Number of Joists 
Cost per Pound 
Total Cost 

6 
$0.85 

$2,167.50 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

> 
Joist Design Selection 

Joist Number 8 

Tributary Width 
Span 
Total Load 
Linear Load COtot 

7.33 ft 
35.33 ft 
59.20 psf 

434.11 lbs/ft coiot=LP 
OHoi<550 lbs/ft m\ Maximum Moment 

Maximum Shear 
Mmax 
Vmax 

841.04 kip-in Mmax=(0.125*(&>tot+1.2*WjSQ*LA2*12)/1000 
7934.3 lbs Vmax=(co.ot+1.2*wjst)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjst 

Mall 

Vail 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-m 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

MallXVImax 

Vall>Vmax 

Maximum Deflection A 1.8043 in 
L/235 

A=(5*(cjtot+1.2^jSQ*(L*12)A4)/(384'2900000Q*l*12) 
A>L/240 iHiGGOGD 

Number of Joists 
Cost per Pound 
Total Cost 

8 
$0.85 

$3,003.33 C=ojjsi*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

/ 
Joist Design Selection 

Joist Number 9 

Tributary Width 
Span 
Total Load 
Linear Load CO tot 

7.00 ft 
34.00 ft 
59.20 psf 

414.40 lbs/ft cotot=LP 

Maximum Moment 
Maximum Shear 

ajiot<550 lbs/ft 
Mmax 
Vmax 

744.58 kip-in Mmax=(0.125*( wtot+1.2*wjst)*LA2*12)/1000 
7299.8 lbs Vmax=(&jtot+1.2*cjj5Q*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CJjst 

Mall 

Vail 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

108216 lbs 

Mall>Mmax 

Vall>Vmax Eir—r 
Maximum Deflection 1.4791 in 

L/276 
A=(5*(wtot+1.2^jst)*(L*12)M)/(384*29000000*i*12) 
HI I . . . . ■ * 

A>L/240 

Number of Joists n 
Cost per Pound 
Total Cost 

$0.85 
$2,167.50 C=«jst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 10 

Tributary Width 
Span 
Total Load 
Linear Load COM 

5.75 ft 
34.00 ft 
59.20 psf 

340.40 lbs/ft o>iot=LP 
&jtot<550 lbs/ft mm 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

616.26 kip-in Mmax=(0.125*( wiot+1.2*w)st)*LA2*12)/1000 
6041.8 lbs Vmax=(cotot+1 .2*CJJSI)*(L/2) 

Depth 
Weight 
Moment of inertia 

CJjst 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

22 in 
12.5 lbs/ft 
251 inA4 
658 kip-in 

977.1 kip-in 
6600 lbs 

9919.8 lbs 

Mai 1> Mmax 

Vall>Vmax 

Maximum Deflection A 1.4681 in 
L/278 

A=(5*(cjtofH.2*cjjsO*(L*12)A4)/(384"29000000*I*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$1,445.00 C=a>ist*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 11 

Tributary Width 
Span 
Total Load 
Linear Load CJtot 

4.83 ft 
34.33 ft 
59.20 psf 

286.13 lbs/ft anot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

532.45 kip-in Mmax=(0.125*(a>tot+1.2>|a)*LA2*12)/1000 
5169.5 lbs Vmax=(wtoH-1.2*cojSt)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

0)jst 

Mall 

Vail 

20 in 
12.5 lbs/ft 
205 inA4 
595 kip-in 

883.6 kip-in 
6000 lbs 

9018.0 lbs 

Mall>Mmax 

ValI>Vmax 

Maximum Deflection 1.5836 in 
L/260 

A=(5»(eju*+1.2»a)jat)*(L*12)A4)/(384*29Q00000*I*12) 
A>U240 

Number of Joists n 
Cost per Pound 
Total Cost 

$0.85 
$729.58 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

/ 
Joist Design Selection 

J o i s t Number 12 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

J C l S I SIVICCtlO'1 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CJIot 

Mmax 
Vmax 

ntwfff&fnsra'rt? 

d 
CJjst 

I 

Mall 

Vail 

A 

n 
c 
C 

3.42 ft 
34.33 ft 
59.20 psf 

202.27 lbs/ft 

377.80 kip-in 
3667.9 lbs 

1MWBB8BB 

o)iot=LP 
otot<550 lbs/ft [OK I 
Mmax=(0.125*(cjtoi+1.2*Vwj8i)*LA2*12)/1000 
Vmax=(wtot+1.2*«Jsl)*(L/2) 

18 in 
9.5 lbs/ft 
159 inA4 
442 kip-in 

656.4 kip-in 
5200 lbs 

7815.6 lbs 

Mall>Mmax [OK | 

Vall>Vmax |bK | 

1.4487 in 
L/284 

A={5*(o).oi+1.2*OjS!)*(L-12)A4)/(384*29000000*l*12) 
A>L/240 OK | 

2 
$0.85 

$554.48 c=«j*vc*n 



St. Michael's Association for Special Education 
New Facility Design 

' 
Joist Design Selection 

Joist Number 13 

Tributary Width 
Span 
Total Load 
Linear Load 

6.50 ft 

COIot 

34.00 ft 
59.20 psf 

384.80 lbs/ft wiot=LP 
cotot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

693.25 kip-in Mmax=(0.125*(wtot+l2*wist)*LA2*12)Al000 
6796.6 lbs Vmax=(anot+1.2*cjjSt)*(L/2) 

Depth 
Weight 
Moment of Inertia 

OJjsI 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

22 in 
12.5 lbs/ft 
251 inA4 
658 kip-in 

977.1 kip-in 
6600 lbs 

Val! 9919.8 lbs 

Mall>Mmax 

Vall>Vmax 

Maximum Deflection A 1.6515 in 
U247 

A=(5*(cjtot+1.2*co|sO*(L*12)A4)/(384*29000000*I*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$1,083.75 C=a>ist*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 14 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection | 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CJtot 

Mmax 
Vmax 

d 
CJjst 
I 

Mall 

Vail 

A 

n 
c 
C 

6.33 ft 
35.33 ft 
59.20 psf 

374.93 lbs/ft 

730.21 kip-in 
6888.8 lbs 

cjiot=LP 
WIot<550 lbs/ft |OK j 
Mmax=(0.125*,(wtoi+1.2*WjSt)*LA2w12)/1000 
Vmax=(wiot+1.2*cJist)*(L/2) 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

MaII>Mmax |OK 

Vall>Vmax OK 

1.5666 in 
L/271 

A=(5*(a)toi+1.2*Wfst)*(L*12)A4)/(384*29000000*lw12) 
A>L/240 |0K | 

23 
$0.85 

$8,634.58 C=«j*T-*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 15 

Tributary Width 
Span 
Total Load 
Linear Load 

4.04 ft 

ww 

26.00 ft 
59.20 psf 

239.27 lbs/ft CJtoi=LP 
w!o!<55G lbs/ft \M$ 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

252.35 kip-in Mmax=(0,125*(^tot+1.2VjsO*LA2*12)/1000 
3235.3 lbs Vmax=(ojtoi+1.2*a>jst)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 

14 in 
CJjsI 

Mall 
Shear Capacity (Table) 
Shear Capacity (LRFD) Vail 

8 lbs/ft 
77 inA4 

324 kip-in 
481.1 kip-in 
3400 lbs 

5110.2 lbs 

MalI>Mmax wmm 
ValI>Vmax OK. . .. 

Maximum Deflection 1.1459 in 
L/272 

A=(5*(cJtoH-1.2*&>jt)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$176.80 C^jst-UVn 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

J o i s t Number 16 

Tributary Width 
Span 
Total Load 

L 
P 

Linear Load wtot 

5.75 ft 
26.00 ft 
59.20 psf 

340.40 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

355.51 kip-in 
4557.8 lbs 

Joist Selection mW^WmM 1 6 » 8 l f l 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
CJjsI 

I 

Mall 

Vail 

wiot=LP 
Wto,<550 lbs/ft |0K M 
Mmax=(0.125*(wtoi+1.2*Wjst)*LA2*12)/1000 
Vmax=(wtot+1.2*cjjst)*(L/2) 

16 in 
8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012.0 lbs 

Mall>WImax B U H i 

Vall>Vmax IOK 

Maximum Deflection A 1.2556 in 
L/248 

A=(5*(W(O.+1.2*COJSO*(L*12)A4)/(384*29000000-I*12) 

A>L/24O ]mmm. 

Number of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

1 
$0.85 

$187.85 C=«**L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Se leu .on 

Joist Number 17 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

wtoi 

6.67 ft 
2467 ft 
59.20 psf 

394.67 lbs/ft wiot=LP 
cjtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

369.51 kip-in Mmax=(0.125*(wtot+l2*W)5i)*LA2*12)/1000 
4993.4 lbs Vmax=(o)toi+1.2-cojst)*(L/2) 

Depth 
Weight 
Moment of Inertia 

COjst 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

16 in 
8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012.0 lbs 

Mall>Mmax m 
Vall>Vmax 

Maximum Deflection A 1.1746 in 
L/252 

A=(5*(&?wH,2*6Jj«t)*(L*12)A4)/(384*29000000*I*12) 
A>L/240 

Number of Joists 
Cost per Pound 

n 8 
$0.85 

Total Cost $1,425.73 C=«irtVc*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 18 

Tributary Width 
Span 
Total Load 
Linear Load 

6.67 ft 
26.00 ft 
59.20 psf 

a; tot 394.67 lbs/ft coiot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mm ax 
Vmax 

411.14 kip-in Mmax=(0.125*(cotoi+1.2*Wjst)*LA2*12)/1000 
5271.1 lbs Vmax=(cotot+1.2*a>jSt)*(L/2) 

J6ist:SelGG«ori^ Bn 
Depth 
Weight 
Moment of Inertia 

wjst 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

18 in 
9 lbs/ft 

127 inA4 
395 kip-in 

586.6 kip-in 
4700 lbs 

7064.1 lbs 

Mall>Mmax OK 

Vall>Vmax 

Maximum Deflection A 1.1320 in 
L/276 

A=(5*(cotot+1.2*gjjst)*(L*12)A4)/(384*29000000*I»12) 
A>L/240 

Number of Joists 
)ost per Pound 

Total Cost 

n 
$0.85 

$1,193.40 C=wfsi*L*c*n 



; 

St. Michael's Association for Special Education 
New Facility Design 

) 
Joist Design Selection 

Joist Number 19 

Tributary Width 
Span 
Total Load 
Linear Load Wtot 

6.33 ft 
24.67 ft 
59.20 psf 

374.93 lbs/ft WIOFLP 

O)toi<550 lbs/ft |PK 
Mmax=(0.125*(coioH-1.2V)SirLA2*12)/100Q Maximum Moment 

Maximum Shear 
Mmax 
Vmax 

351.50 kip-in 
4750.0 lbs Vmax=(co.ot+1.2*co]st)*(L/2) 

pg l s t Selection 
:■■■::■:■■::■ HHICS2 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 

CJjst 

Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

16 in 
8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

Vail 6012.0 lbs 

Mall>Mmax fr^iil 

Vail>Vmax w ; 
Maximum Deflection 1.1174 in 

L/265 
A=(5*(a;iot-H.2*cjjst)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$178.22 C=o>jst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' 
Jo is t Design Select ion 

Jo is t Number 20 

Tributary Width 
Span 
Total Load 
Linear Load CJtcl 

6,00 ft 
26.00 ft 
59.20 psf 

355.20 lbs/ft coiot-LP 
r-r-wtot<550 lbs/ft O K : :■;;■:; ;;■,; 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

371.12 kip-in Mmax=(0.125*(wtoi+1.2*Wjst)*LA212)/1000 
4758.0 lbs Vmax=(cjioH-1.2*a>jsO*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CO jst 

Mall 

Vail 

18 in 
9 lbs/ft 

127 inA4 
395 kip-in 

586.6 kip-in 
4700 lbs 

7064.1 lbs 

Mall>Mmax 

ValfcVmax 

Maximum Deflection A 1.0218 in 
L/305 

A=(5*(cjioi+1.2*coisO*(Lw12)A4)/(38459000000*l*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$198.90 C=cjjst*Lwc-n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 21 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

CJttf 

3.67 ft 
26.00 ft 
59.20 psf 

217.07 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

229.84 kip-in 
2946.7 lbs 

<otot=LP 
a)toi<550 lbs/ft Hk | 
Mmax=(0.125*(a)ioi+1.2*wjst)"LA2"12)/1000 
Vmax=(cjtot+1.2*«jsO*(L/2) 

Joist Selection 14KCS2 | 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
OJjst 

I 
■ 

Mall 

Vail 

14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

MalOMmax |OK j 

ValI>Vmax l l i i l l l 

Maximum Deflection A 1.0437 in 
L/299 

A=(5*(wtoi+1.2*Wist)*(L-12)A4)/(384*29000000-I*12) 
A>L/240 OK 

Number of Joists | n 
Cost per Pound 
Total Cost 

c 
C 

1 
$0.85 

$176.80 C=o)jst*L-c-n 



St. Michael's Association for Special Education 
New Facil i ty Design 

' Jo is t Design Selecuon 

Jo is t Number 22 

Tributary Width 
Span 
Total Load 
Linear Load COtot 

1.71 ft 
32.00 ft 
59.20 psf 

101.13 IbS/ft GdtaFLP 
a>tot<55Q lbs/ft 
Mmax=(0.125'(cjtoi+1.2>si)*LA2*12)/1000 Maximum Moment Mmax 167.32 kip-in 

Maximum Shear Vmax 1742.9 lbs Vmax=(oitot+1 .2*COJSI)*(L/2) 

— ■ - - ■ " " ■ i. .■■■■■..'■ .....i . ■ . . . . ■ 

Joist Selection 14KCS1 
- — — • - ■ - > - * 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjsI 

Mall 

Vail 

14 in 
6.5 IbS/ft 
59 inA4 

247 kip-in 
366.8 kip-in 
2900 lbs 

4358.7 lbs 

Ma 11> Mmax 

Vall>Vmax K W: 

Maximum Deflection 1.5021 in 
L/256 

A=(5*(G;tot+1.2*coisi)*(L*12)A4)/(384*29000000*I''12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$353.60 C=ojjst*L*c*n 



St. Micnael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 23 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Joist Selection 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection ! 

Number of Joists 
Cost per Pound 

JTotal Cost 

L 
P 

CO tot 

Mmax 
Vmax 

d 
CO jst 

I 

Mall 

Vail 

A 

n 
c 
C 

5.83 ft 
32.00 ft 
59.20 psf 

345.33 lbs/ft 

551.63 kip-in 
5746.1 lbs 

20KCS3;, 

COIDI=LP 
cotot<550 lbs/ft He | 
Mmax=(0.125*(coiol+1.2*w,st)*LA2"12)/1000 
Vmax=(anot+1.2*cojst)*(U2) 

20 in 
11.5 lbs/ft 
205 inA4 
595 kip-in 

883.6 kip-in 
6000 lbs 

9018.0 lbs 

Mall>Mmax H i l l ! 

VaII>Vmax OK 

1.4252 in 
L/269 

A=(5*(«ioi+1.2*«jai)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 [OK I 

1 
$0.85 

$312.80 C=cois.*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

/ Joist Design Selec.on 

Joist Number 24 

Tributary Width 
Span 
Total Load 
Linear Load CO lot 

6.67 ft 
31.33 ft 
59.20 psf 

394.69 lbs/ft cotoi=LP 
cotoi<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

601.56 kip-in 
6399.6 lbs 

Mmax=(0.125*(gjiot+1.2*Wjst)*LA2*12)/1000 
Vmax=(coi<*+1.2*o)jst)*(L/2) 

Wm 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 

COjst 

Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

20 in 
11.5 lbs/ft 
205 inA4 
595 kip-in 

883.6 kip-in 
6000 lbs 

9018.0 lbs 

MalI>Mmax 

VaII>Vmax am-k:-:i: 

Maximum Deflection A 1.4902 in 
L/252 

A=(5'(coiot+1.2*o>tst)*(L*12)A4)/(384*29000000*l*12) 
A>L/240 

Number of Joists 
qst per Pound 

iTotalCost 

n 
$0.85 

$918.85 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Selecuon 

Joist Number 25 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

CO lot 

5.83 ft 
31.33 ft 
59.20 psf 

345.31 lbs/ft 

Maximum Moment Mmax 526.19 kip-in 
Maximum Shear Vmax 5597.9 lbs 

BMH^M^^^MlMiB 
Depth 
Weight 
Vioment of inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
CJjsl 

I 
• 

Mall 

Vail 

C0KX=LP 
cotoi<550 lbs/ft OK | 
Mmax=(0.125*(coioi+1.2*wj3i)*LA2*12)/1000 
Vmax=(totot+1.2*<Djst)*(L/2) 

22 in 
10 lbs/ft 

194 inA4 
488 kip-in 

724.7 kip-in 
5900 lbs 

8867.7 lbs 

Mall>Mmax Gk | 

Vall>Vmax OK 

Maximum Deflection A f 1.3773 in 
U 273 

A=(5*(ajtot+1.2*wist)*(L*12)A4)/(384*29000000*I*12) 
A>U240 i f e -

Number of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

1 
$0.85 

$266.33 C=cois,*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' 
Joist Design Selection 

Jo is t Number 26 

Tributary Width 
Span 
Total Load 
Linear Load CJtol 

3.92 ft 
16.00 ft 
59.20 psf 

231.87 lbs/ft cjtoi=LP 

0)tot<550 lbs/ft 
Mmax=(0.125*(coioi+1.2*WjSQ*LA2*12)/1000 Maximum Moment 

Maximum Shear 
Mmax 
Vmax 

91.80 kip-in 
1912.5 lbs Vmax=(&xofH .2*CJJSI)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

OJjst 

Mall 

Vail 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax 

Vall>Vmax [CPU 

Maximum Deflection A 0.2827 in 
L/679 

A=(5*(coi*+1.2*cjjstr(L*12)A4)/(384*29000000*I*12) 
A>L/240 |OK L 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$8160 C=a>is,*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Seleci.on 

Joist Number 27 

Tributary Width 
Span 
Total Load 
Linear Load CJtot 

5.83 ft 
16.00 ft 
59.20 psf 

345.33 lbs/ft WtoFLP 
wtot<550 lbs/ft 

Maximum Moment Mmax 
Maximum Shear Vmax 

135.37 kip-in Mmax=(0.125»(ejtot»1 .2*WjsQ*LA2*12)/1000 
2820.3 lbs Vmax=(o;toi+1.2wcoja)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

a)]st 

Mali 

Vail 

12 in 
6 lbs/ft 

43 mA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax wmm 
Vali>Vmax OK 

Maximum Deflection 0.4169 in 
L/461 

A=(5*(a?tot+1.2*cjj8t 
A>L/240 

'(L*12)A4)/(384*29000000*i*12) 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$163.20 C=a>jst*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 28 

Tributary Width 
Span 
Total Load 
Linear Load 

1 5.92 ft 
L 
P 

CJtot 

14.67 ft 
59.20 psf 

350.27 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

115.34 kip-in 
2621.4 lbs 

■MWMWWB — 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
OJjst 

I 

Mall 

Vail 

C0Krt=LP 
wtot<550 lbs/ft |OK 
Mmax=(0.125*( &>w+1.2*Wjst)*LA2*12)/1000 
Vmax=(cjiot+1.2*a>jst)*(L/2) 

I 
12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mail>Mmax OK 

Vall>Vmax i K | 

Maximum Deflection | A 0.2985 in 
L/590 

A=(5*(wtot+1.2*cjjst)*(L*12)M)/(384*29000000*i*12) 
A>L/240 OK 

Number of Joists 
Cost per Pound 

[Total Cost 

n 
c 
C 

2 
$0.85 

$149.60 C=<y]st*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 29 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

WIW 

6.00 ft 
16.00 ft 
59.20 psf 

355.20 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

139.16 kip-in 
2899.2 lbs 

Joist Selection 12KCS1 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
COjst 

I 

Mall 

Vail 

cotot=LP 
wtot<550 lbs/ft |0K j 
Mmax=(0.125*(wto(+1.2"wjsi)*LA2*12)/1000 
Vmax=(«w+1.2*wjrt)*(U2) 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax OK . . , | 

ValI>Vmax |§£ | 

Maximum Deflection A 0.4285 in 
L/448 

A=(5*(a)to»+1.2*cJist)*(L*12)A4)/(384*29000000*l*12) 
A>L/240 [OK 

t ■ ■ ■ . ■ ■ , ■ 

Number of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

6 
S0.85 

$489.60 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

; Joist Design Selecuon 

Joist Number 30 

Tributary Width 
Span 
Total Load 
Linear Load CJtot 

5.75 ft 
16.00 ft 
59.20 psf 

340.40 lbs/ft wtoi=LP 
cjtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

133.48 kip-in 
2780.8 lbs 

Mmax=(0.125*(ejtot+1.2VjSQ*LA2*12)/1000 
Vmax=(coiot+1.2*o>jsi)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Tabled 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjst 

Mall 

Vail 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax 

ValI>Vmax 

Maximum Deflection 0.4110 in 
L/467 

A=(5*(oJtoi+1.2'fcoiStr(L,'12)A4)/(384*29000000*l*12) 
A>U240 I6K:: h 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$81.60 C=W]**L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

J 
Joist Design Selection 

Joist Number 31 

Tributary Width 
5E3J1 
Total Load 
Linear Load a; tot 

5.92 ft 
16.00 ft 
59.20 psf 

350.46 lbs/ft cotoi=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

137.34 kip-in Mmax=(0.125*(cjt«+1.2*Wjst)*LA2*12)/1000 
2861.3 lbs Vmax=(cotot+1.2*a)jSt)*(L/2) 

Depth 
Weight 
Moment of Inertia 

12 in 
COjst 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

6 lbs/ft 
43 inA4 

209 kip-in 
310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax 

VaIl>Vmax 

Maximum Deflection A 0,4229 in 
L/454 

A=(5*(cj(oi+1.2*a>jst 
A>L/240 

'(L*12)A4)/(384*29000000*i*12) 
OK MM 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$81.60 C=wist*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 32 

Tributary Width 
Span 
Total Load 
Linear Load OJtot 

6.13 ft 
14.67 ft 
59.20 psf 

362.60 lbs/ft o;iot=LP 
wt«<550 lbs/ft [QKI.;.;;::;:: 

Maximum Moment 
Maximum Shear 

Mmax 119.32 kip-in Mmax=(0.125*(GJtot+1.2*WjsQ*LA2"12)/1000 
Vmax 2711.9 lbs Vmax=(o)ioi+1.2*6>j«t)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

12 in 
0)jsl 6 lbs/ft 

Mall 

Vail 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs Val|>Vmax OK 

Maximum Deflection A 0,3088 in 
L/570 

A=(5*(0)iot+1.2*o?jst)*(L*12)A4)/(384*29000000'I*12) 
1 » ■ . ■ v '■ ■■■■■ ■.■ v ■■ v ■ ■■ " i ' ' 

A>U240 

Number of Joists n 
Cost per Pound 
Total Cost 

$0.85 
$74.80 C=«j**L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 33 

Tributary Width 
Span 
Total Load 
Linear Load a; lot 

6.50 ft 
16.00 ft 
59.20 psf 

384,80 lbs/ft cjtot=LP 
wtot<550 lbs/ft E ^ ^ ^ 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

150.53 kip-in Mmax=(0.125*(6Jtot+1.2*WjSt)*LA2*12)/1000 
3136.0 lbs Vmax=( cjtot+12*u'&Y{U2) 

Joist Selection \ I § 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table^ 
Shear Capacity (LRFD) 

CJjst 

Mall 

Vail 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Ma|l>Mmax 
■I'.' 7'. i.1' '7 

Val|>Vmax 

Maximum Deflection 0.4635 in 
L/414 

A=(5*(a)tot+1.2*a)jstnL*12)A4)/(384*29000000*I*12) 
A>L/240 [OKv:-:r:;;:;| ~ ~ 

Number of Joists 
Cost per Pound 
Total Cost 

n 
50.85 

$81.60 C=cjjst*LVn 



St. Michael's Association for Special Education 
New Facility Design 

; Joist Design Selection 

Joist Number 34 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Depth 
Weight 
Vloment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CO to! 

1 Mmax 
| Vmax 

d 
0>jst 

I 

Mall 

Vail 

A 

n 
c 
C 

6.33 ft 
16.00 ft 
59.20 psf 

374.93 lbs/ft 

146.74 kip-in 
3057.1 lbs 

■ *C 'J t jTf^C *i '.:"' 

wioî LP 
cjtoi<550 lbs/ft OK ] 
Mmax=(0.125*<a>iot+1.2>)St)*LA2*12)/1000 
Vmax=(ajtot+1.2*wist)*(L/2) 

I 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Ma!l>Mmax O K | 

Vall>Vmax [OK | 

0.4519 in 
L/425 

A=(5*(wtot+1.2*&>j*)*(L*12)A4)/(384*29000000*I 
A>L/240 |OK | 

1 
$0.85 

$81.60 C=cojsl-L*c*n 

*12) 



1 ) 
Joist Design Selection 

o>tot=LP 
cjtot<550 lbs/ft OK;; 
Mmax=(ai25*(wioi+1.2*wist)*LA2*12)/1000 
Vmax=(a;iot+1.2*a;isi)*(L72) 

MaII>Mmax 

Vall>Vmax 

&»(51cjioi+1.2*cjj8t)*(L*12)A4)/(384*29000000*I*12) 
A>L/240 

C=cjjst*L*c*n 

St. Michael's Association for Special Education 
New Facility Design 

Joist Number 35 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Depth 
Weight 
Moment of Inertia 

a; lot 

6.17 ft 
16.00 ft 
59.20 psf 

365.07 lbs/ft 

Mmax 142.95 kip-in 
Vmax 2978.1 lbs 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

OJjst 

Mall 

Vail 

12 in 
6 lbs/ft 

143 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Maximum Deflection A 0,1324 in 
L/1451 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$81.60 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 36 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

I &<i^BBM^SBKSBBM 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CJIo! 

1 Mmax 
Vmax 

d 
GJjst 

I 
■ 

Mall 

Vail 

A 

n 
c 
C 

6.33 ft 
14.67 ft 
59.20 psf 

374.93 lbs/ft 

123.30 kip-in 
2802.3 lbs 

Wtot=LP 

wtoi<550 lbs/ft H N H H 
Mmax=(0.125*( wtot+1.2*wjst)*LA2*12)/1000 
Vmax=(a>tot+1.2*w)si)*(L/2) 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax |OK | 

Vall>Vmax IOK 1 

0.3190 in 
L/552 

A=(5*(cjtoi+1.2*wjst)*{L*12)A4)/(384*29000000*] 
A>L/240 [OK 

2 
$0.85 

$149.60 C=coist*L*c*n 

:*12) 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 37 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Joist Selection 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

C l̂ot 

Mmax 
Vmax 

d 
Cist 
X 

Mall 

Vail 

A 

n 
c 
C 

6.33 ft 
16.00 ft 
59.20 psf 

374.93 lbs/ft 

146.74 kip-in 
3057.1 lbs 

iiiissifi 

wtot=LP 
:o,ot<550 lbs/ft J l l t i S l I 
Mmax=(0.125*(o>tot+1.2*W}sO*LA2*12)/1000 
Vmax=(GdtoH-1.2*cjjst)*(L/2) 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Mall>Mmax OK 

Vall>Vmax OK | 

0.4519 in 
L/425 

A=(5*(cJtoi+1.2*Wisi)*(L*12)A4)/(384*29000000*Iw12) 
A>L/240 OK :: 

1 
$0.85 

$81.60 C=wist*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Jo is t Number 38 

Tributary Width | 
Span 1 L 
Total Load P 
Linear Load COM 

6.50 ft 
14.67 ft 
59.20 psf 

384.80 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

126.48 kip-in 
2874.7 lbs 

Joist Selection 12KCS1 

Depth d 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

0,'jst 

I 
■ 

Mall 

Vail 

OJtoi=LP 
O)tot<550 lbs/ f t [OK ;; | 
Mmax=(0.125*,(wtot+1.2*wi5t),,LA2*12)/1000 
Vmax=(wtot+1.2*«n»)*(U2) 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

Matl>Mmax ammi4 

Vall>Vmax OR I 

Maximum Deflection A 0.3273 in 
L/538 

A=(5*(a.to»+1.2*co]st)*(L,t12)A4)/(384"29000000-I*12) 
A>L/240 |OK 

dumber of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

1 
$0.85 

S74.80 C=a>i5«*L*c*n 



Joist Number 39 

Tributary Width 
Span 
Total Load 
Linear Load Wlol 

6.67 ft 
16.00 ft 
59.20 psf 

394.67 lbs/ft cotoi=LP 
cotot<550 lbs/ft \iM 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

154.32 kip-in Mmax=(0.125*( a>toi+1.2V|st)*LA2*12)/1000 
3214.9 lbs Vmax=(wiot+1.2*cojsi)*(U2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjst 

Mall 

Vail 

12 in 
6 lbs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs Vall>Vmax 

Maximum Deflection 0.4752 in 
L/404 

A=(5*(o)iot+1.2*cJiStr(L'l12)A4)/(384*29000000^I*12) 
A>L/240__ [OK ._ I " Z Z - ~ ~ 

Number of Joists 
;ost per Pound 

n 

Total Cost 
$0.85 

$81.60 C=cojst*L*c*n 



St . Michael 's Assoc ia t ion for Specia l Educat ion 
N e w Facil i ty Des ign 

Joist Des ign Select ion 

Joist N u m b e r 42 

Tributary Width 
Span 
Total Load 
Linear Load 

4.50 ft 
24.67 ft 
59.20 psf 

Wtot 266.40 lbs/ft CJIOI=LP 

O)ioi<550 lbs/ft 
Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

251.96 kip-in Mmax=(0-125*(g)tot+1.2*WjsO*LA2*12)/1000 
3404.5 lbs Vmax=(cjtoi+1.2*cj]rt)*(L/2) 

jmrnsmmm 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table; 

CJjsl 

Mall 

14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

Shear Capacity (LRFD) Vail 5110.2 lbs 

Mall>Mmax 

ValI>Vmax l i l l g 

Maximum Deflection A 1.0301 in 
L/287 

A=(5*(6HoH-1.2*&>jrt)*(L*12)M)/(384*29000000*I*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$167.76 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selecuon 

Jo is t Number 43 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

W^^^MStKKKM 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CJtot 

Mmax 
Vmax 

" , ■ ■ ■ , - ■ . - , ■ . ■ " , 

d 
COjst 

I 

Mall 

Vail 

A 

n 
c 
C 

5.08 ft 
23.33 ft 
59.20 psf 

300.93 lbs/ft 

253.60 kip-in 
3622.9 lbs 

14KGS2 

cotot=LP 
o)tot<550 lbs/ft |OK 
Mmax=(0.125*(wiot+1.2*WiSl)*LA2*12)/1000 
Vmax=(«tot+1.2*o>isi)*(L/2) 

I 
14 in 
8 lbs/ft 

77 inM 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

MaII>Mmax o k | 

Vall>Vmax |QK | 

0.9275 in 
L/302 

A=(5*(coioi+l2*WjSi)*(L*12)A4)/(384"29000000*: 
A>L/240 H H B i 

1 
$0.85 

$158.67 C=co|*t*L*c*n 

c*12) 



St. Michael's Association for Special Education 
New Facility Design 

* Joist Design Select.on 

Joist Number 44 

Tributary Width 
Span 
Total Load 
Linear Load 

5.67 ft 
24.67 ft 
59.20 psf 

CO to! 335.47 lbs/ft cotot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

315.48 kip-in Mmax=(0.125*<wtot+1.2>ist)"LA2"12)/1000 
4263.2 lbs Vmax=( wtot+1.2"wj*r(U2) 

JoistSi 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 

CJjst 

Mall 

16 in 
8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

Shear Capacity (LRFD) Vail 6012.0 lbs 

Mall>Mmax oitm 

VaII>Vmax 

Maximum Deflection A 1.0029 in 
L/295 

A=(5*(cotot+1.2*CJ|St)*(L*12)M)/(384^9000000«I*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$891.08 C=:ojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 45 

Tributary Width 
Span 
Total Load 
Linear Load OJtoX 

5,67 ft 
23.33 ft 
59.20 psf 

335.47 lbs/ft cotot=LP 
cjtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

281.80 kip-in Mmax=(0.125*(wto!+1.2*Wjst)*LA2*12)/1000 
4025.8 lbs Vmax=(wtot+1.2*wisO*(L/2) 

Joist Selection 14K< 
■ - ■ ■ ■ -

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table] 

CJjst 

Mall 

Shear Capacity (LRFD) Vail 

14 in 
8 lbs/ft 

11 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

MalOMmax J0K::-:;p:::::::| 

Vall>Vmax OK; 

Maximum Deflection A 1.0306 in 
L/272 

A^fOJIoH-l^-CJist 
A>L/240 

(Lw12)A4)/(384*29000000*n2) 

Number of Joists n 
Cost per Pound 
Total Cost 

$0.85 
$317.33 C=a>ist*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 46 

Tributary Width 
Span 
Total Load 
Linear Load 

5.83 ft 
23.33 ft 
59.20 psf 

CO to! 345.33 lbs/ft co toi= LP 
cotot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

289.86 kip-in Mmax=(0.125*{coiot+1.2wWjst)-LA2"12)/1000 
4140.9 lbs Vmax=(co<ot+1.2*cojst)*(L/2) 

Joist Selection m. 14KCS2 
mMMtiaiOtiaiUiiiaiUM^MtMtmiMti 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjst 

Mall 

Vail 

14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110,2 lbs 

Mall>Mmax O K ^ 

Vall>Vmax 
1——W—OT 

©Mil 
Maximum Deflection 1,0601 in 

L/264 
A=(5*(cotoi+1.2*cojst 
A>L/240 

*(L»12)A4)/(384'290000Q0*i*12) 

<>mmm 
Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$158.67 C=cojst*L*c*n 



St. Micnael's Association for Special Education 
New Facility Design 

/ Joist Design Selec»on 

Jo is t Number 47 

Tributary Width 
Span 
Total Load 
Linear Load 0)tal 

6.00 ft 
24.67 ft 
59.20 psf 

355.20 lbs/ft «tftf=LP 
g)toi<550 lbs/ft \&KM 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

333.49 kip-in Mmax=(0.125*(o>tot+1.2*Wjst)*LA2*12)/1000 
4506.6 lbs Vmax=(coioi+1.2wcojst)*(L/2) 

Joist Selection; 

Depth 
Weight 
Moment of Inertia 

16 in 

Moment Capacity (Table! 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

OJjst 8.5 lbs/ft 

Mall 

Vail 

99 inA4 
349 kip-in 

518.3 kip-in 
4000 lbs 

6012.0 lbs 

Mall>Mmax OK:::U'!'-::U: 

V a l I > V m a x 

Maximum Deflection 1,0601 in 
L/279 

A=(5*(aJtot+1.2*aJis«r(L*12)A4)/(384"29000000*I1'12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$712,87 C=Wist*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selecuon 

Jo is t Number 48 

Tributary Width 
Span 
Total Load 
Linear Load Wlot 

6.33 ft 
23.33 ft 
59.20 psf 

374.93 lbs/ft wiot=LP 
cotot<550 lbs / f t 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

314.04 kip-in 
4486,2 lbs 

Mmax=(ai25*(a).oi+1.2*WjSt)*LA2*12)/1000 
Vmax=(cotot+1.2*wjst)*(L/2) 

Joist-Selection •: 
■ 

14KCS2 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjst 

Mall 

14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

Vail 5110.2 lbs 

MaII>Mmax GKH:::::::::;: 

Vall>Vmax IQK^N;" 

Maximum Deflection A 1.1485 in 
L/244 

AK5*(cJw»1.2*^iat)*(L*12)M)/(384*29000000*I*12) 
A>L/240 1 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$158.67 C=o>jst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 49 

Tributary Width 
Span 
Total Load 
Linear Load ■CO t o ! 

6.67 ft 
23.33 ft 
59.20 psf 

394.67 lbs/ft o>toi=LP 
cotoi<550 lbs/ft jQi 

Maximum Moment 
Maximum Shear 

Mmax 330.64 kip-in Mmax=(0.125*{«tot+1.2*Wjst)*LA2*12)/1000 
Vmax 4723.4 lbs Vmax=(o)toi+1.2*coj£t)*(L/2) 

■election a < mm j v ■■-■■■■■■-■--■■-■■ 

Depth 
Weight 
Moment of Inertia 

16 in 
COJst 8.5 lbs/ft 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

99 inA4 

Mall 

Vail 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012,0 lbs 

Mall>Mmax 

VaII>Vmax QK mm 
Maximum Deflection 0.9405 in 

L/298 
A=(5*(cjt0t+1.2*cjjstr(L*12)A4)/(384*29Q00000wi*12) 
A>L/240 BHHHI 

Number of Joists n 
Cost per Pound 
Total Cost 

$0.85 
i168.58 C=a>]st*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 50 

Tributary Width 
Span 
Total Load 
Linear Load 

6.67 ft 
23.67 ft 

CJtQt 

59.20 psf 
394.67 lbs/ft ojtot=LP 

OHOI<55Q lbs/ft I I 
Mmax=(0.125*(&Jtot+1.2 Vpt)*LA2*12)/1000 Maximum Moment 

Maximum Shear 
Mmax 
Vmax 

340.16 kip-in 
4790.9 lbs Vmax=(q;tot+1,2*6>jsQ»(L/2) 

wmm ?na 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

GJjst 

Mall 

Vail 

16 in 
8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012.0 lbs 

Mall>Mmax 

Vall>Vmax 

Maximum Deflection A 0,9954 in 
L/285 

A=(5*(OJ»OH-1 .2*cj,str(L*112)A4)/(384*29000000*I*12) 
U>L/240 B I H 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$170.99 C=«w*L*e*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Selec.on 

Joist Number 51 

Tributary Width 
Span 
Total Load 
Linear Load a; tot 

6.42 ft 
16.27 ft 
59.20 psf 

379.87 lbs/ft a)t«=LP 
a>ioi<55o ibs/ft m 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

153.71 kip-in Mmax=(0.125*(wtot+1.2*Wjst)*LA2*12)/1000 
3148.9 lbs Vmax=(wtot+1.2*a>jsO*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CJjst 

Mall 

Vail 

12 in 
6 Ibs/ft 

43 inA4 
209 kip-in 

310.4 kip-in 
2400 lbs 

3607.2 lbs 

MaII>Mmax 

ValI>Vmax ™ r 
Maximum Deflection 0.4895 in 

L/399 
A=(5*(cJtot+1.2*<ajsO*(L*12)A4)/(384*29000000»I*12) 
A>L/240 B 

Number of Joists 
Cost per Found 
Total Cost 

n 
$0.85 

$82.98 C=Wjst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

7 

Joist Design Selection 

Joist Number 52 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

CJlot 

3,42 ft 
24.67 ft 
59.20 psf 

202.27 lbs/ft CJIOFLP 
wiot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

19172 kip-in Mmax={0.125*(«w+1.2*WiSQ*LA2*12)/1000 
2590.8 lbs Vmax=( wiot+1.2*wjst)*(U2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CJjst 

Mali 

vail 

14 in 
6.5 lbs/ft 
59 inA4 

247 kip-in 
366.8 kip-in 
2900 lbs 

4358.7 lbs 

Mai l> Mmax [ ' :■ !■ ■'■ ■!■I ' i l l ! . 

