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Executive Summary

As climate change continues to become more prevalent in the public eye, it is the
responsibility of every person to make small changes in their life to combat this global
problem. This senior thesis project is aimed to research and design various elements of
the building that can be implemented immediately, meaning that all technologies are
currently used. This report will investigate the use of vegetative roofing, insulated
concrete sandwich panels, radiant solar collectors, as well as the structural elements as
green building materials.

North Mountain IMS Medical Office Building is a 123,000 square foot medical office
building located in Phoenix, Arizona. The building reaches a height of 56’ and consists of
three supported office floors and a surgical center on the ground floor. The structural
system is entirely precast concrete, featuring shear walls as the lateral load resisting
system.

All redesign considerations for this project have the underlying theme of
sustainability. The building was redesigned as ordinary steel moment frames which
greatly reduced the structure weight. A vegetative roof is proposed as well as increasing
thermal efficiency of the building enclosure. Impacts to the mechanical system because
of these design changes are discussed.

The resulting research shows that small changes can have a significant impact on
the overall environmental footprint of the building. However, making these changes
require certain sacrifices to be made to other aspects of the building design and
construction.
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North Mountain As Designed Conditions

Building and Site Overview

North Mountain IMS Medical Office Building is a 123,400 square feet precast
concrete office building located in Phoenix, Arizona. This $10 million design-build project
started construction in June of 2007 and was completed February 2008. As part of the
North Mountain medical complex, the building features a state-of-the-art outpatient
diagnostic imaging center and ambulatory surgery center on the ground floor. The three
remaining floors feature over 92,000 square feet of open, rentable office space. The total
building height is 60 feet, with a mechanical parapet wall that reaches 70 feet above
ground level.

John C. Lincoln
Hospital
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Typical Framing Plans and Details

North Mountain IMS Office Building floor framing consists of 24” deep, 10’ wide
double tees with a minimum of 3-1/4” concrete topping. The tees are normal-weight
concrete and have a 28-day compressive strength of 6,000 psi. The minimum prestress
release strength is 4,200 psi. The prestressing strand is 7 wire, ¥2” diameter 270 ksi low
relaxation strand. Each strand is pulled to 72.5% capacity, which results in a 30 kip force.
The strand is held down at one point in the middle of the tee. Depressed strand provides
greater flexural strength while reducing the stresses in the concrete during prestress
release. Typical spans are 44’, 48’, and 54’. A typical floor plan is shown below.
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The 24” deep double tees are supported on the interior by 24” deep by 32” wide
inverted tee girders. 28-day strength is 7,500 psi and minimum release strength is 3,750
psi. Typical inverted tee girders use 22 ¥2” diameter stand for tensile reinforcement.
Span length for a 30’ bay is 28’ due to the columns on each end. Dapped ends on the
double tees allow the top of the tee to line flush with the top of the girder. The topping is
then poured over the tee and the girder at the same time, interlocking them. This
construction technique is known as emulation. Emulation design creates construction that
is either monolithic at critical joints, or provides connections that act as if they are
monolithic at those locations. This is a great way to connect precast pieces in high
seismic zones.

Interior spans of inverted tee girders bear on 24” x 24” columns. Concrete strength
is 6,000 psi. There is no need for prestressing strand in columns, because there is no
large tensile zone. Any tension in the columns is addressed with traditional reinforcing
bars. These columns are 56’ tall and arrive on site in one piece. These columns showcase
precast concrete’s advantages over other structural systems. The columns only need one
connection, to the foundation. This ease of construction makes North Mountain’s erection
duration much shorter compared to other systems. However, long lead times may be an
issue due to cure time and storage at the precast fabrication plant. A typical interior
elevation is shown below to demonstrate the bearing conditions for inverted tee girders
and columns.
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The exterior walls for North Mountain IMS Office Building fulfill many different
structural requirements. First, and most importantly, they provide the building enclosure.
Second, they support gravity load from double tees. Third, the walls are detailed to
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provide a pleasant architectural aesthetic. Last, but also extremely important, they resist
the lateral forces due to wind and earthquakes. These walls give the structure its rigidity
and structural integrity. Without shear walls, a moment-resisting frame system would
have to be used. This structure utilizes interior and exterior shear walls. The interior
shear walls are located in the center of the building around the elevator shaft and a stair
tower. Shear wall design will be discussed at length in the Lateral Load Resisting System
section of this report.