O K ;::■::■:;:; 

Vall>Vmax 

Maximum Deflection 1.0227 in 
L/289 

A=(5*(cjloH-1.2*ajjsQ*(LM2)M)/(384*290QQ000*I*12) 
A>L/240 QK::-; [M\ 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$136.28 C=wist*L*c*n 



St. Micnael 's Assoc ia t ion fo r Spec ia l Educat ion 
New Faci l i ty Design 

J o i s t Number 53 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Depth 
Weight 
Moment of Inertia 

a; lot 

4,83 ft 
24,67 ft 
59.20 psf 

286,13 IbS/ft 

Mmax 269.91 kip-in 
Vmax 3647,4 lbs 

Joist Selection : 
'■■■'■iin i ' i ■ ' ■■■■ 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Cujst 
14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

Mall 

Vail 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

Maximum Deflection A 1.1032 in 
L/268 

Number of Joists 
Cost per Pound $0.85 
Total Cost $167.73 

Jo is t Design Selec. 

cotot=LP 
cotot<550 Ibs/ft 
Mmax=(0.125*( ww+1. 2*Wjst)*LA2*12)/1000 
Vmax=(wiot+1.2*a>isO*(L/2) 

MalI>Mmax om mm 
ValI>Vmax 

A=(5*(cjto>+1.2*Mst)W12^4)/(384*29000000,,I,>12) 
A>L/240 lOK 

C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 54 

Tributary Width 
Span 
Total Load 
Linear Load a; tot 

5.25 ft 
23.33 ft 
59.20 psf 

310.80 lbs/ft a>tot=LP 
a>tot<550 lbs/ft H 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

261.66 kip-in Mmax=(0.125*(a)iot+1.2V|s.)*LA2*12)/1000 
3738.0 lbs Vmax=(cjiot+1.2*ojjst)*(U2) 

Jofst Selection; 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table; 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COJst 

Mall 

Vail 

14 in 
8 lbs/ft 

77 inM 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

Mall>Mmax 

Vall>Vmax 
: ■ , , , ■ . '.i.i.i ■ , .A 

Maximum Deflection 0,9570 in 
L/293 

A=(5*(cjtoi+1.2*gj|Str(L*12)A4)/(384*29000000*l*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
£158.67 C=w}st*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 55 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

Wlot 

5.75 ft 
23.33 ft 
59.20 psf 

340.40 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

285.83 kip-in 
4083.3 lbs 

Joist Selection 14KGS2 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
CJjst 

I 

Mall 

o>iot=LP 
OJIOK550 lbs/ft [OK I 
Mmax^(0.125*(cjiD!+1.2*Wist)-LA2*l2)/1000 
Vmax=(cjtot+1.2*«jrt) *<L/2) 

14 in 
8 lbs/ft 

77 inM 
324 kip-in 

481.1 kip-in 
3400 lbs 

Vail 5110.2 lbs 

MalI>Mmax OK 

Vall>Vmax [ O K | 

Maximum Deflection A 1.0454 in 
L/268 

A=(5*(co.ot+1.2*a)jSi)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 ! | K j 

Number of Joists 
Cost per Pound 
Total Cost 

n 2 
c $0.85 
C $317.33 C=cj|s,"L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 56 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

CJtot 

5.83 ft 
24.67 ft 
59.20 psf 

345.33 lbs/ft cotot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

324.48 kip-in Mmax=(0.125,,(wioi+1.2*Wjst)',LA2*12)/1000 
4384.9 lbs Vmax=(wiot+1.2*a>m)*(U2) 

Joist Selection 16KCS2 ! 
'-'—-' -• 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 

16 in 
OJjsl 

Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012.0 lbs 

MalOMmax 

Vall>Vmax 15* r 
Maximum Deflection 1.0315 in 

L/287 
A=(5*(coioH-1.2*gjist)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$178.22 C=cjjst*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 57 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

CJtot 

5.50 ft 
24.67 ft 
59.20 psf 

325.60 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

305.93 kip-in 
4134.1 lbs 

Joist Selection 14KCS2 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 

d 
COjst 

I 

Moment Capacity (LRFD) Mall 
Shear Capacity (Table) 
Shear Capacity (LRFD) Vail 

cotot=LP 
wtot<550 lbs/ft miMmm 
Mmax=(0.125"( wtot+1.2*wjst)-LA2*12)/1000 
Vmax=(oJioi+1.2*o))St)*(U2) 

14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

Mall>Mmax OK 

Vall>Vmax !OK I 

Maximum Deflection A 1.2504 in 
L/237 

A=(5*{cjtot+1.2*o>jst 
A>L/240 

*(L*12)A4)/(384"29000000*n 2) 

m:mM 
^ — _ — _ _ ^ 

Number of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

1 
$0.85 

$167.73 C=coist*L*c'n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 58 

Tributary Width 
Span 
Total Load 
Linear Load Wtot 

6.08 ft 
23.33 ft 
59.20 psf 

360.13 lbs/ft o>tot=LP 
cotot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

301.95 kip-in 
4313.6 lbs 

Mmax=(0.125*(wtot+1.2*w]st)*LA2'12)/1000 
Vmax=(a).oi+1.2*cojst)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CJjsl 

Mall 

Vail 

14 in 
8 lbs/ft 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110.2 lbs 

MaN>Mmax OK::::::;:::::.: 
■ ■■■■■■.■■■■■■■■■■■■■: . . l 

Vall>Vmax 
———-—r—r—-

Maximum Deflection 1.1043 in 
L/254 

A=(5'(o;toi+1.2*gjjst)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 MK I 

Number of Joists 
Cost per Pound 

n 

Total Cost 
$0.85 

$158.67 C=a>jst*L*c*n 



St. Micnael's Association for Special Education 
New Facility Design 

> Joist Design Selection 

Joist Number 59 

Tributary Width 
Span 
Total Load 
Linear Load OHol 

6.17 ft 
24.67 ft 
59.20 psf 

365.07 lbs/ft w toî  LP 
Wtot<550 lbs/ft ..... M^-m 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

342.49 kip-in Mmax=(0.125*(o>»0t+1.2*w]st)*LA2*12)/1000 
4628.3 lbs Vmax=(wtot+1.2*wjst)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 

COjst 

Mali 

Shear Capacity (LRFD) Vail 

16 in 
8.5 lbs/ft 
99 inA4 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012,0 lbs 

Mall>Mmax 

VaII>Vmax 

Maximum Deflection A 1.0888 in 
L/272 

A=(5*(gjtoi+1.2*&>jrt)*(L*12)A4)/(384*29000000*I»12) 
A>L/240 I K ! II 

Number of Joists 
;ost per Pound 

Total Cost 
$0.85 

$534.65 C=6jjs.*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Selection 

Jo is t Number 60 

Tributary Width 
Span 
Total Load 
Linear Load 

6.42 ft 
23.33 ft 

Wtot 

59.20 psf 
379.87 IbS/ft wtot=LP 

wiot<550 lbs/ft 
Maximum Moment Mmax 
Maximum Shear Vmax 

318.06 kip-in Mmax=(0-125*(cjtoi+1.2*Wisi)*LA2*12)/1000 
4543.8 lbs Vmax=(wtot+1.2*wj6i)*(L/2) 

Wist Selection , j f p S 1 4 I £ 8 2 - 1 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

OJjsl 

14 in 
8 lbs/ft 

Mall 

Vail 

77 inA4 
324 kip-in 

481.1 kip-in 
3400 lbs 

5110,2 lbs 

MalOMmax 

Vall>Vmax ™r— 
Maximum Deflection A 1.1632 in 

L/241 
A=(5*(gjiot+1.2*tx)i5t)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

n 
S0.85 

$158.67 C=o>jsi*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 61 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Joist Selection i\ 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CO tot 

Mmax 
Vmax 

7.00 ft 
2400 ft 
59.20 psf 

414.40 lbs/ft 

366.85 kip-in 
5095.2 lbs 

16K.©&2|lf 

d 
Cujst 

I 

Mall 

Vail 

A i 

n 
c 
C 

cjtoi=LP 
cotot<550 lbs/ft JOK j 
Mmax=(0.125#(cotot+1.2>sO*LA2*12)/1000 
Vmax=(cotot+1.2*cjjst)*(L/2) 

16 in 
8.5 lbs/ft 
99 inM 

349 kip-in 
518.3 kip-in 
4000 lbs 

6012.0 lbs 

Mall>Mmax |OK ; ;;;: 

Vall>Vmax ok 

1.1040 in 
L/261 

A=(5*(COIC4+1.2*CJJSO*(L*12)A4)/(384*29000000^ 
A>L/240 |OK j 

2 
$0.85 

$346.80 C=wi5l*L*c*n 

;*12) 



St. Michael s Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 62 

Tributary Width 
Span 
Total Load 
Linear Load wwi 

6.67 ft 
18.83 ft 
59.20 psf 

394.67 lbs/ft uot=LP 
O)toi<550 lbs/ft m Maximum Moment 

Maximum Shear 
Mmax 
Vmax 

214.13 kip-in Mmax=(0.125*( wtoi+1 .2*Wjst)*LA2*1 2)/1000 
3789.9 lbs Vmax=(<ytat+1.2*w|st)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table; 
Shear Capacity (LRFD) 

CJjst 

14 in 
6.5 lbs/ft 
59 inA4 

Mall 

Vail 

247 kip-in 
366.8 kip-in 
2900 lbs 

4358.7 lbs 

MaII>Mmax 

Vall>Vmax 

Maximum Deflection A 0.6658 in 
L/339 

A=(5*(cotoi+1.2*Wist)*(L*12)A4)/(384*29000000*i*12) 
A>U240 

. . . , ■ . ■,■■■■■■■■..■.. . . . ■ ■ 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$104.05 C=cjjsi*L*c*n 



St. Michaers Association for Special Education Joist Design Selecuon 
New Facility Design 

Jo is t Number 63 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

OJtot 

5.67 ft 
34.67 ft 
59.20 psf 

335.47 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

631.77 kip-in 
6074.8 lbs 

^H^^^^^^^MlMIl 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
OJjst 

I 

Mall 

Vail 

o)iot=LP 
wtot<550 lbs/ft OK 
Mmax=(0.125*(ajtoi+1.2*W|st)*LA2*12)/1000 
Vmax=(wtot+1.2*wjst)*{L/2) 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax OK :^ 

Vall>Vmax OK 

Maximum Deflection A 1.3047 in 
L/319 

A-t5-t«w+1.2*Wjai)*(L*12)M)/(384*29000000*l*12) 
A>L/240 fc>K 

Number of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

4 
$0.85 

$1,473.33 C=cjjst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Jo is t Number 64 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CO lot 

Mmax 
Vmax 

d 
CJjst 

I 

Mall 

Vail 

A 

n 
c 
C 

5.50 ft 
33.33 ft 
59.20 psf 

325.60 lbs/ft 

565.67 kip-in 
5656.7 lbs 

co tot=LP 
a>to«550 lbs/ft OK 
Mmax=(0.125*(cotoi+1 2*Wisi)*LA2*12)/1000 
Vmax=(co(ot+1.2*«j>0*(U2) 

20 in 
11.5 lbs/ft 
205 inM 
595 kip-in 

883.6 kip-in 
6000 lbs 

9018.0 lbs 

MalOMmax OK 

Vall>Vmax |Sp : | 

1.5858 in 
L/252 

A=(5^coioi-f-1.2*a;isO'(L*12)A4)/(384'29000000*i 
A>L/240 OK 

4 
$0.85 

$1,303.33 c=o*nwh 

-12) 



St. Michael's Association for Special Education 
New Facility Design 

' 
Joist Design Selection 

Joist Number 65 

Tributary Width 
Span 
Total Load 
Linear Load CO tot 

6.33 ft 
33.33 ft 
59.20 psf 

374,93 lbs/ft o;tot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

649.89 kip-in Mmax=(0.125*(cotot+1.2*w,s.)*LA2*12)/1000 
6498.9 lbs Vmax=(<jtot+1.2*uj*)*(U2) 

e l e c t i o n . . ; «S*SEJ/;-;:-; 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

0>jst 

24 in 
12.5 IbSffi 

Mall 

Vail 

301 inM 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax 

Vall>Vmax [SH 

Maximum Deflection A 1.2409 in 
L/322 

A=(5*(cjw+1.2*CJ|at)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$2,125.00 C=cojs.*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' 
Joist Design Selection 

Joist Number 66 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

COtol 

6.33 ft 
34.67 ft 
59.20 psf 

374.93 lbs/ft o;tot=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 702.92 kip-in Mmax=(0.125*(coiot+1.2*Wjst)*LA2*12)/1000 
Vmax 6758.8 lbs Vmax=(cJtoH-1.2*6>jsQ*(L/2) 

Joist Se.ection . . 24KCS3 

Depth 
Weight 
Moment of Inertia 

OJjst 

Moment Capacity (Table) 
Moment Capacity (LRFD) Mall 
Shear Capacity (Table; 
Shear Capacity (LRFD) Vail 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

MaN>Mmax 

Vall>Vmax 

Maximum Deflection A 1.4516 in 
L/287 

IA=(5*(O)tot+1.2*o;|st)*(L*12)A4)/(384*29000000*l*12) 
,A>L/240 

Number of Joists 
)ost per Pound 

Total Cost 

n 
$0.85 

$1,473.33 C=wjstsL*c*n 



St. Michael's Association for Special Education 
New Facility Design 

7 
Joist Design Selection 

Joist Number 67 

Tributary Width 
Spar\ 
Total Load 
Linear Load &\0\ 

2.67 ft 
35.33 ft 
59.20 psf 

157.87 lbs/ft ow=LP 
CJWK550 lbs/ft OK: 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

319.23 kip-in Mniax^(0.125'(g.nci-H.2*Wisl)*LA2M2)/100Q 
3011.6 lbs Vmax=(a;tot-H .2*WjSt)*(L/2) 

—~-—-——-»-7 -————->T 

Joist Selection 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table! 
Shear Capacity (LRFD) 

CJjst 

Mall 

Vail 

16 in 
10.5 lbs/ft 
128inA4 
470 kip-in 

698.0 kip-in 
4800 lbs 

7214.4 lbs 

Mai l> Mmax 

Vall>Vmax OKI 

Maximum Deflection A 1.6105 in 
L/263 

A=(5*(a>iot+1.2*cjjst)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 m 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$315.35 C=«j*"L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 68 

Tributary Width 
Span 
Total Load 
Linear Load CO tot 

5.17 ft 
35.33 ft 
59.20 psf 

305.87 lbs/ft cotot=LP 
a)tot<550 lbs/ft \M 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

600.88 kip-in Mmax=(O.125*(cotot+1.2\v)S0*LA2*12)/1OOO 
5668.6 lbs Vmax=(a»oi+1.2*«jst)*(L/2) 

t Selection 24K&53 
■ — -

Depth 
Weight 
Moment of Inertia 

COjsl 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

24 in 
12.5 lbs/ft 
301 inM 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax \mm 
" F — — — — — 

Vall>Vmax OK : 

Maximum Deflection 1.2891 in 
L/329 

A=(5»(anot+1 .2*cojst)*(L*1 2)A4)/(384*29000000*i*12) 
|A>L/240 i l B 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$1,126.25 C=a>jst*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 69 

Tributary Width 
Span 
Total Load 
Jnear Load 

Maximum Moment 
Maximum Shear 

«MM^B^ 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

cowi 

Mmax 
Vmax 

■ ■ ' ■■ ■■■■ ■■ ■■ ■ ■ ' : ■ . : ' ' : 

d 
COJst 

I 

Mall 

Vail 

A 

n 
c 
C 

5.67 ft 
35.33 ft 
59.20 psf 

335.47 lbs/ft 

656.31 kip-in 
6191.6 lbs 

mmsmm 

cc (oi=LP 
6Jtoi<550 lbs/ft OK | 
Mmax=(0.125*(o>t0t+1.2>jsi)*LA2*12)/1000 
Vmax=(coto!+1.2*cofst)*(L/2) 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax |OK 

Vall>Vmax OK 

1.4080 in 
L/301 

!^=(5*(a)(ot+1.2*cojst)*(L*12)A4)/(384*29000000* 
A>L/240 |OK | 

2 
$0.85 

$750.83 C=a>jst*L*c*n 

1*12) 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 70 

Tributary Width 
Span 
Total Load 
Linear Load CJtol 

5.83 ft 
34.00 ft 
59.20 psf 

345.33 lbs/ft wiot=LP 
TTTTT"; 

am cotoi<550 lbs/ f t 

Maximum Moment Mmax 
Maximum Shear Vmax 

624.82 kip-in Mmax=(0.125-(cotoi+1.2 Vjst)*LA2*12)/1000 
6125.7 lbs Vmax-(w»ot+1.2*cojst)*(L/2) 

Joist Selection 
^ ~ ^ - - ^ " M ) . v.. -'.-. .y> -..■.'.'>-:..■■■■.■-.-. .-■■■■■■■. . , „ ^ . v . , . , v . w . ^ . : ^ m . -

Depth. 24 in 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table; 
Shear Capacity (LRFD) 

cojat 12.5 lbs/ft 

Mall 

Vail 

301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

MalOMmax 

Vall>Vmax G K ^ ^ 

Maximum Deflection 1.2412 in 
L/329 

A=(5*(ww+1.2*a>jst)*(L*12)A4)/(384*29000000*I*12) 
A>U240 >K 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$361.25 C=a>j5t*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Selection 

Joist Number 71 

Tributary Width 
Span 
Total Load 
Linear Load CJtot 

6.00 ft 
35.33 ft 
59.20 psf 

355.20 lbs/ft CL>tot=LP 

&)tot<550 lbs/ft 
Mmax=(0.125*(c>;tot+1.2*Wist)*LA2*12)/1000 Maximum Moment 

Maximum Shear 
Mmax 693.26 kip-in 
Vmax 6540,2 lbs Vmax=(cjiot-M.2*^jsQ*(L/2) 

Joist Selection 
- ■ ■■ 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table] 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

GJjst 

Mall 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 

Vail 
7200 lbs 

10821.6 lbs 

Mall>Mmax 
| , , - ■ ' , : -

Vall>Vmax omi 
Maximum Deflection A 14873 in 

L/285 
A=(5*(cjtot+1.2*cJiSt)*(L*12)A4)/(384<29000000*i*12) 
A>L/240 

Number of Joists 
Cost per Pound 
Total Cost 

S0.85 
$1,877.08 C=ajjst*L*c*n 



St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Joist Number 72 

Tributary Width | 
Span 
Total Load 
Linear Load 

L 
P 

OJIol 

6.75 ft 
34.00 ft 
59.20 psf 

399.60 lbs/ft 

Maximum Moment | Mmax 
Maximum Shear Vmax 

718.92 kip-in 
7048.2 lbs 

w^^^^^^^^^M&mm. 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

d 
OJjst 

I 

Mall 

Vail 

o;iot=LP 
6>tot<550 lbs/ft OK 
Mmax=(0.125-(cjia+1.2*WjSt)*LA2*12)/1000 
Vmax=(cjtot+1 .2*WJSO*(L/2) 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mai l> Mmax [OK 

VaII>Vmax [ G K l p p 

Maximum Deflection A 1.4281 in 
L/286 

A=(5'<o;.ot+1.2^,sO*(L*12)A4)/(384-29000000'l*12) 
A>L/240 |0K | 

Number of Joists 
Cost per Pound 
Total Cost 

n 
c 
C 

1 
$0.85 

$361.25 C=wisi*L*c*n 

■ • -



St. Micnael's Association for Special Education 
New Facility Design 

/ Joist Design Selection 

Joist Number 73 

Tributary Width 
Span 
Total Load 
Linear Load 

4.08 ft 

C^lot 

35.33 ft 
59.20 psf 

241.73 lbs/ft cotot=LP 
«tat<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

478.53 kip-in Mmax=(0.125«(6JiorH .2*wjst)*LA2*12)/1000 
4514.4 lbs Vmax=(0)io<+1.2"CJJSQ*(L/2) 

Selection ^ „ 20* 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Tablel 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

20 in 
COjsl 11.5 lbs/ft 

Mall 

Vail 

205 inA4 
595 kip-in 

883.6 kip-in 
6000 lbs 

9018.0 lbs 

Mall>Mmax mm 
VaII>Vmax 

Maximum Deflection 1.5074 in 
L/281 

A=(5*(cjtot+1.2*<a]St)*(L*12)A4)/(384*29QQ000O*I*12) 
A>L/240 

Number of Joists 
Cost per Pound $0.85 
Total Cost $345.38 C=a>j8t-L*c"n 



St. Michael's Assoc ia t ion fo r Spec ia l Educat ion 
New Facility Design 

Jo is t Design Select ion 

Jo is t Number 74 

Tributary Width 
Span 
Total Load 
Linear Load COtot 

3.58 ft 
35.33 ft 
59.20 psf 

212.13 lbs/ft cotoi=LP 
wtoi<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

418.60 kip-in Mmax=(0.125*(&>tot+1 .2*W]5i)*LA2"12)/1000 
3949.1 lbs Vmax=(co(0(+1.2*cojst)*(L/2) 

m i o n 

Depth 
Weight 
Moment of Inertia 

CJjst 

Moment Capacity (Table) 

20 in 
9.5 lbs/ft 
159 inA4 
442 kip-in 

Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

656.4 kip-in 
5200 lbs 

7815-6 lbs 

MalI>Mmax 

Vall>Vmax OK 

Maximum Deflection 1.7001 in 
L/249 

A=(5*(ajKn+1.2*cjisi 
A>L/240 

*(L»12)M)/(384*29000000*ri2) 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$570.63 C=o;ist*L*c*n 



St. Miciictel's Association for Special Education 
New Facility Design 

' Joist Design Selection 

Joist Number 75 

Tributary Width 
Span 
Total Load 
Linear Load 

L 

Wtot 

6.33 ft 
34.00 ft 
59.20 psf 

374.93 lbs/ft wtoi=LP 
wtot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

676.14 kip-in Mmax=(0.125*(o;toi+1.2*W)st)*LA2*12)/1000 
6628.9 lbs Vmax=(cjtot+1.2*&jjst)*(U2) 

» t Selection 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 

OJjsI 

Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax T5£ 

Vall>Vmax 

Maximum Deflection A 1.3431 in 
U304 

A=(5*(GJM+1.2*CJJSQ*(L*12)A4)/(384*29000000*n2) 
A>L/240 

Number of Joists 
Cost_per Pound 
Total Cost 

16 
$0.85 

$5,780.00 C=Wist*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 76 

Tributary Width 
Span 
Total Load 
Linear Load 

5.75 ft 
34.33 ft 
59.20 psf 

CO tot 340.40 lbs/ft cotot=LP 
cotot<550 lbs/ft \mE■ :{[f\ 
Mmax^(0.125*(o;iot-H.2'wisO^LA2*12)/1000 Maximum Moment 

Maximum Shear 
Mmax 
Vmax 

628.41 kip-in 
6101.0 lbs Vmax=(&3tot+1.2*cojsQ»(L/2) 

Depth 
Weight 
Moment of Inertia 

24 in 
CO j s t 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

12.5 lbs/ft 
301 inA4 

Mall 

Vail 

720 kip-in 
1069.2 kip-in 

7200 lbs 
10821.6 lbs 

MaII>Mmax 

Vall>Vmax WM~: 
Maximum Deflection A 12729 in 

L/324 
A=(5*(cotot+1.2*cojst 
A>U240 

W(L»12)A4)/(384*29000000*I*12) 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$729.58 C=cojst*L*c*n 



St. Micuael's Association for Special Education 
New Facility Design 

' Joist Design Selection 

Joist Number 77 

Tributary Width 
Span 
Total Load 
Linear Load Wtot 

3.08 ft 
35.33 ft 
59.20 psf 

182.53 lbs/ft wioi=LP 
W(ot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 363.17 kip-in Mmax=(0.125»(fr)tot+1.2*wjst)*LA2*12)/1000 
Vmax 3426,2 lbs Vmax=(cotot+1.2'0Ji3t)*(L/2) 

mxom 20KCS2 
^ I m 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (TableJ 
Shear Capacity (LRFD) 

COjsI 

Mall 

Vail 

20 in 
9.5 IbS/ft 
159 inA4 
442 kip-in 

656.4 kip-in 
5200 lbs 

7815.6 lbs 

MaII>Mmax 

Vall>Vmax 

Maximum Deflection A 1.4750 in 
L/287 

A=(5*(WK*+1 .2*a)|* 
A>L/240 

(L*12)A4)/(384*29000000*I*12) 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$855,95 C=«jst*L*c*n 



St. Michael's Association for Special Education j 0 j s t Design Selection 
New Facility Design 

Joist Number 78 

Tributary Width 
Span 
Total Load 
Linear Load 

L 
P 

6Jt<X 

5.83 ft 
35.33 ft 
59.20 psf 

345.33 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

674.78 kip-in 
6365.9 lbs 

^^^^^^^»iBMiMffi 
Depth d 
Weight 
Moment of inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 

£JJst 

1 I 

Mall 

Shear Capacity (LRFD) | Vail 

cotot-LP 
OJtol<550 lbs/ft |OK.■...: 
Mmax=(ai25*(cJw+1.2Nv]st)*LA2*12)/1000 
Vmax=(a>ioi+1.2*wjrt)*(U2) 

I 
24 in 

12.5 lbs/ft 
251 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax [6k: 

Vall>Vmax OK 

Maximum Deflection | A 1.7360 in 
L/244 

A=(5*(wiol+1.2*cojst)*(L*12)A4)/(384*29000000*l*12) 
A>L/240 [OK I 

Number of Joists 1 n 
Icost per Pound 
|Total Cost 

c ! 
c I 

1 
$0.85 

$375.42 C=6;ist*L*c-n 



y 
St. Michael's Association for Special Education Joist Design Selection 
New Facility Design 

Jo is t Number 79 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

j o i s t Selection 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CJtot 

Mmax 
Vmax 

m^^wW' 

d 
WJst 
I 

Mall 

Vail 

A 

n 
c 
C 

6.00 ft 
34.00 ft 
59.20 psf 

355.20 lbs/ft 

641.93 kip-in 
6293.4 lbs 

■uri 

o: lot- LP 
wtot<550 lbs/ft WM^S 
Mmax=(0.125*( wioH-1.2*W]s0*LA2*12)/1000 
Vmax^«w+1.2*«fst)*(U2) 

I 
24 in 

12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

Mall>Mmax JOK j 

VaII>Vmax OK 

1.2752 in 
L/320 

A=(5*(cJiot+1.2*cjjstr(L*12)A4)/(384*29000000*: 
A>L/240 [OK 

2 
$0.85 

$722.50 C=o*rL-c*n 

:*12) 



St. Mici idel 's Assoc ia t ion for Spec ia l Educat ion 
N e w Facil i ty Des ign 

> Joist Des ign Se lec v.Jn 

Joist N u m b e r 80 

Tributary Width 
Span L 
Total Load 
Linear Load Wtot 

5.67 ft 
35.33 ft 
59.20 _psf 

335.47 lbs/ft wtot=LP 
cotot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 656.31 kip-in Mmax=(0.125*(gjtot+1.2>jsi)*LA2*12)/1000 
Vmax 6191.6 lbs Vmax=(cotoi+1 .2*«j*)*(L/2) 

Jo is t Selection 
— """** 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 

COjst 

Shear Capacity (Table) 
Mall 

24 in 
12.5 lbs/ft 
301 inA4 
720 kip-in 

1069.2 kip-in 

Shear Capacity (LRFD) Vail 
7200 lbs 

10821.6 lbs 

MaII>Mmax M 
Vall>Vmax OK ™ 

Maximum Deflection A 1.4080 in 
U301 

A=(5*(mot+1.2*^ist)*(L*12)A4)/(384*29000000*i*12) 
A>L/240 |OK I 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$1,50167 C=cjjst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Selection 

Joist Number 81 

iTributary Width 
Span 
Total Load 
Linear Load aiiot 

6.50 ft 
34.00 ft 
59.20 psf 

384.80 lbs/ft wtot=LP 
cotot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 693.25 kip-in Mmax={0.125*(^tot+1.2*wjsi)*LA2*12)/1000 
Vmax 6796.6 lbs Vmax=(a)tol+1.2"g;isi)>(L/2) 

mmmmomM^^m 
Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CJjst 

24 in 
12.5 lbs/ft 
301 inA4 

Mall 

Vail 

720 kip-in 
1069.2 kip-in 

7200 lbs 
10821.6 lbs 

MalI>Mmax 

Vall>Vmax 

Maximum Deflection A 1.3771 in 
L/296 

A^(5*(^ioi-fl.2^)si)*(L,12)A4)/(384*29000000'i-12) 
A>L/24O wm^M 

Number of Joists 
Cost per Pound 
Total Cost 

n 
$0.85 

$361.25 C=o>js.*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

' Joist Design Selection 

Joist Number 82 

Tributary Width 
Span 
Total Load 
Linear Load a; lot 

6.67 ft 
30.00 ft 
59-20 psf 

394.67 lbs/ft ufot=LP 
coiot<550 lbs/ft 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

551.43 kip-in Mmax=(0.125*( ww+1.2*\M*L*2*12)/1000 
6127.0 lbs Vmax=(cjtot+1.2*wist)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

CJjst 

20 in 
11.5 lbs/ft 
205 inM 
595 kip-in 

Mall 

Vail 

883.6 kip-in 
6000 lbs 

9018.0 lbs 

Mall>Mmax 

Vall>Vmax 

Maximum Deflection A 1.2522 in 
L/287 

A*(5*(o)ioH-1.2*aJiSt)*(L*12)A4)/(384*29000000"I*12) 
A>L/240 l ^ i T^ 

Number of Joists 
Cost per Pound 
Total Cost 

$0.85 
$586.50 C=w/st*L*c*n 



St. Mici.^el's Association for Special Education 
New Facility Design 

Joist Number 83 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

lectioriy 

Depth 
Weight 
Moment of Inertia 

CJtot 

Mmax 
Vmax 

Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 

0>jst 

Mall 

Shear Capacity (LRFD) Vail 

Maximum Deflection A 

Number Of Joists 
Cost per Pound 
Total Cost 

6.67 ft 
27.58 ft 
59.20 psf 

394.67 lbs/ft 

463.43 kip-in 
5600,3 lbs 

20 in 
9,5 lbs/ft 
159 inA4 
442 kip-in 

656.4 kip-in 
5200 lbs 

7815.6 lbs 

1.1470 in 
L/289 

$0.85 
$222.74 

Joist Design Seleci. 

cjiot=LP 
o>tot<550 lbs/ft 
Mrnax=(0. 125*(CJIOI+1 .2 V|St)*LA2*12)/1000 
Vmax=(wtot+1.2*cjjst)*<L/2) 

Mall>Mmax 
i i. :;M'-!'>"'" ; ; ; ! ; ; i 

Vall>Vmax OK ::,::;:;;.: 

A=(5*(wtot+1.2*wjsi 
A>L/240 

'(L*12)A_4)/(384*29000000*I*12) 

C=coM*L*c"n 



S t Michael's Association for Special Education 
New Facility Design 

) Joist Design Selection 

Joist Number 84 

Tributary Width 
Span 
Total Load 
Linear Load 

5.92 ft 
34.33 ft 

Wtot 

59.20 psf 
350.27 lbs/ft CJ(ot=LP 

cytot<550 lbs/ft 
■ ■ " - - • ■ ; . : ; ■■ ! ■ . ' 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

645.85 kip-in Mmax=(0.125*(o)t0i+1.2*wiSi)*LA2*12)/1000 
6270.4 lbs Vmax=(wiot+1.2*Gjjst)*(L/2) 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (TaDle; 
Moment Capacity (LRFD) 

24 in 
CJjst 12.5 lbs/ft 

Shear Capacity (Table) 
Shear Capacity (LRFD) 

Mall 

Vail 

301 inA4 
720 kip-in 

1069.2 kip-in 
7200 lbs 

10821.6 lbs 

MaII>Mmax 
[ ■ " ■ ■ " ' ' : ' . ' ; ; ' 

Vall>Vmax 

Maximum Deflection A 1.3083 in 
L/315 

A=(5*(ajto.+1.2*cojst 
A>L/240 

*(L*12)M)/(384*29000000*I*12) 

mm. 
Number of Joists n 
Cost per Pound 
Total Cost 

$0.85 
$364.79 C=cojst*L*c*n 



St. Michael's Association for Special Education 
New Facility Design 

/ 
Joist Design Selection 

Joist Number 85 

Tributary Width 
Span 
Total Load 
Linear Load 

3,75 ft 
34,33 ft 
59.20 psf 

CJtot 222.00 lbs/ft WtoFLP 
anot<550 lbs/ft K : : : - ; ■ ■ : ■ ■ ' ^ - - l 

Maximum Moment 
Maximum Shear 

Mmax 
Vmax 

412.69 kip-in Mmax=(0.125*(a>tot+1 .2*WJSI)*LA2*12)/1000 

40067 lbs Vmax=(a)tot+1.2*gjjst)*(L/2) 

JBL 
Depth_ 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

COjsf 

Mall 

20 in 
9.5 lbs/ft 
159 inM 
442 kip-in 

656.4 kip-in 
5200 lbs 

Vail 7815.6 lbs 

Mall>Mmax 

Vall>Vmax 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

I A I 

n 
c 
C 

1.5825 in 
L/260 

I — : 1 A=(5'(wtol+1.2^ist)*(LM2)M)/(384*29000000*l*12) 
A>U240 P " 

1 
$0.85 

$277.24| C=aJjst*L*c*n 



St Michael's Association for Special Education 
New Facility Design 

Joist Design Selection 

Joist Number 86 

Tributary Width 
Span 
Total Load 
Linear Load 

Maximum Moment 
Maximum Shear 

Joist Selection 

Depth 
Weight 
Moment of Inertia 
Moment Capacity (Table) 
Moment Capacity (LRFD) 
Shear Capacity (Table) 
Shear Capacity (LRFD) 

Maximum Deflection 

Number of Joists 
Cost per Pound 
Total Cost 

L 
P 

CJtOt 

iMmax 
|vmax 

d 
CJjst 

I 

Mall 

Vail 

A 

n 1 
c 
C 

7.08 ft 
19.33 ft 
59.20 psf 

419.33 lbs/ft 

239.48 kip-in 
4129.0 lbs 

coiot=LP 
wtot<550 lbs/ft [OK I 
Mmax=(0.125*(cotot+1.2 V,st)*LA2*12)/1000 
Vmax=(cjiot+1.2*tojst)*(L/2) 

14 in 
6.5 lbs/ft 
59 inM 

247 kip-in 
366.8 kip-in 
2900 lbs 

4358.7 lbs 

Mall>Mmax (ok | 

ValOVmax 0K : 

0.7847 in 
L/296 

A=(5*(«w+1.2*wjst)*(L*12)A4)/(384*29000000*l*12) 
A>L/240 |OK 1 

I 54 
$0.85 

$5,768.10 OWLWi 



h i 
\ ■ 

STANDARD LOAD TABLE/LONGS PAN STEEL JOISTS, LH-SERIES 
Based on a Maximum Allowable Tensile Stress of 30 ksi 

■lesignatior IISIISIIII 

28LH05 

28LH06 

28LH07 

28LH08 

28LH09 

28LH10 

28LH11 

28LH12 

28LH13 

u
u

u
u

w
u

u
u

o
>

u
 

I 
i 

x
 x

 I
 
i 

x
 x

 5
 i
 

u*.
 

^
 

<
- 

ro
 

_
 

o
 

•a
 

c
o
 

sj
 5

i 

36LH07 

36LH08 

36LH09 

36LH10 

3 6 L H 1 1 

36LH12 

36LH13 

36LH14 

36LH15 

Ipprox. Wt. 
in Lbs. per 
Linear F t . 

11 

12 

13 

16 

17 

18 

21 

23 

25 

13 

16 

17 

18 

21 

23 

25 

27 

3 0 

14 

16 

17 

21 

21 

2 4 

27 

30 

33 

35 

16 

18 

21 

21 

2 3 

25 

3 0 

3 6 

3 6 

Deptn 
in 

Inches 

24 

24 

2 4 

24 

24 

24 

24 

2 4 

24 

2 8 

2 8 

28 

28 

2 8 

28 

28 

28 

2 8 

32 

32 

3 2 

32 

32 

3 2 

32 

32 

3 2 

3 2 

3 6 

3 6 

36 

3 6 

36 

36 

3 6 

36 

36 

SAFE L O A D * 
in Lbs. 

Between 
2 8 - 3 2 
11500 

14100 

15100 

20300 

22300 

23800 

28000 

29600 

31200 

3 3 - 4 0 
14000 

18600 

21000 

22500 

27700 

30300 

32500 

35700 

37200 

38-16 I 47-48 

16700 

18800 

20400 

25600 

28300 

31000 

36400 

40800 

41800 

43200 

42-46 
16800 

18500 

23700 

26100 

28500 

34100 

40100 

44200 

46600 

16700. 

.18800 >; 

'20400" ' 

25600 

283D0 

31000 

36400 

40600 

41800 

43200 

47-56 
16800 : 

185Q0_: 

23700 

26100 

28500 

34100 

40100 

44200 

46600 
. ■ 

CLEAR S P A N IN FEET 

33 
342 
235 
419 
288 
449 
308 
604 
411 
665 
4 5 2 
707 
480 
832 
5 6 2 
882 
596 
927 
624 

41 
337 
219 
448 
289 
505 
326 
540 
348 
667 
428 
729 
466 
780 
4 9 8 
857 
545 
895 
569 

49 

338 
21.1 
3 7 9 : 
235 
411 
255 
516 
319 
571 
352 
625 
385 
734 
450 
817 
500 
843 
515 
870 
532 
57 

292 
177. 
3 2 1 : 
194 
4 1 1 . 
247-' 
'454 
273 
495 
297 
593 
354 
697 
415 
768 
456 
809 
480 

34 
339 
226 
398 
265 
446 
297 
579 
3 8 2 
638 
421 
677 
447 
808 
5 3 0 
856 
559 
900 
588 
42 

323 
.205 
'429 
270 
484 
305 
517 
325 
639 
400 
704 
439 
762 
475 
837 
520 
874 
543 

35 
336 

:zi8 
379' 
246 
440 
285 
555 
356 
613 
393 
649 
416 
785 
601 
832 
528 
875 
555 
43 

310 
392/ 
412 
253 
464 
285 
496 
305 
612 
375 
679 
414 
736 
448 
818 
496 
854 
518 

50 ] 51 
326 
.199 
366 
223 
397 
2 4 2 
498 
302 
550 
332 
602 
363 
712 
428 
801 
480 
826 
495 
853 
511 

315 
1 8 9 -
•353 :. 
, 2 1 1 ; 
383 
229 
480 
285 
531 
315 
580 
343 
688 

406 
785 
461 
810 

476 
837 
492 

58 | 5 9 
283 
168 
3 1 1 . 
1 8 6 . 
398 
235 
'440" 
260 
480 
283 
575 

3 3 8 
675 
395 
755 
434 
795 
464 

274 
160 
302 
176". 
386 
2 2 4 -
426 

248 
465 
269 
557 

3 2 2 
654 
376 
729 

412 
781 
448 

36 
323 

-204 
360 
227 
419 
264 
530 
331 
588 
367 
622 

388 
764 
4 6 0 
809 
500 
851 
525 
44 
297 

. 1 8 0 . 
395 
238 
445 
267 
475 
285 
586 

351 
651 
388 
711 
423 
800 
476 
835 
495 

52 

304 
179 
341 

;2oo-
369 

216 
463 
270 
512 

297 
560 

325 
664 

384 
771 

444 
795 

458 
821 

473 
60 

266 
153 
293 
168 
374 

214 
413 

236 
451 
257 
540 

307 
634 

359 
706 

392 
769 

J434 

37 | 38 | 38 | 40 | 41 
307 
188 
343 
210 
399 
244 
504 
306 
565 
343 
597 
362 
731 
424 
788 
474 
829 
498 

45 
286 

1 8 9 ; 
379 

223 
427 

251 
456 

268 
563 

329 
625 

364 
682 

397 
782 

454 
816 

4 7 2 
53 

294 
169 
329 
189. 

J W 
447 

256 
495 

282 
541 

308 
641 

364 
742 

420 
780 

440 
805 

454 
61 

258 
146 
284 

160 
363 

204 
401 

225 
438 

246 
523 

2 9 2 
615 

342 
083 

373 
744 

J413 

293 
175 
327 
195 
380 
226 
480 
284 
54) 
320 
572 
338 
696 
393 
768 
439 
807 
4 7 2 

46 
275. 

159' 
364 

209 
410 

236 
438 

252 
540 

309 
600 

342 
655 

373 
766 

435 
799 

4 5 2 
54 

284 
1 6 1 . 
.318 
1 7 9 ' 
345 

194 
432 

243 
478 

267 
522 

292 
619 

345 
715 

397 
766 

417 
791 

438 
62 

2 5 1 
140 
276 

163 
352 

195 
389 

215 
425 

234 
508 

279 
596 

327 
661 

356 
721 

394 

279 
162 
312 
182 
363 
210 
45? 
263 
516 
297 
545 
314 
683 
363 
737 
406 
787 
449 

47 
265 
1 5 0 : 
350 
187 
394 
222 
420 
236 
519 
291 
576 
3 2 2 
629 
351 
737 
408 
782 
433 

55 

275 
1 5 3 : 
3 0 8 : 
1 7 0 : 

m 
462 
254 
505 
277 
598 
327 
690 
376 
738 
395 
776 
422 

63 
244 
134 
268 
146 
342 
186 
378 
206 
412 
224 
493 

267 
579 
312 
641 
339 
698 

|375 

267 
152 
298 
169 
•347, 
.196:. 
437 
245 
491 
276 
520 
292 
632 

3 3 7 
702 
378 
768 
418 

43 
255 
142 
337-
186 . ; 
379 
209 
403 
2 2 2 
499 
274 
554 
303 
605 
331 
709 
383 
766 
4 1 5 
56 

■266 
145 : . 
.298 
:.162 

W 
404 
219 
445 
240 
488 
263 
578 
311 
666 
354 
713 
374 
763 
407 64 
237 

128 
260 
140 
333 
179 
367 
197 
401 
214 
478 
255 
562 
298 
621 
323 
677 
358 

2 5 5 . 
.141-; 
285'; 
1 5 8 . 
3 3 1 5 
. 1 8 2 ' 
417 
228 
468 
257 
497 
2 7 2 
602 
3 1 3 
668 
351 
734 
388 
49 

'245,, 
133 . 
>324' 

h«i 
365 
197 
387 
209 
481 
258 
533 
285 
582 
312 
6 8 2 
361 
751 
396 
57 

257., 
■138: 
2 8 8 -
154C 

1 6 7 > 
391 
208 
430 
228 
473 
251 
559 
295 
643 

336 
688 
355 
750 
393 

65 
230 

1 2 2 
253 

134 
323 
171 
357 
188 
389 
205 
464 
243 
546 

285 
602 

309 
656 
342 

42 | 43 
244 
.132 
273 
148 
317 
.171, 
399 
211 
446 
239 
475 
254 
574 

2 9 2 
637 
326 
701 
361 
50 

237. 
1 2 6 . 
•313' 
166' : 
352 
186 
371 
196 
463 
243 
513-
269 
561 
294 
656 
340 
722 
373 
58 

249 
131 : 
279 
.146 

W 
416 

217 
458 

239 
541 
281 
621 
319 
665 
337 
725 
374 

66 
224 

117 
246 

128 
314 

163 
347 
180 
378 

196 
450 

232 
531 

273 
584 

295 
637 

327 

234 
1 2 4 
:262' 
138 

; 3 0 4 ' 
1 6 0 
381 
197 
426 
223 
455 
238 
546 
2 7 2 
608 
304 
671 
337 
51 

226. 
•11.9 
3 0 1 : 
:156. 
339 
175 
357 
185 
446 
22Q 
'495 
255 
540 
27? 
632 
321 
694 
35? 

59 

242 
'125 
2711 
■140 
:293 
151 
367 
189 
402 
206 
443 
227 
524 
267 
60Q 
304 
643 
321 
701 

l_355_ 

67 

218 
1 1 2 
239 
123 
£06 
157 
338 
173 
3(58 
158 
437 
2 2 2 
516 
2 6 2 
567 
233 
618 
312 

44 
•224, 
.116. 

.251- . 
130 

.291- . 
■150 
364 
184 
407 
208 
435 
222 
524 
2 5 4 
582 
285 
6 4 2 
315 
52 
220. 

■113; 
2 9 1 i 
,14.8; 
327 
166 
344 
175 
430 
216 
477 
241 
521 
263 
609 
303 
668 
3 3 2 

60 

234 
119 
262 
133 
284 
144 
356 
180 
389 
196 
429 
216 
503 
255 
581 
288 
622 
304 
678 
338 

68 
212 

107 
233 
118 
297 
150 
328 
165 
358 
180 
424 
213 
502 
251 
551 
270 
600 
299 

45 
215". 

1 0 9 . 
; 2 4 l " 
•122. 
280 
-141 -
348-

:.172J 
389 
195 
417 
208 
501 
2 3 8 
556 
266 
616 
294 

53 
•213: 
' 1 0 7 . 
;281 \ 
. 1 4 0 , 
316 
158 
331 
165 
415 
204 
460 
228 
502 
249 
587 
285 
643 
314 

61 
227 
114 
254 
127 
275 
137 
345 
172 
376 
186 
416 
206 
492 
243 
562 
275 
602 
290 
656 
322 

69 
207 
103 
227 
113 
289 
144 
320 

159 
348 
173 
412 
204 
483 

240 
535 
259 
583 
286 

46 | 47 | 

?0° l 
■231 
1 1 4 ; 
2 6 9 
1 3 2 ; 
3334. 
11.81, 
373 
1 8 2 
400 
196 
480 
2 2 3 
533 
249 
590 
276 

54 
206 

'102-
327-1 
•133-
•305; 
1B0: 
'319; 
-168. 
401 
193 
444 
215 
485 
236 
566 
270 
620 
297 
62 

220 
108 
247 
121 
267 
131 
335 
164 
364 
178 
4 0 3 
196 
477 
232 
544 
262 
583 
276 
635 
306 

70 
2 0 1 
99 
221 
109 
282 
136 
311 

1 5 2 
339 
166 
400 
195 
475 

231 
520 
247 
567 
274 

1 9 9 ; 
: \ 9 6 ; 
2 2 2 ; 
.107. 
258 ' i 
1 2 4 . 
3 2 0 ; 
■1.62-
357 
171 
384 
184 

460 
209 
511 
234 
567 
259 

55 
199-

■: 9 7 j 
262*. 
'1263 
T295\' 
i1;42S 
3 0 8 . 
:1'48„ 
387 
183 
429 
204 
468 
223 
546 
256 
598 
281 

63 

214 
104 

240 
116 
259 
125 
325 
157 
353 
169 
390 
187 
463 
221 
527 
249 
564 
264 
616 
292. 

71 
198 
95 

215 
104 
275 
133 
303 
146 
3311 

153 
389 
187 
463 
2 2 2 
505 
237 
551 
263 

4 S - 1 

SKI-
214. 
101 
,248. 
,1:1.7 
:307.:. 
n:42 
343 
161 
369 
173 
441 
196 
490 
220 
544 
243 

56 
.193; 
?.?92 
2 5 3 : 
DBS 
' 2 8 5 ' 

p$ 
■297. 
Baa 
374 
173 
415 
193 
453 
212 
527 
243 
577 
266 64 

203 
99 

233 

m 
120 
315 
149 
342 
162 
378 
179 
449 
211 
511 
238 
547 
251 
597 
279 
72 
191 
91 

209 
100 
267 
127 
295 
140 
322 
153 
378 
179 
451 
213 
492 
228 
536 
252 

55 



RAM Steel V6.2 Gravity Beam Design Takeoff 
Integrated Project Services 
DataBase: temp 02/26/01 12:10:03 
Building Code: BOCA Steel Code: ASD 9th Ed 

Floor Type: Overhang 
Story Level 1 
Steel Grade: 50 

SIZE # LENGTH (ft) WEIGHT ( 
W8X10 25 309.00 3112.32 
W10X12 5 96.33 1160.42 
W12X14 5 86.67 1226.82 

35 5499-56 
Total Number of Studs = 0 



RAM Steel V6.2 Gravity Beam 
Integrated Project Services 
DataBase: temp 

j ^ Building Code: BOCA 

Floor Type: Overhang 
Beam # 

1 
6 
66 
9 
2 
7 
65 
10 
3 
8 
64 
11 
4 
5 
18 
24 
12 
19 

^ 2 5 
r 1 13 20 

26 
14 
21 
27 
15 
22 
28 
16 
23 
29 
17 
50 
48 
49 

Length +M 
ft kip-ft 1 

14.50 
19.17 
19.17 
19.17 
14.50 
19.00 
19.00 
19.00 
14.50 
19.50 
19.50 
19.50 
7.50 
7.00 
15.00 
15.00 
7.00 
15.00 
15.00 
7.00 
15.00 
15.00 
7.00 
15.00 
15.00 
7.00 
15.00 
15.00 
7.00 
15.00 
15.00 
7.00 
16.00 
16.00 
7.00 

14.3 
10.3 
18.3 
9.7 
27.6 
10.1 
18.0 
9.5 

27.8 
10.7 
19.0 
10.0 
0.0 
0.0 
5.9 
5.9 
0.0 
5.9 
5.9 
0.0 
5.9 
5.9 
0.0 
5.9 
5.9 
0.0 
5.9 
5.9 
0.0 
5.9 
5.9 
0.0 
6.7 
6.7 
0.0 

-M 
tip-ft 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 0.0 
0.0 
0.0 

* after Size denotes beam 
# after Size denotes beam 
u after Size denotes this 

o 

Design Summary 
■ 

02/26/01 12:23:41 
Steel Code: ASD 9th Ed. 

Seff 
in3 
7.8 
7.8 
14.9 
7.8 
14.9 
7.8 
10.9 
7.8 

14.9 
10.9 
14.9 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 

Fy 
ksi 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 

Beam Size 
W8X10 
W8X10 
W12X14 
W8X10 
W12X14 
W8X10 
W10X12 
W8X10 

W12X14 
W10X12 
W12X14 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 
W8X10 

failed stress/capacity criteria. 
failed deflection criteria. 
size has been assigned by the User. 



RAM Steel V6.2 - Column Load Summary 
Integrated Project Services 

Page 2 

DataBase: temp 
Bu i ld ing Code: BOCA 

0 2 / 2 6 / 0 1 1 2 : 2 3 : 4 1 
S t e e l Code: ASD 9th Ed. 

Level 
Overhang 

Col# Height Dead Se l f +Live 
5 9 .00 2 .3 0 .5 0.9 

•Live MinTot MaxTot 
0.0 2 .8 3.7 

Column Line 6 - B 

Level 
Overhang 

Col# Height Dead Self +Live 
15 9.00 2.3 0.5 0.9 

•Live MinTot MaxTot 
0.0 2.8 3.7 

Column Line 6 - C 
Level 
Overhang 

Col# Height 
6 9.00 

Dead Self +Live -Live MinTot MaxTot 
2.3 0.5 0.9 0.0 218 3.7 

Column Line 7 - B 
Level 
Overhang 

Col# Height Dead Self +Live 
14 9.00 2.3 0.5 0.9 

-Live MinTot MaxTot 
0.0 2.8 3.7 

Column Line 7 - C 
Level 
Overhang 

Col# Height Dead Self +Live 
"? 9.00 2.3 0.5 0.9 

•Live MinTot MaxTot 
0.0 2.8 3.7 

Column Line 8 - B 
Level 
Overhang 

Col# Height 
13 9.00 

Dead Self +Live -Live MinTot MaxTot 
2.3 0.5 0.9 0.0 2.8 3.7 

Column Line 8 - C 
Level 
Overhang 

Col# Height Dead Self +Live 
8 9.00 2.3 0.5 0.9 

-Live MinTot MaxTot 
0.0 2.8 3.7 

Column Line 9 - 8 
Level 
Overhang 

Col# Height Dead Self +Live 
12 9.00 2.3 0.5 0.9 

•Live MinTot MaxTot 
0.0 2.8 3.7 

Column Line 9 - C 
Level 
Overhang 

Colff Height 
9 9.00 

Dead Self +Live -Live MinTot MaxTot 
2.3 0.5 0.9 0.0 2.8 3.7 

Column Line 10 - B 
Level 
Overhang 

Col# Height Dead Self +Live 
11 9.00 2.4 0.5 0.9 

-Live MinTot MaxTot 
0.0 2.9 3.8 

Column Line 10 - C 
Level 
Overhang 

Col# Height Dead Self +Live 
10 9.00 2.4 0.5 0.9 

•Live MinTot MaxTot 
0.0 2.9 3.8 ■ 

Column Line 11 - B 



RAM Steel V6.2 - Column Load Summary p a g e 3 
Integrated Project Services 
DataBase: temp 02/26/01 12:23:41 
Building Code: BOCA Steel Code: ASD 9th Ed. 

Level Col# Height Dead Self +Live -Live MinTot MaxTot 
Overhang 23 9.00 1.3 0.5 0.5 0.0 1.8 2.3 
Column Line 11 - C 

Level Coltt Height Dead Self +Live -Live MinTot MaxTot 
Overhang 22 9.00 1.3 0.5 0.5 0.0 1.8 2.3 



RAM S t e e l Vfi.2 F loor Hap 
DataBase: temp 
Bui ld ing Code: BOCA 
Floor Type: OverKang 

02/26/01 12:23:41 

U L7" ' 

1 i 



RAH S t e e l V6.2 F l o o r Map 
DataBase; temp 
Bui ld ing Code: BOCA 
F l o o r Type: Overnang 

02 /26 /01 12 :23 :41 
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HVAC Appendix 

A. Design Conditions 

Lat. 

J 35.52 

Long. 

10S.78 

Elev. 
(ft) 

6470 

StdP 
(psia) 

11.57 

Winter 

Heating 
DB(F) 

99% 
5 

ffl 2.5% 
20 

Summer 

Cooling 
DB(F) 

1% 
87 

Cooling 
WB(F) 

1% 
56 

Range of 
DB(F) 

30.6 
Table 1: Exterior Design Conditions (Source: 1997 ASHRAE Fundamentals Handbook) 

Table 1 displays the outdoor design conditions for Gallup, New Mexico, which, at a distance of 
approximately 25 miles away, is the closest major city to St. Michaels. 

Interior Design Temperatures: 
Summer: dry bulb temperature = 78 F, wet bulb temperature = 65 F 
Winter: 68 F 

These interior design conditions were selected based on ASHRAE design standards to ensure 
comfortable conditions while reducing energy use. 

B. Design Criteria 

As was mentioned earlier in this report, the design goals for the HVAC system are as follows: 

• Energy efficiency 
• Low costs (operational/maintenance as well as initial) 
• Comfortable temperature levels 
• Adequate moisture content of air 
• Air cleanliness 
• Adequate supply of fresh outdoor air 
• Proper air distribution and circulation 
• No noise intrusion during system operation 

C. System Alternatives 

• Thermal Ice Storage 
• Radiant Panel Heating and Cooling 
• Fan Coil Units 
• Rooftop PTACs & Baseboard Heating 
• Water Source Heat Pumps with Ground Loop Heat Exchanger 

Thermal ice storage system 

System Description: Ice storage systems function by using manufactured ice to satisfy the 
building cooling loads. Chillers are used to make the ice at night when electricity rates are 

1 



lowest, and the ice is stored in modular ice tanks. The chillers are turned off during the day when 
utility rates are high, and the ice is used to cool a water-glycol solution which is pumped to the 
cooling coils of the air-handling equipment. 

System Advantages: This system can result in decreased energy expense. The system is also 
relatively easy to install and requires limited maintenance, since the tanks are factory assembled 
and contain no moving parts. 

System Disadvantages: The primary justification for this type of system is the on-peak versus 
off-peak utility rate of electricity. As long as the charge for electricity is much less at night 
during the off-peak time period, than there will be significant savings in operational costs. 
However, according to the Navajo Tribal Utility Authority (NTUA), there is no difference in the 
utility rates during the night versus during the day. The NTUA does not manufacture the 
electricity distributed across the Navajo Nation. Instead, the electricity is purchased from an 
outside source and then distributed. Also, while the tanks themselves require limited 
maintenance, the chillers required to generate the ice would be huge (over 100 tons of cooling 
required), and would be maintenance intensive. Finally, while the system can be very effective 
during the cooling season, it is useless during the winter months when heating is required. 

Radiant heating and cooling panels 

System Description: A radiant panel system is composed of panels mounted on the floor, walls, 
or ceiling. These panels are temperature controlled using some medium to deliver heat such as 
water, air, or electric current. 

System Advantages: This type of system can potentially produce optimum comfort because the 
heat is radiated directly to the occupied space. The amount of supply air is usually dependant on 
the requirement for ventilation and humidification only, meaning the air handling units are small 
compared to other system types, and there is less concern of draftiness. No mechanical 
equipment is placed in the occupied space, which is an enormous advantage for projects where 
space is at a premium. The system produces very little if any noise intrusion to the conditioned 
space. 

System Disadvantages: The time required for the space to reach a comfortable temperature level 
(lag-time) can be very lengthy for this type of system. Also, the response time can be slow as 
well. Meaning, if conditions fluctuate throughout the day, this system may not be capable of 
producing a thermally comfortable environment. Improper installation can result in non-uniform 
surface temperatures and insufficient heating capacity. 

Fan coil units 

System Description: Fan coil units provide cooling and heating by forcing air across a coil and 
channeling it to the space to be conditioned. The air then returns back to the unit, mixes with 
outdoor air, passes across the coil, and again is redistributed to the space. The units rely on 
chilled or hot water, and therefore separate components (i.e. condensers for chilled water; 
boiler(s) for hot water) are also required with the system. 

System Advantages: This type of system requires little space for ductwork. Individual 
temperature control can be achieved using fan coil units. Also, the units can provide heat using 
low-temperature water, which is an attractive feature if the use of solar energy or heat recovery 
refrigeration equipment is incorporated in the design. 

2 



System Disadvantages: Fan coil units arc much more maintenance intensive than other types of 
HVAC systems. Also, the maintenance usually must occur in the conditioned space, resulting in 
a disturbance to those occupying the room. The filters used in fan coil units are generally small 
and inefficient. Finally, fan coil units arc not very energy efficient and they can result in high 
levels of noise intrusion. 

Packaged rooftop air-conditioning units with baseboard heating 

System Description: A packaged rooftop unit has the compressor and condenser already built 
into it, thus eliminating the need for a separate cooling tower or chiller. The unit brings in 
outdoor air and mixes it with return air, filters it, and then passes the air across a heating or 
cooling coil before it is channeled to the conditioned spaces. A boiler would be needed to supply 
hot water to the hot water coils in the rooftop units, and also supply hot water to the baseboard 
heaters. The baseboard heaters would be used to account for the heat loss at the perimeter of all 
the spaces through the exterior walls. 

System Advantages: Packaged rooftop units are generally very easy to install, as the units are 
factory assembled and arrive on site ready to operate. The existing facility at St. Michaels makes 
use of an air-handling unit for the solar building, so there is a history of use of this type of system 
at the site. In addition, electrical baseboard heating is common throughout the existing campus, 
which again demonstrates that the system can be implemented at this facility. 

System Disadvantages: This type of system is fairly maintenance intensive and expensive to 
install and operate. 

Ground source heat pump 

System Description: A ground source heat pump utilizes the earth as both a source of heat during 
the cooling stage, and as a place to reject heat during the cooling season. The components of the 
system are a series of underground, plastic piping channeled in cither a vertical or horizontal 
configuration. The buried pipes contain a watcr/glycol solution or brine. This solution is used to 
transfer heat either to or from the refrigerant in the water-to-refrigerant heat exchanger. The 
refrigerant is then piped to the various terminal heat pump units within the spaces to be 
conditioned. 

System Advantages: This system can be very energy efficient, resulting in lower operational 
costs. There are limited maintenance requirements since a boiler and a chiller are not required. 
There is very little ductwork incorporated in the system. The terminal units can be fit for outside 
air intakes, which would negate the requirement of a separate ventilation system. 

System Disadvantages: This system, due to the amount of digging and/or trenching involved, can 
be very expensive to install. Also, if not properly designed, the system will not perform as 
expected, which is true for any HVAC system. 
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Energy 
Efficiency 

Initial Cost 

Maintenance 

Ind. Temp. 
Control 

Humidity 
Control 

i Ventilation 

Air Filtering 

Air 
Distribution 

Noise 
Intrusion 
Heating 

Capability 
Cooling 

Capability 

Thermal Ice 
Storage 

• 

• 

Radiant 
Panels 

• 

• 

• 

• 

• 

• 

• 

Fan Coil 
Units 

• 

• 

• 

• 

• 

• 

• 

• 

PTACs & 
Baseboard GSHP 

• 

■ • 

_ 

Table 2: HVAC System-Design Criteria Matrix 

Table 2 displays each system alternative and whether or not certain parameters are satisfied by 
the system. The matrix clearly indicates that the ground source heat pump system is capable of 
satisfying all of the important design considerations. The only major drawback of the system is 
the increased cost of installation. 

D. Envelope Construction 

The building envelope plays a pivotal role in terms of the heat gain/loss in a building. Of 
particular concern is the amount of glazing or window area on the exterior facades of the 
building. Typically, the largest cooling loads are generated via solar heat gain through the 
windows. Therefore, from an energy saving standpoint, the following window area distribution 
was established: 

north facade: max 50% window area w/respect to wall 
south facade: max 20% window area w/respect to wall 
east facace: max 40% window area w/respect to wall 
west facade: max 30% window area w/respect to wall 

The north facade typically receives the least exposure to direct sunlight, which is a maximum of 
50% window area with respect to the wall area was allowed on the north side. Conversely, the 
south side of a building typically receives the greatest amount of exposure to the sun- Thus, a 
maximum of 20% window area with respect to the wall area on the south side was allotted. The 
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glazing for the east, west, and south facades will be a clear, triple-coated, % inch glass, and for 
the north facade the glazing will be clear, double-coated XA inch glass. Since it was determined 
that tinted windows was not a desirable option at the school, a coated glazing was selected in 
order to provide high resistance to heat transfer as well as help reduce the solar heat gain during 
the summer. 

In terms of the rest of the building envelope construction, their heat transfer coefficients are as 
follows: 

Wall construction: U = 0.022982 BTU/hr-f^-F 
Roof construction: U = 0.04684 BTU/hr-ft2-? 
Floor construction: U = 0.143336 BTU/hr-ft2-F 

Refer to Section 'M' of this appendix for the envelope construction diagrams. 

E. Load Calculations 

The values presented in this section for heating and cooling loads were obtained using Trace 
Load 700, a building load-calculating software produced by Trane. In the program, the site of the 
building is identified, which allows the software to utilize the proper weather characteristics of 
the desired location; the HVAC system is specified and modeled; and each room in the building is 
modeled according to room dimensions, envelope construction, number of occupants, level of 
activity, schedule of occupancy, and lighting and other miscellaneous equipment types and usage. 
Refer to the Trace Load 700 tables in Section 'O* of this appendix for the results generated by the 
software. Below is a summary of the peak building loads and along with the peak loads of some 
spaces. 

Peak Building Loads: 
Average Classroom (11 total): 
Cafeteria: 
Kitchen: 
Average Physical Therapy (2 total): 
Administration Area: 
Conference Room (3 total): 
Macrame Room: 
Nurse's Office: 
Pottery Room: 
Average Office (4 total): 

Cooling (tons) 
no 
4.8 
11,0 
2.0 
3.0 
5.0 
2.0 
2.0 
2.0 
3.3 
1.5 

Heating (MBh) 
586.2 
30.2 
58.2 
11.3 
19.4 
25.0 
8.8 
13.6 
17.5 
19.2 
4.3 

As is usually the case in warm climates such as Arizona and New Mexico, the building peak 
cooling load of 110 tons (1,320 MBh) is more than twice the peak heating load (586.2 MBh). 
Therefore, the HVAC system must be sized to accommodate the cooling load, with the 
assumption being that, as long as the cooling load is larger than the heating load, a system sized 
for the peak cooling load will easily be able to offset the healing load. 

F. System Design 

It has been determined that the system best suited for the new multi-purpose facility at St. 
Michaels is a hybrid HVAC system consisting of a ground source heat pump system and 
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packaged rooftop makeup air units. Refer to Section 'M' in this appendix for a ground source 
heat pump system schematic. 

Ground Source Heat Exchanger 

The type of soil at the site can be a critical factor in determining whether or not a ground loop 
system is a viable option. Some of the more important characteristics in terms of this type of 
system are soil temperature, moisture content, thermal conductivity/resistance, and soil and rock 
hardness. The following soil characteristics exist at the site of St. Michaels: 

Soil classification: moist, clayey sand 
Thermal conductivity: 0.8 - 1.2 BTU/hr-ft-°F 
Thermal resistance: 1.25 - 0.833 hr-ft-°F/BTU 
Subsurface soil temperature: 59 °F 

The required size of the underground heat exchanger can be approximated based on the above 
soil characteristics, the outside design conditions, and the peak cooling and heating loads of the 
building. GeoDesigner 3.0, produced by ClimateMaster, is a software program used to design 
ground source heat pump systems. Though it is intended for use in residential applications, it was 
determined that this software would be satisfactory for this project. The following results were 
obtained using GeoDesigner 3.0: 

Required bore length = 36,000 ft 
Selected bore depth = 300 ft/bore 
Selected pipe diameter = 1 in 

Typical requirements for bore lengths for ground source heat pump systems ranges from 125 
ft/ton for cold climates to 300 ft/ton for warm climates. Based on the peak cooling load of 110 
tons, and the calculated required bore length of 36,000 ft, that results in a bore length of 327.3 
ft/ton. Therefore, since it exceeds the typical value for a warm climate, it can be said that our 
initial calculation for required bore length is a conservative estimate. The error probably results 
due to the fact that the intended use of the GeoDesigner software is for residential applications, 
and not large commercial buildings such as the one we are designing. The load patterns seen in a 
commercial building are more complex and varied compared to the loads in a residential building. 
Once the bore length and depth have been determined, the number of bores required along with 
the surface area required for the ground loop field can be determined. 

120 boreholes, spaced on 20 foot centers 
!2 column by 10 row layout 
Total surface area of ground loop field = 48,000 ft3 = 1.1 acre 

48,000 ft2 might seem like a great deal of surface area, and actually it would be difficult to 
provide that much area if our site was located in an urban setting. However, such is not the case, 
and providing the needed area for the ground loop field should not be a problem. The proposed 
location of the ground loop is directly beneath the new proposed parking lot to the south of the 
proposed building. There are no hazards or concerns associated with locating the pipes beneath 
the parking lot. If needed, the loop field could be buried directly beneath the building without 
cause for concern. 
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The fluid flowing through the ground loop piping will be a brine solution consisting of a glycol 
ethylene mixture. To promote high efficiency, the liquid flow rate for the system will be between 
2.0 and 3.0 gpm/ton. Therefore, total flow rate thru the ground loop piping is equal to: 

(3-0 gpm/ton) x (110 tons) = 330 gpm 

And if we consider that there will be 120 bores, flow rate through each pipe is equal to: 

(330 gpm)/(120 bores) = 2.75 gpm in each bore 

At a flow rate of 330 gpm, and an equivalent head loss of over 300 feet, sizing of the pumps 
becomes a critical factor in the performance of the buried heat exchanger. In an effort to reduce 
the risk of drastically over-sizing the pump, the concept of using two pumps sized at less than 
peak capacity has been implemented. Therefore, while one 75 HP pump would be needed during 
peak conditions, we shall specify two 40 HP pumps instead. In doing so, one of the pumps will 
ordinarily function on a stand-by basis during moderate periods. One of the 40 HP pumps will 
function on a continuous basis to circulate the brine solution during periods of off-peak building 
loads. As the load approaches peak cooling requirements, the standby 40 HP pump will activate 
and help to generate the flow rate necessary for peak system operation. Using one 40 HP pump at 
close to maximum capacity during the majority of the time is more energy efficient than using a 
75 HP pump at half of its capacity for the majority of the time. For additional information on our 
pump selection, refer to Section 'L* (selection made using Bell & Gossett pump selection web 
page). 

Interior Units 

The interior units for the HVAC system will consist of high efficiency, extended range water 
source heat pumps. There are a variety of different types of heat pump orientations available, 
including horizontal units, vertical units, vertical stacked units (more compact than typical 
vertical units), console units, large commercial units, and rooftop units. Our initial choice for the 
type of orientation to use consisted of the classroom console unit. To satisfy the average 
classroom load of approximately 5 tons, three 1.5-ton console units could be placed in each 
classroom. One might observe that this would only produce 4.5 tons of cooling and argue that 
this is not sufficient to ensure comfort. While this may seem like a valid argument, the designer 
for these types of system is encouraged to undersize the equipment in order to increase operating 
efficiency. An oversized unit will never function at full efficiency, and energy along with money 
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paid upfront will be wasted. However, due to the size of the classrooms (typical area equals 2600 
ft ) and also the various divisions within each classroom, there were concerns regarding proper 
air distribution. Therefore it was decided that the water source heat pumps will be horizontal 
units located above the ceiling. The air will be supplied to the spaces to be conditioned via 
supply air ductwork and diffuscrs, and the air will be returned to the unit via return ductwork and 
return grilles. The major concern with this type of design is to ensure that there is enough space 
above the ceiling to locate the heat pump unit and corresponding ductwork, the makeup air unit 
and corresponding ductwork, as well as piping, conduit, structural members, etc. This should not 
be a problem for this particular project, however, due to the minimum 36" between the suspended 
ceiling and the roof construction throughout the building. Refer to Section 'L' for cut sheets and 
performance data of heat pumps we are specifying. 

Estimated number of horizontal units: 40 
Capacity range: I-1/; to 5 tons-
Fluid flow rates: 4.5 - 15.0 GPM 
Entering Fluid Temperatures: Summer- 60°F - 75°F; Winter- 45°F - 60°F 
Air flow rates: 600-2000 CFM 
Expected Efficiencies: Cooling-EER = 14- 16; Hcating-COP = 3.8-4.5 

Makeup Air Units 

f malum Air 
SiippfrWr/ (CJ75'F.65gr.>1b 

(C)3ffF.76gtfb |H)7Ct?,32qr.1b 
IHisw^sgrtb 

Rooftop makeup air unit. Source: Semco Product Catalog 

Ventilation to all of the conditioned spaces is to be accomplished via rooftop makeup air units. 
Though it is possible to handle outside air requirements using the heat pump units, the decision to 
use rooftop units for ventilation came about for two primary reasons. First, by breaking out the 
outside air load from the total building load, the ground heat exchanger loop could be sized 
smaller, thus reducing initial expense. Also, the number of heat pump units utilized in the 
building would increase significantly in order to be able to handle the additional load brought on 
by conditioning the outside air, thus resulting in greater demand for maintenance. A better 
solution to the ventilation requirements is to locate several rooftop units for multiple zones 
throughout the building. The responsibility of the makeup air units will be to condition the 
incoming outside air and supply the required 20 CFM/person of outdoor air. Outside air volumes 
supplied to the spaces will be controlled via C 0 2 monitors, which will allow the unit to supply the 
required amount of air based on room occupancy. The outside air will be supplied at a 
temperature of 80 ± 5°F all year round. The total number of makeup air units required for our 
building has been estimated to be around 10 units, each sized between 3000 and 5000 CFM, 
Refer to pages Section ' L ' for cut sheets and performance data of rooftop units we are specifying. 



G. Economics 

Installation costs: 

Drilling and Piping for Ground Loop: $250,000 

Heat pumps, Rooftop Units, Ductwork, Pumps, etc.: $687,750 

Total: S937.750 
= S13.4/ft! 

H. Energy Optimization Strategics 

Energy Recovery Wheel in Makeup Air Units 

The roof-mounted makeup air units will supply 100% outdoor air to the spaces within the 
building. Since the units are required to supply the ventilation air at 80 F, 50% RH on a year-
round basis regardless of outside conditions, obviously these units can use up an exorbitant 
amount of energy, particularly during the heating season when the outside temperature may be 
less than 10 F and the air temperature has to be increased 70 F to meet satisfactory levels. 
However, there is a way to reduce the wasted energy associated with 100% outdoor air systems. 
The solution is to incorporate an energy recovery wheel within each of the units. The device 
works very much as the name suggests, recovering both sensible (temperature) and latent 
(moisture) energy from the return air and distributing it to the supply air. 

Digital Control System 

The purpose of the digital control system is to modulate various aspect of the HVAC system to 
ensure that there exists a comfortable environment within the building. Components of the 
system shall include thermostats (for monitoring temperature), humidistats (for monitoring 
humidity level), and COi sensors (for monitoring occupancy levels via the amount of carbon 
dioxide in the air). These monitoring devices arc connected to a central control panel which is 
also connected to a computer terminal. Based on the feedback from the various sensors, the 
system can send a signal to various components of the HVAC system (such as the heat pumps, air 
handing units, and end-suction pumps circulating the brine solution) to modulate airflow or fluid 
flow, as the case may be. The presence of this type of control system will allow for energy 
savings by eliminating the chance of excess cooling or heating, and also by shutting down the 
system when the school is not in operation or during times when certain spaces within the 
building are not being occupied. 

Heat Pumps used to Preheat Domestic Water 

One of the advantages in using a heat pump system to condition a building is the opportunity to 
use the units to heat the domestic hot water. Though a special heat pump unit is required to 
handle this task, it functions in the same manner as the water source heat pumps that are 
discussed earlier in this appendix. Heat energy is extracted from the ground loop, and is then 
transferred to the domestic water. Due to the rather large peak demand for this building 
(approximately 1400 gal/hr), the heat pumps would not be used to heat the domestic water 
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entirely. Instead, the heat pumps would be used to pre-heat the water and thus reduce the amount 
of energy used by the boiler to heat the water to the required temperature. 

I. Case Studies 

Throughout this term, much research was conducted on ground source heat pump systems. Of 
particular interest to our design team was gathering information which supported the notion of 
using the ground source heat pump technology for a commercial school building. In years past, 
the technology was used primarily in residential applications. However, in recent years as the 
understanding of how the system works has increased, along with its impressive performance, 
ground source heat pumps have gained recognition as a design solution for commercial buildings 
as well. 

In this section, two case studies are presented for two schools. Daniel Boone High School, 
located in Washington County, Tennessee, is a 160,000 square foot facility with a cooling load of 
300 tons. The HVAC system installed at the school consists of a closed loop, vertical ground 
source heat pump system. The loop field is comprised of 320 bores, each at a depth of 150 feet 
and containing %** polyethylene piping. The study discusses the many merits of the ground 
source heat pump system and clearly demonstrates the type of potential for success for this type 
of system. It also presents the idea of using variable flow pumping of the brine solution through 
the ground loop as well as to the units to reduce energy use. Refer to Section 'N' in this appendix 
for the case study article. 

Paint Lick Elementary School is located in Garrard County, Kentucky. The building covers just 
under 40,000 square feet and has a cooling load of 120 tons. The loop field consists of a total of 
144 bores ranging in depth from 163 feet deep to 188 feet deep. This installation served as a 
"pilot project," meaning that it was one of the first installations of this type for a commercial 
building in the state of Kentucky. The project was such a success that the school received an 
Engineering Excellence Award. Refer to Section *N' in this appendix for the case study article. 

These case studies are just two examples out of many that indicate how well ground source heat 
pumps can work in a commercial setting. It is our belief that the same type of results in terms of 
energy savings and system performance can be attained at St. Michaels. 
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K. Annual Energy Consumption 

The operational cost of occupying and maintaining a school may sometimes be even 
more important than the up front cost of constructing the building. Many factors can 
influence the operational cost of a school, such as: the climate, the construction of the 
building envelope, and selection of an HVAC system to name a few. FBM has decided 
to model the school in Energy 10, a software that uses climatory data and complex 
equations to calculate annual energy usage. 

The first simulation compares our building with a traditional HVAC system to our 
building with a ground source heat pump. The traditional system picked is a PTAC heat 
pump with electric reheat backup. This system operates at a COP of 3.3 and an EER of 
10. FBM is predicting a COP of 4.5 and an EER of 15. As you can see, the difference in 
the overall energy usage is mainly due to the energy saved in cooling (see variant 1), 5.2 
kBtu/sqft. 

The second simulation is an attempt to tighten the building envelope and building 
systems. Better insulation was used. Energy efficient lights were installed. Air 
infiltration through the building envelope was reduced. Also the HVAC system was 
tuned. An economizer cycle was utilized in conjunction with heating and cooling 
setbacks. Duct leakage was kept to a minimum. Variant 5 shows a reduction of 6.3 
kBtu/sqft for lights and 3.5 kBtu/sqft for cooling. 

The third simulation incorporates shading as well as different glazing into St. Michael's. 
The U value for the window was reduced by half but, the energy for cooling only 
declined .3 kBtu /sq ft. 

FBM has been concerned about the amount of daylight in each classroom. The fourth 
simulation increases the size of window from the standard 4'x6' to a 6'x6\ a window 
area increase of 33%. 



St. Michaels 
Energy-10 Summary Page 
Variant: AutoBuild Shoebox 
Comments: 

May 11, 2001 
Weather file: albqrque.etl 

Saved as X:\ENERGY10, Var. 1 

Odcription: 
r Area, fta 

surface Area, ft1 

Volume, ft3 

Surface Area Ratio 
Total Conduction UA, Btu/h-F 
Average U-valuc, Btu/Tir-ft1-? 
Wall Construction 
Roof Construction 

Reference Case 
72000.0 

515295.0 
1080000.0 

8.16 
15322.1 

0.030 
steelstud 4, R=43.5 

flat,r-19,R=21.0 
Floor type, insulation Slab on Grade, Reff=73.0 
Window Construction 4060 double, alum, U=0.70 
Window Shading 
Wall total gross area, ft1 

Roof total gross area, ft1 

Ground total gross area, ft2 

Window total gross area, ft1 

Windows (N/E/S/W:Roof) 
Glazing name 

Operating parameters for zone 1 

None 
371295 

72000 
72000 
3360 

34/37/26/43:0 
double, T>0.49 

HVAC system PTAC AA Heat Pump/ER Backup 
Rated Output (Heat/SCool/TCool),kBtuh 1068/1509/2012 
Rated Air Flow/MOOA,cfm 
Heating thermostat 
Cooling thermostat 
Heat/cool performance 
Ecnnomizer?/typc 

leaks/conduction losses, total % 
tvdk Gains; 1L,EL,HW(0T; W/fP 
Added mass? 
Daylighting? 
Infiltration, in2 

93514/0 
68.0 °F, no setback 

78.0 °F, no setup 
COP=3.3,EER=10.0 

no/NA 
0/0 

2.00/0.05/0.36/3.00 
none 

no 
ELA=2185.4 

Low-Energy Case 
72000.0 

515295.0 
1080000.0 

8.16 
15322.1 

0.030 
steelstud 4, R=43.5 

flat, r-19, R=21.0 
Slab on Grade, Reff=73.0 

4060 double, alum, U=0.70 
None 

371295 
72000 
72000 

3360 
34/37/26/43:0 

double, U=0.49 

PTAC AA Heat Pump/ER Backup 
1076/1499/1998 

98537/0 
68.0 °F, no setback 

78.0 °F, no setup 
COP=4.5,EER=15.0 

no/NA 
0/0 

2.00/0.05/0.36/3.00 
none 

no 
ELA=2185.4 

Results: (Energy cost: 0.400 S/Therm, 0.054 S/kWh, 2.470 S/kW) 
Simulation dates 
Simulation status, Thcrmal/DL 
Energy use, kBtu 
Energy cost, S 
Saved by daylighting, kWh 
Total Electric, kWh 

Internal/External lights, kWh 
Heating/Cooling/Fan, kWh 
Elec. Res/Heat Pump, kWh 
Hot water/Other, kWh 
Peak Electric, kW 

Fuel, hw/heat/total, kBtu 
Emissions, C02/S02/NOx, lbs 

01-Janto3l-Dec 
valid/NA 
6499127 

117400 
NA 

1904618 
514483/14717 

6436/325411/27048 
6429/7 

109756/906768 
540.9 
0/0/0 

2559806/1504677809 

01-Janto31-Dcc 
valid/NA 
6078905 

109389 
NA 

1781469 
514483/14717 

4664/214840/16241 
4657/7 

109756/906768 
478.6 
0/0/0 

2394294/14074/7304 
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St. Michaels 
Encrgy-10 Summary Page 
Variant: AutoBuild Shoebox 
Comments; 

May 12, 2001 
Weather file; albqrque.etl 

Saved as X;\ENERGY10, Var.4- S 

Description: 
>r Area, ft1 

1 - ./ace Area, ft1 

Volume, ft* 
Surface Area Ratio 
Total Conduction UA, Btu/h-F 
Average U-value, Btu/hr-ft2-F 
Wall Construction 
Roof Construction 
Floor type, insulation 
Window Construction 
Window Shading 
Wall total gross area, ft1 

Roof total gross area, ft: 

Ground total gross area, ft3 

Window total gross area, ft2 

Windows (N/E/S/W:Roof> 
Glazing name 

Low-Energy Case 
72000.0 

515295.0 
10SOOOO-0 

8.16 
15322.1 

0.030 
steelstud 4, R=43-5 

fiat,r-19,R=21,0 
Slab on Grade, Reff=73.0 

4060 double, alum, U=0.70 
None 

371295 
72000 
72000 

3360 
34/37/26/43:0 

double, U=0.49 

Operating parameters for zone 1 
HVAC system PTAC AA Heat Pump/ER Backup 
Rated Output (Heat/SCooL/TCool),kBtuh 1076/1499/1993 

Low-Energy Case 
72000.0 

515295.0 
1080000.0 

S.16 
15322.1 

0.030 
steelstud 4, R=43.5 

flat,r-19, R-2I.0 
Slab on Grade, Rcff=73.0 

4060 double, alum, U=0.70 
None 

371295 
72000 
72000 

3360 
34/37/26/43:0 

double, U-0.49 

PTAC AA Heat Pump/ER Backup 
1264/1439/1919 

Rated Air FIow/MOOA.Clm 
Heating thermostat 
Cooling thermostat 
Heat/cool performance 
Economizcr?/type 

leaks/conduction losses, total % 
. JL Gains; IL,EL,HW,OT; W/fi* 
Added mass? 
Daylighting? 
Infiltration, in1 

98537/0 
6S.0 °F, no setback 

78.0 °F, no setup 
COP=4.5,EER=15.0 

no/NA 
0/0 

2.00/0.05/0.36/3.00 
none 

no 
ELA=2IS5.4 

92672/0 
68.0 °F, setback to 63.0 °F 

78.0 °F, setup to 83.0 °F 
COP=4.5,EER=15.0 

yes/fixed dry bulb, 60.0 °F 
0/0 

1.50/0.04/0.36/3.00 
none 

no 
ELA= 1500.0 

Results: (Energy cost: 0-400 S/Therm. 0.054 S/kWh, 2.470 S/kW) 
Simulation dates 
Simulation status, Thermal/DL 
Energy use, kBtu 
Energy cost, S 
Saved by daylighting, kWh. 
Total Electric, kWh 

Internal/External lights, kWh 
Heating/Cool ing/Fan, kWh 
Elec. ResTHeat Pump, kWh 
Hot water/Other, kWh 
Peak Electric, kW 

Fuel, hw/heat/total, kBtu 
Emissions, C02/SO2/N0X, lbs 

0I-Janto31-Dec 
valid/NA 
6078905 

109389 
NA 

1781469 
514483/14717 

4664/214840/16241 
4657/7 

109756/906768 
478.6 
0/0/0 

2394294/14074/7304 

01-Janto31-Dec 
valid/NA 
5374008 

97488 
NA 

1574893 
385862/11038 

6243/140955/14271 
5648/596 

109756/906768 
452.7 
0/0/0 

2116656712442/6457 
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St. Michaels 
Energy-10 Summary Page 
Variant: AutoBuild Shoebox 
Comments; 

May 12, 2001 
Weather file: albqrque.etl 

Saved as X:\ENERGY10. Var. 3 

Inscription: 
r Area, ft1 

Surface Area, ft3 

Volume, ft* 
Surface Area Ratio 
Total Conduction UA, Btu/h-F 
Average U-value, Btu/hr-fV-F 
Wall Construction 
Roof Construction 
Floor type, insulation 
Window Construction 
Window Shading 
Wall total gross area, fl! 

Roof total gross area, ft-
Ground total gross area, ft: 

Window total gross area, fl1 

Windows (N/E/SAV:Roof) 
Glazing name 

Reference Case 
72000.0 

515295.0 
1080000.0 

3.16 
15322.1 

0.030 
steelstud4, R=43.5 

fiat, r-19,R=2L0 
Slab on Grade, Reff=73.0 

4060 double, alum, U=0.70 
None 

371295 
72000 
72000 
3360 

34/37/26/43:0 
double, U=0.49 

Operating parameters for zone I 
HVAC system PTAC AA Heat Pump/ER Backup 
Rated Output (Heat/SCool/TCool),kBruh 1063/1509/2012 
Rated Air Flow/MOOA,cfm 
Heating thermostat 
Cooling thermostat 
Heat/cool performance 
E<"momizcr?/type 

leaks/conduction losses, total % 
r .ak Gains; IL.EL.HW.OT; W/ft* 
Added mass? 
Day lighting? 
Infiltration, in1 

98514/0 
68.0 °F, no setback 

78.0 °F, no setup 
COP=4.5,EER=15.0 

no/NA 
0/0 

2.00/0.05/0.36/3-00 
none 

no 
ELA=21S5.4 

Use Alternative Architecture 
"2000.0 

515295.0 
1030000.0 

8.16 
14011.7 

0.027 
steelstud4,R=43.5 

flat, r-19, R=21.0 
Slab on Grade, Reff=73.0 

4060 low-e al/o, U=0.31,etc 
52 deg latitude 

371295 
72000 
72000 
3360 

34/37/26/43:0 
double low-e, U-0.26 

PTAC AA Heat Pump/ER Backup 
1002/1437/1917 

93211/0 
68.0 °F, no setback 

78.0 °F, no setup 
COP=4.5,EER=15.0 

no/NA 
0/0 

2.00/0.05/0.36/3.00 
none 

no 
ELA=2185.4 

Results; 
Simulation dates 
Simulation status, Thermal/DL 
Energy use, kBtv 
Energy cost, S 
Saved by daylighting, kWh 
Total Electric, fcWh 

Internal/External lights, kWh 
Hcating/Cooling/Fan, kWh 
Elec. ResJHeat Pump, kWh 
Hot water/Other, kWh 
Peak Electric, kW 

Fuel, hw/hcat/total, kBtu 
Emissions, C02/SO2/NOx, lbs 

(Energy cost: 0.400 S/Therm, 0.054 S/kWh, 2.470 S/kW) 
01-Janto31-Dec 

valid/NA 
6122522 

110190 
NA 

1794251 
514483/14717 

4539/216940/27048 
4532/7 

109756/906768 
482.6 
o/o/o 

2411473/14175/7356 

01-Janto3l-Dcc 
valid/NA 
6090450 

109549 
NA 

1784852 
514483/14717 

2569/210959/25600 
2565/4 

109756/906768 
476.3 
0/0/0 

2398841/14100/7318 
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St. Michaels / AutoBuild Shoebox 

ANNUAL ENERGY USE 
" WBM Reference Case 

25J 25.1 

103 IO.O : 
i . 

0.2 0.1 

J9.5 49.4 

: 

[ 

; 

Heating Cooling Lights Other 

Use Alternative Architecture 

a^> 84.6 

' 

■ 

Total 

f~ 



St. Michaels 
Energy-10 Summary Page 
Variant: AutoBuild Shoebox 
Commenis; 

May 12.2001 
Weather file: albqrque.etl 

Saved as X:\ENERGYIO. Van 2 

Description; 
* r -Area, ft1 

.face Area, ft2 

Volume, ft1 

Surface Area Ratio 
Total Conduction UA, Btu/h-F 
Average U-value, Bru/hr-fl2-F 
Wall Construction 
Roof Construction 
Floor type, insulation 
Window Construction 
Window Shading 
Wall total gross area, ft2 

Roof total gross area, ft1 

Ground total gross area, ft-
Window total gross area, ft1 

Windows (N/E/SAV:Roof> 
Glazing name 

Our building lightened up 
72000.0 

515295.0 
1080000.0 

8.16 
15322.1 

0.030 
steelstud 4, R=43.5 

flat,r-I9,R=21.0 
Slab on Grade, Reff=73.0 

4060 double, alum, U=0.70 
None 

371295 
72000 
72000 

3360 
34/37/26/43:0 

double, U=0.49 

Operating parameters for zone 1 
HVAC system PTAC AA Heat Pump/ER Backup 
Rated Output (Heat/SCool/TCool),kBtuh 1255/1448/1931 

Our building tightened up 
72000.0 

515295.0 
1080000.0 

8.16 
15345.6 

0.030 
steelstud 4, R=43.5 

flat, r-19, R=21.0 
Slab on Grade, Reff=73.0 

6060 double, low e, U=0.4S,ctc 
None 

371295 
72000 
72000 
5040 

34/37/26743:0 
double, U=0.49 

PTAC AA Heat Pump/ER Backup 
1271/1512/2016 

Rated Air Flow/MOOA.cfm 92651/0 
Heating thermostat 6S.0 °F, setback to 63.0 °F 
Cooling thermostat 78.0 °F, setup to 83.0 °F 
Heat/cool performance COP=4.5,EER=15.0 
Economizer?/type yes/fixed dry bulb. 60.0 *F 

leaks/conduction losses, total % 0/0 
. ^c Gains; lL.EL,HW,OT; W/ft* 1.50/0.04/0.36/3.00 
Added mass? none 
Dayligluing? no 
Infiltration, in! ELA= 1500.0 

Results: (Energy cost: 0.400 5/Therm. 0.054 S/kWh, 2.47C 
Simulation dates 01 -Jan to 31 -Dec 
Simulation status, Thermal/DL valid/NA 
Energy use, kBtu 5410165 
Energy cost, S 98153 
Saved by daylighting, kWh NA 
Total Electric, kWh 1585489 

Internal/External lights, kWh 385S62/11038 
Heating/Cooling/Fan, kWh 6019/142281/23766 
Elec. RcsTHeat Pump, kWb 5462/558 
Hot water/Other, kWh 1097567906768 
Peak Electric, kW 456.3 

Fuel, hw/heat/total, kBtu 0/0/0 
Emissions, CO2/S02/N0x, lbs 2130898/12525/6501 

68.0 
96710/0 

°F, setback to 63.0 °F 
78.0 *F, setup to 83.0 °F 

COP'=4.5,EER=15.0 
yes/fixed dry bulb, 60.0 °F 

1 S/kW) 

0/0 
1.50/0-04/0.36/3.00 

none 
no 

ELA= 1500.0 

01-Janto3l-Dcc 
valid/NA 
5444208 

9S7S6 
NA 

1595466 
385862/11773 

4713/151697/24896 
4353/360 

109756/906768 
461.4 
0/0/0 

2144306/12604/6541 

r* K 
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St. Michaels /AutoBuild Shoebox 
ANNUAL ENERGY USE 

■ Our building lightened up 

49.3 49.4 

18 8 18.8 

^ ^ _ . 7"2 

0.3 0.2 I i 
Healing Cooling Lights Other 

Our building tightened up 

| 

75.1 75.6 

1 

Total 



Si. Michaels 
Energy-10 Summary Page 
Variant: AutoBuild Shoebox 
Comments: 

Description: 
r N Area, ft1 

imiace Area, ft! 