Below is an exterior elevation. It is easy to notice the different textures applied to
the exterior of these walls. These finishes are applied when the panels are cast, which
makes for no further work when they arrive on site. Also, the exterior wall sections depict
the bearing condition for double tees.
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Structural System

Design Loads:

Live Loads:

o Roof Live Load.......c.cccccviiiiiiiiii e 20 psf

o Floor Live Load............cco oo 80 psf

o Stair Live Load.........ccccooviviiiiiiiiiii e 100 psf

e Partition Live Load.............cccoo oo 20 psf
Dead Loads:

e Superimposed Roof Dead Load................ccccveveeiiicnnne 15 psf

o Superimposed Floor Dead Load..................cceoeevvvvnnnnn. 15 psf
Wind Load:

e Total Wind Force (North-South Direction)..................... 218 Kips

e Total Wind Force (East-West Direction)......................... 285 Kips
Seismic Load:

e Design Base Shear.............ccccoccoeiiiii 1627 Kips

Gravity Loads:

The floor live loads for North Mountain are typical office loads. The second, third,
and forth floors all feature an open floor plan with no set dimensions for walls or corridors.
Because of the open floor plan, the floor live load is 80 psf. By code, corridor loading
above the first floor is 80 psf. However, 50 psf is the minimum recommended live load
for office space above the first floor. For design, the corridor value was used as the live
load over the entire floor; it is much easier to assume a uniform load over the entire floor
compared to breaking the loads down between office and corridors. Also, a partition live
load of 20 psf is used over the entire floor.

The floor dead load only accounts for 15 psf of superimposed load which includes
mechanical, electrical, and pluming equipment. The nature of precast concrete structures
makes it very simple to calculate the actual weight of the structure; a dead load in pounds
per square foot is not needed because each piece of precast is detailed and the exact
weight calculated. Tabulated structure weights can be found on pages 12-15 in the
Appendix.

In Phoenix, there is no snow load. However, a roof live load is still required. This
live load accounts for potential ponding of rain water and construction loads.

Wind Load:

Wind Load Factors:
Basic Wind Speed, V = 90 mph
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Importance Factor, | = 1.15

Occupancy Category, IV

Exposure Category, B

Topographic Factor, Kzt = 1.0

Gust Factor, G = 0.803 (E-W) 0.814 (N-S)

Exposure Classification, Enclosed

Internal Pressure Coefficient, GCpi = +-0.18

External Pressure Coefficient, Cp = 0.8 (Windward) -0.5 (Leeward) -0.7 (Side)

Wind load was not expected to control the lateral design due to the overall
dimensions of North Mountain. The building is fairly short and it is not located in a high
wind zone. Also, there are no abnormal site features, such as hills or valleys, which would
increase the wind speed. Wind load calculations are based on ASCE 7 Method 1. The
resulting calculations gave a base shear value of 218 kips in the North-South direction and
285 Kkips in the East-West direction. Complete wind load calculations are provided in the
Appendix on page 16.

Seismic Load:

Seismic Load Factors:

Seismic Response Coefficient, Cs = 0.0769

Total Dead Load, W = 21,153 Kips

Spectral Response Accelerations, Ss = 0.256, S1 = 0.075

Site Classification, C

Response Accelerations, Sms = 0.307, Sm1 = 0.128

5% Damped Design Spectral Response Accelerations, Sds = 0.205, Sd1 = 0.085
Approximate Fundamental Period, Ta = 0.409 s

Seismic loading controls the lateral design. The design base shear for seismic loads
is actually over five times higher than the shear load due to wind. The precast structure
is very heavy, which is the main cause for such a high seismic load. The calculated design
base shear is 1627 kips. Complete seismic load calculations can be found on page 19 in
the Appendix.

Mechanical System

North Mountain IMS Medical Office Building features a split air conditioning system
for cooling and a. The split a/c system uses multiple water loop heat pumps and water
cooled condensers. The condensers are sized for a summer ambient temperature of 115
degrees and a low of 40 degrees. Due to the preliminary nature of the mechanical
drawings used for this project, these units were not yet specified by the mechanical
engineer.
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Outside air enters the building through one of two air handling units. When cooling,
the units cool the air down to 55 degrees. This air is sent throughout the building by
means of (2) 30”x24” vertical duct runs. These ducts are reduced to 16”x12” horizontal
ducts to supply each area of the floor. The cooled air is then reheated by hydronic heat
pumps based on the needs of the space. Hot water for the heat pumps is supplied by a
60 gallon electric water heater with an 85 gallon per minute capacity. Return air is
completely exhausted; there is no recirculation of return air. The used water is routed
back to the electric boiler.
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Project Objective

As climate change continues to become more prevalent in the public eye, it is the
responsibility of every person to make small changes in their life to combat this global
problem. It is also the responsibility of industry leaders and politicians to make sound
choices concerning the environment. The construction industry is no exception. In the
United States, 54% of energy consumption is directly or indirectly related to buildings and
their construction; commercial buildings represent a major share in energy consumption.
In the past, this industry has been slow to change as code documents are approved years
after they are published. However, technologies needed to stop global climate change
currently exist. The construction industry should be the leader in the green movement,
because public opinion holds “green” as fashionable and we can provide our future
generations with sustainable, environmentally friendly buildings.

This senior thesis project is aimed to design various elements of the building that
can be implemented immediately, meaning that all technologies are currently used, to
produce a more sustainable building. This report will investigate the use of green roofing,
insulated concrete sandwich panels, radiant solar collectors, as well as the structural
elements as green building materials. When all of these technologies are combined, the
result is a sustainable product which will last for many generations and be an example of
industry leadership for all parties involved.

Structural Depth

North Mountain’s precast concrete structure is efficient and provides a safe
environment for all occupants. However, the heavy concrete structure raises the design
seismic load to more than five times the wind load. Considering the building’s
dimensions, wind load should not control the lateral load resisting system in this region of
the United States, but reducing the seismic loads could result in a more efficient structure.
In general, there are two ways to reduce the seismic load on a building. The first is to
change the lateral load resisting system itself. Different systems have different Response
Modification Factors, R, which is a multiplier used to determine the magnitude of seismic
loads. A smaller R value will result in a larger seismic load. The other way to reduce the
seismic load is to reduce the weight. This can be accomplished by choosing different
materials for the floor framing and lateral load resisting system.

This project incorporates both techniques. However, using steel ordinary moment
frames will change the R value from 4 to 3.5 resulting in a slightly higher seismic load.
However, seismic loads will still be reduced by a dramatic drop in weight. A different
facade could also be used to reduce weight, but this may drastically alter the exterior
appearance of the building. So, the exterior precast concrete walls will remain. However,
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they will not act as part of the lateral load resisting system. This allows them to be thin
which, once again, reduces the structure weight.

Sustainable Architecture Breadth

Reducing electricity use and limiting green house gases will help to create a more
sustainable Earth. A sustainable building incorporates many different green technologies
throughout all aspects of construction. For this breadth, a few main components will be
investigated to produce a more environmentally friendly building. Such components will
include a vegetative roof and insulation techniques for precast concrete wall panels. Also,
the effects of changing the framing system from concrete to steel will be discussed.

Mechanical Breadth

In conjunction with sustainable architecture, the means and methods of providing
heating and cooling for a building must also be investigated. With the addition of a green
roof and increased exterior insulation, new heating and cooling loads will have to be
calculated. Also, by utilizing Phoenix’s 200 plus days of full sunshine a year, energy to
generate hot water can be greatly reduced. A system of panelized radiant solar collectors
on the roof will provide hot water for the building’s heating demand. Even though the
Phoenix climate does not require a high demand for heating, the goal is to utilize nature
as much as possible to provide heating for the building.
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Sustainable Architecture Breadth

Environmental Effects of Steel vs. Concrete Building Frames

www.shalomrav.wordpress.com www.healylongjevin.com

When considering the environmental effects of buildings, all stages of a building’s
life-cycle must be considered. These stages include material extraction and
manufacturing, building construction, building use, building maintenance and building
end-of-life. Life-cycle assessment (LCA) is commonly used to measure the overall
environmental impact of buildings. LCA accounts for energy use and emission generation
for every life-cycle stage. Simple LCA is used in this report to compare the environmental
impacts of the existing precast concrete framing system with the redesigned steel frame.
The figure below shows the basic principles of LCA, breaking down the building into
phases and measuring each part’s environmental impact. Using this type of approach, it
is easy to determine specific areas for improvement.

Environmental Emissions

T G G O

Materials Building Building Use Building Building End-
Extraction & | Construction Maintenance of-Life
Manufacturing
(EIO-LCA) (CEDST) (EIO-LCA) | (Process data) | (Process data)
Energy and Resources Consumed

Life-cycle phases of an office building
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The largest difference between concrete and steel frames is noticed in the
materials extraction and manufacturing and building construction phases. The following
sections will discuss and compare the environmental impacts of both concrete and steel
relating to building frames.

Material Extraction and Manufacturing

Steel is an exceptional performer with respect to recycled content. The amount of
recycled content in steel products varies over time, both as a function of the cost of steel
scrap and its availability. The only manufacturing method used domestically for the
production of structural shapes contains about 95% recycled content. Since steel is made
to exact specifications, on-site waste is minimized. Steel is the worlds, as well as North
America’s, most recycled material.

Recycling of concrete is a relatively simple process. It involves breaking, removing,
and crushing existing concrete into a material with a specified size and quality. The quality
of concrete with recycled concrete aggregates is very dependent on the quality of the
recycled material used. Reinforcing steel and other embedded items, if any, must be
removed, and care must be taken to prevent contamination by other materials. The
crushing characteristics of hardened concrete are similar to those of natural rock and are
not significantly affected by the grade or quality of the original concrete.

Fly ash, slag cement, and silica fume are industrial by-products that are used as a
partial replacement for portland cement in concrete. These supplementary cementitious
materials (SCMs) are pre-consumer materials. If not used in concrete, these materials
would use valuable landfill space. Fly ash is commonly used at replacement levels up to
25%; slag cement up to 60%; and silica fume up to 5% to 7%. Because the cementitious
content of concrete is about 7 to 15%, these SCMs typically account for only 2% to 8% of
the overall concrete material in buildings.
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Building Construction

For either frame system, materials must be
shipped to the site from the fabricator’s shop.
North Mountain has a steel fabricator and
precast manufacturer within 20 miles of the
site. This is an important variable to take into
account; the trucks used and distance traveled
to transport the material can considerably
effect emissions. Trucks carrying concrete
pieces can potentially have higher emissions

| and lower fuel efficiencies than trucks carrying
steel pieces due to the heavier loads on each truck.