Volume, fV 
Surface Area Ratio 
Total Conduction UA, Btu/h-F 
Average U-value, Biu/hr-ft2-F 
Wall Construction 
Roof Construction 

Reference Case 
72000.0 

515295.0 
1030000.0 

S.16 
15322.1 

0.030 
steelstud 4, R=43.5 

flat,r-19,R=2l.O 
Floor type, insulation Slab on Gradtf, Rcff=73.0 
Window Construction 4060 double, alum. 0 0 . 7 0 
Window Shading 
Wall total gross area, ft1 

Roof total gross area, ft: 

Ground total gross area, ft1 

Window total gross area, ft1 

Windows (N/E/SAV:Roof) 
Glazing name 

Operating parameters for zone 1 

None 
371295 

72000 
72000 
3360 

34/37/26/43:0 
double, U=0.49 

HVAC system PTAC AA Heat Pump/ER Backup 
Rated Output (Hcat/SCool/TCool),kBtuh 106S/1509/2012 
Rated Air Flow/MOOA.cfm 
Heating thermostat 
Cooling mermostat 
Heat/cool performance 
Egonomizer?/type 

leaks/conduction losses, total % 
I-.UK Gains; IL,EL,HW,OT; W/fts 

Added mass? 
Daylighting? 
Infiltration, in2 

98514/0 
68.0 °F, no setback 

78.0 aF, no setup 
COP=4.5,EER=15.0 

no/NA 
0/0 

2.00/0.05/0.36/3.00 
none 

no 
ELA=2185.4 

Results: (Energy cost: 0.400 S/Thcrm, 0.054 S/kWb, 
Simulation dates 
Simulation status, Thermal/DL 
Energy use, kBtu 
Energy cost, S 
Saved by daylighting, kWh 
Total Electric, kWh 

Internal/External lights, kWh 
Heating/Cooling/Fan, kWh 
Elcc. Res./Heat Pump, kWh 
Hot walcr/Other, kWh 
Peak Electric, kW 

Fuel, hw/heat/total, kBtu 
Emissions, C02/S02/NOx, lbs 

01-Janto31-Dec 
valid/NA 
6122522 

110190 
NA 

1794251 
514483/14717 

4539/216940/27048 
4532/7 

109756/906768 
482.6 
0/0/0 

24U473/HI75/7356 

May 11,2001 
Weather file: albqrque.etl 

Saved as X:\ENERGY10, Var. 2 

Our building tightened up 
72000.0 

515295.0 
1030000.0 

8.16 
15322.1 

0.030 
steelstud 4, R^43.5 

flat,r-L9,R=21.0 
Slab on Grade, Reff=73.0 

4060 double, alum, U=0.70 
None 

371295 
72000 
72000 

3360 
34/37/26/43:0 

double, U=0.49 

PTAC AA Heat Pump/ER Backup 
1255/1448/1931 

92651/0 
68.0 °F, setback to 63.0 °F 

7S.0 °F, setup to 83.0 °F 
COP=4.5,EER=15.0 

yes/fixed dry bulb. 60.0 °F 
0/0 

1.50/0.04/0.36/3.00 
none 

no 
ELA=1500.0 

2.470 S/kW) 
01-Janto3l-Dec 

valid/NA 
5410165 

93153 
NA 

1585489 
385862/11033 

6019/142231/23766 
5462/558 

109756/906768 
456.3 
0/0/0 

2130898/12525/6501 

^ 

i-.uk
file://X:/ENERGY10
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Genesis GR Physical Dimensions 

Horizontal Dimensions 

-' * 

GR 
HORIZ 
MODEL 

006-012 
0 1 5 - 0 2 4 

0 3 0 

0 3 6 

042-048 

0 6 0 

n 
w 
H 

■ ' . ' 

M 

IN 

I 3VERAU. 
t#MQtttC 1 

A 

224 

S2A 

a* 
2 2 4 

22.* 

2 U 

c 

43.1 1 113 

43.: 

S£1 

i i i 

o n 

TI.1 i 

173 

1*3 

193 

193 

41.9 

WATER CONNECTIONS" 

■ 1 -' 1 ' J 
0 

2-1 

2 . ' 

2.4 

2.4 

2 4 

2.4 

I 

5 4 

BA 

-.: 
5.4 

5.4 

14 

"WO 

MM 

113 

•3 J 

13.9 

139 

I 5 » 

' 
K.VG 
CUT 

WA 

I *S 

11 ? 

169 

ISO 

' 8 9 

~ 
COND 

,-'.-■.-rr 

J ' 

0 4 

0 0 

OS 

OS 

0.0 

IOOP 
WaTER 

fPT 

OS 

0.75 

0.75 

0.75 

1JJ 

1.0 

fPT 

05 

0.5 

0.5 

0.5 

0 5 

" 

U C C I R K A L 
LOCKOUTS 

LOW 

3 S 

3.3 

4.0 

0.0 

4.3 

SO 

* 

55 

75 

9.5 

9.5 

9 5 

11.3 

OCWEK 

BO 

lOO 

120 

12.0 

H O 

140 

CfSCHARQE CONNECTION 

H 

SO 

SO 

so 
2 9 

2 9 

5 8 

N 

4,0 

54 

« 8 

3 0 

3 8 

SO 

O 
SUPPUT 

SO 

a 
SLPPVT 

B0 

104 | 9 4 

104 

' 3 5 

135 

135 

?.J 

13.1 

13.1 

111 

U 

SO 

J * 

S3 

2 3 

2 3 

SO 

K 

1 5 

io 
2 1 

M 

1.3 

u 

RETURN CONNECTION 

S 
RETURN 
DEPTH 

au 
soo 
221 

2 2 1 

31.1 

30.1 

p~r>jvii 

BO 

140 

17.0 

17.0 

170 

19.0 

U 

1 0 

?i 

2 5 

3 3 

2 5 

V 

1 5 

t o 

■ 

• ■ : 

1 0 

i 3 

u. 

A 
Unit Hanger Detail 

M o d e l 
0:-5-C2'i 
3 3 0 - 0 3 6 
CU2-C-1B 

0 6 0 

X _ 
- 3 . 1 _ 
5 3 . 1 . 
fi1,1 

y 

24 3 7 5 
3 3 3 7 5 

34475 
71.1 i 2 7 375 

Z 
2 0 . 3 7 5 
3 0 3 7 5 
30 .375 
3 3 3 7 5 

CAP=Ccotrol Access Panel 
CSP^Ccmpressor Service Panel 
8SP=B!c.ver Service Panel 

Water 
Gonmrion Eno 

RoivmAir HetumAir 



Performance Data GRH/GRV 0 6 0 

r^ 
Table does not reflect fan or pump power ISO corrections 
* ISO Certified © 59,000 Btuh and 12.8 EER in cooling and 68,000 Btuh ond 4.2 COP in heating. 

2000 C F M N o m i n a l A i r f l o w Performance capacities shown in thousands 

E W T 8 F 

20 

30 

40 

SO 

60 

7 0 

80 

90 

100 

110 

GPM 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

7.5 

11.3 

15.0 

W P D 

PS I 

3.0 

5.9 

9.7 

2.9 

5.7 

9.4 

2.8 

5.5 

9.1 

2.7 

5.3 

8.7 

2.6 

5.1 

3.4 

2.5 

4.9 

3.1 

2.5 

4.3 

7.9 

'2.4 

4.7 

7.7 

2.3 

4.5 

7.5 

2.3 

4.4 

7.3 

F T 

7.0 

13.6 

22.4 

6.8 

13-2 

21.7 

6.5 

12.7 

20.9 

6.3 

12.3 

20.2 

6.1 

11.3 

19.4 

5.8 

11.4 

18.7 

5.7 

11.1 

18.2 

5.5 

10.8 

17.7 

5.4 

10.5 

17.3 

5.2 

10.2 

16.8 

COOLING - EAT 80.6/66.2 ] F 

T C SC Sens/Tot 
Ratio KW HR EER 

Operation Not Recommended 

54.0 

54.1 

54.3 

62.3 

62.5 

62.6 

65.0 

65.2 

65.4 

64.6 

64.8 

64.9 

62.7 

62.9 

63.0 

60.5 

60.7 

60.8 

58.4 

58.5 

53.7 

56.1 

56.2 

56.4 

52.7 

52.3 

53.0 

4O.0 

40.2 

40.3 

47.2 

47.4 

47.5 

50.1 

50.3 

50.4 

50.4 

50.6 

50.7 

49.6 

49.7 

49.9 

48.3 

48.5 

48.6 

47.2 

47.3 

47.4 

45.9 

46.1 

46.2 

44.1 

44.3 

44.4 

0.74 

0.74 

0.74 

0.76 

0.76 

0.76 

0.77 

0.77 

0.77 

0.78 

0.78 

0.73 

0.79 

0.79 

0.79 

O.80 

0.30 

0.80 

0.31 

0.81 

0.81 

0.82 

0.82 

0.82 

0.84 

0.84 

0.84 

3.28 

3.18 

3.07 

3.63 

3.51 

3.39 

3.92 

3.80 

3.67 

4.20 

4.07 

3.93 

4.49 

4.35 

4.20 

4.82 

4.66 

4.51 

5.21 

5.04 

4.87 

5.66 

5.48 

5.29 

6.19 

5.99 

5.79 

65.2 

65.0 

64.8 

74.7 

74.5 

74.2 

78.4 

78.2 

77.9 

78.9 

78.6 

78.3 

78.0 

77.7 

77.4 

77.0 

76.6 

76.2 

76.1 

75.7 

75.3 

75.4 

74.9 

74.4 

73.3 

73.3 

72.7 

16.4 

17.0 

17.7 

17.2 

17.8 

13.5.-

16.6 

17.2 

17.8 

15.4 

15.9 

16.5 

14.0 

14.5 

15.0 

12.5 

13.0 

13.5 

115 

11.6 

12.1 

9.9 

10.3 

10.6 

8.5 

8.8 

9.1 

HEATING - EAT 68eF 

HC KW HE LAT C O P 

38.7 

43.3 

44.0 

44.7 

49.5 

50.3 

51.1 

56.1 

57.0 

57.9 

62.8 

63.7 

64.7 

68.9 

70.0 

71.1 

73.7 

74.9 

76.1 

76.0 

77.2 

78.4 

3.87 | 25.5 | 87.9 

3,93 

3.97 

29.9 

30.5 

4.00 | 31.1 

4.07 

4.11 

4.15 

4.24 

4.23 

4.31 

4.41 

4.45 

4.49 

4.53 

4.62 

4.67 

4.72 

4.76 

4.80 

4.77 

4.82 

4.86 

35.6 

36.3 

37.0 

41.6 

42.4 

43.2 

47.7 

48.6 

49.4 

53.3 

54.2 

55.2 

57.6 

53.7 

59.7 

59.7 

60.8 

90.1 

90.4 

90.7 

92.9 

93.3 

93.7 

96.0 

96.4 

96.3 

99.1 

99.5 

100.0 

101.9 

102.4 

102.9 

104.1 

104.7 

105.2 

105.2 

105.8 

61.8 | 106.3 

2.93 

3.23 

3.25 

3.27 

3.56 

3.59 

3.61 

3.88 

3.91 

3.93 

4.17 

4.19 

4.22 

4.41 

4.44 

4.46 

4.58 

4.61 

4.54 

4.67 

4.70 

4.73 

Operation No! Recommended 

Interpolation is permlssable. Extrapolation is not. 

All entering air conditions are 80.6 °F DB and 66.2°F WB in cooling and 68°F DB and 59°F WB in heating 

All performance data is based upon the lower voltage of dual voltage rated units 

* ISO Certified conditions ore 86 °F EWT, 80.6 °F DB and 66.2 °F WB in cooling and 68°F EWT, 68 °F DB and 59°F WB in heating. 

Operation below 60°F EWT requires optional insulated water circuit. 

See Performance Data Correction Tables for operation conditions olher than those listed above. 

€ 

€ 



Unit Arrangement V Series 
Front & Left V iew 

Left View 

Electrical 
Panel 

Front View 

M o d e l # Net Weight Dimensions (inches) 

*lbs-* A B C D E F G H I 

FV-1000V 

FV-2000V 

FV-3000V 

FV-5O00V 

500 16.3 

550 20.4 

1000 

1150 

20.4 

33 

44.4 

51.5 

64.8 

78.7 

8.7 

13.8 

10.7 

10.7 

31 

32.4 

47.7 

51.5 

8 

10.7 

14.8 

16.5 

23.1 2.4 | 2.9 

31.1 J 2.8 

3d 

48 

42 

2.8 

3 

3.1 

3.2 

29 

37 

45 

54 
• 

FV Preconditioner Series Technical Guide 



Unit Arrangement V Series 
Back, Right & Bottom View 

1 
L 

— L 
T 
J Exhaust Air 

K 
• 

«~«^ 

_ *. 
M 

v*—1 

fle Air 

Right View Back View 

Outside 
Air T S 

> 
i 

P 

i 
• 
■ 

R 

i 

CC 

■ 
T 

N 
\ 

0 Q 

_► 
Exhaust 

Air 

Bottom View 

Dimensions (inches) 
Model* ™ V ! L 

1 ' J K L M N O P Q R S T C C 

FV-1000V 500 

FV-2000V 550 

FV-3000V 

FV-5Q00V 

1000 

10.3 

11.4 

11-4 

1150 | 15.9 

9.2 

13.1 

13.1 

18.6 

3.5 

5 

10.5 

9.3 

9.9 | 11.2 

12.5 » 23 

16 

17.6 

24 

20 

10 

7.8 

12 

19 

7 

7 

7 

14.3 

18.5 

16.7 

7 i 20.7 

10.2 

10.3 

11.4 

15.9 

9.3 I 5.3 I 9 

11.8 | 4 7 

13.1 ! 7.4 7 

18.6 j 5.2 12 

FV Precondition er Series Technical Guide 



FV-5000 Supply Fan Data 

iscffri^ 

; - . 
2600-

300a 

tffl'1'3 
^TO j 

420O 

460O 

sopa-

External Static Pressure (in.wg.)" 

&■£»$.? :>Q>t < * t ; : 0.3 0.5 0 7 5 . T.O 

/ : Wotqr Brake Horsepower/RPM** 

.15/288 

1 26/349 

J .41/420 

J .61/456 

I \:;78/5ie"." 

[ ■1.03/568 

J -'?1 ̂ 29/592-

.24/389 

.39/440 

.50/489 

.69/541 

K^S&SIHS 

ffeia762#T 

1:487650'-

.36/488 

.48/522 

.64/561 

f^8i76037;i 
: : f .ba/633H 

1.39/676" 

-1.64/696 

.43/565. 

.62/598 

:?-7"6/627l§ 

^4V00/6ei~ 

i- 1,25/692; 

1:52/729 

:.'1.81/751-

.63/639. 

—^psls 
;Hi9o/6a7?§ 

^f.vr/fiTl: 
1.40745" 

1.72/781 : 

2.00/793 

=§2jKS?g| 

^ 8 9 / 7 ^ 7 H 

=5 i f t i f i 575 

-:f~37/785 

; - I . 6 / 8 1 T H 

1.89/844 

2.21/869 

-

Blr^§B£f 
rFEOaf&fr 

1.55/853 

:'1.82/874 

2.19/895 

2.55/922 

T.25 

■ 

. 

. 

1.52/901 ̂  

1.79/917 

2.08/933 

2.47/945 

2.84/976 

1.50 

. 

_ 

- 1,71/963 

-~2.01/979/: 

2.33/991 r 

2.71/1008 

-
Note: 

Supplied Motor: 

For power draw see standard motor in Table 6 on page 32. 

\ 1:5Q hp;T725 fom 0.75 hp, 1725 rpm 

2.00 hp, 1725 rpm 3.00 hp, 1725 rpm 

F V - 5 0 0 0 E x h a u s t F a n D a t a 

Airflow 
(scfm) 

2600 

3000 

3400 

3800 

4200 

£-LEi i 

. -0:3 

.18/356 

.32/418 

.49/485 

.71/542 -

.93/596 ! 

1.27/647' 

1.56/701 -

-0.T 

.29/450 

.43/504 

.63/553 

.83/605'-

."1Tr3?65i'^ 

1.40/683 

1.76/744 

External Static Pressure (in.wg.)* 

0.1 0.3 0.5 0.75 

Motor Brake Horsepower /RPM" 

.41/573 

.62/579 

.75/624 

1.02/664-

i . 27/705 ' 

1.62/752 

1.92/795 

.54/614 

.72/647 

: .89/685 

1.18/720"' 

1.45.758 

1.77/803 

2.16/842 

.65/683 

\81/708 

1.06/741 

1.32/774' 

1.60/810" 

1.93/851 

2.41/886 

84/760 

1.03/781' 

1.27/813 

1.50/842 

1.82/874 

2.24/909 

2.68/940 

1.0 

. 

M.23/857 : . 

1.48/885 

1.76/907 

2.08/933 

2.50/965 

2.91/993 

1.25 

. 

1.69/949 

1.98/969 

2.33/991 

2.78/1021 

-

1.50 

. 

2.17/1031 

2.60/1049 

-
Note: For power draw see standard motor in Table 6 on page 32. 

* Positive statics reference external static pressures that work against the FV unit fan. Negative statics would 
work with the FV unit fan. For example, an FV preconditioner that is blowing into a mixing section of another 
air handling unit (AHU) with a -0.3" static pressure in the AHU mixing section would have an FV supply fan 
static of -0.3" and an exhaust fan static of +0.3". All statics internal to the FV Unit are already included in the 
selection. 

!. _ . 

"Motors showing RPM are for belt drive. 

FV Preconditioner Series Technical Guide ■ 
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Bell & Gossett 
J*>ITT Industr ies 

ESP-PLUS 
Pump Selection Results 

Version S1.92 

• 1510 Product Literature 
• View_Pump Specification 
• Download 1510 Entire Curve Booklet (PDF 

File). 

SUMMARY 
System Capacity - 330 GPM 

Pump 
Series 

1510 

1510 

1510 

1510 

Model 

2-
1/2BB 
2BC 
3BC 
4BC 

Speed 
(RPM) 

3550 

3550 
3500 
3550 

Pump 
Efficiency 

67 .98 

65 .64 j 

56 .15 

4 6 . 7 1 

Duty 
Point 
(BHP) 

37 .12 

38 .16 

44 .47 

54 .09 

Total Developed Head = 300 Feet 

Motor 
Size 
(HP) 

40 

40 

50 

60 

Impel le r 
Size(in) 

8.625 

8.875 
8.625 
8.875 

Submit Quote Request 

Weight 
(lbs) 

* * 

* * 

# * 

* * 

Cost 
Index 

* * 

* * 

* * 

* * 

Quote 
Request 

® 

o 

o i 
o 

" This information is only available in the enhanced version 

PUMP DETAILS 

Flow Rate (GPM) 
Speed (RPM) 
Weight (lbs) 
Suction Size (in.) 
Discharge Size (in.) 
Impeller Size (in.) 
Max. Flow (GPM) 
Flow @ BEP (GPM) 
Selected Motor Size (HP) 
Duty-Point Power (BHP) 
Maximum Power (BHP) 
Motor Manufacturer 

1510 2 -
330 
3550 
* * 
3 
2-1/2 
8.625 
814 
492 
40 
37.12 
56.87 
* * 

1/2BB 
Pump Head (Feet) 
NPSHr(Feet) 
Cost Index 
Suction Velocity (fps) 
Discharge Velocity (fps) 
Pump Efficiency (%) 
Duty Flow/Max Flow {%) 
Min. Rec. Flow (GPM) 
Selected Motor Size (kw) 
Duty-Point Power (kw) 
Maximum Power (kw) 
Full Load Amps 

300 
9.2 
* * 
14.3 
22.1 
67.98 
40.5 
123.0 
29.83 
27.68 
42.41 
* * 
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Bell & Gossett 

♦ ITT Industries 
Curve Generation 

Version C I . 1 6 

HEAD (Feet) 
400 [9.5" 

300 

200 

100 

400 600 

Capacity (GPHJ 

NPSHr(ft) 
—l 80 

1,000 

Pump Series: 1510 Min Imp Dia = 7.25 " Design Capacity =330.0 ITT Bell & Gossett 
Suction Size - 3 " Max Imp Dia - 9.5 " Design Head =300.0 8200 N. Austin 
Discharge Size - 2.5 " Cut Dia = 8.625 " Motor Size =40 HP Moiton Grove. II 60053 

Generate Another Pump Curve 

E Display Max/Min Imp. curves 
E Display Efficiency Curve 
E Display Power Curve 
0 Display NPSHr Curve 

0 Display Duty-Point Marker 
□ Display System Curve 
E Display Minor Gridlines 
D Display Dark Background 

Single Pump operation ;v| 

Constant Speed Operation v l 
I f Variable Speed (or Open System), 
Enter a Control Head (or Static Head) 

lo i 

Display results in ® English Units o Metric Units 

http:/ /appserver. i t t ind.com/cgi-bin/curve.bat 3/4/2001 
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M. System Details 

Refer to subsequent pages. (Note: all details with exception of Ground Source Heat Pump 
System Schematic and Envelope Construction Diagrams obtained courtesy of Burt Hill Kosar 
Rittelmann, Associates.) 
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SEAL ALL AROUND WITH A SEALANT 
THAT WILL REMAIN FLEXIBLE 

BOTTOM OF 
BUILDING STRUCTURE 

16 GAUGE SHEET METAL 
SLEEVE SET IN WALL — 

METAL INSULATED PANEL 

T SPACE - PACK WITH 
FIBROUS PACKING 

16 GAUGE SHEET METAL 
SLEEVE SET IN WALL 

PIPE 

SEAL ALL AROUND WITH A SEALANT 
THAT WILL REMAIN FLEXIBLE 

1" SPACE - PACK WITH 
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AIR HANDLING UNIT 

%•* CONNECTING BOLT 

SPRING ISOLATOR-
SELECT FOR l'/y 
STATIC DEFLECTION 

HEOPRENE SEAL-^ 

FLASHING 

(2)<r LAYERS OF FIBERGLASS 
BATT INSULATION 

ROOF DECK - 1 CUT DECKING ONLY AS REQUIRED 
FOR DUCT PENETRATION COMPRESS 
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SEAL TOP AND BOTTOM WITH BACKER 
ROD A/ID CAULKING. 

*r 

\ 

(21 LAYERS OF %'GYPBD. 
DO NOT ALIGN JOINTS 

LIGHT GUAGE ANGLE. 
CAULK AT PERIMETER 

SLEEVE AT OPENING 

SUPPLY OR RETURN AIR 
WITH rSQUNDUNING 

ROOFTOP UNIT CURB DETAIL 
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PUMP 
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Case Study 

Daniel Boone High School, 
Washington County, Tennessee 
Courtesy of Tennessee Valley Authority 

• Project 
• Facility 
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• Contact Information 
• Figure _1 
• Figure _2 
• Figu_re_3 

Project 
Daniel Boone High School, which serves over 1,100 students, recently underwent 
renovation for a new heating and cooling system, a GeoExchange System. Located 
in Washington County, Tennessee, the system serves the entire school including 
classrooms, kitchen, cafeteria, auditorium and a gym. Constructed in 1971, the 
original design utilized a two-pipe chilled water system for cooling and electric 
resistance heat for the 160,000 square foot school. 

When renovation of the heating and cooling system was first discussed, the 
following design options were considered by the owner: 

• Water loop heat pump (WLHP) with electric boiler 
• WLHP with gas boiler 
• WLHP with electric thermal storage 
• 4 pipe system using a natural gas engine-driven chiller and boiler 
• A WLHP with a closed loop GeoExchange system. 

Energy savings from variable flow pumping were considered for all WLHP options. 
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Based on the analysis of the proposed systems, Washington County Schools chose 
the GeoExchange system with variable flow pumping for many reasons. 

Energy Efficiency: Prior to the renovation, total energy costs for the school 
ranged from $181,000 to $240,000 per year. The GeoExchange system uses high 
efficiency water loop heat pumps which exceed ASHRAE Standard 90.1 
requirements 

The combination of high efficiency heat pumps with a geothermal heat exchanger 
provides a very efficient retrofit. Annual energy costs were projected to be 
$135,000, with annual energy use estimated at 2,232 mWh (kWh X 103). 

Although the system renovation was scheduled for completion during the summer 
of 1995, a delay allowed for only two thirds of the heat exchanger to be installed 
before the 1995-96 winter heating season. The system operated through the very 
cold winter on a partial ground loop. The ground loop was completed in April 1996. 
Energy use for the 1996-97 school year (July - June), the first year of operation on 
the completed retrofit, was 2,298 mWh. Figure 1 shows the relationship of energy 
usage to degree days for two years prior to retrofit, and two years after (including 
the one year with the partial heat exchanger). 

Indoor Air Quality and Thermal Comfort: The original school design had 
provisions for adequate outside air but no significant indoor air quality issues were 
identified. The redesign incorporated the existing ventilation as it met ASHRAE 
standards. The GeoExchange system has the ability to provide simultaneous 
heating and cooling in any zone. The building is controlled using a direct digital 
control system, with individual zone setpoints ensuring a high level of thermal 
comfort. 

Innovation: Daniel Boone High School is the first known school within the State 
of Tennessee to use a WHLP system incorporating a geothermal heat exchanger 
and variable flow pumping. 

The geothermal heat exchanger consists of 320 boreholes, each 150 feet depth. 
Each borehole contains 300 feet of % inch diameter polyethylene pipe. The 
boreholes are placed in sections of 20 holes at 15 foot centers, and 20 foot 
spacing between sections. Each section is valved to facilitate purging and to allow 
isolation in the unlikely event a leak should occur. The 8 inch system supply and 
return lines enter the school through the existing mechanical equipment room. 

Parasitic pumping in WLHP and geothermal heat pump systems is an area with 
considerable potential for energy savings. Traditional designs incorporate constant 
operation of circulation pumps. This can substantially increase energy use, 
resulting in lower overall system efficiency. This system utilizes a pair of two-
speed circulating pumps, each pump sized at approximately 80% of the system 
capacity (at full speed). The circulation pumps are staged as follows: Stage 1 -

http://www.geoexchange.org/cases/cs0090.htm 2/23/2001 
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one pump @ 1150 rpm; Stage 2 - one pump @ 1750 rpm; Stage 3 - two pumps @ 
1750 rpm. 

To ensure adequate system flow and optimum performance, the pumps are 
controlled by a combination of loop flow and system differential pressure using a 
programmable logic controller. 

Each terminal heat pump unit uses a two-way valve to stop flow through the heat 
exchanger when heating or cooling is not required. (A small amount of bypass in 
the loop is maintained by eliminating the two-way valves on several small, 
strategically placed units.) As building load decreases, heat pumps cycle off. The 
flow rate is then reduced and the loop pumps ride up the pump curve. This 
increases the differential pressure until the controller reduces the pumping by one 
stage. As building load increases, the flow rate increases and differential pressure 
decreases. An additional pumping stage is then brought on. The system design 
provides variable flow pumping capability without the complexity and cost of 
variable speed drives. In all but peak conditions one pump on high speed will carry 
the building, providing acceptable system redundancy. The basic system schematic 
is illustrated in Figure 2. 

Operation and Maintenance: The original system utilized a 300 ton CFC-11 
chiller, and a cooling tower. Terminal unit ventilators with electric resistance heat 
served each zone. The new system contains high efficiency water loop heat pumps 
using HCFC-22. The chiller and cooling tower have been eliminated. Chemical 
treatment and make-up water requirements for the cooling tower have also been 
eliminated. 

Should an individual heat pump require service, it would only impact a single zone 
rather than the whole building. The dual pumping arrangement provides an 
adequate level of redundancy in the event a pump requires servicing. Similarly, 
portions of the heat exchanger (sections of 20 boreholes) can be isolated from the 
system in the unlikely event that a leak (or other system damage) occurs, without 
major impact on system performance. Other considered systems would have 
included a boiler and a cooling tower, which have higher maintenance 
requirements than the GeoExchange system. 

System Design: The system was designed anticipating the potential for changes 
in the use and occupancy of the school. Accordingly the ground loop was sized to 
allow additions and modifications. The school maintenance staff have converted a 
non-conditioned shop area in to a fitness center, and an abandoned indoor pool is 
being converted to a second gym area. The maintenance staff have been very 
impressed with the ability to simply tie additional heat pumps into the loop. The 
flexibility afforded by the design allows these type of modifications very easily. 
Another recent modification illustrating system flexibility was the addition of a 
water-to-water heat pump to handle the domestic hot water loads. This addition 
was completed in June, 1997 and supplements the existing 144 kW electric 
resistance water heater which provides back up water heating. 
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The system also provides flexibility for heating and cooling of individual zones 
i when the school is unoccupied for vacations and holidays. Thus individual zones 

can be cooled without operating a central chiller plant as in the old system, or a 
boiler/cooling tower as in the base case retrofit system. 

Cost Effectiveness: Water loop heat pumps were chosen as a base case for the 
retrofit conditions in order to provide simultaneous heating and cooling with a 2-
pipe system. The traditional design approach would utilize a boiler and a cooling 
tower to control the loop temperature using a constant volume pumping system. 

Energy costs for the base case were estimated at $164,000 per year. Analyses of 
the base case and alternate systems were accomplished using an hourly analysis 
model. The model was calibrated to actual energy use and weather data prior to 
the renovation. The energy costs for the installed system were estimated at 
$135,000 per year, for an energy savings of $29,000 per year over the base case. 

A preliminary feasibility study estimated the maintenance cost for the 
GeoExchange system to be $0.05 per square foot per year less than the 
boiler/tower design. This $8,000 savings would include boiler, cooling tower, and 
heat exchanger maintenance as well as tower chemicals and makeup water usage. 
Total annual energy and maintenance savings were estimated at $37,000/yr. 
Using the actual energy costs of $139,000 for the 1996-97 school year, the annual 
savings would be $33,000 per year over the base case. Based on the energy costs 
for 1996-97 of $139,000 (with 4455 heating degree days) the system should be 
able to meet the original projection of $135,000 per year for a normal year (4143 
degree days for Bristol, Tennessee area.) Figure 3 shows the relationship of 
energy costs to degree days before and after retrofit. (Electric utility rates were 
constant for the period.) 

The heat exchanger cost was $451,000 including a $100,000 change order to 
cover unexpected casing costs. Tennessee Valley Authority agreed to co-fund the 
as a research project in order to demonstrate and evaluate the GeoExchange 
system, particularly the variable flow pumping and the loop sizing. TVA provided 
$104,000 in direct funding plus the system monitoring costs. The costs for a 
conventional boiler, cooling tower, plate-frame heat exchanger, and associated 
pumping and controls were estimated at $150,000- The incremental cost to the 
school system was $197,000. 

Using the estimated operations and maintenance savings of $8,000 and the actual 
1996-97 energy costs savings (compared to a boiler/tower base case) a simple 
payback of 6 years is achieved. Using the projected costs for a normalized weather 
year reduces the payback to 5.3 years. The system is presently being monitored to 
validate its operation and maintenance costs. The detailed monitoring system was 
commissioned in May 1997. 

The data is also being used to fine tune the system performance. I t is anticipated 
that further optimization of the system operation (such as pump staging control 
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points and strategy and building setback/ demand control) will reduce the annual 
energy consumption further, thus shortening the payback. 

Note: This school like many others are moving to a year round usage. An example 
is the conversion of one shop area into a fitness center which is open all year. The 
effect of this increased usage will increase the relative energy use over previous 
years. However, from an overall energy impact this system responds very well to 
this type of use by allowing individual zones to be operated without operating a 
central plant. The heat exchanger at part load conditions will operate at cooler 
summer temperatures (or warmer winter temperatures) which will increase the 
heat pump efficiency and reduce utility costs. 

Closing: This project offers an opportunity to demonstrate the marriage of two 
energy efficient technologies, variable flow pumping and geothermal heat pumps. 
This project was useful in introducing the closed loop ground heat exchanger and 
variable flow pumping concepts to regional well drillers and mechanical 
contractors- The school system is so pleased with the system that they have 
employed the technology in at least two other locations. I t should also be pointed 
out that in a new construction application, a significant credit could be taken for a 
substantial reduction in mechanical equipment room requirements which would 
further reduce the system payback. 

The school's system will be monitored to validate ground heat exchanger sizing 
programs and methods, and provide information on system pumping costs. 

Facility 
• 160,000 square foot 
• 300 ton 
• Closed loop geothermal heat exchanger 
• 320 boreholes, each 150 feet depth 
• Each borehole contains 300 feet of % inch diameter polyethylene pipe. 
• Boreholes are placed in sections of 20 holes at 15 foot centers, and 20 foot 

spacing between sections. 

Location 
The Daniel Boone High School is located in Washington County, Tennessee. 

Contact Information 
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Background 
Paint Lick Elementary School in Garrard County, Kentucky, was the first newly 
constructed schooi in Kentucky to be heated and cooled by geothermal heat 
pumps. According to Conn Abnee, Assistant Marketing Manager for East Kentucky 
Power Cooperative, a joint effort by the electric utilities and the heat pump 
manufacturer demonstrated geothermal to be the best choice for the new school. 

State school board officials were skeptical about GHPs when the idea was initially 
proposed. "The theory is great, but we wanted proof that the equipment was 
adequate to meet the theory," said Michael Luscher, Director of the Division of 
Facilities Management. Because of the concerns of the local and state school board 
officials, advocates for the system went to great lengths to ensure that everyone 
would be satisfied. WaterFurnace International, Inc., the GHP manufacturer, even 
offered an unconditional guarantee on the system for two years. 

"We look at each technology and each installation on an individual basis," said Mr. 
Luscher. "In this case, it appeared we were at a point when the technology had 
caught up with the theory. For that reason, we stepped into a pilot project with 
some assurances from the utilities and WaterFurnace." 

The GHP system has become a learning tool for the Kentucky Department of 
Education and Paint Lick students. Completed in June of 1992, the highly efficient 
Paint Lick Elementary School project was envisioned as a pilot project for future 
school construction. The Department of Education's goal was to reduce energy 
consumption, operating costs, and system upkeep. "As educators, we try to 
encourage our children to make wise use of the environment, and I think this will 
be something that they [the students] will be able to look back on as adults," said 
Mary A. Davis, principal of Paint Lick Elementary School. 

The architectural firm of Clotfelter-Samokar, specializing in educational facilities, 
welcomed the opportunity to become involved in the project. "We worked with 
geothermal in residential and commercial applications, but this was our first 
experience with geothermal in a school, and we were excited about its potential," 
said David Samokar, principal of the firm. Mr. Samokar has maintained his 
enthusiasm for geothermal heat pumps in schools, as evidenced by Clotfelter-
Samokar's six subsequent designs of GHP schools. 

Key Players 
Facility 
Paint Lick Elementary Schoo 
Garrard County 
Lancaster, Kentucky 
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Ms. Mary A. Davis, Principal 
Dr. William Wesley, 
Superintendent 
Garrard County School District 
Phone: (606) 792-3018 

Architect: 
Clotfelter-Samokar, PCS 
228 East Reynolds Road, 
Suite 1 
Lexington, Kentucky 40517 
David Samokar, Principal 
Phone: (606) 273-3700 

Engineer: 
Kaiser-Taulbee and Associates 
190 Jefferson 
Lexington, Kentucky 40508 
Bob Kaiser 
Phone: (606) 253-2459 

Mechanical Contractor: 
Green Mechanical Construction 
2277 Danforth Drive 
Lexington, Kentucky 40511 
Glenn True, Vice President 
Phone: (606) 252-4646 

Electrical Contractor: 
Cutter-Pulliam Electric Company 
857 Contract Street 
Lexington, Kentucky 40505 
Bill Hosetler, President 
Phone: (606) 252-7546 

Manufacturer: 
WaterFurnace International, Inc. 
9000 Conservation Way 
Fort Wayne, Indiana 46809 
Phone: (219) 478-5667 
Jim Smith, Commercial 
Phone: (219) 478-5667 

Loop Installer: 
Ground Loop Systems of Kentucky 
Tim Fencer 
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Electric Utilities: 
s Inter-County Rural Electric 

Cooperative Corporation 
Box 87 
Danville, Kentucky 40423 
Jim Jacobus, Vice President 
Member Services and Marketing 
Phone: (606) 792-4619 

East Kentucky Power Cooperative 
4758 Lexington Road 
P.O. Box 707 
Lexington, Kentucky 40392-0707 
Conn Abnee, Assistant Marketing ' 
Manager 
Phone; (606) 744-4812 
E-mail: conn@ekpc.com 

System Description 
Paint Lick Elementary School measures 39,564 square feet and is conditioned by 
120 tons of WaterFurnace Premier AT Series geothermal heat pumps. The GHP 
system consists of six 1-ton units, two 2-ton units, nineteen 3-ton units, two 5-ton 
units, two 6.5-ton units, and four 7.5-ton units, 

Underground heat transfer is provided by a vertical closed-loop pipe configuration 
constructed of PE3408 high-density polyethylene pipe. The loop field consists of 
five sets of 16 vertical loops, 163 feet deep, and four sets of 16 vertical loops, 
each 188 feet deep, cumulatively resulting in almost 10 miles of pipe buried 
behind the school, according to Tim Fencer of Ground Loop Systems of Kentucky. 

The building loop is separated into multiple zones with separate pumps that 
operate only on demand in order to minimize pumping energy requirements. 

Mr. Fencer, whose home also has a geothermal system, is confident about the 
school board's decision to go with geothermal technology. "It's the most efficient. 
It's the only way to go," said Fencer. 

Costs 
Total school construction cost was $2,339,111, which translates into a cost of 
$59.12 per square foot of school floorspace. The WaterFurnace geothermal system 
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cost $380,000, or $9.60 per square foot, a very attractive figure for heating and 
air conditioning with individual temperature control in every room. Of the total 
GHP system cost, $272,887 ($6.90 per square foot) represents HVAC cost and 
$107,123 ($2.70 per square foot) went to the ground loop. 

Savings 
The reduction in energy consumption was projected to be 37% to 40%, a savings 
of 296,000 kWh at an electricity rate of 5(t/kWh. Other savings are achieved by 
avoiding a cooling tower and its costs for chemicals, maintenance, and general 
deterioration. 

Financing, Rebates, and Guarantees 
The school project was financed by the Kentucky Bond Authority through the 
Kentucky School Facilities Construction Commission with 20-year bonds. Inter-
County Rural Electric Cooperative Corporation (IRECC) and its generation and 
transmission supplier, East Kentucky Power Cooperative (EKPC), shared the cost 
of a $125/ton rebate, which was a total incentive of $15,000. EKPC and 
WaterFurnace International, Inc. supplied technical assistance in the form of 
energy and cost savings estimates and attendance at two or three meetings to 
explain GHPs and their benefits to the school board. 

"We always have an interest in our end-users, and that interest is that we want 
them to have a system with the lowest operating cost possible," said Leo Hill, 
IRECC. "And at this time, we know that there isn't a system that can do better 
than this one [geothermal]." 

WaterFurnace demonstrated their faith in their product's performance and 
reliability by offering an unconditional guarantee on the GHP system for two years. 
If the Kentucky Department of Education was not satisfied with the geothermal 
system during that time, WaterFurnace would replace it with another heating and 
cooling system of the school board's choice. This guarantee was backed by a 
$100,000 bond to further illustrate the company's belief in geothermal technology. 
After four years of operation, the GHP system is still in piace and running 
flawlessly. 

Andy Taussig, who at that time headed the marketing department at 
WaterFurnace, explained that the company has complete confidence in its 
equipment and is interested in exploring opportunities for geothermal applications 
throughout the state. "We know that with geothermal, the Paint Lick School will 
save money, and those savings can be passed along to help benefit the teachers 
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and the kids, which is really what's important here," Taussig said. "It just makes 
good economic sense. It's a win-win situation no matter how you look at it." 

Another barrier WaterFurnace hoped to pull down was the lack of information 
available about geothermai. "By guaranteeing this system, we took the risk away 
from the school board and we believed once they saw what this system could do, 
awareness and acceptance of the technology will be our reward," Taussig 
explained. The strategy appears to have worked. Kentucky now has 15 schools 
with geothermai heat pump systems. 

System Benefits 
Having 35 separate heat pumps throughout the school allows each of the 20 
classrooms, the library, cafeteria, offices, and the gym to have individual 
thermostats. The principal and teachers at Paint Lick Elementary could not be 
happier with the comfort and flexibility of the geothermai system. Dr. William 
Wesley, superintendent of the Garrard County School District, said the geothermai 
system provides a financial cost savings in terms of service, because alternative 
systems are more labor intensive and require continual custodial care. 

In addition to the enhanced comfort levels and energy savings, the system has 
provided the school with several other benefits: the elimination of unsightly 
outdoor equipment such as cooling towers or rooftop units and a reduction in 
mechanical space requirements due to the elimination of boilers. 

Award-Winning Design 
The entire pilot project for Paint Lick Elementary School included other energy 
saving design characteristics, such as efficient lighting, and energy conserving 
architectural design and construction. These features, combined with the geo­
thermai system, account for the school's attainment of an Engineering Excellence 
Award given by the National Society of Professional Engineers. 

Lessons Learned/Subsequent Experience 
Pilot projects are intended to teach lessons that will benefit future geothermai 
projects. The geothermai pilot project at the Paint Lick Elementary School has 
been no exception. When asked about any problems experienced with the Paint 
Lick GHP system, maintenance personnel could identify only one—the difficulty of 
changing filters. While this largely positive response points to the reliability of the 
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system, it also suggests some design changes for future geothermal heat pump 
systems. 

The horizontal GHP units at Paint Lick Elementary are hung from the 12-foot-high 
structural steel members, well above the 8-foot suspended ceilings. To minimize 
duct runs, the units were placed at the center of each classroom. To change filters, 
maintenance personnel must move students and desks to clear enough floorspace 
in the middle of the classroom to place a step ladder to remove suspended ceiling 
tiles. Then they must change ladders to climb the 12 feet to the GHP unit. Had 
Paint Lick's geothermal system been designed today, vertical GHP units would 
probably be designed with filter access from the hallway. Console units might be 
another choice. 

After completion of the Paint Lick project, Kentucky instituted the Building Officials 
and Code Administrators (BOCA) code for ventilation air requirements that 
mandate 15-cubic-feet-per-minute of outside air for each building occupant. This 
ventilation requirement increases HVAC energy consumption, since much more 
outside air must be heated or cooled. However, David Samokar, architect for the 
Paint Lick project, is using some provisions in the code for new projects that 
reduce the energy penalties associated with the new ventilation requirements. 
These code provisions allow pre-conditioning spaces prior to occupancy without 
drawing outside air and using the time lag at the end of the day. In large spaces, 
Mr. Samokar has controlled the percentage of outside air drawn into the space 
with C02 sensors. 

Conclusion 
Although the children who attend Paint Lick Elementary School may not fully 
realize it now, they are learning and experiencing a valuable lesson in preserving 
the environment, and soon, other children will too. The school board has approved 
the use of geothermal in another new school, Camp Dick Robinson Elementary 
School, scheduled to be built this fall. I think there is no better [example] that a 
school board can set than to encourage students to protect the ecology of our 
region," Garrard County Superintendent Wesley said. 