Waste and temporary materials used at the fabrication shop are also a large
contributor of negative environmental effects. A few examples are oils and lubricants
used in steel shops and wood forms used in precast concrete production. Precast
concrete, however, has many advantages over cast-in-place concrete. Since each precast
manufacturer produces standard size pieces, formwork is typically used more than once.
Also, controlled shop settings reduce the amount of waste concrete used. Steel shapes
are manufactured to exact specifications, so steel waste is limited.

Building Use and Maintenance

Building use and maintenance includes all impacts of functions, renovations,
materials and related activities to the use phase of a building. This phase is the most
energy intensive within LCA; it includes all the energy required to heat, cool and power
the building. Energy consumption during the use phase is typically the main topic of
discussion when considering sustainable design. However, the structure represents little
environmental impact during this phase. For a typical office building, such as North
Mountain with a 50 year lifespan, the building use and building maintenance phase is
comparable for either a concrete or steel frame. The best way to limit negative
environmental effects caused by the building frame during this phase is to ensure efficient
and practical construction practices.
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Building End-of-life

The end-of-life phase includes demolition of the building and removal of debris.
Typically, concrete buildings take longer to demolish than steel buildings. Also concrete
frames are much heavier than steel frames which will require more trucks to remove
debris off site. Nearly 100% of structural steel is recycled into new steel products at the
end of their useful life. Concrete is a relatively heavy construction material and is
frequently recycled into aggregate for road bases or construction fill. Concrete can be
especially difficult to recycle because all other materials must be removed, such as rebar.
Once separated, rebar can be recycled.

Concrete frames have more embodied energy due to the use of temporary
materials such as formwork and extra transportation impacts due to its larger mass.
However, construction of steel frames produces more volatile organic compounds (VOCs)
and heavy metal emissions due to touch cutting and welding. Referring to page 37 in the
Appendix, typical construction process diagrams of steel and concrete buildings show
where waste and various emissions are generated. Studying these diagrams proves to be
inconclusive when trying to determine the worst environmental offender. There is not a
prominent difference between concrete and steel frames. Also, building frame
construction only represents up to 10% of energy use during a building’s life cycle.

Relating LCA to North Mountain will create more efficient building structure and
systems design. In terms of this project, many sustainable items have been implemented
in the redesign. A green roof will significantly reduce roof maintenance costs and energy
use for heating and cooling systems. Insulated concrete panels will further reduce energy
use. Including specifications to include recycled content into construction materials will
reduce manufacturing emissions. Since the redesigned structure will feature mostly steel
and concrete produced in fabrication shops, on site construction waste will be kept to a
minimum. The structural frame for North Mountain, whether steel or concrete, will not
have near the environmental impact as the mechanical and electrical systems.
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Green Roof

Green roofs provide many benefits for the environment, building occupants, and
building owners. These advantages range from ecological to aesthetic to economic. The
ecological benefits stem from replacing an unnatural surface with a mini ecosystem. Also,
the green roof replaces the land that the building footprint occupies. Aesthetically, a
green roof is a drastic improvement from an ordinary roofing system. Adding a green roof
will add another level of aesthetic interest to a building. Economic benefits are not
realized until the long term. Green roof installation is more expensive than a traditional
system, but investing the extra initial capital can return by reduced maintenance costs
and energy savings.

Green roofs can provide an inviting outdoor space while serving as a functional way
to limit the heat island effect, control water runoff, and help to reduce energy
requirements for the building. The proposed green roof for North Mountain will fulfill two
of the above beneficial aspects; it will reduce both the heat island effect and building
energy consumption.

According to the National Weather Service, Phoenix averaged 6.7 days of 110
degree heat a year in the 1950’s. Now, that number averages 21.9 days. Unfortunately,
this extreme heat does not dissipate at night; it is stored in the cities’ buildings and paved
surfaces. Outlining rural areas of Phoenix have an average night time low that is 14
degrees cooler than the city. Higher night time temperatures result in more energy and
water use. This was the main factor when choosing to add a green roof to North
Mountain.

Evaluating a green roof’s insulation properties and determining exactly how much
energy can be saved is a difficult task. Depending on water within the soil, the R-value
will change dramatically. However, since there is little rain in Phoenix, the R-value of the
roof will remain fairly constant. This R-value is not the most beneficial thermal aspect of
a green roof. Since the green roof will have vegetation, the sun’s rays are reflected away
from the roof. This will reduce the actual temperature on the roof. Also, when it does
rain, the process of evaporation will dissipate heat. Even though an exact R-value cannot
be determined, there are many ways that the green roof will reduce stored thermal
energy. These energy saving aspects will be discussed further in the mechanical breadth.
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Selecting vegetation for a green roof in Phoenix Arizona is a challenging task. It is
so challenging, in fact, that some landscape architects consider such information
proprietary. The main challenges are the desert heat and little rainfall. However, many
native plants will thrive in this environment. Most desert plants have long root systems.
The plants use the long roots to search for water deep below the surface. Here in the
Northeast, it is common to have a growing medium of only a few inches. In the Arizona
sun, this is impossible without extensive irrigation. Irrigation should be avoided in most
cases; the plants used for this project do not require irrigation. Water in this area is
scarce and should be used only for necessity.

Using a variety of flowering plants and shrubs, the growing medium should be at
least 10 inches deep for this area. Twelve inches ensures that root systems have ample
room to develop. If large shrubs or small trees are desired, a soil depth of 24 inches is
recommended. However, using this amount of soil can strain the structural system.
Larger gravity beams are needed to provide the strength required due to the extra dead
load. Also, placing this load on the roof causes a significant earthquake load to be applied
at that story. As a goal of this project, lateral loads are to be kept to a minimum. Effects
of this additional weight will be addressed in the structural depth portion of this report.

For North Mountain, a soil depth of 10 inches was chosen. With this depth, only
small shrubs can be used. Again, no irrigation is necessary with the vegetation selected.
Using many online landscaping guides for the Phoenix region, the following plants were
selected.

Trailing Rosemary: As one of the best and toughest
plants for arid growing zones, trailing rosemary does well in poor
or shallow soils. It tolerates great heat and blazing sun as well
as cold climates. Pale flowers appear along branches in spring
and throughout the year. The low-growing form is used as a
ground cover. The upright form makes a nice shrub or hedge.
Grows to 2 feet high and spreads 3 to 6 feet or wider.
(www.horticultureunlimited.com)

Damianita: This ground cover is a star performer in the
arid Southwest. Damianita has a long blooming season and
fragrant foliage. Golden yellow, daisy-like flowers are small -
about 1/2 inch across. Bright green, needle-like leaves create a
nice contrast to the flowers. This plant has a long bloom period,
but flowers are most profuse in the spring and fall. Damianita
grows at a moderate rate to 2 feet high and 2 feet wide.
(www.horticultureunlimited.com)
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Prickly Pear: Easily grown in dry, sandy or gravelly,
well-drained soils in full sun. May be grown in clay soils as long
as drainage is good and soils do not remain wet. Plants often
spread in the wild to form colonies as pads break off and root
nearby. (www.mobog.org)

Hedgehog Cactus: A small barrel-shaped cactus.
Flowers are scarlet red, with many petals, and are cup-shaped.
The flowers are one to two inches long and grow below the
stem's apex. Flowers bloom April through June, from low to
higher elevations. This is the first cactus to bloom in the spring.
The flowers bloom three to five days. (www.desertusa.com)
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Precast Concrete Sandwich Panels

Architectural precast cladding provides an efficient building enclosure while offering
a variety of finishes that can provide almost any desired aesthetic. Since the product is
manufactured in a factory setting, there is high flexibility of architectural finishes.
Manufactures must satisfy strict dimensional tolerances and offer superior performance.
These panels are thermally efficient and use a minimal amount of material.

' 1 aah e _ - "j*.
— . 'y‘- | - e " ’5

Examples of Architectural Precast (from left): Gateprecast.com, acps.com, Ravacast.com

Precast concrete sandwich panels were chosen as the building envelope for this
redesign project mainly to ensure that the architectural aesthetic of the new system
resembled the architect’s original design. This was achieved by casting the panels with
the same dimensions as the original shear walls. Precast sandwich panels were also
selected due to its high thermal and strength efficiency. The strength aspects will be
discussed in the structural depth portion of this report.

The panels used for this project provide all necessary insulation for the building’s
exterior wall. This is a great feature, because no further insulation is required once the
building is erected saving interior construction time and cost. Higher R-values result in
lower heat loss through the insulation. This is a very important part about sustainability;
more insulation means less energy use. The insulation selected is called ISOCAST R and
is a type of Polyisocyanurate insulation manufactured by Dow Building Solutions. The
product works very well for concrete sandwich panels. It provides excellent insulation
with an R-value of 6.5 per inch and will not corrode or react chemically with the concrete.
Also, it is manufactured into 4’x8’ sheets which can easily be cut to fit any desired shape.

Despite a high insulation value through most of the sandwich panel, large
windows will subtract from the overall facade insulation value. North Mountain has many
large windows which must be considered when determining insulation value. The existing
windows consist of a single pane ¥4” low E glass. To significantly increase the overall
insulation value of the wall panel, a significant change must be made to the windows as
well. Using double or triple pane windows can make that significant change. Also, using a
variety of different coating films, solar heat gain can also be reduced. Reducing solar heat
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gain is an important part of cutting cooling costs especially in a city that averages over
200 full sun days a year.