News of the benefits of using GHPs in schools is spreading across the country. 
Over 200 schools now use geothermal heating and cooling. Officials from the Bay 
District Schools in Panama City, Florida, recently visited the Paint Lick Elementary 
School to learn more about the cost savings and energy efficiency associated with 
the school's geothermal heating and cooling system. "Kentucky and its electric 
cooperatives are leaders in geothermal technology," said Claude Warren a 
commercial energy consultant with Gulf Power and the trip's organizer. "We 
decided that if we wanted to learn more about the benefits of geothermal, we 
might as well go right to the experts." 

http://www.geoexchange.org/cases/cs0053.htm 2/23/2001 

http://www.geoexchange.org/cases/cs0053.htm


Paint Lick Elementary School, Kentucky Page 8 of 10 

Another "center of GHP excellence" is located in Texas. The Austin Independent 
School District, considered by some to have started the GHP trend in schools, has 
built or retrofitted approximately 60 schools with geothermal heat pump systems. 

Many northern schools are getting in the loop with geothermal as well. Based on 
the success of Minnesota's first school GHP system in Perham, Minnesota, many 
other schools in the area have been built or are being planned with geothermal 
systems. Approximately 40 schools in Minnesota are enjoying the benefits of 
geothermal systems. For example, the 140,000-square-foot West Central Area 
Secondary School in Barrett, Minnesota, uses 575 tons of Florida Heat Pump GHPs 
for space heating and cooling, domestic water heating, and ventilation air 
tempering. 

Geothermal systems also have found their way into larger educational complexes, 
such as The Richard Stockton College of New Jersey. This GHP system is one of 
the largest in the country. The original renovation totaled about 1,400 tons of 
Trane GHP units, and approximately 200 tons of GHPs have been added recently. 

As geothermal enters the classrooms of today's students, tomorrow's leaders may 
leave a little wiser about energy, ecology, and economy—a lesson to last a 
lifetime. * 

Sources 
Elementary school teaches lesson in efficiency, WaterFurnace Case Study #2, 
WaterFurnace International, Inc. 

Jim Jacobus, Inter-County Rural Electric Cooperative Corporation, energy bills, July 
1992 - August 1996. 

Jim Jacobus, Inter-County Rural Electric Cooperative Corporation, draft write-up. 

State approves new school for Paint Lick area, newspaper article, The Advocate-
Messenger, Vicki Story Stevens, September 11, 1991. 

Florida School Officials Get a Lesson in Geothermal, article, Power Partners (EKPC 
newsletter), East Kentucky Power Cooperative, Spring 1996. 

David Samokar, Clotfelter-Samokar, phone conversation, October 1996. 

Jim Jacobus, Inter-County Rural Electric Cooperative Corporation, phone 
conversation, October 1996. 

Dr. William Wesley, Superintendent, Garrard County School District, phone 
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conversation, October 1996. 

Bob Halvorson, HVAC Reps, Inc., Loretto, Minnesota, fact sheets and phone 
conversation, October 1996. 

Expected Annual Savings 

Evaporative Cooling Tower Fan Power $750 
Cooling Tower Make-Up Water $250 
Labor $1,000 
Chemicals (Cooling Tower Water Treatment) $250 
Geothermal System Winter Booster Energy ... . n n n 
(296,000 kWh at 5(t/kWh) $i<*,uuu 

Total $16,250 

* Information obtained from Kaiser-Taulbee and Associates Inc., the mechanical 
and electrical firm for the project 

Electricity Use Table 
Electricity use, 1992-1996 

Month 

August 

September 

October 

November 

December 

January 

1992-1993 Electricity Use 
kWh 
Usage 

27,120 

33,840 

33,360 

34,320 

51,960 

kW 
Demand 

-

93.6 

199.2 

192.0 

216.0 

234.0 

50,640 246.0 

Cost 

$1,527 

$1,905 

$1,878 

$1,932 

$2,925 

$2,851 

1993-1994 Electricity Use 
kWh 
Usage 

-

28,560 

34,200 

34,320 

41,760 

52,560 

54,240 

kW 
Demand 

186.0 

165.5 

174.0 

206.4 

208.8 

225.6 

Cost 

$1,608 

$1,925 

$1,932 

$2,351 

$2,959 

$3,053 

1994-1995 Electr 
kWh 
Usage 

29,880 

31,920 

33,000 

37,920 

39,720 

58,440 

kW 
Demand 

163.2 

158.4 

195.6 

199.2 

219.6 

254.4 
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February 

March 

April 

May 

June 

July 

12-Month 
Total 
Monthly 
Average 
Annual 
kWh/ft2 

Annual 
$/ft2 

42,840 

54,240 

34,200 

29,880 

20,760 

23,520 

436,680 

36,390 

11.04 

$0.62 

242.4 

219.6 

196.8 

164.4 

134.4 

104.4 

2,242.8 

186.9 

• 

* 

$2,411 

$3,053 

$1,925 

$1,682 

$1,169 

$1,324 

$24,581 

$2,048 

• 

■ 

48,840 

46,440 

34,200 

33,360 

19,800 

21,120 

449,400 

37,450 

11.36 

$0.64 

231.6 

217.2 

180.0 

159.6 

148.8 

103.2 

2,206.8 

183.9 

• 

• 

$2,749 

$2,614 

$1,925 

$1,878 

$1,115 

$1,189 

$25,297 

$2,108 

* 

• 

55,080 

36,840 

33,840 

29,520 

22,320 

21,960 

430,440 

35,870 

10.88 

$0.58 

241.2 

230.4 

196.8 

169.2 

105.6 

114.0 

2,247.6 

187.3 

• 

• 

* 1995-1996 cost based on Inter-County RECCs All-Electric School rate of 5.88 
c/kWh with no demand charge. 

BAOCTOTCP 
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) 
Room Che ^sums 

By BHKKA 

Accounting 

C O O L I N G C O I L P E A K 

Peaked at Time; 
Outside Ait; 

Space 
Sens. + Lat. 

Envelope Loads 
Skyfite Solr 
Skytite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Mlsc 
Sub Tolal ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Hsal Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Total 
tons 

Main CIg 1.0 
Aux CIg 0.0 
Opt Vent 0.2 

Totals 1.2 

Bluh 

0 
0 

677 
6.600 

-89 
24 

0 
0 

-1.213 
5.999 

4,096 
4,500 
2,457 

11,053 
0 

-5,054 

0 

11,998 

Mo/Hr: 
0ADB/W8/HR: 

Ret Air Ret Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

I 

7 / 1 0 
7 3 / 5 1 / 3 5 

Net Percent 
Total Of Total 
Btuh (%) 

0 0.00 
0 0.00 

677 5.64 
6.600 55.01 : 

-89 -0.74 ■ 
24 0.20 ! 

0 0.00 : 

0 0.00 ! 
-1,213 -10.11 : 
5.999 50.00 i 

! 
4,096 34.14 i 
4,500 37.51 : 
A J ^ ^ A l l J A. * 

2,457 20.48 
11,053 92.12; 

0 0.00 J 
-5,054 -42.12 i 

0 0.00; 
0 0.00 i 
0 0.00: 
o o.oo: 
o o.oo i 
0 0.00 j 

11.998 100.00; 

COOLING COIL SELECTION 

Capacity 
MBh 

12.0 
0.0 
2.2 

14.2 

Sens Cap. Coil Alrfl 
MBh cfm 

15.1 1,661 
0.0 0 
2.2 200 

Enter OBfWB/HR 
F F gr/lb 

78.0 60.2 67.1 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG S P A C E P E A K j HEAT ING COIL P E A K 

Mo/Hr: ' 
OADB: 

Space 
Sensible 

Bluh 

0 
0 

677 
6.600 

-89 
24 

i 0 
1 0 

-232 
6.979 

4.096 
2.500 
2,457 
9,053 

0 
-968 

0 

15,064 

f / 1 0 
73 

Mo/Hr; 1 3 / 1 
OADB: 5 

Percent i Space Peak Coll Peak I 
Of Tot 

'ercent 
al : Space Sens Tot Sens Of Total 

<%) i Btuh Btuh 

0.( 
o.t 
4.. 

43.f 
-0.! 
0.' 
0.( 
0.1 

- 1 . ! 
46.: 

27.' 
16.( 
16.: 
60/ 
o.t 

-6.' 
0 ( 
0.( 
0.( 
0.( 
o.t 
o.t 

100.t 

Leave DBWBfHR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

» ; 0 0 
H> ! 0 0 
19 j -1.416 -1.416 
H : 0 0 
>9 j -1,084 -1,084 
16 ! -203 -203 
» : 0 0 
K> j 0 0 
>4 ! -2.743 -2.743 
13 j -5.446 -5.446 

10 1 0 0 
10 : 0 0 

H i 0 o 
10 j 0 0 
)o i o o 
13 j -544 -544 
)0 • 0 
)0 : 0 
10 0 
)o j o o 
)0 ; 0 
10 j 0 

)0 j -5.990 -5,990 

AREAS 

(%> 

0.00 
0.00 

23.65 
0.00 

18.09 
3.38 
0.00 
0.00 

' 45.79 
90.91 

0.00 
0.00 
0.00 
0.00 
0.00 
9.09 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 480 
Part 0 
ExFIr 0 
Roof 480 0 
Wall 200 60 

ft (%) 

0 
30 

T E M P E R A T U R E S 

CIg Htg 
SADB 68.0 72.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
RetfOA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 200 200 
Infil 48 48 
Supply 1,661 1.661 
Mlncfm 0 0 
Return 1,909 1,909 
Exhaust 248 248 
Rm Exh 0 0 
Auxil 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
%OA 12.0 12.0 
Cfm/sq ft 3.46 3.46 
cfm/ton 1.407.31 
sq ft/ton 406.77 
Btu/hr-sq ft 29.50 -48.87 
No. People 10 

H E A T I N G C O I L S E L E C T I O N 

Capacity Col lAir f l Ent Lvg 
MBh cfm F F 

Main Htg -6.0 1,661 68.0 72.0 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -6.6 248 3.5 50.0 
Opt Vent -10.9 200 5.0 65.0 

Total -23.5 

Project Name: School for St. Michaels 
Datasei Name: C:\COS\LOAD700\PROJECTSVSMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/COS/LOAD700/PROJECTSVSMASE.LDS


. " ) 
Room Checksums 

ByBHK _\ ) 

Administration Area 

COOLING COIL PEAK 

Peaked at Time: 
Oulside Air: 

Space 
Sens. + Lat 

Envelope Loads 
Skylite Solr 
Skylrte Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Tolal ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Rot. Fan Hoat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Hoat 
Terminal Bypass 

Grand Total =■> 

Btuh 

0 
0 

2,910 
28,380 

-383 
102 

0 
0 

-6,215 
25.794 

17.611 
13,500 
10.567 
41,678 

0 
-15,161 

0 

52.311 

Mo/Hr: 
OAOB/WB/HR: 

Ret Air Ret Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 / 1 0 
7 3 / 5 1 / 3 5 

Net Percent 
Total Of Total 
Btuh (%) 

0 0.00 
0 0.00 

2,910 5.56 
28,380 54.26 

-383 -0.73 
102 0.20 

0 0.00 
0 0.00 

-5,215 -9.97 
25.794 49.31 

17.611 33.67 
13.500 25.81 
10.567 20.20 
41,678 79.67 

0 0.00 
-15.161 -28.96 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

52.311 100.00 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main Clg 4.4 
Aux Clg 0.0 
Opt Vent 0.5 

Totals 4.9 

MBit 

52.3 
0.0 
6.5 

58.8 

Sons Cap. Coll Alrfl 
MBh cfm 

62.8 6,921 
0.0 0 
6.5 600 

Enter DB/W67HR 
F F gr/lQ 

78.0 60.3 67.6 
0.0 0.0 0.0 

87.0 56.0 32.7 

I CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: : 
OADB: 

Space 
Sensible 

! Btuh 

i ° 0 
2,910 

28,380 
j -383 

- 102 

r ° 0 
-999 

30,010 

17.611 
7.500 

10.567 
j 35.678 

0 
-2,904 

0 

62,784 

7 /10 
73 

Mo/Hn 1 3 / 1 
OADB: 5 

Percont j Space Peak Coil Peak Percent 
Of Total | Space Sens Tot Sens Of Total 

(%) i Btuh Btuh 

0.00 : 0 0 
0.00 j 0 ■ 0 
4.63 j -6.091 -6.091 

45.20 : 0 0 
-0.61 j -4.659 -4.659 
0.16 i -872 -872 
0.00 : 0 0 
0.00 j 0 0 

-1.5 
47.8 

28.0 
11.9 
16.8 
56.8 

0.0 
-4.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

100.0 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

9 i -11.795 -11.795 
0 : -23.417 -23,417 

5 ! 0 0 
5 j 0 0 
3 j 0 0 
3 | 0 0 
D : 0 0 
3 j -1.633 -1,633 
0 ! 0 
0 i 0 
0 i 0 
0 ; 0 0 
0 : 0 
0 : 0 

0 j -25.050 -25.050 

A R E A S 

<%) 

0.00 
0.00 

24.31 
0.00 

18.60 
3.48 
0.00 
0.00 

" 47.09 
93.48 

0.00 
0.00 
0.00 
0.00 
0.00 
6.52 
0.00 
o.aa 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 2.064 
Part 0 
ExFIr 0 
Roof 2,064 0 
Wall 860 258 

ft (%) 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 600 600 
Infll 206 206 
Supply 6.921 6.921 
Mincfm 0 0 
Return 7.728 7.728 
Exhaust 806 806 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 8.7 8.7 
cfm/sq f t 3.35 3.35 
cfm/ton 1.412.55 
sq ft/ton 421.24 
Btumr-sq ft 28.49 -38.33 
No. People 30 

H E A T I N G C O I L S E L E C T I O N 

Capacity Coil Alrf l Ent Lvg 
MBh cfm F F 

Main Htg -25.1 6,921 68.0 72.0 
Aux Htg O.O 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldlf -21.4 806 3.5 50.0 
Opt Vent -32.7 600 5.0 65.0 

Total -79.1 

Project Name: School for St. Michaels 
Dataset Name; C;\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 



) 
Room Chp~!fsums 

ByBH.„A ) 

Adult Classroom No. 1 

C O O L I N G C O I L P E A K 

Peaked at Time; 
Outside Air; 

Space 
Sens. + LaL 

Envelope Loads 
Skylite Sotr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sob Total ==> 

Internal loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside A i r 
Sup. Fan Heat 
Ret Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total ==> 

Btuh 

0 
0 

2.467 
19.380 

-557 
63 

0 
0 

-4.422 
16,932 

14,932 
7,650 
5,973 

28.555 
0 

-8,591 

0 

36.895 

Mo/Hn 
OADB/WB/HR: 

Ret Air 
Sensible 

Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 
0 
0 
0 

0 
0 

0 
0 

0 

Ret. Air 
Latent 

Btuh 

0 
0 

0 

. 
0 
0 

0 

7 / 1 0 
7 3 / 5 1 / 3 5 

Net Percent 
Total Of Total 
Btuh (%); 

0 0.00: 
0 0.00! 

2.467 6.69 j 
19.380 52.53 

-557 -1.51 
63 0.17 

0 0.00 
0 0.00 

-4,422 -11.98 
16,932 45.89 

14.932 40.47 
7.650 20.73 
5.973 16.19 j 

28.555 77.39 j 
0 0.00 j 

-8.591 -23.28 : 

0 0.00 
0 0.00 
0 0.00 
0 0.00! 
o o.oo: 
0 0.001 

36,895 100.00 j 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main Clg 3.1 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 3.4 

MBit 

36.9 
0.0 
3.7 

40.6 

Sens Cap. 
MBh 

44.0 
0.0 
3.7 

Coll Alrfl 
cfm 

4.852 
0 

340 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.3 67.7 
0.0 0.0 0.0 

87.0 56.0 32.7 

! CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hn ' 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

2,467 
19,380 

-557 
63 

I ° f 0 
-847 

20.507 

14,932 
4,250 
5,973 

25,155 
0 

-1.646 

0 

44.016 

7/10 
73 

Mo/Hn 1 3 / 1 
OADB: 5 

Percent I Space Peak Coil Peak Percent 
Of Total | Space Sens Tot Sens Of Total 

(%) ! Bluh Btuh 

0.00 | 0 0 
o.oo : o o 
5.61 j -5,164 -5,164 

44.03 : 0 0 
-1.26 j -6,888 -6,888 
0.14 i -861 -861 
0.00 j 0 0 
0.00 1 0 0 

-1.92 i -10.001 -10.001 
46.59 : -22.914 -22.914 

33.92 0 0 
9.66 0 0 

13.57 0 0 
57.15 0 0 

0.00 ! 0 0 
-3.74 j -925 -925 
0.00 • 0 
o.oo : o 
0.00 | 0 
0.00 i 0 0 
o.oo ; o 
0.00 j 0 

100.00 j -23.840 -23,840 

' 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

A R E A S 

(%) 

0.00 
0.00 

21.66 
0.00 

28.89 
3.61 
0.00 
0.00 

41.95 
96.12 

0.00 
0.00 
0.00 
0.00 
0.00 
3.88 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 1.750 
Part 0 
ExFIr 0 
Roof 1,750 0 
Wall 850 255 

ft (%} 

0 
30 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 73.4 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frlct 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 340 340 
Infil 175 175 
Supply 4,652 4,852 
Mincfm 0 0 
Return 5.367 5,367 
Exhaust 515 515 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 7.0 7.0 
cfm/sq f t 2.77 2.77 
cfm/ton 1.435.18 
sq ft/ton 517.61 
Btu/hr-sqft 23.18 -32.01 
No. People 17 

HEATING COIL SELECTION 

Capacity Coi lAir f l Ent Lvg 
MBh cfm F F 

Main Htg -23.8 4.852 68.0 73.4 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldif -13.7 515 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -56.0 

Project Name: School for St. Michaels 
Dalaset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated al 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Ch^ksums 

B y B h . . . i A ) 

A d u l t C l a s s r o o m N o . 2 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Mlsc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Rot. Fan Heat 
Ouct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total = > 

Btuh 

0 
0 

7,689 
18,105 

945 
59 

0 
0 

-2,344 
24.454 

14.932 
7.650 
5.973 

28,555 
0 

-6,227 

0 

44.781 

Mo/Hr: 
OAOBAWB/HR: 

Ret. Air Ret Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

A 
V 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

Net Percent! 
Total Of Total ; 
Btuh (%> | 

0 0.00 j 
0 0.00 i 

7,689 17.17 j 
18,105 40.43 i 

945 2.11 j 
59 0.13: 
0 0.00 i 
0 0.00; 

-2,344 -5.23 ! 
24,454 54.61 j 

14.932 33.34 | 
7.650 17.08 I 
5.973 13.34 j 

28,555 63.76 j 
0 0.00 i 

-8.227 -18.37 j 
0 0.00 : 
0 0.00 I 
0 0.00; 
o o.oo; 
0 0.00 I 
0 0.00 j 

44.781 100.001 

C O O L I N G COIL S E L E C T I O N 

Total Capacity 
tons 

Main Clg 3.7 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 4.0 

M8h 

44.8 
0.0 
3.7 

48.5 

Sens Cap. Coil Airfl 
MBh cfm 

52.5 5,783 
0.0 0 
3.7 340 

Enter DB/WB/HR 
F F grflb 

78.0 60.3 68.0 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK I HEATING COIL PEAK 

Mo/Hr: ' 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

7,689 
18.105 

945 
59 

1 ° 0 
1,429 

28.226 

14,932 
4.250 
5.973 

25.155 
0 

-925 

0 

52.456 

7/15 
87 

Mo/Hr 1 3 / 1 
OADB: 5 

Percent j Space Peak Coil Peak Percent 
Of Total : Space Sens Tot Sens Of Total 

(%) i Btuh Btuh 

0.00 : 0 0 
0.00 : 0 0 

14.66 j -5.164 -5.164 
34.51 : 0 0 

1.80 j -6,888 -6.888 
0.11 ! -861 -861 
0.00 i 0 0 
0.00 | 0 0 
2.72 i -10,001 -10,001 ' 

53.81 i -22,914 -22,914 

28.47 i 0 0 
8/ 

i i . : 
47.! 

10 : 0 0 
J9 j 0 0 
>5 ; 0 0 

0.00 0 0 
-1.76 ; -925 -925 
0.00 0 
O.t 
0.( 
O.t 
o.t 
o.t 

100.1 

Loave DB/WB/HR 
F F 

66.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

10 : 0 
10 i 0 
)0 • 0 0 
JO : o 
i o ; o 

)0 j -23,840 -23.840 

AREAS 

<%) 

0.00 
0.00 

21.66 
0.00 

28.89 
3.61 
0.00 
0.00 

41.95 
96.12 

0.00 
0.00 
0.00 
0.00 
0.00 
3.88 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 1,760 
Part 0 
ExFIr 0 
Roof 1,750 0 
Wall 850 255 

ft {%) 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.5 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Infil 17$ 175 
Supply 5,783 5,783 
Mincfm 0 0 
Return 6.298 6,298 
Exhaust 515 515 
Rm Exh 0 0 
Auxil 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 5.9 5.9 
cfm/sq ft 3.30 3.30 
cfm/ton 1.432.04 
sq ft/ton 433.37 
8tu/hr-sq ft 27.69 -32.01 
No. People 17 

H E A T I N G COIL S E L E C T I O N 

Capacity CoilAlrf l Ent Lvg 
MBh cfm F F 

Main Htg -23.8 5,783 68.0 72.5 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldif -13.7 515 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -56.0 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACEW Load 7C0 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Ch*" ̂ ksums 

By Bhiv.tA 

At r ium No. 1 

) 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Oulside Air 

Space 
Sens. + Lat 

Envelope Loads 
Skylile Soir 
Skytite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Colling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Totat —> 

Btuh 

99,792 
2,062 
1,878 
3.971 

492 
32 

0 
0 

-2,546 
105.682 

2.867 
0 
0 

2.867 
0 

-7.879 

0 

100,669 

Mo/Hr; 
OADBAVB/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

; 

7 / 1 3 
8 4 / 5 5 / 3 4 

! 
Net Percent: 

Total Of Tota l : 
Btuh {%) j 

i 
99.792 99.131 
2.062 2.05 j 
1,878 1.87: 
3.971 3.94j 

492 0.49 j 
32 0.03 j 
0 0.00 j 
0 0.00\ 

-2.546 -2.531 
105.682 104.98; 

: 
2,867 2.85 j 

0 0.00! 
0 0.00 

2.867 2.85; 
0 0.00: 

-7,879 -7.831 
0 0.00 : 
0 0.00 i 
0 0.00 j 
o o.oo; 
0 0.00: 
0 0.00 j 

100.669 100.00! 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 8.4 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 8.7 

MBh 

100.7 
0.0 
3.6 

104.3 

Sens Cap. Coil Afrfl 
MBh cfm 

111.1 12.250 
o.o o 
3.7 336 

Enter DB/WB/HR 
F F grflb 

78.0 60.5 68.8 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK HEATING COIL PEAK 

Mo/Hr: 
OADB: 

Space 
Sensible 

Btuh 

99.792 
2,062 
1,878 
3,971 

492 
32 

/ ° I 0 
942 

109,170 

2.867 
0 
0 

2,867 
0 

-914 

0 

111,122 

7/13 
84 

Mo/Hr: 1 3 / 1 
OADB: 5 

Percent ; Space Peak Coil Peak I Percent 
Of Total j Space Sens Tot Sens Of Total 

(%) I Btuh Btuh 

89.80 | 0 0 
1.86 i -21,355 -21,355 
1.69 i -1,320 -1,320 
3.57 : 0 0 
0.44 i -5,099 -5,099 
0.03 i -303 -303 
0.00 i 0 0 
0.00 j 0 0 
0.85 i -9,601 -9.601 " 

98.24 j -37,678 -37,678 

2.58 ! 0 0 
0.00 i 0 0 
0.00 j 0 0 
2.58 j 0 0 
o.oo ; o o 

•0.82 | -914 -914 
0.00 | 0 
0.00 : 0 
0.00 : 0 
0.00 | 0 0 
0.00 : 0 
0.00 j 0 

100.00 i -38.592 -38.592 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

A R E A S 

(%> 

0.00 
55.34 

3.42 
0.00 

13.21 
0.78 
0.00 
0.00 

24.88 
97.63 

0.00 
0.00 
0.00 
0.00 
0.00 
2.37 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 

100.00 

Gross Total Glass 
sq 

Floor 1.680 
Part 0 
ExFIr 0 
Roof 1.680 1,512 
Wall 570 361 

ft (%) 

90 
63 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 71.5 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 336 336 
lnfil 168 168 
Supply 12.250 12.250 
Mlncfm 0 0 
Return 12,754 12,754 
Exhaust 504 504 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 2.7 2.7 
cfm/sq ft 7.29 7.29 
cfm/ton 1,409.37 
sq ft/ton 193.28 
Btu/hr-sqft 62.08 -41.82 
No. People 0 

HEATING COIL SELECTION 

Capacity CoilAlrf! Ent Lvg 
MBh cfm F F 

Main Htg -38.6 12,250 68.0 71.5 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -13.4 504 3.5 50.0 
Opt Vent -18.3 336 5.0 65.0 

Total -70.3 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25'2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room ChP^sums 

By Bh. . A 

Atrium No. 2 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + U t . 

Envelope Loads 
Skyliio Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total =-> 

Internal Loads 
Lights 
People 
Misc 
Sub Total = > 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total "»> 

Bluh 

28.690 
593 
540 

0 
0 
0 
0 
0 

-732 
29.091 

824 
0 
0 

824 
0 

-2,265 

0 

27.650 

Mo/Hr: 
0ADB/W8/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Bluh Bluh 

0 
0 

0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7/13 
84/55/34 

Net Percent 
Total Of Total 
Btuh (%) 

28,690 103.76 
593 2.14 
540 1.95 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

-732 -2.65 
29.091 105.21 

824 2.98 
0 0.00 
0 0.00 

824 2.98 
0 0.00 

-2,265 -8.19 
0 0.00 
0 0.00 
0 0.00 
o o.oo; 
0 0.00 
0 0.00 

27.650 100.00 

COOLING COIL SELECTION 

Total Capacity 
Ions 

Main Cfg 2.3 
Aux Clg 0.0 
Opt Vent 0.1 

Totals 2.4 

MBh 

27.7 
0.0 
1.0 

28.7 

Sens Cap. Coil Alrfl 
MBh cfm 

30.7 3,379 
0.0 0 
1.1 97 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.5 68.7 
0.0 0.0 0.0 

87.0 56.0 32.7 

! CLG SPACE PEAK I HEATING COIL PEAK 

Mo/Hr: 7/13 
OADB: 

Space 
Sensible 

Bluh 

28,690 
593 
540 

0 
0 
0 

; , o 
■ ' 0 

271 
30,094 

824 
0 
0 

824 
0 

-263 

0 

30.655 

84 
Mo/Hr: 13/1 
OADB; 5 

Percent i Space Peak Coil Peak Percent 
OfTotal : SpaceSens TotSens OfTotal 

(%) ! Btuh Btuh (%) 

93.59 ; 0 0 0.00 
1.93 : -6,140 -6,140 64.34 
1.76 J -380 -380 3.98 
0.00 i 0 0 0.00 
o.oo ; o o o.oo 
o.oo ; o o o.oo 
0.00 i 0 0 0.00 
0.00 j 0 0 0.00 
0.88 : -2,760 -2,760 ' 28.93 

98.17 i -9,280 -9.280 97.25 

2.69 ! 0 0 0.00 
0.00 : 0 0 0.00 
0.00 i 0 0 0.00 
2.69 j 0 0 0.00 
0.00 0 0 0.00 

-O.f 
0.( 
0.( 
o.c 
o.c 
o.c 
o.r 

100.1 

Loave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

g(7lb 

70.2 
0.0 

32.8 

16 : -263 -263 2.75 
K) i 0 0.00 
10 i 0 0.00 
10 j 0 0.00 
io ; o o o.oo 
10 i 0 0.00 
10 j 0 0.00 

>0 j -9.542 -9.542 100.00 

AREAS 

Gross Total Glass 
sq ft <%} 

Floor 483 
Part 0 
ExFIr 0 
Roof 483 435 90 
Wall 0 0 0 

TEMPERATURES 

Clg Htg 
SAD0 68.0 71.1 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/O A 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frlct 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 97 97 
Infil 48 48 
Supply 3,379 3.379 
Mincfrn 0 0 
Return 3,524 3.524 
Exhaust 145 145 
Rm Exn 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 2.9 2.9 
cfm/sq ft 7.00 7.00 
cfm/ton 1,413.27 
sq ft/ton 201.99 
Btu/hr-sq- ft 59.41 -38.61 
No. People 0 

HEATING COIL SELECTION 

Capacity Coil Alrfl Ent Lvg 
MBh cfm F F 

Main Htg -9.5 3.379 68.0 71.1 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldif -3.9 145 3.5 50.0 
Opt Vent -5.3 97 5.0 65.0, 

Total -18.6 

Project Name: School for St. Michaels 
Dalaset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room CrV^sums 

By BKx.vA 

Cafeteria 

COOLING COIL PEAK 

Peaked at Time; 
Oulskle Air: 

Space 
Sons. + Lat. 

Envelope Loads 
Skylite Solf 
Skylite Cond 
Root Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==* 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==? 

Ceiling Load 
Outside Air 
Sup. Fan Hoat 
Ret Fan Heat 
Duct Heat Pkup 
OWUNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Tbfaf =^> 

Btuh 

0 
0 

16.941 
41.700 

234 
64 

0 
0 

-7.295 
51.643 

37,543 
55.000 
7,509 

100,052 
0 

•40.919 

0 

110,776 

Mo/Hr; 
OADB/WB/HR: 

Ret. Air Ret Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

8 / 1 5 
7 9 / 5 5 / 3 9 

Not Percent 
Total Of Total 
Btuh (%) 

0 0.00 
0 0.00 

16,941 15.29 
41.700 37.64 

234 0.21 
64 0.08 

0 0.00 
0 0.00 

-7,295 -6.59 
51,643 46.62 

37,543 33.89 
55.000 49.65 
7,509 6.78 

100,052 90.32 
0 0.00 

-40.919 -36.94 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 : 
0 0.001 

110.776 100.00; 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 9.2 
Aux Clg 0.0 
Opt Vent 1.8 

Totals 11.0 

MBh 

110.8 
0.0 

21.6 

132.4 

Sens Cap. Coil Airll 
MBh cfm 

126.5 14.588 
0.0 0 

21.8 2,000 

i 

Enter DB/WBiHR 
F F gr/lb 

78.0 60.2 67.3 
0.0 0.0 0.0 

67.0 56.0 32.7 

i CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: ' 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

19.332 
40.310 

1,751 
234 

' ° 0 
3,592 

65,219 

37.543 
27.500 
7.509 

72,552 
0 

-5.443 

0 

132.328 

r / 15 
87 

Mo/Hr: 13 /1 
OADB: 5 

Percent I Space Peak Coil Peak Percent 
Of Total Space Sens Tot Sens Of Total 

(%) Btuh Btuh 

0.00 0 0 
0.00 0 0 

14.61 -12,984 -12.984 
30.46 0 0 

1.32 -12.552 -12.552 
0.18 -2,106 -2,106 
0.00 0 0 
0.00 0 0 
2.71 -25,145 -25,145 ' 

49.29 ! -52.787 -52.787 

28.37 i 0 0 
20.78 i 0 0 

5.67 ; 0 0 
54.83 ; 0 0 

0.00 : 0 0 
-4.11 i -5,443 -5,443 
0.00 ! 0 
0.00 i 0 
0.00 j 0 
o.oo : o o 
0.00 : 0 
0.00 : 0 

100.00 j -58.230 -58.230 

Leavo DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

69.8 
0.0 

32.8 

A R E A S 

<%> 

0.00 
0.00 

22.30 
0.00 

21.56 
3.62 
0.00 
0.00 

43.18 
90.65 

0.00 
0.00 
0.00 
0.00 
0.00 
9.35 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

■ 

Gross Total Glass 
sq 

Floor 4.400 
Part 0 
ExFIr 0 
ROOf 4,400 0 
Wall 2,150 695 

ft i%) 

0 
32 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 72.4 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
FnBldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 2,000 2,000 
Infll 440 440 
Supply 14.588 14,588 
Mlncfm 0 0 
Return 17.028 17.028 
Exhaust 2.440 2.440 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
%OA 13.7 13.7 
cfm/sq ft 3.32 3.32 
cfm/ton 1.322.17 
sq ft/ton 398.80 
Btu/lir-sq ft 30.09 -52.69 
No. Pooplo 100 

HEATING COIL SELECTION 

Capacity CollAfrfl Ent Lvg 
MBh cfm F F 

Main Htg -58.2 14.588 68.0 72.4 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldlf -64.8 2.440 3.5 50.0 
OptVent -108.9 2.000 5.0 65.0 

Total -231.9 

* 

Project Name: School for St. Michaels 
Dataset Name; C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 

Classroom No. 1 

Room Checksums 
ByBH,...A 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Spaco 
Sens. + LaL 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total==> 

Internal Loads 
Lights 
People 
Misc 
Sod Total ==> 

Celling Load 
Outsldo Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OWUNOR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total = > 

Bluh 

0 
0 

11,533 
6,525 
1,215 

-1 
0 
0 

-3,515 
15.756 

22.398 
7,650 
8.959 

39.007 
0 

-8.227 

0 

46.536 

Mo/Hr: 
OAOBAWB/HR; 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Bluh 

0 
0 
0 
0 

a 
o 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

Net Percent; 
Total 01 Total i 
Btuh (%> j 

0 0.00! 
0 0.00 ! 

11,533 24.78; 
6.525 14.02 i 
1,215 2.61 ; 

•1 0.00! 
0 0.00 
0 0.00 j 

-3.515 -7.55i 
15.756 33.86 j 

22.398 48.131 
7.650 16.44 : 
8.959 19.25; 

39.007 83.82 j 
0 0.00 : 

-8,227 -17.68 j 
o o.oo; 
0 0.00 i 
0 0.00 j 
o o.oo; 
0 0.00 : 
0 0.00 j 

46,536 100.00 j 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 3.9 
Aux Clg 0.0 
Opt Vent 0.3 

rotate 4.2 

MBh 

46.5 
0.0 
3.7 

50.2 

Sens Cap. Coil AirfJ 
MBh cfm 

56.1 6.184 
0.0 0 
3.7 340 

Entor DB/WB/HR 
F F gr/lb 

78.0 60.3 67.6 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr ' 
OADB: 

Space 
Sensible 

Bluh 

0 
0 

11.533 
6.525 
1.215 

-1 

1 ° I 0 
2.143 

21.415 

22,398 
4,250 
8.959 

35.607 
0 

-925 

0 

56.097 

7/15 
87 

Mo/Hr: 13 /1 
OADB: 5 

! 
Percent : Space Peak Coll Peak Percent 
Of Total j Space Sens Tot Sens Of Total 

(%) j Btuh Btuh 
: 

0.00 | 0 0 
0.00 ; 0 0 

20.56 j -7,746 -7.746 
11.63 j 0 0 
2.17 ; -8.951 -8.951 
0.00 i -760 -760 
0.00 i 0 0 
o.oo j o o 
3.82 ! -15.001 -15.001 

38.18 | -32.458 -32,458 
! 

39.93 i 0 0 
7.58 j 0 0 

15.97 j 0 0 
63.47 | 0 0 

0.00 I 0 0 
-1.65 : -925 -925 
0.00 • 0 
0.00 ! 0 
0.00 : 0 
0.00 j 0 0 
0.00 I 0 
0.00 i 0 

100.00 j -33.383 -33.383 

LoaVO DBAVB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

AREAS 

(%) 

0.00 
o.oo 

23.20 
0.00 

26.81 
2.28 
0.00 
0.00 

44.94 
97.23 

0.00 
o.oo 
o.oo 
0.00 
0.00 
2.77 
0.00 
0.00 
0.00 
o.oo 
o.oo 
o.oo 

100.00 

Gross Total Glass 
s i f t l » 

Floor 2.625 
Part 0 
ExFIr 0 
Roof 2.625 0 
Wall 750 225 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 74.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
Rpt/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn Bid ID 0.0 0-0 
Fn Fr ict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Infil 263 263 
Supply 6.184 6.184 
Mincfm 0 0 
Return 6.787 6.787 
Exhaust 603 603 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 5.5 5.5 
cfm/sa f t 2.36 2.36 
cfm/ton 1.477.92 
sq ft/ton 627.34 
Btu/hr-sqft 19.13 -25.86 
No. People 17 

HEATING COIL SELECTION 

Capacity Coll AMI Ent Lvg 
MBh cfm F F 

Main Htg -33.4 6.184 68.0 74.0 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldif -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -67.9 . 

Project Name: School for St. Michaels 
Dalaset Name: C:\CDS\LOAD70D\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD70D/PROJECTS/SMASE.LDS


) 

Classroom No. 2 

Room Ch<" ksums 
By BHrvrtA 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat-

Envelope Loads 
Skylite Solr 
Sky Uo Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Suit Total = > 

Internal Loads 
Lights 
People 

Mlsc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Hoat 
Ret Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total ==> 

Btuh 

0 
0 

11,533 
6.525 
1,215 

-1 
0 
0 

-3.515 
15.756 

22,398 
7.650 
8,959 

39.007 
0 

-8.227 

0 

46.536 

Mo/Hr: 
OAD8/W8/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

o 
0 

0 0 
0 0 

0 0 

7 /15 
87/56V 33 

Net Percent 
Total Of Total 
Btuh (%) j 

0 0.00 j 
o o.oo: 

11,533 24.78! 
6,525 14.02 i 
1,215 2.61 | 

-1 0.00 i 
0 0.00 i 
0 0.00! 

-3,515 -7.55 
15.756 33.86 

22.398 48.13 
7,650 16.44! 
8,959 19.25 j 

39,007 83.82 j 
0 0.001 

■8.227 -17.68! 
o o.oo; 
0 0.00 i 
0 0.00 
o o.oo; 
o o.oo i 
0 0.00 : 

46.536 100.00 j 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 3.9 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 4.2 

MBh 

46.5 
0.0 
3.7 

50.2 

Sens Cap. Coil AirtI 
MBh cfm 

56.1 6,184 
0.0 0 
3.7 340 

Enter DB/WBfHR 
F F gr/lb 

78.0 60.3 67.6 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK ! HEATING COIL PEAK 

Mo/Hn 7 /15 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

11.533 
6.525 
1.215 

-1 

t ° 0 
2,143 

21,415 

22,398 
4.250 
8,959 

35.607 
0 

-925 

0 

56,097 

87 
Mo/Hn 1 3 / 1 
OADB: 5 

i 
Percent i Space Peak Coil Peak 1 'ercent 
Of Total i Space Sens Tot Sens Of Total 

{%) j Bluh Btuh 

0.00 j 0 0 
0.00 i 0 0 

20.56 | -7,746 -7,746 
11.63 j 0 0 
2.17 i -8.951 -8,951 
0.00 ! -760 -760 
0.00 : 0 0 
0.00 j 0 0 
3.82 i -15,001 -15.001 

38.18 : -32,458 -32,458 

39.93 i 0 0 
7.58 : 0 0 

15.97 j 0 0 
63.47 j 0 0 
0.00 : 0 0 

-1.65 j -925 -925 
0.00 j 0 
0.00 : 0 
0.00 j 0 
0.00 | 0 0 
0.00 i 0 
0.00 j 0 

100.00 : -33,383 -33,383 

Leave DB/WBfHR 
F F 

68.0 57.5 
0.0 0-0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

AREAS 

(%) 

0.00 
0.00 

23.20 
0.00 

26.81 
2.28 
0.00 
0.00 

44.94 
97.23 

0.00 
0.00 
0.00 
0.00 
0.00 
2.77 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 2,625 
Part 0 
ExFIr 0 
Roof 2.625 0 
Wall 750 225 

ft (%> 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 74.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Infit 263 263 
Supply 6,184 6.184 
Mincfm 0 0 
Return 6,787 6.787 
Exhaust 603 603 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 5.5 5.5 
cfm/sq ft 2.36 2.36 
cfm/ton 1.477.92 
sq ft/ton 627.34 
Btu/hr-sq ft 19.13 -25.86 
No. Peoplo 17 

HEATING COIL SELECTION 

Capacity Coil Airll Ent Lvg 
MBh cfm F F 

Main Htg -33.4 6,184 68.0 74.0 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldlf -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -67.9 

Project Name: School for St. Michaels 
Datas^t Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Checksums 

ByBH, J ) 

C l a s s r o o m N o . 3 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lot. 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Btuh 

0 
0 

11,533 
11,880 

1,688 
62 

0 
0 

-3,516 
21,647 

22,398 
7.650 
8.959 

39.007 
0 

-8.227 

0 

52,426 

Mo/Hr: 
OADBMB/HR: 

Ret. Air Ret Air 
Sensible Latent 

Bluh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

M 

Net Percent 
Total Of Total : 
Btuh (%, | 

0 0.00 
0 0.00 

11,633 22.00 | 
11,860 22.66 

1,668 3.22 
62 0.12 

0 0.00 
0 0.00 

-3,515 -6.71 
21.647 41.29: 

22,398 42.72 ! 
7.650 14.591 
8.959 17.09; 

39.007 74.40 | 
0 0.00 i 

-8.227 -15.69 j 
0 0.00 i 
o o.oo: 
0 0.00 
0 0.00 j 
0 0.00I 
0 0.00; 

52,426 100.00 j 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main CIg 4.4 
Aux CIg 0.0 
Opt Vent 0.3 

Totals 4.7 

MBh 

52.4 
0.0 
3.7 

66.1 

Sens Cap. Coil Alrfl 
MBh cfm 

62.0 5,833 
0.0 0 
3.7 340 

Enter DBfWB/HR 
F F gr/lb 

78.0 60.3 67.8 
0.0 0.0 0.0 

87.0 56.0 32.7 

C L G S P A C E P E A K j H E A T I N G C O I L P E A K 

Mo/Hr: 7 / 15 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

11,533 
11,880 

1,688 
62 

i i ° l 0 
2,143 

27,306 

22.398 
4.250 
8.959 

35.607 
0 

-925 

0 

61,987 

87 
Mo/Hn 1 3 / 1 
OADB: 5 

Percent : Space Peak Coil Peak I Percent 
Of Total i Space Sens Tot Sens Of Total 

(%) i Btuh Btuh 

0.00 j 0 0 
o.oo ; o o 

18.61 | -7,746 -7,746 
19.17 j 0 0 

2.72 ; -12,394 -12,394 
0.10 ; -1,621 -1,621 
0.00 i 0 0 
0.00 j 0 0 
3.46 : -15.001 -15.001 

44.05 j -36.763 -36.763 

36.13 ! 0 0 
6.86 i 0 0 

14.45 j 0 0 
57.44 j 0 0 

0.00 ! 0 0 
•1.49 j -925 -925 
o.oo : o 
0.00 . 0 
0.00 i 0 
0.00 • 0 0 
0.00 i 0 
0.00 : 0 

100.00 j -37.688 -37.688 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

A R E A S 

(%) 

0.00 
0.00 

20.55 
0.00 

32.89 
4.30 
0.00 
0.00 

39.80 
97.54 

0.00 
0.00 
0.00 
0.00 
0.00 
2.46 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 2,625 
Part 0 
ExFIr 0 
Roof 2,625 0 
Wall 1.450 330 

ft (%) 

0 
23 

T E M P E R A T U R E S 

CIg Htg 
SADB 68.0 74.1 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BIdTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 340 340 
Infil 263 263 
Supply 6.833 6,833 
Mincfm 0 0 
Return 7.436 7,436 
Exhaust 603 603 
Rm Exh 0 0 
Auxlt 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 5.0 5.0 
cfm/sq f t 2.60 2.60 
cfm/ton 1.461.64 
sq ft/ton 561.47 
Btu/hr-sqft 21.37 -27.50 
No. People 17 

H E A T I N G C O I L S E L E C T I O N 

Capacity Coi lAir f l Ent Lvg 
MBh cfm F F 

Main Htg -37.7 6.833 68.0 74.1 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidlf -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -72.2 

Project Name: School for St. Michaels 
Dataset Name; C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room C h f ^ s u m s 

By B H K . X A 
) 

Classroom No -4 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Mlsc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Hc.it 
RoL Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Totat = > 

Btuh 

0 
0 

8,644 
22,275 

-107 
10 
0 
0 

•5,712 
25.109 

22.398 
7.650 
8,959 

39.007 
0 

-7,806 

0 

56,310 

Mo/Hr: 
OADB/WB/HR: 

Ret Air Ret Air 
Sensible Latent 

dul l Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

9 /14 
7 6 / 5 3 / 3 5 

Not Percent 
Total Of Total 
Btuh (%) 

0 0.00 
0 0.00 

8,644 15.35 
22,275 39.56 

-107 -0.19 
10 0.02 
0 0.00 
0 0.00 

-5,712 -10.14 
25,109 44.59 

22.398 39.78 
7,650 13.59 i 
8.959 15.91 ; 

39.007 69.27 j 
0 0.001 

-7.806 -13.86 j 
0 0.00 : 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

56,310 100.00 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main CIg 4.7 
Aux CIg 0.0 
Opt Vent 0.3 

roo/s 5.0 

MBh 

56.3 
0.0 
3.7 

60.0 

Sens Cap. CoHAIrfl 
MBh cfm 

65.1 7,177 
0.0 0 
3.7 340 

Enter DBAVB/HR 
F F gr/lb 

78.0 60.4 68.1 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK \ HEATING COIL PEAK 

Mo/Hr: 9 /14 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

8.644 
22.275 

-107 
10 

1 ° 1 0 
-397 

30.424 

22,398 
4,250 
8.959 

35.607 
0 

-925 

o 

65,106 

76 
Mo/Hn 13 /1 
OADB: 5 

Percent j Space Peak Coil Peak 1 3ercent 
Of Total j Space Sens Tot Sons Of Total 

(%) : Btuh Btuh 

0.00 ; 0 0 
0.00 ! 0 0 

13.28 | -7.746 -7,746 
34.21 : 0 0 
-0.16 | -4.064 -4,064 
0.01 I -760 -760 
0.00 j 0 0 
o.oo ; o o 

-0.61 ! -15,001 -15.001 
46.73 ! -27,571 -27,571 

34.40 i 0 0 
6.53 j 0 0 

13.76 j 0 0 
54.69 j 0 0 

O.OO i 0 0 
-1.42 | -925 -925 
0.00 : 0 
0.00 0 
0.00 j 0 
0.00 • 0 0 
0.00 i 0 
0.00 j 0 

100.00 j -28.496 -28,496 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

A R E A S 

(%> 

0.00 
0.00 

27.18 
0.00 

14.26 
2.67 
0.00 
0.00 

52.64 
96.75 

0.00 
0.00 
0.00 
0.00 
0.00 
3.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 2,625 
Part 0 
ExFIr 0 
Roof 2,625 0 
Wall 750 225 

ft (%) 

0 
30 

TEMPERATURES 

CIg Htg 
SADB 68.0 72.4 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtfTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Infil 263 263 
Supply 7,177 7,177 
Mincfm 0 0 
Return 7,780 7.780 
Exhaust 603 603 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 4.7 4.7 
cfm/sq ft 2.73 2.73 
cfm/ton 1,435.79 
sq ft/ton 525.13 
Btu/hr-sq ft 22.85 -24.00 
No. People 17 

HEATING COIL SELECTION 

Capacity CoHAIrfl Ent Lvg 
MBh cfm F F 

Main Htg -28.6 7.177 68.0 72.4 
Aux Htg 0.0 0 0.0 0.0 
Prohoat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humldif -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -63.0 

Project Name: School for St. Michaels 
Dataset Name; C:\CDS\lOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02'25/2001 

Hc.it
file://C:/CDS/lOAD700/PROJECTS/SMASE.LDS


Room Chf* 'fsums 
ByBHK.vA 

Classroom No, 5 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + U t . 