The new glazing selected for North Mountain is a double pane system featuring 2
Y,” low E panes separated by 2" air space. Both panes are designed to limit solar heat
gain while allowing visible to be transmitted. Below is the product description and

specifications.

o Product Comparison Chart

Oldcastle Glass’
Wisible Light Ultraviolet | Solar | U-factor / U-Walue |
; | : Solar Heat : =
Canfiglirskisn Marminal e I G T Shading T Relative Light to
Thicknezs Mraps: 1 SREERRSSES Trans Trans Reflectance Wlinter Summer | Coefficient fici Heat Gain | Solar Gain
% Cutside % |—Inside %% % % Cutside % | Mightime | Daytime Coefficient
OB 174" Pilkingten Sold Eclipse Advantage™ Radiant Low-E #2
A50 142" (Air Fill)
IB:  1/4" Oldcastle Glazs@ SunGlass™ Low-E #3
G0 0,956 23 32 18 1 2 40 0.29 0.27 0.23 0.z20 51 1.15

Using a layup of 2” concrete on the exterior face, 3” insulation, and 3” concrete on
the inside face, an R-value of 21.8 can be obtained. Combine this with the new window
R-value (4.63), and the overall panel R-value reaches 10.3. This is a 247% increase in
thermal efficiency compared to the existing system. Refer to page 40 in the Appendix to
see R-value calculations for the existing and redesigned building envelope. Energy
savings due to this added insulation are discussed in the Mechanical Breadth portion of

this report.
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Mechanical Breadth

Heating and Cooling Load Reduction

According to the 2003 Commercial Building Energy Consumption Survey, space
conditioning in U.S. commercial buildings is responsible for 3,037 trillion Btus per year of
site energy use. This is a staggering number showing no signs of decreasing. For this
breadth only the mechanical loads will be calculated. The existing structure is compared
with the redesigned structure.

Heat loss is divided into two groups: transmission losses and infiltration losses.
Transmission heat loss by conduction and convection occurs through confining walls,
floors and ceilings. Infiltration heat loss is caused by outdoor air infiltration through
cracks, openings and natural ventilation. Limiting each type of heat loss is important to
reduce the overall energy consumption of a building. Higher R-values for building
enclosures and roofing systems will reduce the amount of transmission heat loss. This is
a relatively easy aspect of the building that can be redesigned. For this report, air
infiltration and natural ventilation is assumed to be the same for both the original and
redesigned building.

Trane Trace 700 was used to compute heating and cooling loads for both the
existing building and the redesigned building. Based on occupancy and function, the
program determines the requirements for heating and cooling in BTU/hr and tons,
respectfully. The purpose of using this program is to see what effect the precast concrete
sandwich panels and green roof would have on heating and cooling loads. As stated
previously, the R-value for the existing facade is 4.2, and the new system is 10.3. The
percentage of glass area on each wall of the building ranges from 27% to 37%. So, a
large part of the increased efficiency is a function of selecting insulating glass instead of
single pane.

Since North Mountain is a general office building, the space on the upper floors will
be divided based on tenant demands. Modeling these floors with rooms would be
impossible because there is no way to know how the floor space will be divided. Instead,
each floor was modeled as an individual room, making a total of 4 rooms. Heating and
cooling loads were first determined by modeling the existing building. The model
produced similar results to those calculated by the design professional. The design and
calculated loads are shown on the next page.
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Design and Calculated Loads

Heating (Btu/h)  Cooling {tons)

Design Professional 641,650 341
Calculated Exisiting 670,678 394
Calculated Redesign 681,226 256

Since the model was considered accurate, a new model was created representing
the facade changes and green roof. The program accounted for these changes by
adjusting the U-value of the roof and walls. Also, the reflectance of the new windows was
also taken into account. However, the reflectance of the roof was not considered for the
redesigned model; there is no way to enter that information into the program. The green
roof would have a lower reflectance than then existing system, which would result in
further decreased cooling loads.

The calculated results show that the increased insulation reduced the cooling load
by 138 tons, or 35%. However, the heating load increased by 10,000 Btu/hr or 1%. This
can be accounted for the fact that the new windows have a higher reflectance which will
limit solar gain in the cooler months. Smaller air handling units can be sized based off the
new cooling load requirements.
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Radiant Solar Collectors

Radiant solar water heating panels work by capturing the suns radiant energy and
converting it into heat. Tubes inside the panel either directly heat the water flowing
through them or a transfer fluid that warms a heat exchanger. This exchanger heats
water in a storage tank. Solar systems must be used in conjunction with a conventional
system in case of extended periods of cloudy weather. Utilizing Phoenix’s 200 plus days a
year of full sun, radiant solar collectors are an efficient way to reduce the overall energy
use within North Mountain IMS Office Building.

Solar
Collectors

e
]
|
|3
A

s

_ HotWater
to Fixtures

Mechanical
Package

B0 gallon Storage
Hot Water Heater with
Integral Heat

Exchanger

Cold Wate:
from Supply

University of South Carolina (www.thermomax.com)

The solar water heating system was sized using RETScreen Clean Energy Project
Analysis Software. This software allows input of the project location as well as many
different solar products. Heliodyne Gobi 410 glazed panels were selected. These panels
are very efficient for the Phoenix region. Evacuated tubes were also considered, but they
tend to be more efficient for colder climates. Also, glazed panels have much cheaper
upfront costs. Based on the RETScreen software, 25 panels are required provide roughly
320,000 Btu. This is approximately half of the required load. However, if 50 panels are
used, the energy provided does not double. Inefficiencies in the system do not allow for a
linear relationship. To combat this issue, two separate systems will be used; 25 panels
and one storage tank for each system. This will provide a total of 640,000 Btu of energy,
enough to generate almost the entire heating requirement for the building. The output of
this program can be seen in the Appendix on page 42.

The storage tanks will rest of the roof, which minimizes the distance hot water
travels to the tanks. The Gobi 410 panels are 4'x8’. Using 50 panels gives a total panel
area of 1,600 ft.? . This could potentially reduce the size of the green roof, but the panels
are installed on a 25 degree incline which reduces their projected area by 10%. This
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incline will also allow plants to grow underneath. The shading form the panels will also be
beneficial, reducing the temperature on the roof. The southern face of the building is 180’
long, so two rows of panels facing due south can easily be adapted into the roof structure.
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Structural Depth

Precast to Steel Framing

RAM Structural System

The main reason for changing the structural system from precast concrete to steel
was to reduce the weight of the structure. The massive precast concrete system had
seismic forces which are five times more than the wind forces. Steel frames are much
lighter than concrete frames, and changing the system for North Mountain proved to
significantly reduce the design seismic forces. Complete framing plans, which will be
discussed in detail throughout this section, are provided in the Appendix on page 43.

Ordinary steel moment frames were selected as the lateral load resisting system.
The building structure is designed as a space frame, meaning that the structural system
composed of columns, girders and connections resist the applied loads by flexural
stiffness, strength and ductility of its members and connections. For the redesighed
building, all girder-to-column connections are designed as rigid. Braced frames are
unpractical in an office building with rentable space, as it is desirable to keep the floor
plan as open as possible. However, by deviating from the long spans capable of
prestressed concrete, more internal columns had to be added. Future tenants will have to
work around and within the column grid. A potential major pit fall of adding more
columns is the effect on the layout of the first floor surgical center. Without the layout of
this floor, it was impossible to determine appropriate column locations. Lacking this
information, square 30’-0” structural bays were designed. This size bay works perfectly in
the 180°’-0” by 240’-0” building footprint.
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Gravity loads remain the same on the office floors, however the addition of the
green roof adds significant load to the roof framing. If needed, reference “loading
analysis” in the North Mountain as Designed Conditions of this report for loading
information. The ten inches of soil is considered dead load and analyzed at 100 psf. Also,
building code requires an additional 20 psf live load for green roofs. Slab and deck design
were based on ten feet spans. Vulcraft 2.0 VLI 17 composite floor decking was selected.
The deck load table used can be found on page 47 in the Appendix. This deck and slab
selection can withstand loads from both the roof and office floors. Using composite
beams, the typical gravity beam size for office floors is W16x31 with 18 studs. These
beams span 30’-0” and have a tributary width of 10’-0”. W18x35 beams with 22 studs
are required on the roof.

Seismic loads were drastically reduced due to the lighter structure and the
decreased response modification factor, as mentioned earlier. As designed, the seismic
base shear is 1627 kips. The steel framed base shear is 730 kips, which is 45% of the
concrete frame seismic load. Seismic calculations are provided on page 48 in the
Appendix. To compare how this would relate to material savings, concrete shear walls
similar to those used in North Mountain would have to be designed for the steel frame
system using this new base shear value. However, in an effort to reduce the amount of
concrete in the building, steel moment frames were selected to act as the lateral load
resisting system. As shown below, all bays act as moment frames in each direction. The
elevator shaft in the middle of the building does not provide any resistance to lateral load.

(Red beams and columns indicate moment frames)
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Using RAM Structural System, the typical frame beams are W18x55 on the first
three floors, and W21x62 on the roof. W14x74 columns support the roof and the fourth
floor. These columns carry their loads to W14x90 columns which support the third and
second floor. RAM designed the frames based on user inputs for story forces. Story force
calculations are provided on page 50 of the Appendix. A typical frame is shown below.

W21X62 W21X62 W21X62

W14X74
W14X74
W14X74
W14X74

W18X55 W18X55 W18X55

W14X74
W14X74
W14X74
W14X74

W18X55 W18X55 W1BX55

[=} =] =] [=}
2] 2] =) 2]
x x x x
= = = =
4 £ 4 4

W18X55 W18X55 W18X55

W14X90
W14X90
W14X90
W14X90

The precast concrete frame performed very well under seismic and wind loading
conditions, with a total building drift of less than half and inch. This is a number that can
not be matched be the steel frame. However, based on the size of members in the
moment frame described above, total building drift is within code requirements. Refer to
page 52 in the Appendix for story drift calculations and code comparisons. RAM Structural
System was used to calculate building drift magnitudes.