Envelope Loads 
Skylrte Solr 
Skylrte Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Si/6 Tola! —> 

Colling Load 
Outside Air 
Sup. Fan Heat 
Ret Fan Heat 
Duct Heat Pkup 
O V / U N D R Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total ~ > 

Btuti 

0 
0 

3.701 
24.750 

-334 
89 

0 
0 

-6.633 
21.574 

22.398 
7.650 
8.959 

39,007 
0 

-6,591 

0 

51.989 

Mo/Hr: 
OADBAWB/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 / t O 
7 3 / 5 1 / 3 5 

Net Percent 
Total Of Total 
Btuh (%) | 

0 0.00 
0 ' 0.00 

3,701 7.12 
24,750 47.61 

-334 -0.64 
89 0.17 

0 0.00 
0 0.00 

-6,633 -12.76 
21,574 41.50 

22,398 43.03 
7,650 14.71 
8,959 17.23 

39,007 75.03 
0 0.00 

•8,591 -16.52 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

51,989 100.001 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 4.3 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 4.6 

MBh 

52.0 
0.0 
3.7 

55.7 

Sans Cap. Coil Airfl 
MBh cfm 

60.9 6.713 
0.0 0 
3.7 340 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.3 68.0 
0.0 0.0 0.0 

87.0 56.0 32.7 

; C L G S P A C E P E A K ! H E A T I N G C O I L P E A K 

Mo/Hr: 7 /10 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

3,701 
24,750 

-334 
89 

i , 0 
' o 

-1.271 
26.936 

22.398 
4.250 
8.959 

35,607 
0 

-1,646 

0 

60.897 

73 
Mo/Hr 1 3 / 1 
OADB: 5 

Percent i Space Peak Coll Peak Percent 
Of Total : Space Sens Tot Sens Of Total 

(%) i Btuh Btuh 

0.00 S 0 0 
0.00 i 0 0 
6.08 j -7,746 -7,746 

40.64 : 0 0 
-0.55 j -4.064 -4.064 
0.15 i -760 -760 
0.00 j 0 0 
0.00 '] 0 0 

-2.09 : -15.001 -15,001 
44.; 

36.; 
6.S 

14.; 
58.' 
0.( 

-2.j 
0 ( 
0.( 
0.( 
0.( 
ox 
ox 

100.1 

Leave DBfWB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

grflb 

70.2 
0.0 

32.8 

>3 : -27.571 -27,571 

'8 : 0 0 
W : 0 0 
'1 f 0 0 
17 ! 0 0 
10 : 0 0 
'0 : -925 -925 
10 j 0 
10 i 0 
10 | 0 
io ; o o 
10 i 0 
10 ; 0 

>0 j -28.496 -28,496 

A R E A S 

(%) 

0.00 
0.00 

27.18 
0.00 

14.26 
2.67 
0.00 
0.00 

52.64 
96.75 

0.00 
O.OO 

0.00 
0.00 
0.00 
3.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq ft (%> 

Floor 2.625 
Part 0 
ExFfr 0 
Roof 2.625 0 
Wall 750 225 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.7 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BidTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 340 340 
Inlil 263 263 
Supply 6.713 6,713 
Mincfm 0 0 
Return 7,316 7,316 
Exhaust 603 603 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
%OA 5.1 5.1 
cfm/sq ft 2.56 2.56 
cfm/ton 1,447.21 
sq ft/ton 565.88 
Btu/hr-sqft 21.21 -24.00 
No. People 17 

HEATING COIL SELECTION 

Capacity Coll Alrfl Ent Lvg 
MBh cfm F F 

Main Htg -28.5 6,713 68.0 72.7 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidlf -16.0 603 3.5 50.0 
OptVent -18,5 340 5.0 65.0 

Total -63.0 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Che^sums 

ByBH...Jv ) 

Classroom No. 6 

COOLING COIL PEAK 

Peaked si Time: 
Outside A i r 

Space 
Sens. * La t 

Envelope Loads 
Skylile So!r 
Skytile Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total => 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total —> 

Stun 

0 
0 

11.533 
22.500 

567 
89 

0 
0 

-3.515 
31.174 

22,398 
7,650 
8,959 

39,007 
0 

-6,227 

0 

61.953 

Mo/Hr; 
OADB/WB/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
o . 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

Net Percent 
Total Of Total 
Btuh ' {%) 

0 0.00 
0 0.00 

11.533 18.62 
22.500 36.32 

567 0.92 
89 0.14 
0 0.00 
0 0.00 

-3,515 -5.67 
31,174 50.32 

22,398 36.15 
7,650 12.35 
8,959 14.46 

39.007 62.96 
0 0.00 

-8.227 -13.28 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

61,953 100.00 

COOLING COIL SELECTION 

Total Capacity 
Ions 

Main Clg 5.2 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 5.5 

MBh 

62.0 
0.0 
3.7 

65.6 

Sens Cap. Coll Alrf l 
MBh Cfm 

71.5 7,884 
0.0 0 
3.7 340 

Enter DB/W8/HR 
F F gr/lb 

78.0 60.4 68.2 
0.0 0.0 0.0 

87.0 56.0 32.7 

: CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hn ' 
OADB: 

Space 
Sensible 

Btuh 

1 ° 
0 

11.533 
22,500 

567 
89 

! I ° i ' 0 
2,143 

j 36.833 

22.398 
4,250 
6,959 

35,607 
0 

-925 

0 

71,514 

7/15 
87 

Mo/Hn 13 /1 
OADB: 5 

Percent i Space Peak Coil Peak Percent 
Of Total j Space Sens Tot Sens Of Total 

1%) ! Btuh Btuh 

0.00 : 0 0 
0.00 ! 0 0 

16.13 ; -7,746 -7.746 
31.46 : 0 0 

0.79 j -4,064 -4.064 
0.12 j -760 -760 
o.oo: o o 
0.00 0 0 
3.00 i -15.001 -15.001 

51.50 | -27.571 -27.571 

31.32 i 0 0 
5.94 : 0 0 

12.53 j 0 0 
49.79 j 0 0 

0.00 : 0 0 
•1.29 : -925 -925 
0.00 ! 0 
0.00 i 0 
0.00 : 0 
0.00 ■ 0 0 
o.oo : o 
0.00 : 0 

100.00 j -28.496 -26,496 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

AREAS 

(%) 
0.00 
0.00 

27.16 
0.00 

14.26 
2.67 
0.00 
0.00 

52.64 
96.75 

0.00 
0.00 
0.00 
0.00 
0.00 
3.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq ft (%) 

Floor 2.625 
Part 0 
ExFIr 0 
Roof 2,625 0 
Wall 750 225 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Inlil 263 263 
Supply 7,664 7,884 
Mlncfm 0 0 
Return 8,486 8,486 
Exhaust 603 603 
RmExh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 4.3 4.3 
cfm/sq ft 3.00 3.00 
cfm/ton 1,441.49 
sq ft/ton 479.97 
Btu/hr-sq ft 25.00 -24.00 
No. People 17 

HEATING COIL SELECTION 

Capacity CoilAir i l Ent Lvg 
MBh cfm F F 

Main Htg -28.5 7,884 68.0 72.0 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -63.0 

Project Name: School for St. Michaels 
Dalaset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Che ksums 

By BHK.xA 

Classroom No. 7 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat. 

Envelope Loads 
Skylite Sotr 
Skytite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Mi t t 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Hoat 
ReL Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Btuh 

0 
0 

3.701 
24.750 

-334 
89 

0 
0 

-6.633 
21.574 

22,398 
7.650 
8,959 

39,007 
0 

.8.591 

0 

51,989 

Mo/Hr: 
OADBM/B/HR: 

Ret. Air Ret. A i r 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /10 
7 3 / 5 1 / 3 5 

Net Percent 
Total Of Total 
Bluh (%> 

0 0.00 
0 0.00 

3.701 7.12 
24.750 47.61 

-334 -0.64 
89 0.17 

0 0.00 
0 0.00 

-6.633 -12.76 
21,574 41.50 

22,398 43.08 
7,650 14.71 
8,959 17.23 

39.007 75.03 
0 0.00 

-8.591 -16.52 
0 0.00 
0 0.00: 
0 0.00 i 
0 0.001 
o o.oo: 
0 0.00 : 

51,989 100.00 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 4.3 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 4.6 

MBh 

52.0 
0.0 
3.7 

55.7 

Sens Cap. CoilAlrf l 
MBh cfm 

60.9 6,713 
0.0 0 
3.7 340 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.3 68.0 
0.0 0.0 0.0 

87.0 56.0 32.7 

: CLG SPACE PEAK HEATING COIL PEAK 

Mo/Hr 7 /10 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

3,701 
24,750 

-334 
89 

i 0 
1 0 

•1.271 
26.936 

22.398 
4.250 
8.959 

35.607 
0 

-1,646 

0 

60.897 

73 
Mo/Hr: 1 3 / 1 
OADB; 5 

Percent : Space Peak Coil Peak Percent 
Of Total : Space Sens Tot Sens Of Total 

(%) : Btuh Btuh (%) 

0.00 ; 0 0 0.00 
0.00 | 0 0 0.00 
6.08 j -7,746 -7,746 27.18 

40.64 i 0 0 0.00 
-0.55 j -4,064 -4,064 14.26 
0.15 ! -760 -760 2.67 
0.00 i 0 0 0.00 
0.00 j 0 0 0.00 

-2.( 
44J 

36.1 
BA 

14.i 
58.' 
0.( 

-2.; 
0.C 
0.C 

o.c 01 
0.( 
O.f 

100.( 

— r 
Leave DB/WB/HR 

F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
00 

32.8 

)9 : -15.001 -15.001 ' 52.64 
>3 : -27.571 -27.571 96.75 

'8 : 0 0 0.00 
18 : 0 0 0.00 
'1 i 0 0 0.00 
17 j 0 0 0.00 
10 i 0 0 0.00 
'0 j -925 -925 3.25 
10 ! 0 0.00 
t o ; o o.oo 
>0 j 0 0.00 
>0 i 0 0 0.00 
0 : 0 0.00 
10 1 0 0.00 

)0 j -28,496 -28,496 100.00 

AREAS 

Gross Total Glass 
sqft (%) 

Floor 2.625 
Part 0 
ExFIr 0 
Roof 2,625 0 0 
Wall 750 225 30 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.7 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frlct 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Infil 263 263 
Supply 6.713 6,713 
Mincfm 0 0 
Return 7.316 7,316 
Exhaust 603 603 
Rm Exh 0 0 
Auxil 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 5.1 5.1 
cfm/sq ft 2.56 2.56 
cfm/ton 1,447.21 
sq ft/ton 565.88 
Btu/hr-sqft 21.21 -24.00 
No. People 17 

HEATING COIL SELECTION 

Capacity CoilAlrf l Ent Lvg 
MBh cfm F F 

Main Htg -28.5 6,713 68.0 72.7 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -63.0 

Project Name: School for St Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 catcuialed at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


") 

Classroom No. 8 

Room Ch fksums 
By Bhi\RA 1 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat 

Envelope Loads 
Sky lite Solr 
Skyllte Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Biuh 

0 
0 

11,533 
22.500 

567 
89 

0 
0 

-3.515 
31,174 

22,398 
7,650 
8,959 

39,007 
0 

-8,227 

0 

61,953 

Mo/Hr: 
OADB/WB/HR: 

Ret. Afr Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

Net Percent 
Total Of Total 
Biuh (%) 

0 0.00 
0 0.00 

11,533 18.62 
22.500 36.32 

567 0.92 
89 0.14 

0 0.00 
0 0.00 

-3.515 -5.67 i 
31,174 50.32 : 

22.398 36.15 
7.650 12.35 
8,959 14.46 

39,007 62.96 
0 0.00 

-8.227 -13.28 
0 0.00 
0 0.00. 
0 0.00 i 
0 0.00 i 
0 0.00 i 
0 0.00 j 

61,953 100.00 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 5.2 
Aux Clg 0.0 
Opt Vent 0.3 

Tote's 5.5 

MBh 

62.0 
0.0 
3.7 

65.6 

Sens Cap. Coi lAi r f l 
MBh cfm 

71.5 7,884 
0.0 0 
3.7 340 

Enter DB/WB/HR 
F F gr/ib 

78.0 60.4 68.2 
0.0 0.0 0.0 

87.0 56.0 32.7 

C L G S P A C E P E A K \ H E A T I N G C O I L P E A K 

Mo/Hr 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

11.533 
22.500 

567 
89 

f ° 
I 0 

2,143 
36.833 

22,398 
4,250 
8,959 

35.607 
0 

-925 

0 

71.514 

7/15 
87 

Mo/Hr; 1 3 / 1 
OADB: 5 

Percent i Space Peak Coll Peak Percent 
Of Total i Space Sens Tot Sons Of Total 

<%) ! Btuh Btuh {%) 

0.< 
0.( 

16.' 
3 1 ' 

O.i 
0." 
0( 
0.( 
3.1" 

51.: 

3 i . : 
5.! 

12.! 
49.; 

CM 
- 1 . : 
0.< 
0 ( 
0.( 
0.( 
0.( 
0.C 

100.C 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/ib 

70.2 
0.0 

32.8 

M) : 0 0 0.00 

» ; o o o.oo 
13 j -7,746 -7,746 27.18 
16 j 0 0 0.00 
'9 j -4,064 -4,064 14.26 
12 ! -760 -760 2.67 
10 : 0 0 0.00 
io i o o o.oo 
10 I -15,001 -15,001 • 52.64 
10 j -27,571 -27.571 96.75 

12 ; o o o.oo 
J4 : 0 0 0.00 
>3 j 0 0 0.00 
'9 j 0 0 0.00 
10 : 0 0 0.00 
!fl : -925 -925 3.25 
10 ! 0 0.00 
io i o o.oo 
to j o o.oo 
10 j 0 0 0.00 
10 i 0 0.00 
10 | 0 0.00 

» j -28,496 -28.496 100.00 

A R E A S 

Gross Total Glass 
sqft (%) 

Floor 2,625 
Part 0 
ExFIr 0 
Roof 2,625 0 0 
Wall 750 225 30 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frlct 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 340 340 
Infil 263 263 
Supply 7.884 7,884 
Mtncfm 0 0 
Return 8.486 8.486 
Exhaust 603 603 
Rm Exh 0 0 
Auxil 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 4.3 4.3 
cfm/sq f t 3.00 3.00 
cfm/ton 1,441.49 
sq ft/ton 479.97 
Btu/hr-sq f t 25.00 -24.00 
No. People 17 

HEATING COIL SELECTION 

Capacity CoilAirf l Ent Lvg 
MBh cfm F F 

Main Htg -28.5 7.884 68.0 72.0 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -63.0 

Project Name: School for St. Michaels 
Dataset Name: CACDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 



) 
Room Ch cksums 

By BhixRA ) 

Classroom No. 9 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air 

Space 
Sens. ♦ Lat. 

Envelope Loads 
Skylile Solr 
Skylile Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infillralion 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Celling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
O V / U N D R Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total ==? 

Btuh 

0 
0 

11,533 
23.660 

725 
100 

0 
0 

-3,515 
32.503 

22.398 
7,650 
8,959 

39.007 
0 

-6,227 

0 

63.282 

Mo/Hn 
OADB/WB/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
O 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

C L G S P A C E P E A K i H E A T I N G C O I L P E A K 

7 /15 
8 7 / 5 6 / 3 3 

: 
Net Percent i 

Total Of Total : 
Btuh (%); 

i 
0 0.00 j 
0 0.00! 

11.533 18.23: 
23.660 37.39: 

725 1.14 j 
100 0.16 i 

0 0.00 j 
0 0.001 

-3,515 -5.56 i 
32,503 51.36 j 

22,398 35.391 
7.650 12.09 
8,559 14.16; 

39.007 61.64 j 
0 0.00 i 

-8.227 -13.00 | 
0 0.00 i 
0 0.00 i 
0 0.00: 
0 0.001 
0 0.00 : 
0 0.00; 

63,282 100.00; 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 5.3 
Aux Clg 0.0 
Opt Vent 0.3 

Totals 5.6 

MBh 

63.3 
0.0 
3.7 

67.0 

Sens Cap. CoilAirt l 
MBh cfm 

72.8 8.030 
0.0 0 
3.7 340 

Enter DBWB/HR 
F F gr/lb 

78.0 60.4 68.2 
0.0 0.0 0.0 

87.0 56.0 32.7 

Mo/Hn 
OADB; 

Space 
Sensible 

Bluh 

0 
0 

11,533 
23.660 

725 
100 

I ° I 0 
2,143 

38.161 

22.398 
4.250 
8.959 

35.607 
0 

-925 

0 

72.843 

7/15 
87 

Mo/Hr: 1 3 / 1 
OAOB: 5 

: 
Percent ! Space Peak Coil Peak Percent 
Of Total | Space Sens Tot Sens Of Total 

(%) j Btuh Bluh 

0.00 ; 0 0 
o.oo i o o 

15.83 i -7,746 -7,746 
32.46 ! 0 0 

0.99 | -5.216 -5.216 
0.14 I -1.216 -1.216 
0.00 : 0 0 
0.00 j 0 0 
2.94 ; -15.001 -15,001 ■ 

52.39 j -29.180 -29.180 

30.; 
5.1 

12.; 
46.1 

0.1 
- 1 . ; 
o.< 
o.< 
0( 
0 ( 
0.C 
0.£ 

100.C 

Leave DBArVBMR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

'5 i 0 0 
13 : 0 0 
10 j 0 0 
(8 j 0 0 
>0 : 0 0 
»7 : -925 -925 
tO • 0 
10 i 0 
10 j 0 
10 1 0 0 
10 i 0 
10 ; 0 

)0 i -30.105 -30.105 

A R E A S 

(%) 

0.00 
0.00 

25.73 
0.00 

17.33 
4.04 
0.00 
0.00 

49.83 
96.93 

O.OO 
O.OO 
0.00 
0.00 
0.00 
3.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 2.625 
Part 0 
ExFIr 0 
Roof 2,625 0 
Wall 1,100 260 

a i%) 

0 
24 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 72.1 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 76.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 340 340 
Infll 263 263 
Supply 8,030 8,030 
Mlncfm 0 0 
Return 8.633 8.633 
Exhaust 603 603 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 4.2 4.2 
cfm/sq ft 3.06 3.06 
cfm/ton 1,439.14 
sq ft/ton 470.45 
Btu/hr-sq ft 25.51 -24.61 
No. People 17 

H E A T I N G C O I L S E L E C T I O N 

Capacity CollAlrf l Ent Lvg 
MBh cfm F F 

Main Htg -30.1 8.030 68.0 72.1 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -16.0 603 3.5 50.0 
Opt Vent -18.5 340 5.0 65.0 

Total -64.6 

Project Name: School for St. Michaels 
Dataset Name; C:VCDS\LOAD7O0\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculaled at 10:45 AM on 02J25/2QQ1 



} Room Ch'^ksums 
By Bh.\ftA ) 

Conference Room No. 3 

C O O L I N G C O I L P E A K 

Peaked al Time: 
OulsideAin 

Space 
Sans. * Lat 

Envelope Loads 
Sky tile Solr 
Skylite Cond 
Roof Co nd 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total —> 

Celling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
O V / U N D R Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Bluh 

0 
0 

2,233 
10,416 

38 
-1 
0 
0 

-962 
11.724 

4,949 
9.000 
1,980 

15,928 
0 

-8,184 

0 

19,469 

Mo/Hn 
OADBfl/VB/HR: 

Rot. Air ReLAir 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

8 / 1 5 
7 9 / 5 5 / 3 9 

Net Percent 
Total Of Total 
Btuh <%> 

0 0.00 
0 0.00 

2.233 11.47 
10.416 53.50 

38 0.19 
-t -0.01 
0 0.00 
0 0.00 

-962 -4.94 
11.724 60.22: 

4,949 25.42 
9,000 46.23 : 
1,980 10.17 i 

15,928 81.81 j 
0 0.00 i 

-8.184 -42.04 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 : 
0 0.00 i 

19,469 100.00 : 

C O O L I N G COIL S E L E C T I O N 

Total Capacity 
tons 

Main CIcj 1.G 
Aux Clg 0.0 
Opt Vent 0.4 

Totals 2.0 

MBh 

19.5 
0.0 
4.3 

23.8 

Sens Cap. Coil Airfl 
MBh cfrn 

23.6 2,679 
0.0 0 
4.3 400 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.1 66.7 
0.0 0.0 0.0 

87.0 56.0 32.7 

C L G S P A C E P E A K j H E A T I N G C O I L P E A K 

Mo/Ht: 9 / 1 5 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

1.910 
11,648 

-31 
-10 

0 
I 0 

-51 
13,465 

4,949 
5.000 
1,980 

11,928 
0 

•1,089 

0 

24,305 

77 
Mo/Hr: 1 3 / 1 
OADB: 5 

Percent I Space Peak Coll Peak I Percent 
Of Total : Space Sens Tot Sens Of Total 

(%} i Bluh Btuti 

0.00 | 0 0 
0.00 i 0 0 
7.86 | -1,712 -1,712 

47.92 j 0 0 
-0.13 j -2,023 -2,023 
-0.04 ! -620 -620 
0.00 j 0 0 
0.00 j 0 0 

-0.21 • -3,315 -3,315 
55.40 ! -7,668 -7.668 

20.36 i 0 0 
20.57 | 0 0 

8.14 ; 0 0 
49.08 i 0 0 

0.00 i 0 0 
-4.48 i -1,089 -1.089 
0.00 ■ 0 
0.00 0 
0.00 ; 0 
0.00 j 0 0 
0.00 : 0 
0.00 : 0 

100.00 | -8,757 -8,757 

Loave DB/WB/HR 
F F 

68.0 57.4 
0.0 0.0 

75.0 51.7 

gr/lb 

69.8 
0.0 

32.8 

AREAS 

(%) 

0.00 
0.00 

19.54 
0.00 

23.10 
7.08 
0.00 
0.00 

37.85 
87.57 

0.00 
0.00 
0.00 
0.00 
0.00 

12.43 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 580 
Part 0 
ExFIr 0 
Roof 580 0 
Wall 540 112 

ft (%) 

0 
21 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 71.6 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTO 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 400 400 
Infil 58 58 
Supply 2.679 2.679 
Mlncfm 0 0 
Return 3,137 3,137 
Exhaust 458 458 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
%OA 14.9 14.9 
cfm/sq ft 4.62 4.62 
cfm/ton 1.351.34 
sq ft/ton 292.52 
Btu/hr-sqft 41.02 -73.60 
No. People 20 

H E A T I N G C O I L S E L E C T I O N 

Capacity Coil Airfl Ent Lvg 
MBh cfrn F F 

Main Htg -8.8 2,679 68.0 716 
Aux Htg 0.0 0 0.0 0-0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -12.2 458 3.5 50.0 
Opt Vent -21.8 400 5.0 65.0 

Total -42.7 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD70QIPROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD70QIPROJECTS/SMASE.LDS


) 
Room Cb ^ksums 

By BhrvrtA ) 

G y m n a s i u m 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air: 

Space 
Seng. + Lat. 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solat 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total—> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total » > 

Btuh 

0 
0 

25,350 
15,400 
2,728 

349 
0 
0 

-231 
43.596 

51,195 HI 

0 
0 

0 

159.030 

Mo/Hr: 
OADB/WB/HR: 

Ret Air ReLAIr 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 / 1 4 
8 6 / 5 6 / 3 3 

Net Percent I 
Total 01 Total j 
Btuh (%>! 

0 0.00 j 
0 0.00! 

25.350 15.95 j 
15.400 9.69 i 
2,728 1.72! 

349 0.22 i 
0 0.00 j 
0 0.00 j 

-231 -0.15: 
43.596 27.43 \ 

51,195 32.22! 
54,000 33.98 i 
10,239 6.44 j 

115.434 72.64: 
0 0.00 I 

-115 -0.07 i 
0 0.00 j 
0 0.00: 
0 0.00 j 
o o.oo; 
o o.oo; 
0 0.001 

156,915 100.00 

C O O L I N G C O I L S E L E C T I O N 

Tow l Capacity 
tons 

MainClg 13.2 
Aux Clg 0.0 
Opt Vent 0.0 

Tola's 13.2 

MBh 

158.9 
0.0 
0.0 

158.9 

Sens Cap. Coil Airil 
MBh cfm 

134.5 5,781 
0.0 0 
0.0 0 

Enter DB/WB/HR 
F F gt/lb 

80.7 55.8 41.7 
0.0 0.0 0.0 
0.0 0.0 0.0 

CLG S P A C E P E A K j H E A T I N G C O I L P E A K 

Mo/Hr: 7 / 1 4 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

25,350 
15,400 
2,728 

• 349 
i 0 

"J 0 
6,784 

50,610 

51.195 
19.050 
10.239 
80.484 

0 
0 

0 

131.094 

86 
Mo/Hr: 1 3 / 1 
OADB: 5 

Percent I Space Peak Coil Peak Percent 
Of Total j Space Sens Tot Sens Of Total 

(%) ! Btuh Btuh 
: 

0.00 : 0 0 
o.oo ; o o 

19.34 j -18,268 -18,268 
11.75 | 0 0 
2.08 j -31.196 -31.196 
0.27 \ -7,558 -7,558 
0.00 ! 0 0 
0.00 j 0 0 
5.17 i -70,755 -70.755 

38.61 | -127,777 -127.777 

39.05 I 0 0 
14.53 I 0 0 
7.81 | 0 0 

61.39 i 0 0 
0.00 : 0 0 
0.00 j 0 -35,378 
0.00 0 
0.00 0 
0.00 0 
0.00 0 0 
0.00 0 
0.00 0 

100.00 : -127.777 -163.154 

Leave DBfWB/HR 
F F 

55.0 43.8 
0.0 0.0 
0.0 0.0 

grflb 

34.1 
0.0 
0.0 

AREAS 

<%> 
0.00 
0.00 

11.20 
0.00 

19.12 
4.63 
0.00 
0.00 

43.37 
78.32 

0.00 
0.00 
0.00 
0.00 
0.00 

21.68 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Tout Glass 

Floor 6,000 
Part 0 
ExFIr 0 
Roof 6.000 0 
Wall 5.500 440 

ft (%) 

0 
8 

T E M P E R A T U R E S 

Clg Htg 
SADB 55.0 94.4 
Plenum 80.0 70.0 
Return 80.0 70.0 
Ret/OA 80.7 63.3 
Fn MtrTD 0.0 0.0 
Fn BtdTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 600 600 
Infil 1,200 1,200 
Supply 5,781 5,781 
Mincfm 0 0 
Return 6,981 6,981 
Exhaust 1,800 1,800 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
%OA 10.4 10.4 
cfm/sq f t 0.96 0.96 
cfmiton 436.51 
sq hVton 453.07 
Btuihr-sq ft 26.49 -34.41 
No. People 30 

HEATING COIL SELECTION 

Capacity Coil Alrf l Ent Lvg 
MBh cfm F F 

Main Htg -206.4 5.781 55.0 944 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif 0.0 0 0.0 0.0 
Opt Vent 0.0 0 0.0 0.0 

Totat -206.4 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM en 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Cb"fksums 

By Br,.,r?A 

Kitchen 

) 

COOLING COIL PEAK 

Peaked at Time: 
Outside Ait: 

Space 
Sens. + Lat 

Bluh 
Envelope Loads 

Skyl.le Solr 0 
Skylite Cond 0 
RoofCond 2.830 
Glass Solar 4,116 
Glass Cond 37 
Wall Cond -121 
Partition 0 
Exposed Floor 0 
Infiltration -1,219 
Stib7o(a'==> 5.645 

Internal Loads 
Lights 6.271 
People 9,000 
Misc 6,271 
Sub Total ==> 21.543 

Ceiling Load 0 
Outside Air -8,184 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 0 
Exhaust Heat 
Terminal Bypass 

Grand Total => 19,004 

Mo/Hr 
OADB/WB/HR: 

Ret Air Ret. Air 
Sensible Latent 

Bluh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

8 / 1 5 
7 9 / 5 5 / 3 9 

Net Percent i 
Total Of Tota l ; 
Btuh (%) 

0 0.00 
0 0.00 

2,830 14.89 
4,118 21.67 

37 0.20 
-121 -0.64 

0 0.00 
0 0.00 

-1,219 -6.41 
5,645 29.70 

6,271 33.00 
9.000 47.36 
6,271 33.00 

21.543 113.36 
0 0.00 

-8.184 -43.06 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

19,004 100.00 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons MBh 

MalnClg 1.6 19.0 
Aux Clg 0.0 0.0 
Opt Vent 0.4 4.3 

Totals 1.9 23.3 

Sens Cap. Col lAlr f l 
MBh cfm 

23.4 2,731 
0.0 0 
4.3 400 

Enter DB/W8/HR 
F F gt/le 

78.0 60.0 66.3 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: 7 /1B 
OADB: 

Space 
Sensible 

Btuh 

: 0 
0 

3,229 
4.118 

278 
94 

! | 0 
I 0 

600 
8.319 

6,271 
5,000 
6,271 

17,543 
0 

-1,089 

0 

24,774 

87 
Mo/Hr: 1 3 / 1 
OADB: 5 

Percent I Space Peak Coll Peak Percent 
Of Total : SpacoSens Tot Sens Of Total 

{%) i Btuh Btuh 

0.I 
0.I 

13.1 
16.1 

JD j 0 0 
)o ; o o 
M j -2.169 -2.169 
>2 i 0 0 

1.12 j -2,033 -2.033 
o.: 
0.1 

JB ! -1.857 -1.857 
)0 : 0 0 

o.oo ; o o 
2.-

33.! 

25.: 
20. 
25,: 
70.1 
0.1 

-4.; 
0.1 
0.1 
0.) 
0.1 
0.1 
0.( 

100.C 

Leave DBAVBfHR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.0 
0.0 

32.8 

12 i -4,200 -4,200 ' 
S8 | -10,259 -10,259 

\ \ \ 0 0 
18 j 0 0 
11 ! 0 0 
11 j 0 0 
JO : o o 
(9 j -1.089 -1.089 
10 • 0 
)0 : 0 
H) j 0 
M> j 0 0 
H) : O 
K> ; O 

10 j -11,348 -11.348 

A R E A S 

(%) 

0.00 
0.00 

19.11 
0.00 

17.92 
16.36 
0.00 
0.00 

37.02 
90.41 

0.00 
0.00 
0.00 
0.00 
0.00 
9.59 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
soft (%) 

Floor 735 
Part 0 
ExFIr 0 
Roof 735 0 
Wall 1.350 68 

0 
5 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 72.6 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 400 400 
Infil 74 74 
Supply 2,731 2,731 
Mlncfm 0 0 
Return 3,205 3.205 
Exhaust 474 474 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 14.6 14.6 
cfm/sq ft 3.72 3.72 
cfm/ton 1.404.81 
sq ft/ton 378.08 
Btu/hr-sqft 31.74 -62.16 
No. People 20 

H E A T I N G C O I L S E L E C T I O N 

Capacity Coil AirJI Ent Lvg 
MBh cfm F F 

Main Htg -11.4 2.731 63.0 72.6 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -12.6 474 3.5 50.0 
Opt Vent -21.8 ■ 400 5.0 65.0 

Total -45.7 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700VPROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700VPROJECTS/SMASE.LDS


) 
Room Cb^ksums 

ByBr..vrtA ) 

Locker rooms 

COOLING COIL PEAK 

Peaked al Time: 
Outside Air: 

Space 
Sens. + Lat. 

Envelope Loads 
Skylite Solr 
SKylile Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Tola! ==> 

Ceiling Load 
Outside Air 
Sup- Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Btuh 

0 
0 

3.160 
487 
71 

-10 
0 
0 

37 
3,745 

6,271 
12,600 
1,254 

20,326 
0 
0 

0 

24,070 

Mo/Hr: 
OAOBAVB/HR: 

Ret. Air Ret Air 
Sensible Latent 

Btuh Bluh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

Net Percent: 
Total Of Total '■ 
Btuh (%) | 

0 0.00 
0 0.00: 

3,160 13.02 j 
487 2.01 j 

71 0.29! 
-10 -0.04! 

0 0.001 
0 O.OO ■ 

37 0.16 ': 
3.745 15.43 | 

6.271 25.84: 
12,800 52.74 j 
1,254 5.17 ! 

20,326 83.75 j 
0 0.00 i 

200 0.82 : 
0 0.00 i 
0 0.00 j 
0 0.00 
0 0.00 ] 
0 0.00: 
0 0.00 j 

24,270 100.00 j 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main Clg 2.0 
Aux Clg 0.0 
Opt Vent 0.0 

Totals 2.0 

MBh 

24.3 
0.0 
0.0 

24.3 

Sons Cap. Coll Alrf l 
MBh Cfm 

20.5 794 
0.0 0 
0.0 0 

Enter DBWB/HR 
F F gr/lt) 

83.5 55.9 37.6 
0.0 0.0 0.0 
0.0 0.0 0.0 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: ' 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

3.160 
487 

71 
-10 

f ° 0 
467 

4.175 

6,271 
6,300 
1,254 

13,626 
0 
0 

0 

18.000 

r/« 
87 

Mo/Hr: 1 3 / 1 
| OADB: 5 

Percont j Space Peak Coll Peak Percent 
Of Total j Space Sens Tot Sens Of Total 

(%) Btuh Btuh 

0.00 0 0 

o.oo : o o 
17.f 
2.; 

o.: 
-0.* 
0.4 
0.1 
2,! 

23.' 

34.1 
35< 
6.i 

76.* 
0.1 
0.1 
o.t 
0.( 
0( 
0.( 
o.t 
o.c 

100.) 

Leave DBfWB/HR 
F F 

55.0 42.4 
0.0 0.0 
0.0 0.0 

gr/lb 

29.1 
0.0 
0.0 

>6 | -2.238 -2.238 
1 : 0 0 
19 | -689 -689 
>6 i -289 -289 
» : 0 0 
10 ; o o 
59 i 4,334 -4,334 ' 
19 j -7.550 -7,550 

H '. 0 0 
K) j 0 0 
17 ; o o 
M l o 0 
jo i o o 
)0 ; 0 -23.585 
M) : 0 
» i 0 
10 : 0 
10 i -9,995 -9,995 
)0 i 0 
10 j 0 

)0 j -17,545 -41,130 

AREAS 

{%) 

0.00 
0.00 
5.44 
0.00 
1.68 
0.70 
0.00 
0.00 

10.54 
18.36 

0.00 
0.00 
0.00 
0.00 
0.00 

57.34 
0.00 
0.00 
0.00 

24.30 
0.00 
0.00 

100.00 

Gross Total Glass 
sqft <%) 

Floor 735 
Part 0 
ExFIr 0 
Roof 735 0 
Wall 210 17 

0 
8 

T E M P E R A T U R E S 

Clg Htg 
SADB 55.0 94.4 
Plenum 80.0 70.0 
Return 80.0 70.0 
Ret/OA 83.5 37.2 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frlct 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 400 400 
Infil 74 74 
Supply 794 794 
Mlncfm 0 0 
Return 867 867 
Exhaust 474 474 
Rm Exh 0 0 
Auxil 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 50.4 50.4 
cfm/sqft 1.08 1.08 
cfm/ton 392.46 
sq ft/ton 363.41 
Btu/hr-sq ft 33.02 -55.96 
No. People 20 

HEATING COIL SELECTION 

Capacity Coll Alrf l Ent Lvg 
MBh Cfm F F 

Main Htg -28.4 794 55.0 94.4 
Aux Htg 0.0 0 0.0 0.0 
Preheat -12.8 794 37.2 55.0 
Reheat 0.0 0 0.0 0.0 
Humldif 0.0 0 0.0 0.0 
Opt Vent 0.0 0 0.0 0.0 

Total -41.1 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAO700\PROJECTS\SMASEXDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAO700/PROJECTS/SMASEXDS


) 
Room Checksums 

By B, ..*RA 

Macrame Room 

) 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air 

Space 
Sens. + Lat 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ■ > 

Internal Loads 
Lights 
People 
Misc 
Sub Total—> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
O V / U N D R Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Btuh 

0 
0 

5.154 
1,914 

356 
0 
0 
0 

-1.571 
5.853 

10.009 
4,500 
6,005 

20,514 
0 

-4,840 

0 

21,527 

Mo/Hr: 
OADB/WB/HR: 

Ret Air Ret Air 
Sensible Latent 

Sluh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

; 
Net Percent! 

Total Of Total : 
Btuh (%); 

i 
0 0.001 
0 0.001 

5,154 23.94 j 
1,914 8.891 

356 1.66 
0 0.00 
0 0.00 
0 0.00 

-1,571 -7.30 
5,853 27.19 

10,009 46.49 j 
4,500 20.90 i 
6,005 27.90 

20.514 95.29 
0 0.00 

-4.840 -22.48 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

21.527 100.00 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

MalnClg 1.8 
Aux Clg 0.0 
Opt Vent 0.2 

Totals 2.0 

MBh 

21.5 
0.0 
2.2 

23.7 

Sens Cap. Coll Alril 
MBli cfm 

26.4 2.905 
0.0 0 
2.2 200 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.2 67.4 
0.0 0.0 0.0 

87.0 56.0 32.7 

C L G S P A C E PEA 

Mo/Hr: 7 / 15 
OAOB: 

Space 
Sensible 

Btuh 

0 
0 

5.154 
1.914 

356 
0 

i 0 
1 0 

958 
8.381 

10,009 
2,500 
6,005 

18.514 
0 

-544 

0 

26.351 

87 

Perce 
Of Tot 

K j HEATING COIL PEAK 

Mo/Hr: 13 /1 
OADB: 5 

nt : Space Peak Cotl Poak Percent 
al | Space Sens Tot Sens Of Total 

<%> ; Btuh Btuh (%> 

0.1 
0.1 

19.! 

K> j 0 0 0.00 
>o ; o o ooo 
56 j -3,461 -3.461 25.53 

7.26 i 0 0 0.00 
1.35 ! -2,625 -2.625 19-37 
0.1 
0.1 

)0 i -223 -223 1-64 
)0 : 0 0 0.00 

0.00 j 0 0 000 
3.63 i -6,704 -6,704 " 49.44 

31.1 

37.1 
9.-

22.: 
70.: 

0.1 
-2.( 
0.1 
0.1 
0.( 
0.1 
o.i 
0.< 

10O.( 

Leave DB/WBfHR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

J1 : -13.013 -13,013 95.99 

»8 j 0 0 000 
19 : 0 0 0.00 
?9 \ 0 0 000 
»6 : 0 0 0.00 
10 : 0 0 0.00 
)7 j -544 -544 4.01 
JO • 0 0.00 
K> : 0 000 
K> j 0 000 
x>; o o o.oo 
to i o o.oo 
)0 | 0 0.00 

10 j -13,558 -13,558 100.00 

A R E A S 

Gross Total Glass 
sqft {%> 

Floor 1,173 
Part 0 
ExFIr 0 
Roof 1,173 0 0 
Wall 220 66 30 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 73.2 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BIdTO 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 200 200 
Infll 117 117 
Supply 2,905 2,905 
Mlncfm 0 0 
Return 3.222 3.222 
Exhaust 317 317 
R m Exh 0 0 
Auxil 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 6.9 6.9 
cfm/sq ft 2.48 2.48 
cfm/ton 1,471.51 
sq ft/ton 594.20 
Btu/hr-sq ft 20.20 -28.02 
No. People 10 

HEATING COIL SELECTION 

Capacity CoilAirf l Ent Lvg 
MBh cfm F F 

Main Htg -13.6 2,905 68.0 73.2 
Aux Htg 0.0 0 0.0 0.0, 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -8.4 317 3.5 50.0 
Opt Vent -10.9 200 5.0 65.0 

Total -32.9 

Project Name: School for SI. Michaels 
Oalaset Name: C:VCDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 



" ) 
Room Ch "\ksums 

By Bh.^A ) 

N u r s e 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Ait: 

Space 
Sens. + Lat 

Envelope Loads 
Skyltle Solr 
Skyilte Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Ouct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total ==> 

Bluh 

0 
0 

5,536 
4,176 

778 
-1 
0 
0 

-1.687 
8.802 

10.751 
4,500 
4,300 

19,551 
0 

-4,840 

0 

23.513 

Mo/Hr 
OADB/WB/HR: 

Ret. Air Ret. Ait 
Sensible Latent 

Btuh Btuh 

0 
0 
o 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

; i 

7 / 15 
8 7 / 5 6 / 3 3 

; 
Net Percent I 

Total Of Total j 
Bluh (%> i 

i 
0 0.00: 
0 0.00! 

5,536 23.54 j 
4.176 17.76 j 

778 3.31 i 
-1 0.00 : 

0 0.001 
0 0.00 j 

-1.687 -7.18 i 
8,802 37.43 j 

: 
10,751 45.72! 
4,500 19.14 i 

j A n n i A i**!** 
4,300 18.29 

19,551 83.15 j 
0 0.00 j 

•4.840 -20.58 j 
0 0.00 j 
0 0.00 i 
o o.oo; 
o o.oo; 
o o.oo: 
0 0.00; 

23,513 100.00 j 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main Clg 2.0 
Aux Clg 0.0 
Opt Vent 0.2 

Totals 2.1 

MBIi 

23.5 
0.0 
2.2 

25.7 

Sens Cap. CoilAirf l 
MBh cfm 

28.5 3,145 
0.0 0 
2.2 200 

Enter D8/W8/HR 
F F gr/lb 

78.0 60.3 67.5 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: ' 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

5.536 
4,176 

778 
-1 

i ° 0 
1,029 

11,518 

10,751 
2,500 
4,300 

17.551 
0 

-544 

0 

28.525 

7/15 
87 

Mo/Hr: 1 3 / 1 
OADB: 5 

! 
Percent : Space Peak Coll Peak 1 Percent 
Of Total j Space Sens Tot Sens Of Total 

(%) ! Bluh Btuh 
: 

0.00 i 0 0 
0.00 ! 0 0 

19.41 j -3,718 -3,718 
14.64 j 0 0 
2.73 j -5,728 -5,728 
0.00 i -313 -313 
0.00 : 0 0 
0.00 j 0 0 
3.61 i -7,201 -7.201 

40.38 ; -16,960 -16.960 
■ 

37.69 ! 0 0 
8.76 j 0 0 

15.08 j 0 0 
61.53 i 0 0 

0.00 : 0 0 
-1.91 | -544 -544 
0.00 • 0 
0.00 i 0 
0.00 : 0 
0.00 j 0 0 
0.00 ! 0 
0.00 ; 0 

100.00 j -17.504 -17,504 

Leave D B / W B / H R 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

grflb 

70.2 
o.o 

32.8 

A R E A S 

(%) 

0.00 
0.00 

21.24 
0.00 

32.73 
1.79 
0.00 
0.00 

41.14 
96.89 

0.00 
0.00 
0.00 
0.00 
0.00 
3.11 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 1,260 
Part 0 
ExFIr 0 
Roof 1,260 0 
Wall 360 144 

ft <%> 

0 
40 

T E M P E R A T U R E S 

Clg Htg 
SADB 68.0 74.1 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frlct 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 200 200 
Infil 126 126 
Supply 3.145 3,145 
Hincffn 0 0 
Return 3.471 3.471 
Exhaust 326 326 
Rm Exh 0 0 
Auxll 0 0 

E N G I N E E R I N G C K S 

Cooling Heating 
% OA 6.4 6.4 
cfm/sq f t 2.50 2.50 
cfm/ton 1.469.68 
sq ft/ton 588.89 
Btu/hr-sq ft 20.38 -29.40 
No. People 10 

H E A T I N G C O I L S E L E C T I O N 

Capacity CoilAirf l Ent Lvg 
MBh cfm F F 

Main Htg -17.5 3.145 68.0 74.1 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Roheat 0.0 0 0.0 0.0 
Humidlf -8.7 326 3.5 50.0 
Opt Vent -10.9 200 5.0 65.0 

Total -37.0 

Project Name; School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file:///ksums
file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


PT/OT No, 1 

Room Ch"^ksums 
By Bl . M 

COOLING COIL PEAK 

Peaked at Tune: 
Outside Air: 

Space 
Sens, + Lat. 

Btuh 
Envelope Loads 

Skylite Soli 0 
Skyl ile Cond 0 
Roof Cond 8.611 
Glass Solar 1.197 
Glass Cond 159 
Wall Cond 42 
Partition 0 
Exposed Floor 0 
Infiltration -2,625 
Sub Total—> 7,384 

Internal Loads 
Lighls 16.724 
People 9,000 
Misc 6,689 
Sub Total =B> 32.413 

Ceiling Load 0 
Outside Air -9.679 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 0 
Exhaust Heat 
Terminal Bypass 

Grand Total => 30,118 

Mo/Hr 
OADB/WB/HR: 

Ret Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 / 1 6 
8 7 / 5 6 / 3 3 

Net Percent 
Total Of Total i 
Bluh (%) j 

0 0.00 
0 0.00 

8.611 28.59 
1.197 3.97 

159 0.53 
42 0.14 

0 0.00 
0 0.00 

-2,625 -8.72 
7,384 24.52 

16,724 55.53 
9,000 29.88 
A A A A "̂L ."\ . " s i 

6,669 22.21 
32,413 107.62 

0 0.00 
-9.679 -32.14 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

30.118 100.00 

COOLING COIL SELECTION 

Total Capacity 
tons MBh 

MainClg 2.5 30.1 
Aux Clg 0.0 0.0 
Opt Vent 0.4 4.3 

Totals 2.9 34.4 

Sens Cap. Coll Airfl 
MBh cfm 

38.9 4,292 
0.0 0 
4.3 400 

Enter OBfWB/HR 
F F gr/lb 

78.0 60.1 66.7 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: ' 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

8,611 
1.197 

159 
42 

! j 0 
( 0 

1.600 
11.609 

16,724 
5.000 
6,689 

28,413 
0 

-1.089 

0 

38,934 

7/15 
87 

Mo/Hr: 13 /1 
OADB: 5 

Percent i Space Peak Coll Peak Percent 
Of Total : Space Sens Tot Sens Of Total 

(%) ! Btuh Btuh 
: 

0.00 : 0 0 
o.oo; o o 

22.12 j -5.784 -5.784 
3.07 : 0 0 
0.41 | -1.138 -1.138 
0.11 ! -213 -213 
0.00 i 0 0 
o.oo i o o 
4.11 : -11,201 -11,201 

29.82 : -18,335 -18,335 
: 

42.95 : 0 0 
12.84 | 0 0 
17.18 1 0 0 
72.98 ; 0 0 
0.00 ! 0 0 

-2.80 | -1.089 -1.089 
0.00 0 
0.00 0 
0 ( 
0( 
0( 
o.< 

10W 

Leave DB/WB'HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

K) 0 
10 0 0 
10 0 
10 0 

10 -19.424 -19.424 

A R E A S 

{%) 

0.00 
0.00 

29.78 
0.00 
5.86 
1.10 
0.00 
0.00 

57.67 
94.40 

0.00 
0.00 
0.00 
0.00 
0.00 
5.60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sqft (%) 

Floor 1,960 
Part 0 
ExFIr 0 
Roof 1.960 0 
Wall 210 63 

0 
30 

TEMPERATURES 

Clg Htg 
SAOB 68.0 73.0 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 400 400 
Inlil 196 196 
Supply 4,292 4,292 
Mincfm 0 0 
Roturn 4,888 4.888 
Exhaust 596 596 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 9.3 9.3 
cfm/sqft 2.19 2.19 
chn/ton 1.495.38 
sq ft/ton 682.88 
Btu/hr-sq f t 17.57 -29.09 
No. People 20 

HEATING COIL SELECTION 

Capacity Coil Airfl Ent Lvg 
MBh cfm F F 

Main Htg -19.4 4.292 68.0 73.0 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -15.8 596 3.5 50.0 
Opt Vent -21.8 400 5.0 65.0 

Total -57.0 

Project Name: School for St. Michaels 
Dalaset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Ch'^ksums 

By Bi MVRA ) 

PT/OT No. 2 

COOLING COIL PEAK 

Peaked ai Time: 
Outside A i r 

Space 
Sens. + Lat. 

Envelope Loads 
Skylite Solr 
Skytite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
In 111: f jit ion 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Celling Load 
Outside A i r 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand1 Total = > 

Btuh 

0 
0 

8,611 
6,300 

159 
25 
0 
0 

-2,625 
12,470 

16.724 
9.000 
6.689 

32.413 
0 

-9,679 

0 

35,204 

Mo/Hr: 
OADBAVB/HR: 

Ret Air ReL Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

j i 

7 / 15 
8 7 / 5 6 / 3 3 

Net Percent: 
Total 01 Tota l : 
Btuh (%) j 

0 0.001 
0 0.00! 

8,611 24.46 j 
6,300 17.90! 

159 0.45 
25 0.07 

0 0.00! 
0 0.00 | 

-2,625 -7.46 j 
12.470 35.42 j 

16.724 47.50 \ 
9.000 25.57 i 
6.689 19.00 j 

32,413 92.07 j 
0 0.00 ! 

-9,679 -27.50 j 
0 0.00! 
0 0.00 
0 0.00 
0 0.00: 
0 0.00 i 
0 0.00 j 

35,204 100.00 j 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main Clg 2.9 
Aux Clg 0.0 
OptVont 0.4 

Totals 3.3 

MBh 

35.2 
0.0 
4.3 

39.5 

Sens Cap. CollAlrf l 
MBh cfm 

44.0 4.853 
0.0 0 
4.3 400 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.2 67.1 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG S P A C E P E A K ! H E A T I N G C O I L P E A K 

Mo/Hr 7 /15 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

8,611 
6,300 

159 
25 

0 
O 

1,600 
16,695 

16.724 
5.000 
6.689 

28.413 
0 

-1.089 

0 

44.020 

87 
Mo/Hr: 1 3 / 1 
OADB: 5 

Percent i Space Peak Coll Peak percent 
Of Total ; Space Sens Tot Sens Of Total 

(%> i Btuh Btuh 

0.00 ; 0 0 
o.oo i o o 

19.56 j -5.784 -5,784 
14.31 i 0 0 
0.36 j -1,138 -1,138 
0.06 i -213 -213 
0.00 i 0 0 
0.00 j 0 0 
3.64 i -11,201 -11,201 ■ 

37.93 | -18,335 -18.335 

37.99 i 0 0 
11.36 j 0 0 
15.20 0 0 
64.55 i 0 0 

0.00 : 0 0 
-2.47 j -1,089 -1,089 
0.00 i 0 
0.00 i 0 
0.00 | 0 
0.00 j 0 0 
0.00 ! 0 
0.00 j 0 

100.00 | -19.424 -19.424 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

AREAS 

(%> 

0.00 
0.00 

29.78 
0.00 
5.86 
1.10 
0.00 
0.00 

57.67 
94.40 

0.00 
0.00 
0.00 
0.00 
0.00 
5.60 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 1.960 
Part 0 
ExFIr 0 
Roof 1.960 0 
Wall 210 63 

ft <%) 

0 
30 

T E M P E R A T U R E S 

Clg Htg 
SAOB 68.0 72.4 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 400 400 
Infil 196 196 
Supply 4.853 4,853 
Mincfm 0 0 
Return 5.449 5,449 
Exhaust 596 596 
Rm Exh O 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 8.2 8.2 
cfm/sq f t 2.48 2.48 
cfm/ton 1,473.18 
sq ft/ton 595.01 
Btu/hr-sqft 20.17 -29.09 
No. People 20 

- - _ 
HEATING COIL SELECTION 

Capacity Col lAir f l Ent Lvg 
MBh cfm F F 

Main Htg -19.4 4.853 68.0 72.4 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -15.8 596 3.5 50.0 
Opt Vent -21.8 400 5.0 65.0 

Total -57.0 

Project Name: School for St. Michaels 
Dataset Name; C;\CDS\LOAD700\PROJECTS\SMASE.LOS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25*2001 



) 
Room Checksums 

By Bi.. .RA ) 

Pottery Room 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat 

Bluh 
Envelope Loads 

Skyl.lL' Gclr 0 
Skylite Cond 0 
RoolCond 1.579 
Glass Solar 17.947 
Glass Cond -650 
Wall Cond 4,492 
Partition 0 
Exposed Floor 0 
Infiltration -3,194 
SubTotal==> 20,165 

Internal Loads 
Lights 9,249 
People 4,500 
Misc 9.249 
Sub Total ==> 22.998 

Ceiling Load 0 
Outside Air -6,893 
Sup. Fan Heat 
Rot. Fan Hoat 
Duct Heat Pkup 
OV/UNDR Sizing 0 
Exhaust Heat 
Terminal Bypass 

Grand Total = > 37,270 

Mo/Hr: 
OADBAA/B/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Bluh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

; 1 

9 /11 
6 8 / 4 9 / 3 5 

Net Percent i 
Total Of Total i 
Btuh {%) i 

0 0.001 
0 0.00! 

1,579 4.24 j 
17,947 48.15 j 

-658 -1-77 ■ 
4,492 12.05: 

0 0.00j 
0 0.00 j 

-3,194 -8.57! 
20.165 54.11 : 

j 
9,249 24.821 
4.500 12.07 i 
9.249 24.82 \ 

22,998 61.71 j 
0 0.001 

-5,893 -15.81 j 
0 0.00 
0 0.00 
0 0.001 
0 0.00 j 
0 0.00 i 
0 0.001 

37.270 100.00 j 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons MBh 

Main Clg 3.1 37.3 
Aux Clg 0.0 0.0 
Opt Vent 0.2 2.2 

rota's 3.3 39.4 

Sens Cap. Coil Airfl 
MBh cfm 

41.6 4.581 
0.0 0 
2.2 200 

Enter D0/WB/HR 
F F grflb 

78.0 605 68.6 
0.0 0.0 0.0 

87.0 56-0 32.7 

CLG S P A C E P E A K j H E A T I N G C O I L P E A K 

Mo/Hr: • 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

1.579 
17.947 

-658 
- 4,492 

r ° 0 
-985 

22.374 

9,249 
2,500 
9,249 

20.998 
0 

-1,818 

0 

41,555 

3/11 
68 

Mo/Hr: 13 /1 
OADB: 5 

Percent j Space Peak Coil Peak Percent 
Of Total ! Space Sens Tot Sens Of Total 

{%) | Bluh Btuh 

0.00 : 0 0 
0.00 | 0 0 
3.80 j -3.199 -3.199 

43.19 : 0 0 
-1.58 j -4,397 -4,397 
10.81 i -4.846 -4,846 
0.00 i 0 0 
0.00 0 0 

-2.37 | -45,195 -6,195 
53.84 j -18.637 -18,637 

22.26 ; 0 0 
6.02 i 0 0 

22.26 | 0 0 
50.53 j 0 0 

0.00 i 0 0 
-4.37 | -544 -544 
0.00 0 
0.( 
0.( 
0 ( 
0 ( 
0.( 

100.C 

Leave DBIWB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

grflb 

70.2 
0.0 

32.8 

10 0 
10 0 
10 0 0 
10 0 
to o 

10 -19.181 -19.181 

AREAS 

(%) 

0.00 
0.00 

16.68 
0.00 

22.93 
25.26 
0.00 
0.00 

32.30 
97.16 

0.00 
0.00 
0.00 
0.00 
0.00 
2.84 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 1.084 
Part 0 
ExFIr 0 
Roof 1,084 0 
Wall 525 137 

ft 1%) 

0 
26 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.6 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vent 200 200 
Infil 108 108 
Supply 4,581 4.581 
Mincfm 0 0 
Return 4.889 4.889 
Exhaust 308 308 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 4.4 4.4 
ctm/sq f t 4.23 4.23 
cfm/ton 1,394.07 
sq ft/ton 329.88 
Btu/hr-sq ft 36.38 -35.29 
No. People 10 

HEATING COIL SELECTION 

Capacity Coll Airfl Ent Lvg 
MBh cfm F F 

Main Htg -19.2 4.581 68.0 72.6 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 

j Humidif -8.2 308 3.5 50.0 
Opt Vent -10.9 200 5.0 65.0 

Total -38.3 

Project Name: School Tor St. Michaels 
Dalaset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Checksums 

By B....RA ) 

Residential Office 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air: 

Space 
Sens. ♦ Lat. 

Envelope Loads 
Skylite Sotr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Rot. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total = > 

8tuh 

0 
0 

1.054 
4.752 

-23 
2 
0 
0 

-696 
5.089 

2,730 
4,500 
1,638 
6,869 

0 
-4,592 

0 

9.365 

Mo/Hr: 
OADBAWB/HR: 

Ret. Air Ret Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

9 / 1 4 
76 / 53 / 35 

Net Percent 
Total Of Total 
Btuh <%> 

0 0.00 
0 0.00 

1,054 11.25 
4,752 50.74 

-23 -0.24 
2 0.02 
0 0.00 
0 0.00 

-696 -7.44 
5.089 54.33 

2,730 29.15 
4,500 48.05 
1,638 17.49 
8.869 94.70 

0 0.00 
-4.592 -49.03 

0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

9.365 100.00 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 0,8 
Aux Ctg 0.0 
Opt Vent 0.2 

Totals 1.0 

MBh 

9.4 
0.0 
2.2 

11.5 

Sens Cap. Coil Airf l 
MBh cfm 

12.1 1.340 
0.0 0 
2.2 200 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.1 66.6 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK HEATING COIL PEAK 

Mo/Hr: 10/14 
OAOB: 

Space 
Sensible 

Btuh 

0 
0 

766 
5,376 

-51 
j . -3 
I I ° 

I 0 
-110 

5.978 

2.730 
2.500 
1.638 
6.869 

0 
-544 

0 

12.302 

74 
Mo/Hr 1 3 / 1 
OADB: 5 

Percent i Space Peak Coil Peak 1 Percent 
Of Total j Space Sens Tot Sens Of Total 

(%) ! Btuh Btuh 

0.00 : 0 0 
o.oo ; o o 
6.23 ; -944 -944 

43.70 j 0 0 
-0.42 j -867 -867 
-0.02 ! -162 -162 
0.00 : 0 0 
0.00 j 0 0 

-0.90 i -1.829 -1,829 
48.59 j -3.802 -3.802 

• 
22.19 I 0 0 
20.32 : 0 0 
13.32 j 0 0 
55.03 i 0 0 

0.00 i 0 0 
-4.42 : -544 -544 
0.00 i 0 
o.oo : o 
0.00 j 0 
o.oo ; o o 
0.00 : 0 
0.00 : 0 

100.00 ; -4,346 -4.346 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.2 
0.0 

32.8 

AREAS 

{%) 

0.00 
0.00 

21.73 
0.00 

19.95 
3.73 
0.00 
0.00 

42.03 
87.48 

0.00 
0.00 
0.00 
0.00 
0.00 

12.52 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 320 
Part 0 
ExFIr 0 
Roof 320 0 
Wall 160 48 

ft (%) 

0 
30 

TEMPERATURES 

Clg Htg 
SADB 68.0 71.6 
Plenum 78.0 68.0 
Return 78.0 68.0 
Re I/O A 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BtdTD 0.0 0.0 
Fn Frlct 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 200 200 
Infil 32 32 
Supply 1,340 1.340 
Mincfm 0 0 
Return 1.672 1,572 
Exhaust 232 232 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
%OA 14.9 14.9 
cfm'sqft 4.19 4.19 
cfmiton 1.395.11 
sq ft/ton 333.12 
Btu/hr-sq ft 36.02 -66.84 
No. People 10 

HEATING COIL SELECTION 

Capacity Coil Airf l Ent Lvg 
MBh cfm F F 

Main Htg -4.3 1.340 68.0 71.6 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -6.2 232 3.5 50.0 
Opt Vent -10.9 200 5.0 65.0 

Total -21.4 

Project Name; School tor St. Michaels 
Dataset Name: C:\CDSU-OAD700\PROJECTSVSMASE.LDS 

TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDSU-OAD700/PROJECTSVSMASE.LDS


) ) 

Social 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air: 

Space 
Sens. + Lat 

Envelope Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Celling Load 
Outsldo Air 
Sup. Fan Heat 
Ret Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Btuh 

0 
0 

2,310 
7.560 

24 
3 
0 
0 

-995 
8.902 

5,120 
4.500 
3.072 

12,691 
0 

•4,092 

0 

17.502 

Mo/Hn 
OADBVWB/HR; 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

8 / 1 5 
7 9 / 5 5 / 3 9 

Net Percent 
Total Of Total 
Btuh (%) 

0 0.00 
0 0.00 

2.310 13.20 
7.560 43.20 

24 0.14 
3 0.02 
0 0.00 
0 0.00 

-995 -5.68 
8.902 50.87 

5.120 29.25 
4,500 25.71 
3.072 17.55 

12,691 72.51 
0 0.00 

-4.092 -23.38 
0 0.00: 
o o.oo: 
0 0.001 
o o.oo! 
0 0.00 i 
0 0.00 

17.502 100.00 

COOLING COIL SELECTION 

Total Capacity 
tons 

Main Clg 1.5 
Aux Clg 0.0 
Opt Vent 0.2 

Totals 1.6 

MBh 

17.5 
0.0 
2.2 

19.7 

Sens Cap. Coil Airf l 
MBh cfm 

20.1 2.280 
0.0 0 
2.2 200 

Enter DB/V/B/HR 
F F gr/lb 

78.0 60.3 67.5 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hn 7/15 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

2.636 
7.200 

181 
29 

'• 1 ° I 0 
490 

10.636 

5,120 
2,500 
3,072 

10,691 
0 

-544 

0 

20.683 

87 
Mo/Hr: 1 3 / 1 
OADB: 5 

Percent j Space Peak Coll Peak Percent 
Of Total j SpacoSens Tot Sens Of Total 

(%) i Btuh Btuh (%) 

0.00 : 0 0 0.00 
o.oo ; o o o.oo 

12.75 j -1,771 -1,771 24.30 
34.81 j 0 0 0.00 
0.88 i -1.300 -1,300 17.84 
0.14 ! -243 -243 3.34 
0.00 j 0 0 0.00 
0.00 j 0 0 0.00 
2.37 i -3,429 -3,429 ' 47.05 

50.94 : -6.743 -6,743 92.53 

24.75 i 0 0 0.00 
12.09 j 0 0 0.00 
14.85 j 0 0 0.00 
51.69 : 0 0 0.00 

0.00 : 0 0 0.00 
-2.63 j -544 -544 7.47 
0.00 • 0 0.00 
0.00 i 0 0.00 
o.oo ; o o.oo 
0.00 : 0 0 0.00 
0.00 : 0 0.00 
o.oo ; o o.oo 

100.00 | -7,287 -7.287 100.00 I 

Leave DBAIVB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

69.9 
0.0 

32.8 

AREAS 

Gross Total Glass 
sqft {%> 

Floor 600 
Part 0 
ExFIr 0 
Roof 600 0 0 
Wall 240 72 30 

TEMPERATURES 

Clg Htg 
SAD0 68.0 71.5 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 200 200 
Infil 60 60 
Supply 2,260 2.280 
Mincfm 0 0 
Return 2,540 2.540 
Exhaust 260 260 
Rm Exh 0 0 
Auxll 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 8.8 8.8 
cfm/sq ft 3.80 3.80 
cfm/ton 1.391.43 
sq ft/ton 366.15 
Btu/hr-sqft 32.77 -41.79 
No. People 10 

HEATING COIL SELECTION 

Capacity Coil Airfl Ent Lvg 
MBh cfm F F 

Main Htg -7.3 2,280 68.0 71.5 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Refloat 0.0 0 0.0 0.0 
Humfdif -6.9 260 3.5 50.0 
Opt Vent -10.9 200 5.0 65.0 

Total -25.1 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


$ 

Staff Lounge 

Room Checksums 
By b . . .sRA 

C O O L I N G C O I L P E A K 

Peaked al Time; 
Outside Air: 

Mo/Hr: 8 /14 
OADBMfB/HR; 7 9 / 5 5 / 4 0 

Envelops Loads 
Skylite Solr 
Skylite Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total => 

Space 
Sens. + LaL 

Kluh 

0 
0 

3.808 
2.640 

6 
-12 

0 
0 

-1,687 
4.755 

8.533 
4.500 
5.120 

18.152 
0 

-4,032 

Ret Air Ret Air 
Sensible Latent 

Bluh Btuh 

0 
0 
0 
0 
0 
0 

Net Percent 
Total Of Total 
8tuh (%) 

C L G S P A C E P E A K 

Mo/Hr: 9 / 1 4 
OADB: 76 

Space Percent 
Sensible Of Total 

Bluh (%) 

H E A T I N G C O I L P E A K 

Mo/Hr: 1 3 / 1 
OADB: 5 

0 
0 

3.808 
2.640 

6 
-12 

0 
0 

-1,687 
4.755 

0.00 
0.00 

20.18 
13.99 
0.03 

-0.06 
0.00 
0.00 

-8.94 
25.19 

0 
i o 

3,293 
3,960 

-19 
! ■ 7 

! f ° 0 
-151 

7,089 

0.00 
0.00 

14.51 
17.45 
-0.08 
0.03 
0.00 
0.00 

-0.67 
31.23 

8.533 
4,500 
5.120 

18,152 
0 

-4.032 
0 
0 
0 
0 
0 
0 

45.21 
23.84 
27.12 
96.17 

0.00 
-21.36 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

8.533 
2,500 
5.120 

16,152 
0 

-544 

13,875 18.875 100,00 

37.59 
11.01 
22.56 
71.16 

0.00 
-2.40 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

22,697 100.00 

Space Peak 
Space Sens 

Btuh 

0 
0 

-2,951 
0 

-722 
-521 

0 
0 

-5,715 
-9,909 

0 
0 
0 
0 
0 

-544 

Coll Peak Percent 
Tot Sens Of Total 

Btuh {%) 

0 
0 

-2.951 
0 

-722 
-521 

0 
0 

-5.715 
-9.909 

0 
0 
0 
0 
0 

-544 
0 
0 
0 
0 
0 
0 

0.00 
0.00 

28.23 
0.00 
5.91 
4.99 
0.00 
0.00 

54.67 
94.79 

0.00 
0.00 
0.00 
0.00 
0.00 
5.21 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-10,454 -10,454 100.00 

C O O L I N G COIL S E L E C T I O N 

Total Capacity 
tons MBh 

Main Clg 
Aux Clg 
Opt Vent 

Totals 

1.6 
0.0 
0.2 

1.8 

18.9 
0.0 
2.2 

21.0 

Sens Cap. 
MBh 

22.1 
0.0 
2.2 

Coll Alrfl 
cfm 

2.502 
0 

200 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.2 67.4 
0.0 0.0 0.0 

87.0 56.0 32.7 

Leave DB/WB/HR 
F F gr/lb 

68.0 57.5 70.1 
0.0 0.0 0.0 

75.0 51.7 32.8 

Floor 
Part 
ExFIr 
Roof 
Wall 

A R E A S 

Gross Total 

1.000 
0 
0 

1.000 
400 

Glass 
sqft 

0 
40 

:%) 

o 
10 

) 

T E M P E R A T U R E S 

SADB 
Plenum 
Return 
Ret/OA 
Frl MtrTD 
Frt BldTD 
Frl Frict 

Clg 
68.0 
78.0 
78.0 
78.0 

0.0 
0.0 
0.0 

Htg 
72.6 
68.0 
68.0 
68.0 

0.0 
0.0 
0,0 

Vent 
Infil 
Supply 
Mincfm 
Return 
Exhaust 
RmExh 
Auxil 

A I R F L O W S 

Cooling 
200 
100 

2,502 
0 

2,802 
300 

0 
0 

Heating 
200 
100 

2.502 
0 

2,802 
300 

0 
0 

E N G I N E E R I N G C K S 

%OA 
cfm/sq ft 
cfm/ton 
sq ft/ton 
Btu/hr-sq ft 
No. People 

Cooling 
8.0 

2.50 
1.427.26 

570.43 
21.04 

10 

Heating 
8.0 

2.50 

-29.30 

HEATING COIL SELECTION 

Main Htg 
Aux Htg 
Preheat 
Reheat 
Humidlf 
Opt Vent 

Total 

Capacity 
MBh 
-10.5 

0.0 
0.0 
0.0 

-8.0 
-10.9 

-29.3 

Coil Alrfl Ent Lvg 
cfm F F 

2.502 68.0 72.6 
0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 

300 3.5 50.0 
200 5.0 65.0 

Project Name: School for St. Michaels 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

TRACE® Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Ch ^ksums 

By BhriftA 

Therapy Pools 

COOLING COIL PEAK 

Peaked at Time: 
Outside Air: 

Se 

Envelops Loads 
Skylite Sol r 
Skyllte Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Total ==> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Hoat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total = > 

Space 
ns. + Lat. 

Bbih 

0 
0 

8.428 
896 

55 
-5 
0 
0 

98 
9,472 

16.724 
6.400 
3,345 

26,468 
0 
0 

0 

35,940 

Mo/Hr: 
OADB/WB/HR: 

-
Ret. Air Ret. Air 

Sensible Latent 
Btuh Btuh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

7 /15 
8 7 / 5 6 / 3 3 

Net Percent'; 
Total Of Total i 
Btuh (%): 

0 0.00 
0 0.00 

8,428 23.38 
896 2.49 

55 0.15 
-5 -0.01 
0 0.00 
0 0.00 

98 0.27 
9.472 26.28 

16,724 46.40 
6,400 17.76 
3,345 9.28 

26,468 73.44 
0 0.00 

100 0.26 i 
0 0.00: 
0 0.00 
0 0.00 
0 0.00 i 
0 0.00i 
0 0.001 

36,040 100.00 j 

COOLING COIL SELECTION 

Total Capacity '• 
tons 

Main Clg 3.0 
Aux Clg 0.0 
Opt Vent 0.0 

Totals 3.0 

MBh 

36.0 
0.0 
0.0 

36.0 

Sens Cap. Coil Airfl 
MBh cfm 

35.1 1.493 
0.0 0 
0.0 0 

I I 

Enter DB/WB/HR 
F F gr/lb 

80.9 55.8 41.4 
0.0 0.0 0.0 
0.0 0.0 0.0 

C L G S P A C E P E A K j H E A T I N G C O I L P E A K 

Mo/Hr: 7 / 1 4 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

8,281 
1.204 

49 
-11 

0 
| 0 

1.108 
10,631 

16.724 
3,150 
3,345 

23,218 
0 
0 

0 

33.849 

86 
Mo/Hr 13 /1 
OADB: 5 

Percent i Space Peak Coil Peak Percent 
Of Total I Space Sens Tot Sens Of Total 

(%) j Btuh Btuh 

0.00 j 0 0 
0.00 ! 0 0 

24.46 j -5,967 -5.967 
3.56 j 0 0 
0.14 j -521 -521 

-0.03 I -795 -795 
0.00 j 0 0 
0.00 j 0 0 
3.27 i -11,557 -11,557 ■ 

31.41 : -18.840 -18,840 

49.41 i 0 0 
9.31 : 0 0 
9.88 ! 0 0 

68.59 j 0 0 
0.00 i 0 0 
0.00 j 0 -11.793 
o.oo j o 
0.00 I 0 
0.00 j 0 
0.00 I -14,162 -14,152 
0.00 : 0 
0.00 j 0 

100.00 j -32,992 -44,785 

Leave DB/WB/HR 
F F 

55.0 45.4 
0.0 0.0 
0.0 0.0 

gr/lb 

40.0 
0.0 
0.0 

AREAS 

(%) 
0.00 
0.00 

13.32 
0.00 
1.16 
1.77 
0.00 
0.00 

25.80 
42.07 

0.00 
0.00 
0.00 
0.00 
0.00 

26.33 
0.00 
0.00 
0.00 

31.60 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 1.960 
Part 0 
ExFIr 0 
Roof 1,960 0 
Wall 560 28 

ft (%» 

0 
5 

TEMPERATURES 

Clg Htg 
SADB 55.0 94.4 
Plenum 80.0 70.0 
Return 80.0 70.0 
Ret/OA 80.9 61.3 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

AIRFLOWS 

Cooling Heating 
Vont 200 200 
Infil 196 196 
Supply 1,493 1.493 
Mincfm 0 0 
Return 1,689 1,689 
Exhaust 396 396 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
%OA 13.4 13.4 
cfm/sq ft 0.76 0.76 
cfm/ton 496.98 
sq ft/ton 652.61 
Btu/hr-sq ft 18.39 -27.19 
No. People 10 

HEATING COIL SELECTION 

Capacity Coil Airf l Ent Lvg 
MBh cfm F F 

Main Htg -53.3 1,493 55.0 94.4 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif 0.0 0 0.0 0.0 
Opt Vent 0.0 0 0.0 0.0 

Total -53.3 

Project Name: School for St. Michaels TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 
Dataset Name: C:\CDS\LOAD700\PROJECTS\SMASE.LDS 

file://C:/CDS/LOAD700/PROJECTS/SMASE.LDS


) 
Room Ch ^ksums 

By BhmRA ) 

Transportation Office 

C O O L I N G C O I L P E A K 

Peaked at Time: 
Outside Air: 

Space 
Sens. + La t 

Envelope Loads 
Skyliie Solr 
Skylile Cond 
Roof Cond 
Glass Solar 
Glass Cond 
Wall Cond 
Partition 
Exposed Floor 
Infiltration 
Sub Total ==> 

Internal Loads 
Lights 
People 
Misc 
Sub Tola!—> 

Ceiling Load 
Outside Air 
Sup. Fan Heat 
Ret. Fan Heat 
Duct Heat Pkup 
OV/UNDR Sizing 
Exhaust Heat 
Terminal Bypass 

Grand Total = > 

Btuh 

0 
0 

262 
5.829 

-208 
3 
0 
0 

-735 
5.151 

2.389 
2,250 
1,433 
6,073 

0 
-2,626 

0 

8.597 

Mo/Hr 
OADBAWB/HR: 

Ret. Air Ret. Air 
Sensible Latent 

Btuh Bluh 

0 
0 
0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 
0 0 

0 
0 

0 0 
0 0 

0 0 

8 / 1 0 
6 7 / 5 1 / 4 2 

Net Percent: 
Total Of Tota l : 

Btuh (%) 

0 0.00 
0 0.00 

262 3.05 
5.829 67.80 

-208 -2.42 
3 0.03 
0 0.00 
0 0.00 

-735 -8.55 
5.151 59.91 

2,389 27.79 
2,250 26.17 
1,433 16.67 
6,073 70.64 

Q o.oo: 
-2.626 -30.55 

0 0.00 i 
0 0.00 
0 0.00 
0 0.00 
0 0.00 
0 0.00 

8.597 100.00 

C O O L I N G C O I L S E L E C T I O N 

Total Capacity 
tons 

Main Clg 0.7 
Aux Clg 0.0 
Opt Vent 0.1 

Tofafs 0.8 

MBh 

8.6 
0.0 
1.1 

9.7 

" 
Sens Cap. Coi lAlr f l 

MBh dtn 

9.7 1.110 
0.0 0 
1.1 100 

Enter DB/WB/HR 
F F gr/lb 

78.0 60.3 67.7 
0.0 0.0 0.0 

87.0 56.0 32.7 

CLG SPACE PEAK j HEATING COIL PEAK 

Mo/Hr: 7 /10 
OADB: 

Space 
Sensible 

Btuh 

0 
0 

395 
5,293 

-99 
30 

f ° 0 
-136 

5.483 

2,389 
1,250 
1,433 
5,073 

0 
-1,004 

0 

9.552 

73 
Mo/Hr 1 3 / 1 
OADB: 5 

Percent j Space Peak Coil Peak Percent 
Of Total j Space Sens Tot Sens Of Total 

{%) ! Btuh Btuh 

0.00 | 0 0 
0.00 j 0 0 
4.13 j -826 -826 

55.41 i 0 0 
-1.04 ! -1.210 -1,210 
0.32 : -468 -468 
0.00 i 0 0 
0.00 • 0 0 

-1.42 j -1,600 -1.600 
57.40 J -4,104 -4.104 

25.01 : 0 0 
13.09 | 0 0 
15.01 j 0 0 
53.10 ; 0 0 
0.00 i 0 0 

-10.51 j -272 -272 
0.00 • 0 
0.00 i 0 
0.00 : 0 
0.00 | 0 0 
0.00 : 0 
0.00 : 0 

100.00 j -4,376 -4,376 

Leave DB/WB/HR 
F F 

68.0 57.5 
0.0 0.0 

75.0 51.7 

gr/lb 

70.0 
0.0 

32.8 

A R E A S 

1%) 

0.00 
0.00 

18.88 
0.00 

27.65 
1069 
0.00 
0.00 

36.56 
93.78 

0.00 
0.00 
0.00 
0.00 
0.00 
6.22 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.00 

Gross Total Glass 
sq 

Floor 280 
Part 0 
ExFIr 0 
Roof 280 0 
Wall 390 67 

ft <%} 

0 
17 

TEMPERATURES 

Clg Htg 
SADB 68.0 72.3 
Plenum 78.0 68.0 
Return 78.0 68.0 
Ret/OA 78.0 68.0 
Fn MtrTD 0.0 0.0 
Fn BldTD 0.0 0.0 
Fn Frict 0.0 0.0 

A I R F L O W S 

Cooling Heating 
Vent 100 100 
Infil 28 28 
Supply 1,110 1,110 
Mincfm 0 0 
Return 1,238 1.238 
Exhaust 128 128 
Rm Exh 0 0 
Auxil 0 0 

ENGINEERING CKS 

Cooling Heating 
% OA 9.0 9.0 
cfm/sq ft 3.97 3.97 
cfm/ton 1.376.67 
sq ft/ton 347.17 
Btu/hr-sq ft 34.56 -47.20 
No. People 5 

HEATING COIL SELECTION 

Capacity CoilAlrf l Ent Lvg 
MBh cfm F F 

Main Htg -4.4 1,110 68.0 72.3 
Aux Htg 0.0 0 0.0 0.0 
Preheat 0.0 0 0.0 0.0 
Reheat 0.0 0 0.0 0.0 
Humidif -3.4 128 3.5 50.0 
Opt Vent -5.4 100 5.0 65.0 

Total -13.2 

Project Name: School for St. Michaels TRACE© Load 700 v2.3 calculated at 10:45 AM on 02/25/2001 
Datasel Name: C:\CDS\LOAO700\PROJECTSVSMASE.LDS 

file://C:/CDS/LOAO700/PROJECTSVSMASE.LDS
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Electrical Appendix 

Solar Cell Materials 
The solar cells consist of two semiconductor layers that are used to produce the 

electron current. The detail in Figure 1 shows the components of each individual cell. A 
metal grid is adhered to the top of the 
semiconducting layers where it collects the 
electrons that are produced from the 
semiconductors. The electrons are then 
transferred to the desired building load and 
returned to the back of the contact layer. 
The back contact layer is necessary to 
complete the circuit. The glass cover is used to prevent any damage to the cell. The anti-
reflective coating is used to prevent light from being reflected away from the cell. 

System Components 

To 120v loads 

There are several components of a photovoltaic system that are required to produce 
energy shown in Figure 2. The system starts with an array of photovoltaic cells that 
produce electricity. The electricity is transferred through the charge controller and stored 
in the batteries. The charge controller is used to eliminate the flow to the battery once the 
battery has reached its maximum capacity. The downfall of photovoltaic cells is they 
only produce direct current electricity. Direct current electricity (DC) is useful in 
powering the outdoor lighting. For all building applications and appliances alternating 
current electricity (AC) must be used. An inverter is used to convert the DC electricity to 
AC electricity where it can be used and supplied throughout the building. 
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Solar Map 

For solar power to be a worthwhile investment your location must have a high 
solar insolation value, for St. Michael's the value is 5.5. The values for the Southern 
United States can be viewed on the map above in Figure 3. 

Electrical System Design 

The decisions made by FBM Design for our client, St. Michael's Association for 
Special Education, Inc., provide the most feasible and efficient electrical system. The 
initial costs were compared with the long-term maintenance costs and a final system 
design was chosen. The chosen electrical system must be able to support 509,051.7 kWh 
per year. The electrical system consists of a primary 13,200 volt service coming in from 
the utility grid provided by the Navajo Tribal Utility Authority (NTUA). The service will 
then pass through the meter. After passing through the meter, the voltage will be stepped 
down via a 277/480 volt transformer. Once the power has been stepped down it will pass 
through a substation, breaking off to mechanical panel and a 120/208 transformer. Keep 
in mind all power both 277/480 and 120/208 or both 3 phases services, only at the 
switchboard were 120/240 volt service is separated using one of the legs of the 120/208 
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does the power become single phase. The switchboard has a lighting, auxiliary, and 
emergency panel. The system also integrates the use of solar power at the switchboard to 
power the single-phase auxiliary power needs. Also incorporated is a generator for the 
emergency power. A complete system schematic is viewable in the back of this 
appendix. 

Integrated Solar Powered System 
The solar powered system will be used to power just the single-phase auxiliary 

power as mentioned above. The needs of the systems to do so are 310 solar panels, 68 
batteries and 8 inverters. The system will store energy in the batteries when the auxiliary 
power does not require the total amount of energy supplied from the panels. 

Solar Powered Exterior Lighting 
The exterior solar lighting is a feasible alternative 

because it required direct current power. The photovoltaic cells 
generate the DC power, eliminating the need for an inverter 
allowing it to be cost effective. The solar power generated 
during the day is stored in batteries and used to power the lights 
at night. These self-contained units will meet St. Michael's 
needs and will be implemented in the parking lot and also the 
sides of the building. 

Emergency Back-up Power 
The emergency power will use a 6500 watt generator if power fails in the 

building. The system begins with an automatic transfer switch (ATS) that controls if no 
power is coming through the utility grid it will switch to emergency power and the 
generator will be turned on. Once the generator is supplying power it will pass through 
the emergency panel and will be used for powering the emergency lighting and any other 
applications that SMASE specifies. 

- 4 -
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Introduction 
This appendix will contain detailed literature on the final electrical system design 

to be used at St. Michael's, Arizona. Included is a brief overview of how photovoltaics 
produce energy and how this phenomenon can be used to benefit St. Michaels. An 
electrical schematic will also be included to help present the layout of the electrical 
system. Emergency Power and Solar Powered Exterior Lighting will also be discussed. 
Lastly, a cost estimate will be included as well as all the building's solar, non-solar and 
lighting calculations. 

Solar Energy 
Photovoltaic Concepts 

Photovoltaics are a technology that uses solar energy to produce electricity 
directly from sunlight. The largest benefit of using photovoltaics is that it is a clean way 
to produce energy. The cost of installing these solar panels are not expensive because 
they come prepackaged ready to implement, eliminating the need for skilled labor. They 
also have no moving parts eliminating the need for maintenance. Also new panels can be 
installed increase power in the existing systems. One downfall of photovoltaics is that 
there is not enough hard evidence to prove the durability to withstand extremes in the 
environment. A question that is asked is, "will the system produce enough energy to be 
worth the cost of installation." The answer to that question is dependent on the location. 
Also the current cost of a module is ranging from $4.00 to SI 0.00 per peak watt. A peak 
watt is the amount of electricity produced by a single cell when bright sunlight is 
available. The current photovoltaic cells are functioning at only 12% efficiency but the 
new silicon solar cells are more than 30% efficient. With the time frame for possible 
construction, the cells are a very possible alternative. 

-1 • 
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Total Building Load Calculations 
The calculations for the total building load were calculated from the summation of 

common household appliances and mechanical system components that will be found in 
our building. The electrical loads for the appliances were found at 
www.homepower.com. The mechanical loads are educated guesses from comparable 
cutsheets found on the Internet. The running time duration for all mechanical equipment 
is estimated to be operating at 24 hours a day, 7 days a week to obtain the total maximum 
load. A detailed breakdown is shown on the following page. 

- 5 -

http://www.homepower.com
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Total Building Consumption 

Quantity 
1 
1 

12 
12 
35 
20 

2000 
1 

10 
12 
4 
3 
3 
1 

10 
4 
3 
1 
1 
2 
1 
1 
1 

Inverter Powered Appliance 
Well Pump 
19 ftA3 Fridge/Freezer 

Televisions 
VCRs 
Computers, Monitors, Peripherals 
Stereos 
Compact Flourescent Liqhts 
Scanner 
Printers 
Microwave Ovens 
Vacuum Cleaner 
Washinq Machine 
Dryer 
Fax 
Power Tools 

P? 
1 
1 

0 
0 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 

Coffee Maker 0 
Vendinq Machines 
Toaster 
Ni-Cad Battery Recharqer 
Copier 
Sewinq Machines 
Blender 
Coffee Grinder 

1 Garbaqe Oispossal 
1 
1 
1 
1 
1 

40 
2 
10 
2 
8 
3 
1 
1 
1 
1 
1 

Dishwasher 
Deep Freezer 
Wireless Network Equipment 
Water Heater 
Recirculation Pump (3/4) 
Water Source Heat Pumps 
Therapy Pools 
Make-up Air Units 
Refrigerant Pumps 
Exhaust Fans 
Kitchen Hoods 
Back-up Boiler 
HVAC Controls 
Controls 
Phase Converter 
L&l Kiln J18X 

1 
0 
1 
1 
c 
c 
0 
0 
0 

Run Watts 
1300 
120 

75 
40 

200 
25 
15 
20 

100 
1000 
1350 
300 
300 

5 
1350 
1200 
800 

1200 
20 

700 
80 

350 
150 
900 

1000 
500 
100 

5000 
400 
400 

1500 
1000 
400 
250 
200 

5000 
100 
100 
250 

8300 

Start Watts 
3900 

240 

200 
40 

400 
25 
15 
50 

100 
2000 
2700 

525 
525 

5 
2700 
1200 
1000 
1200 

20 
1200 
160 
700 
300 
900 

1000 
1500 

100 
5000 
600 
525 

2000 
1500 
600 
400 
350 

5000 
100 
100 
400 

8300 

Hours/Day 
8.00 

10.00 

4.00 
2.00 
8.00 
8.00 

12.00 
0.25 
2.00 
0.25 
0.50 
1.25 
1.25 

24.00 
0.20 
0.50 

24.00 
0.25 
6.00 
3.00 
5.00 
0.05 
0.05 
0.25 
2.00 

24.00 
24.00 
24.00 
24.00 
24.00 
8.00 

24.00 
24.00 
24.00 

2.00 
0.25 

24.00 
24.00 
24.00 
8.00 

Days/We&k 
7.00 
7.00 

5.00 
5.00 
5.00 
5.00 
7.00 
1.00 
5.00 
5.00 
2.00 
5.00 
5.00 
7.00 
2.00 
5.00 
7.00 
1.00 
3.00 
5.00 
0.50 
5.00 
5.00 
5.00 
5.00 
7.00 
7.00 
7.00 
7.00 
7.00 
4.50 
7.00 
7.00 
7.00 
5,00 
too 
7.0C 
7,0C 
7.0C 
5.0C 

W-hrs/day 
10400.0 
1200.0 

2571.4 
685.7 

40000.0 
2857.1 

360000.0 
0.7 

1428.6 
2142.9 

771-4 
803.6 
803.6 
120.0 
771.4 

1714.3 
57600.0 

42.9 
51.4 

3000.0 
28.6 
12.5 
5.4 

160.7 
1428.6 

12000.0 
2400.0 

120000.0 
9600.0 

384000.0 
15428.6 

240000.0 
19200.0 
48000.0 

857.1 
178.6 

2400.0 
2400.0 
6000.0 

47428.6 
1398493.7 

' Kitchen Ovens and Stoves wil l be powered by gas 

Total Building Load 509051.7 kWh/yr 

- 6 -
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Solar Load Calculations 
FBM Design used a spreadsheet provided online by www.homepower.com to 

perform all solar load calculations. Initially, the building load must be known to 
determine the quantities of solar panels and inverters along with the number of trackers. 
The initial calculation used the entire building load to determine the quantities of solar 
equipment. To power the whole building using solar, the total building would exceed 
585,150 kWh for both AC and DC. The building would require 2244 panels, 480 
batteries and has an initial cost of hardware exceeding $1.53 million. 

We found this alternative not to be feasible. We feel that the solar power could 
provide sufficient power for all single-phase power needs. After running the simulation 
based on just single-phase AC loads, the building would require just 310 panels and 68 
batteries and would cost $264,150.00. We feel this alternative is feasible and this will be 
implemented into our design. The actual load calculations can be found on the following 
pages. 

http://www.homepower.com
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TOTAL BUILDING LOAD CALCULATIONS 

INVERTER SUPPLIED 120 VAC APPLIANCE POWER CONSUMPTION ESTIMATE 
E f m v OtoOT H o w Srwiml O m . | Ki/gooil 

Pt«m«» ACWM*«,.U»0d0»*y 1584726 

DC APPLIANCE POWER CONSUMPTION ESTIMATE 
Energy B M M Horn* SyM*n 0»U: W M l * 
Home Power Magtar*. 
SLUchMl>.An£cna 
Phono * DC W.-m. UMd 0 uy M2« 

PfeM* ftotar.Bi* b on otOmila ird U or*, 11 950,3 • ) <n> Iniormawn v i M « ! . 

NO. 

1 

12 

1 3 
— 

2 0 

R w 3 t M 

W « l P I » T C I t f n o . 1 2 0 V A C 

I B O l H F M O V & M K t 
' T V 

V C R « 

^ m p u l a f . M y M o r . P a n p n o n H 

M n w 
M O O j C o n p M F k w w o n l U g h a 

1 5 c * - « t 

1 0 I P n n t o r i 

1 2 M k i o w * y « O v « n 

3 

3 

1 

10 

3 

1 

2 

t 

' W i A O M w 

>>» 
taa 
" a - * - t o d . 

1 

1 

0 

G 

l 

1 

l 

0 

a 

I 

0 

13CC 

1 2 o | 

7 5 

4 0 

2 0 0 

25 

I S 

20 

; 0 0 

10CC 

I U C 

1 3 0 C 

i 

0 

: o ( T « * U i l v | 0 

/ • o a n j M « m i 

* - C * d S 4 t t a i y " « * ? • 
3 « - r , 

■ M O W 

| G » * > * S # D . i c * > « i « 

1 I D U T i - U i o r 

1 D M P ' I M O 

i v * r « M N o i - o r t E o m o n w * 

1 I W I H O W I ' 

1 

2 

2 

3 

1 

1 

1 

1 

* « * « r S o u r O » H M t P u i n o 

irmtOffruM 

z / T * W F f * 

K A C f M n H O O d * 

1 

1 

a 
u 

0 

0 

3 * c f e u p B c M r 1 > 

■ ( V ^ C O W U ! 

Zoona* 

* v * » « C o n v ™ 

L & L M n J i a * 

M 0 

5 

135C 

1 2 0 0 

2 0 

?QC 

3 5 0 

1 5 0 

9 0 0 

' tooot 
5 0 0 

1 0 ? 

5 0 C J 

7 7 $ 

4 0 G " 

"*0Q 
: 0 0 0 

40Q 

2S0_, 

20QT 

sooo 
1CK] 

1 0 0 

2 5 * 

« 0 < > 

- A C from t h o b m r t w 
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TOTAL BUILDING LOAD CALCULATIONS 
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FEASIBLE BUILDING LOAD CALCULATIONS 
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FEASIBLE BUILDING LOAD CALCULATIONS 
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Cost Estimate 
The cost estimate is based on the hardware determined and specified on the 

spreadsheet. These products and any useful information can be viewable at 
www.solar4power.com. The following is a summary from the calculated simulation. 

Initial Cost of Solar Powered System $264,150.00 
Estimated Cost of Overall Electrical 
System w/o Solar Power S200.000.00 

TOTAL $465,150.00 

The following numbers are a direct relation to the initial cost of the solar-powered 
system. Such as, the operating cost totaling $551.43 per month. The power cost is equal 
to $0,413 per kWh. Finally, an excess power wattage of 27,980 watts will be in excess. 

•12-
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Insert 
Electrical Schematic 

Here 
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Lighting 
Preliminary lighting calculations were made using the zonal cavity method. The 
specified fluorescent lamp has the following characteristics: 

32 watls, T-8,4100 K, 85 CRI, 2900 design lumens 
The luminaire selected was the Simkar prismatic lens. 

Room Demensions: Typical Classroom - 75' x 35' 

Ceiling Height - 1 0 ' 
Work Surface Height - 2.5* 
RCR = [5*(CH-WSH)(L+W)]/(L*W) 

= [5*(10-2.5)(75+35)]/(75*35). 
= 1.57 

From Simkar Lighting Catalog: 
@RCR=1,CU = 80 
@RCR = 2,CU = 71 

Linear Interpolation: 
(2-1.57)/(2-l) = (71-CU)/(71-80) 

CU = 72.9 
# Luminaires = (fc*area)/[(lumens/lamp)(lamps/luminaire)(CU)(LLF)] 

= (75*2625)/[(2900)(4)(0.73)(.7)] 
= 32.2 = 33 

This calculation shows that 33 luminaires will be required in a typical classroom with a 
cost of $0.55 watt/SF. 

-14-
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Resources/References 

1. www.pvpower.com 
2. www.solar4power.com 
3. www.solarenergy.com 
4. www.flasolar.com 
5. www.eren.doe.gov/power/ 
6. www.seia.org 
7. www.solarelectric.com 
8. www.eren.gov/wind/ 
9. www.cogreenpower.org 
10- www.homepower.com 
11. www.solarlighting.com 
12. www.hotkilns.com 
13- www.powerq.com/watt.htm 
14. www.angelfire.com/nc2 
15- http://www.sandia.gov/media/NewsRel/nr2000/navajos.htm 

16-1997 Simkar Lighting Catalog 
17- 1998 Osram Sylvania Lamp and Ballast Catalog 
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Electrical Appendix 

Introduction • 
This appendix will contain detailed literature on the final electrical system design 

to be used at St. Michael's, Arizona. Included is a brief overview of how photovoltaics 
produce energy and how this phenomenon can be used to benefit St. Michaels. An 
electrical schematic will also be included to help present the layout of the electrical 
system. Emergency Power and Solar Powered Exterior Lighting will also be discussed. 
Lastly, a cost estimate will be included as well as all the building's solar, non-solar and 
lighting calculations. 

Solar Energy 

Photovoltaic Concepts 
Photovoltaics are a technology that uses solar energy to produce electricity 

directly from sunlight. The largest benefit of using photovoltaics is that it is a clean way 
to produce energy. The cost of installing these solar panels are not expensive because 
they come prepackaged ready to implement, eliminating the need for skilled labor. They 
also have no moving parts eliminating the need for maintenance. Also new panels can be 
installed increase power in the existing systems. One downfall of photovoltaics is that 
there is not enough hard evidence to prove the durability to withstand extremes in the 
environment. A question that is asked is, "will the system produce enough energy to be 
worth the cost of installation." The answer to that question is dependent on the location. 
Also the current cost of a module is ranging from $4.00 to SI 0.00 per peak watt. A peak 
watt is the amount of electricity produced by a single cell when bright sunlight is 
available. The current photovoltaic cells are functioning at only 12% efficiency but the 
new silicon solar cells are more than 30% efficient. With the time frame for possible 
construction, the cells are a very possible alternative. 
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Solar Cell Materials 
The solar cells consist of two semiconductor layers that are used to produce the 

electron current. The detail in Figure 1 shows the components of each individual cell. A 
metal grid is adhered to the top of the 
semiconducting layers where it collects the 
electrons that are produced from the 
semiconductors. The electrons are then 
transferred to the desired building load and 
returned to the back of the contact layer. 
The back contact layer is necessary to 
complete the circuit. The glass cover is used to prevent any damage to the cell. The anti-
reflective coating is used to prevent light from being reflected away from the cell. 

System Components 

To120v loads 

There are several components of a photovoltaic system that are required to produce 
energy shown in Figure 2. The system starts with an array of photovoltaic cells that 
produce electricity. The electricity is transferred through the charge controller and stored 
in the batteries. The charge controller is used to eliminate the flow to the battery once the 
battery has reached its maximum capacity. The downfall of photovoltaic cells is they 
only produce direct current electricity. Direct current electricity (DC) is useful in 
powering the outdoor lighting. For all building applications and appliances alternating 
current electricity (AC) must be used. An inverter is used to convert the DC electricity to 
AC electricity where it can be used and supplied throughout the building. 
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Solar Map 

For solar power to be a worthwhile investment your location must have a high 

solar insolation value, for St. Michael's the value is 5.5. The values for the Southern 

United States can be viewed on the map above in Figure 3. 

Electrical System Design 
The decisions made by FBM Design for our client, St. Michael's Association for 

Special Education, Inc., provide the most feasible and efficient electrical system. The 

initial costs were compared with the long-term maintenance costs and a final system 

design was chosen. The chosen electrical system must be able to support 509,051.7 kWh 

per year. The electrical system consists of a primary 13,200 volt service coming in from 

the utility grid provided by the Navajo Tribal Utility Authority (NTUA). The service will 

then pass through the meter. After passing through the meter, the voltage will be stepped 

down via a 277/480 volt transformer. Once the power has been stepped down it will pass 

through a substation, breaking off to mechanical panel and a 120/208 transformer. Keep 

in mind all power both 277/480 and 120/208 or both 3 phases services, only at the 

switchboard were 120/240 volt service is separated using one of the legs of the 120/208 
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does the power become single phase. The switchboard has a lighting, auxiliary, and 
emergency panel. The system also integrates the use of solar power at the switchboard to 
power the single-phase auxiliary power needs. Also incorporated is a generator for the 
emergency power. A complete system schematic is viewable in the back of this 
appendix. 

Integrated Solar Powered System 
The solar powered system will be used to power just the single-phase auxiliary 

power as mentioned above. The needs of the systems to do so are 310 solar panels, 68 
batteries and 8 inverters. The system will store energy in the batteries when the auxiliary 
power does not require the total amount of energy supplied from the panels. 

Solar Powered Exterior Lighting 
The exterior solar lighting is a feasible alternative 

because it required direct current power. The photovoltaic cells 
generate the DC power, eliminating the need for an inverter 
allowing it to be cost effective. The solar power generated 
during the day is stored in batteries and used to power the lights 
at night. These self-contained units will meet St. Michael's 
needs and will be implemented in the parking lot and also the 
sides of the building. 

Emergency Back-up Power 

The emergency power will use a 6500 watt generator if power fails in the 
building. The system begins with an automatic transfer switch (ATS) that controls if no 
power is coming through the utility grid it will switch to emergency power and the 
generator will be turned on. Once the generator is supplying power it will pass through 
the emergency panel and will be used for powering the emergency lighting and any other 
applications that SMASE specifies. 
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Total Building Load Calculations 
The calculations for the total building load were calculated from the summation of 

common household appliances and mechanical system components that will be found in 
our building. The electrical loads for the appliances were found at 
www.homepower.com. The mechanical loads are educated guesses from comparable 
cutsheets found on the Internet. The running time duration for all mechanical equipment 
is estimated to be operating at 24 hours a day, 7 days a week to obtain the total maximum 
load. A detailed breakdown is shown on the following page. 
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Total Building Consumption 

Quantity 
1 
1 

12 
12 
35 
20 

2000 
1 

10 
12 
4 
3 
3 
1 

10 
4 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 

40 
2 
10 
2 
8 
3 

Inverter Powered Appliance 
Well Pump 
19ftA3Fridqe/Freezer 

Televisions 
VCRs 
Computers. Monitors, Peripherals 
Stereos 
Compact Flourescent Liqhts 
Scanner 
Printers 
Microwave Ovens 
Vacuum Cleaner 
Washinq Machine 
Dryer 
Fax 
Power Tools 
Coffee Maker 
Vending Machines 
Toaster 
Ni-Cad Battery Recharqer 
Copier 
Sewinq Machines 
Blender 
Coffee Grinder 
Garbage Dispossal 
Dishwasher 
Deep Freezer 
Wireless Network Equipment 
Water Heater 
Recirculation Pump (3/4) 
Water Source Heat Pumps 
Therapy Pools 
Make-up Air Units 
Refrigerant Pumps 
Exhaust Fans 
Kitchen Hoods 
Back-up Boiler 
HVAC Controls 
Controls 
Phase Converter 
L&l Kiln J18X 

P? 
1 
1 

0 
0 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 

Run Watts 
1300 

120 

75 
40 

200 
25 
15 
20 

100 
1000 
1350 

300 
300 

5 
1350 
1200 

800 
1200 

20 
700 

80 
350 
150 
900 

1000 
500 
100 

5000 
400 
400 

1500 
1000 
400 
250 
200 

5000 
100 
100 
250 

8300 

Start Watts 
3900 

240 

200 
40 

400 
25 
15 
50 

100 
2000 
2700 

525 
525 

5 
2700 
1200 
1000 
1200 

20 
1200 

160 
700 
300 
900 

1000 
1500 

100 
5000 

600 
525 

2000 
1500 
600 
400 
350 

5000 
100 
100 
400 

8300 

Hours/Day 
8.00 

10.00 

4.00 
2.00 
8.00 
8.00 

12.00 
0.25 
2.00 
0.25 
0.50 
1.25 
1.25 

24.00 
0.20 
0.50 

24.00 
0.25 
6.00 
3.00 
5.00 
0.05 
0.05 
0.25 
2.00 

24.00 
24.00 
24.00 
24.00 
24.00 

8.00 
24.00 
24.00 
24.00 

2.00 
0.25 

24.00 
24.00 
24.00 

8.00 

DaysArVeek 
7.00 
7.00 

5.00 
5.00 
5.00 
5.00 
7.00 
1.00 
5.00 
5.00 
2.00 
5.00 
5.00 
7.00 
2.00 
5.00 
7.00 
1.00 
3.00 
5.00 
0.50 
5.00 
5.00 
5.00 
5.00 
7.00 
7.00 
7.00 
7.00 
7.00 
4.50 
7.00 
7.00 
7.00 
5.00 
1.00 
7.00 
7.00 
7.00 
5.00 

W-hrs/day 
10400.0 

1200.0 

2571.4 
685.7 

40000.0 
2857.1 

360000.0 
0.7 

1428.6 
2142.9 

771.4 
803.6 
803.6 
120.0 
771.4 

1714.3 
57600.0 

42.9 
51.4 

3000.0 
28.6 
12.5 
5.4 

160.7 
1428.6 

12000.0 
2400.0 

120000.0 
9600.0 

384000.0 
15428.6 

240000.0 
19200.0 
48000.G 

857.1 

178.6 
2400.0 
2400.0 
6000.0 

47428.6 

* Kitchen Ovens and Stoves will be powered by gas 
1398493.7 

Total Building Load 509051.7 kWh/yr 
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Solar Load Calculations 
FBM Design used a spreadsheet provided online by www.homepower.com to 

perform all solar load calculations. Initially, the building load must be known to 
determine the quantities of solar panels and inverters along with the number of trackers. 
The initial calculation used the entire building load to determine the quantities of solar 
equipment. To power the whole building using solar, the total building would exceed 
585,150 kWh for both AC and DC. The building would require 2244 panels, 480 
batteries and has an initial cost of hardware exceeding $1.53 million. 

We found this alternative not to be feasible. We feel that the solar power could 
provide sufficient power for all single-phase power needs. After running the simulation 
based onjust single-phase AC loads, the building would require just 310 panels and 68 
batteries and would cost $264,150.00. We feel this alternative is feasible and this will be 
implemented into our design. The actual load calculations can be found on the following 
pages. 
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TOTAL BUILDING LOAD CALCULATIONS 
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FEASIBLE BUILDING LOAD CALCULATIONS 
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Electrical Appendix 

Cost Estimate 
The cost estimate is based on the hardware determined and specified on the 

spreadsheet- These products and any useful information can be viewable at 
www.solar4power.com. The following is a summary from the calculated simulation. 

Initial Cost of Solar Powered System $264,150.00 
Estimated Cost of Overall Electrical 
System w/o Solar Power S200.000.00 

TOTAL $465,150.00 
The following numbers are a direct relation to the initial cost of the solar-powered 
system. Such as, the operating cost totaling $551.43 per month. The power cost is equal 
to $0,413 per kWh. Finally, an excess power wattage of 27,980 watts will be in excess. 

-12-
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Electrical Appendix 

Lighting 
Preliminary lighting calculations were made using the zonal cavity method. The 
specified fluorescent lamp has the following characteristics: 

32 watts, T-8,4100 K, 85 CRI, 2900 design lumens 
The luminaire selected was the Simkar prismatic lens. 

Room Demensions: Typical Classroom - 75' x 35* 
Ceiling Height-10' 
Work Surface Height - 2.5' 

RCR = [5*(CH-WSH)(L+W)]/(L*W) 
- [5*(10-2.5)(75+35)]/(75*35). 
= 1.57 

From Simkar Lighting Catalog: 
@RCR=1,CU = 80 
@RCR = 2,CU = 71 

Linear Interpolation: 
(2-1.57)/(2-l) = (71-CU)/(71-80) 

CU = 72.9 
# Luminaires = (fc*area)/[(lumens/lamp)(lamps/luminaire)(CU)(LLF)] 

= (75*2625)/[(2900)(4)(0.73)(.7)] 
= 32.2 = 33 

This calculation shows that 33 luminaires will be required in a typical classroom with a 
cost of $0.55 watt/SF. 
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Resources/References 

1. www.pvpower.com 
2. www.solar4power.com 
3. www.solarenergy.com 
4. www.flasolar.com 
5. www.eren.doe.gov/power/ 
6. www.seia.org 

7. www.solarelectric.com 
8. www.eren.gov/wind/ 
9. www.cogreenpower.org 
10. www.homepower.com 
11. www.solarlighting.com 
12. www.hoikilns.com 
13. www.powerq.com/watt.htm 
14. www.angelfire.com/nc2 
15. http://www.sandia.gov/media/NewsRel/nr2000/navajos.htm 
16. 1997 Simkar Lighting Catalog 
17. 1998 Osram Sylvania Lamp and Ballast Catalog 

1 
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Appendix G: Plumbing System Design 

Water Supply 

The bulk of the plumbing design begins after the architectural design is 
completed. The first task of the plumbing engineer is to total the building loads by 
summing the fixture units for each respective system; cold water supply, and hot water 
supply. Fixture units area tabulated by various resources and are dependent on use and 
type of fixture i.e. public water closet, private lavatory, private bathtub, etc. See Table 1 
for fixture unit totals. The water supply line has 457 water supply fixture units, which 
can be broken up into 347.5 cold water fixture units and 109.5 hot water fixture units. 
These fixture units have an equivalent flow rate. The corresponding flow rates were in 
the ASPE manual. The total supply flow rate is 142 gallons per minute, 126 cold water 
gpm and 72.5 hot water gpm (the gpm curve is not linear see Figure 1). After the flow 
rates are found, the main building pipes may be sized. ASHRAE's pipe fitting (Figure 2) 
can be utilized to find a sufficient pipe size. This chart also shows the approximate 
velocity of the water in a particular pipe size and gpm. Velocity should remain between 
6 and 10 ft/s to ensure flow and prevent excess noise. 

Domestic Hot Water Supply 

This hot water system consists of a water heater, a circulating pump, and lots of 
pipe. In order to size the aforementioned units three pieces of information are needed: 
total equivalent length of pipe, head loss in the pipe, and heat loss from the pipe. 

The only way to find the total equivalent length of pipe is to lay it all out, from 
water heater to fixture. The total equivalent length of pipe must also be broken up by 
pipe size and factors added for various fittings and valves. Since the entire piping layout 
would be very time consuming, an estimate has been used. 

Head loss in the pipe is found by multiplying the head loss factor per unit length 
by the total equivalent length of pipe. Head loss is dependent on material of pipe, 
temperature of water, length of pipe and pipe diameter. A computer program was utilized 



to calculate 13.5 ft of pressure head loss. See Figure 3 for details. Following the 
calculation of pressure head loss in the pipe total head can be calculated by adding the 
elevation head loss to the pressure head loss in the pipe. Elevation head is equal to the 
vertical distance from the deepest pipe to the highest fixture. But in a closed loop system 
such as ours, the elevation head does not affect the total head. 

Heat loss in the pipe is found by multiplying the heat loss factor per unit length of 
pipe by the total equivalent length of pipe. Heat loss is also dependent on the material of 
the pipe and the pipe diameter. From the total heat loss the circulated hot water flow rate 
can be found. See Tables 2 for detailed takeoffs. 

The pump size for the hot water supply can now be found. Pump manufacturers 
produce pump curves for each model produced. These curves are a graph of total head 
loss vs. flow rate. Another computer program was utilized to fit a pump curve. See 
figure 4 fr details. From this curve other data can be extracted including: impellor size, 
motor size, and pump efficiency. The pump St. Michaels will be using is an in-line 
centrifugal pump with XA horsepower motor. 

The water heater/storage tank may be sized by multiplying the quantity of hot 
water fixtures by their demand flow rate in gallons per hour. This number is multiplied 
by a demand factor, which is different for each type of building usage. Table 3 gives a 
detailed analysis of water heater/ storage tank sizing. The water heater will have a 600 
gallon capacity and othe properties as in Figure 5. 

Drainage System Design 

The building sewer can be sized by summing the drainage fixture units for each 
fixture. See Table 1 for details. The building sewer can handle 201 drainage fixture units 
with a 4 inch pipe and 'A inch per foot slope. See Figure 6 for details. 

Another essential task of the drainage system si to prevent wastewater gases from 
entering the building. Drainage traps are small elbows in the drain pie immediately after 
the fixture, which traps inside and stops wastewater gases from escaping through the 
fixture. Stack vents are vertical pipes, which rise to the roof and are open to the 



atmosphere to prevent the gases from collecting in the drainage pipes. Figures 7 and 8 
show minimum sizes of traps and stack vents, respectively. 



Table 1: Water SUDDIV and lOrainaae Svstem 

Quantity Fixture 
Water Closet Flush 

22 Valve 
20 Lavatory 

2 Service Sink 
2 Shower 

14 Tub 
3 Washing Machine 
4 Floor Drains 

5 Kitchen Sink 
1 Dish Washer 

Totals 
Cold Water FV 
Non-flush Valve 
Total Cold Water 
Fixture Units 
Hot Water 

Total Water Supply 
Fixture Units 
Total Drainage 
Fixture Units 

Drainage 
Fixture 
Units 

4 
1 
2 
3 
3 
2 
4 

3 
4 

329.5 
18 

347.5 
109.5 

457 

201 

Total 

88 
20 
4 
6 

42 
6 

16 

15 
4 

= 
— 

= 

= 

Cold 
Water 
Fixture 
Units 

10 
1.5 

2.25 
3 
3 
3 

3 
3 

126 gpm 
72.5 gpm 

142 gpm 

4" pipe 

Total 

220 
30 

4.5 
6 

42 
9 

15 
3 

= 
= 

= 

= 

Hot 
Water 
Fixture 

Units 

1.5 
2.25 

3 
3 
3 

3 
3 

3" pipe 
2.5" pipe 

3" pipe 

1/4" per foot 

Tota 

= 
= 

a 

slope 

I 

30 
4.5 

6 
42 
9 

15 
3 

6 
7 

7 

j 
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WATER AND WASTE 

Friction toss in head in kPa ocr 100 m length 
67.8 136 226 «52 MMJ356 32&0.. 

6,000— fairly rough 
5,000 

Fig. 9.49 Flowchart | 4n 
for typical (fairly 
rough) pipe. Velocity Z 
is shown, as an aid iz 
in noise control: 
above lOfps (Smfs). 
moving water can he 
heard within pipes. 
(Copyright © by the 
American Society of 
Healing. Refrigerat­
ing, and Air-Condi­
tioning Engineers, 
Inc., Atlanta. Ca. 
Adapted by permis­
sion from A S H R A E 
Handbook o f Funda­
mentals, 1972.) 
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Figure 3 

* * 

The Free Engineering Software Website 1 

CGI PERL Scripts A 

The Fluid Flow Calculator 

This is your input: 
fluid: 0 % solution 
fluid temp F: 120F 
flow rate GPM: 15 
pipe size in: 2 
pipe length ft: 2700 
pipe material: C 

These are the results: 
velocity ft per second: 1.5555 
Reynold's Number: 40739.5761 i 
friction factor fa: 0.0216 
friction factor f: 0.0220 
head loss ft: 13.5073 
pressure loss psi: 5.7946 

flow calculator developed by Michael J. Rocchetti PE 
Back to the Calculator 

hltp://www.connel.com/cgi-bin/flowcalcl.pl 
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Figure 4 

Bell & Gossett 
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Curve Generation 
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Table 3: Storage Tank Sizing 

School 
Quantity Fixture 

20 Lavatory 
2 Shower 

14 Tub 
5 Kitchen Sink 
1 Dish Washer 
3 Washing Machine 

gal / hr 
15 

225 
20 
10 

100 
100 

Total Demand 

Total 
300 
450 
280 

50 
100 
300 

1480 

school demand factor 
storage capacity 

0.4 
1 

Optimum Storage Size = Total Demand* Demand Factor * storage capacity 

Optimum Storage Size = 592 gal / hr 

G-10 
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^ DURAWATT® ELECTRIC • PACKAGED WATER HEATER 

NICKELSHIELD® NICKEL-PLATED STORAGE TANK 
TANK SERIES 600 GALLONS 

MODEL 
NUMBER 

90 U 600A-E 
180N600A-E 
270 N 600A-E 
370 N 600A-E 
460 N 600A-E 
550 N" 600A-E 
650 U 600A-E 
740 N 600A-E 
920 H 600A-E 

1100W600A-E 
1300 N 600A-E 
1470 N 600A-E 
1600N600A-E 
1850 N 600A-E 

RECOVERY RATE 
GPH 

40"-120'F 

90 
180 
270 
370 
460 
550 
650 
740 
920 
1100 
1300 
1470 
1600 
1850 

4 0 M 4 0 ° F 

70 
150 
220 
300 
370 
440 
520 
590 
740 
880 
1030 
1180 
1330 
1480 

INPUT 
kW 

18 
36 
54 
72 
90 
108 
126 
144 
180 
216 
252 
288 
324 

I 360 

NUMBER OF 
ELEMENTS 

80 W/IN1 

1 
2 
3 
4 
5 
6 
7 
8 
19 
12 
14 
16 
18 
20 

40 W/IN2 

2 
4 
6 
8 
10 
12 
14 
16 
20 

208V, 10 
87 
174 
260 
347 
433 
520 
606 
693 
866 

I 103'J 
I 1212 

1385 
1558 

I 1731 

ELEMENT AMPS 
240V, 1 0 

75 
150 
225 
300 
375 
450 
525 
600 
750 
900 

1050 
1200 
1350 
1500 

208V. 3 0 

50 
100 
150 
200 
250 
300 
350 
400 
500 
600 
700 
800 
900 
1000 

240V, 3 0 
44 
87 
130 
174 
217 
260 
304 
347 
434 
520 
607 
693 
780 
867 

480V. 3 0 
22 
44 
65 
87 
109 
130 
152 
174 
217 
260 
304 
347 
390 
434 

SHIPPING 
WEIGHT 

2120 ff 
2120 0 
2130 0 
2130 0 
2140 # 
2160 # 
2170 0 
2 1 9 0 0 
2220 0 
2230 0 
2240 0 
2250 0 
2260 0 
2270 0 

FOR STANDARD A N D OPTIONAL EQUIPMENT, SEE FORM 0 P V 6008 . 
ASHRAE 90.1 COMPLIANT 

3 " HOT OUTLET 
9D' FROM FRONT (£ 

ELECTRICAL-
ENTRY 

CONTROL -
ENCLOSURE 

ELECTRIC 
ELEMENT 

ENCLOSURE 

LIFTING LUGS 

ASME RATED T & P RELIEF VALVE 

MOTE: 2 3 " RE*R MODULE ACCESS 
OPTJONAL ON ALL UODaS. 
REAR ACCESS EXTENSION 
B"MAHMUM 

3"COLO INLET AND 
RETURN CONNECTION 
90* FROM FRONT £ 

4 " X 5 3 " CHANNEL SKIDS 

2 " DRAIN VALVE 

CONTROL CIRCUIT TRANSFORMER SUPPLIED ON 480V ONLY. TAPPED CONTROL CIRCUIT INTERNALLY WIRED FOR 208V AND 240V. 
208V AND 240V MODELS REQUIRE AC NEUTRAL CONDUCTOR FOR GROUNDING OF CONTROL CIRCUIT. 

ALTERNATE VOLTAGES: FOR 230/460V. MULTIPLY kW AND RECOVERY BY .92. MULTIPLY AMPS BY .96. 
FOR 220/440V. MULTIPLY kW AND RECOVERY BY .84. MULTIPLY AMPS BY .92. 

PVI RESERVES THE RIGHT TO CHANGE THE DESIGN AND SPECIFICATION WITHOUT NOTICE. 

U.S. PjWents: 4,869,208; 4.968.066 
Canadian Patents: 1,286.932; 2.007.302 
Mexican Potent: 167.200 

PVS556 11/98 

PVI INDUSTRIES, INC. 
FORT WORTH, TEXAS 76111 

(800) 784-8326 ® 
fV- \\ 



WATER AND WASTE 

TABLE 10.10 Bui ld ing Drains and Sewers0 

Diameter 
of Pipe 

On.) 
(mm) 

2 51 
2J 64 
3 76 
4 102 
5 127 
6 152 
8 203 

10 254 
12 305 
15 3B1 

Maximum Number of Fixture Units That May Be 
Connected to Any Portion of the Building Drain or 

the Building Sewer Including Drain Branches 

Vie in. 
(5.2; 

1,400 
2.500 
2.900 
7.000 

Fall per Foot (mm per m) 

'/A in. 
(10.4) 

36* 
180 
390 
700 

1.600 
2,900 
4.600 
8.300 

V4 in. 
(20.9) 

21 
24 
42» 

216 
480 
840 

1,920 
3.500 
5.600 

10.000 

V6 In. 
(41.7) 

26 
31 
50b 

250 
575 

1.000 
2.300 
4,200 
6.700 

12.000 

Source; Naiional Standard Plumbing Code. {Metric conversions by author.) 
•On-site sewers that serve mote than one building may be sized according to the 
current standards and specifications of the Adminisirative Authority for public sew­
ers. 
"Not more than two water closets or two bathroom groups. 

T A B L E lO. l I Hor izontal F ix ture Branches and Stacks 

Maximum Number of Fixture Units (ha, 

Diameter 
of Pipe 

(in.) 

H 
2 
2} 
3 
4 
5 
6 
B 

10 
12 
15 

(mm) 

38 
51 
64 
76 

102 
127 
152 
203 
254 
305 
381 

Any 
Horizontal 

Fixture 
Branch' 

3 
6 

12 
206 

160 
360 
620 

1.400 
2,500 
3.900 
7.000 

Stack Sizing , 
for 3 Stories 
in Height or 
3 Intervals 

4 
10 
20 
48b 

240 
540 
960 

2.200 
3.800 
6.000 

r May Be Connected to: 
Stack Sizing for More 

than 3 Stories in Height 

Total tor 
Stack 

8 
24 
42 
72b 

500 
1,100 
1.900 
3.600 
5,600 
8,400 

Total at 
1 Story or 1 

Branch interval 

2 
6 
9 

20" 
90 

200 
350 
600 

1.000 
1,500 

NOTE: Stacks shall be sized according to the total accumulated connected load at 
each story or branch interval and may be reduced in size as this load decreases 
to a minimum diameter of Vft of the largest size required. 
Source: National Standard Plumbing Code. {Metric conversions by author.) 
'Does not include branches ot the building drain. 
°Not more than two water ctosets or bathroom groups within each branch interval 
or more than six water closets or bathroom groups on the stack. 
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638 WATER AND WASTE 

TABLE 10.8 Size of Nonintegral Traps for Different-Type 
Plumbing Fixtures 

Plumbing Fixture 
Trap Size 
in Inches 

Trap Size 
(mm) 

Bathtub (with or without overhead shower) 
Bidet 
Combinat ion sink and wash ( laundry) tray 
Combinat ion sink and wash ( laundry) t ray w i t h l ood 
waste gr inder unit 
Combinat ion k i tchen sink, domest ic, dishwasher, and 
tood waste gr inder 
Dental unit or cuspidor 
Dental lavatory 
Dr ink ing founta in 
Dishwasher, commerc ia l 
Dishwasher, domestic (nonintegral trap) 
Floor dra in 
Food was te gr inder—commercial use 
Food waste grinder—domestic use 
Ki tchen s ink , domest ic, with l ood waste grinder unit 
K i tchen sink, domest ic 
K i tchen sink, domest ic, with dishwasher 
Lavatory, common 
Lavaiory (barber shop, beauty parlor or surgeon's) 
Lavalory. mult iple type (wash fountain or wash s ink) 
Laundry tray (1 or 2 compartments) 
Shower stal l or drain 
Sink (surgeon 's ) 
Sink ( f lushing rim type, flush valve suppl ied) 
Sink (service type with floor outlet t rap standard) 
Sink (service t rap wi th P trap) 
Sink, commerc ia l (pot . scullery, or similar lype) 
Sink, commerc ia l (with food grinder unit) 

1 * 
i\ 
H 
i i ' 

2 

« 
H 
n 
2 

1J 
2 
2 
1 * 

n 
i * 
i j 
i-i 
i j 
i * 

i j 
2 

H 
3 
3 
2 
2 
2 

38 
32 
38 

38 ' 

51 
32 
32 
32 
51 
38 
51 
51 
36 
38 
38 
38 
32 
38 
38 
38 
51 
38 
76 
76 
51 
51 
51 

Source: National Standard Plumbing Code. (Metric conversions by author.) 
•Separate traps required for wash tray lor sink compartment with lood waste 
grinder unit. 

fixtures) instead of coping with the pressures 
and suctions that normal effluent would cause 
(see Figs. 10.48 and 10.49). 

The "plunger" effect of a descending "slug" 
of water/waste within pipes was described in 
Section 10.3. If the effectiveness of the 
"plunger" can be reduced, the negative and 
positive pressures created by it will be also re­
duced. Jf their values can be brought down be­
low the holding power of the several inches of 
water in the trap, no vents will be necessary. In 
the single-stack Sovent system illustrated in Fig. 
10.49, this is done by dealing with the normal 
liquid effluent at each floor. Aeration there pro­

duces a foam that lacks the stack-filling te 
dency of the liquid effluent. Thus, through? 
creation of a soft plunger, pressure variation 
the single stack are minimized. 

Tests have shown thai the positive and n̂  
tive pressures produced by normal liquid 
ent during its descent and relieved by th% 
piping are often about 5 to 12 in. (127 to 305; 
water gauge. Obviously, if the vents were* 
provided, the 2 to 4 in. (51 to 102 mm) of* 
seal in the traps would be vulnerable to pen 
tion by gases from pipes under positive pres 
or siphonage of water seals into pipes tha^ 
be under negative pressure, 

r-.-\i> 



h *(\V-V^ tf 10 WATER AND WASTE 641 

TABLE 10.12 Size and Length of Vents 
Part A, Conventional Units 

Size ol 
Soil or 
Waste 
Stack 

Inches 
\ ^ 

1i 
2 
2 

f 2j 
3 
3 

I 3 
4 
4 
4 
5 
5 
5 

1 6 
1 6 
; 6 

6 

tv 8 

1- 8 
t • 8 
! ■ ' 8 

10 

Is 10 

10 

Fixture 
Units 
Con­

nected 

8 
10 
12 
20 
42 
10 
30 
60 

100 
200 
500 
200 
500 

1100 
350 
620 
960 

1900 
600 

1400 
2200 
3600 
1000 
2500 
3800 
5600 

VA 

50 
30 
30 
26 

Vh 

150 
100 

75 
50 
30 
30 

Diameter ot Vent Required (in.) 

2 2'/s 3 4- 5 
Maximum Length ol Vent (ft) 

200 
150 
100 
100 

60 
50 
35 
30 
20 

300 
200 
100 
80 

100 
90 
70 
35 
30 
20 
25 
IS 

600 
500 
400 
260 
250 
180 
80 
70 
50 
50 
30 
24 
20 

1000 
900 
700 
350 
300 
200 
200 
125 
100 
70 
50 
40 
30 
25 

1000 
900 
700 
400 
300 
250 
200 
150 
100 
80 
60 
75 
50 
30 
25 

6 i 

1300 
1100 
1000 

700 
500 
400 
350 
250 
125 
100 

80 
60 

3 

1300 
1200 
1100 

800 
1000 

500 
350 
250 

Source- National Standard Plumbing Code. 

10.48, 10-49. and 10.50 illustrate the 
£nents and the action of the Sovent sys-
iffluem, already aerated and descending 
ipper stories, is diverted in the stack at 
lower story. The aerator fitting there af-
ipassagc for this diverted Row and also an 
«e into which the effluent from the local 
£soil or waste can .drop. Here it spatters. 
;_with the air to form a rarified mixture of 
l̂iquid. Tests show that this mixture does 
hce pressures, positive or negative, of 

1 in. (25 mm) water gauge. Thus a 
f of 2 in. (51 mm) or more is safe against 

or penetration. 
EPe foot of the single stack the aerated 

effluent is compacted—a process aided by a baf­
fle in the path of the flow in the deaerator fitting 
(see Fig. 10.50). If not relieved, air piling up at 
this point could cause pressures in the stack at 
the first floor. An air-discharge pipe provides 
this relief of air from the deaerator fitting to the 
upper part of the building drain, above the liquid 
flow. 

The Sovent system was invented by Fritz 
Sommer of Switzerland, who tested it in a 10-
story drainage test tower. Since its introduction 
in 1962, it has been installed and used in hun­
dreds of buildings in Europe and Africa. Canada 
used the Sovent method in the Habitat apart­
ments at the 1967 Montreal expo. Sovent was 
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Figure 9: Single Line Diagram 
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ECONOMIC ANALYSIS 

System 

oSite Development 
oGeotechnical 
©Architectural 
©Structural 
oHVAC 
©Electrical 
©Plumbing 
©Contingency 
©Desian Fee 

Cost Breakdown 

$65,000 
$246,000 

$2,300,000 
$1,000,000 

$936,000 
$465,000 
$147,000 
$975,000 
$750,000 

oTotal $6.8 Million 
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