Adding columns to the frame and reducing the gravity load also has a positive
impact on the foundation system. The as designed system utilizes a series of drilled
concrete piers. In some locations these concrete piers are drilled to a depth of 30 feet
and have a diameter of six feet. With lighter column loads, deep foundations are no
longer necessary. Even though soil bearing capacity is only 3,000 psf, standard spread
footings can be used. Changing to the shallow foundation system will save approximately
170 cubic yards of concrete, which constitutes a 10% material savings. Material take offs
are shown in the Appendix on page 54.
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Precast Concrete Sandwich Panels

Load bearing concrete panels can support floor or roof gravity loads and can also be
utilized as shear walls for the lateral load resisting system. Non-load bearing panels do
not carry gravity loads, but can act as shear walls. However, non-load bearing panels
must resist wind and earthquake forces acting on the panel itself. By using insulated
concrete sandwich panels, a majority of the required insulation value for a particular
building can be provided by the panel alone. Insulated panels can be load bearing or non-
load bearing.

Concrete sandwich panels can be designed as either composite or non-composite.
Composite panels use both concrete wythes to resist design loads. The figure below is an
example of a composite panel. The shear connecter transfers load so that the two
concrete wythes act as one. Panel thickness can be limited by allowing the two concrete
wythes to act together. Shear connectors are typically steel, but for this project, fiber
reinforced shear connectors were selected. These connectors are superior to steel
connectors because of their low thermal conductivity, high strength, and resistance to
corrosion.

EXTERIOR
CONCRETE
YWHTHE

COMPOSITE
SHEAR

COMMECTOR
INSULATION

WHTHE

INTERICR.
COMCRETE
W THE

(www.thermomass.com)

Since the panels for the redesign are non-load bearing and are not self supporting,
the only design loads to be considered are stripping and handling, wind, and seismic
forces. Resulting calculations have shown that wind is the controlling service load.
However, stripping and handling forces cannot be neglected. Panel load calculations can
be found in the Appendix on page 55 Moments due to self weight and wind load were
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calculated using STAAD beam 2.0. Minimum reinforcement controlled the design of both
the exterior and interior wythe. The panels were designed as composite panels; this was
achieved by using fiber composite connectors.

Connections must be properly detailed and designed to transfer panel loads to the
steel framing system. Two bearing connections are provided near the end of each panel
transferring the panel’s self weight to the framing system. These connections also resist
lateral load against the face of the panel. One lateral connection is provided to resist the
lateral force acting in-plane with the panel. Tie-back connections must also be provided
to give the panel stability. These connections as well as panel dimensions and stripping
pick points can be seen in the following diagrams. Also, a simple wall section is provided
to show typical connection details.

\/ BEARING CONNECTION: RESISTS LOAD IN y AND z DIRECTIONS ONLY
[] LATERAL CONNECTION: RESISTS LOAD IN x AND z DIRECTION ONLY
X TIE-BACK CONNECTION: RESISTS LOAD IN z DIRECTION ONLY
O  PICK POINT - FOR STRIPPING & HANDLING
30°
¥ T grdr 'T g 4 T o4 T v
2 ’T 13 ’T 13 'T 2
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o e o
- K m] m] O m] !
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4 4
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= < 4 . =
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v BEARING CONNECTION: RESISTS LOAD IN y AND z DIRECTIONS ONLY

D LATERAL CONNECTION: RESISTS LOAD IN x AND z DIRECTION ONLY

>< TIE-BACK CONNECTION: RESISTS LOAD IN z DIRECTION ONLY

WALL PANEL

\\
N

LOADING DIAGRAM

/ ~— TUBE STEEL OR
] / SHEAR BAR

~— STEEL BEAM
/
P

™~

TR SLOTTED INSERT

[l

—_—

[Hopple-Final Report]

Page 33



The figure on the bottom of the previous page shows basic connection details for
simple bearing and tie-back connections. This connection combination allows for fast
erection. The panel is supported near its base with tubular steel or a shear bar. Once the
panel is resting securely on the beam, the top is bolted through a steel angle that has
been previously welded. The panel can be released as soon as the panel has been bolted
down. This is an important safety feature, because no welding is necessary to initially
secure the panel.

Considering various structural and architectural design criteria, the use of precast
concrete sandwich wall panels has achieved the project objective. The panels use much
less concrete than the original concrete shear walls, which reduces the overall structure
weight. The total building enclosure weight was reduced by 55%. Due to the three
inches of insulation in the wall panel, no further insulation is required in the interior of the
building. Overall, precast concrete sandwich panels are an efficient, high quality product
that should be considered for many different building types early in the design phase.
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Conclusions and Recommendations

Overall, North Mountain IMS Medical Office Building is a safe and efficient building.
The building meets all the owner’s requirements and was delivered on schedule and on
budget. Analyzing the success of a building can be measured on the following items,
aesthetics, energy efficiency, total cost, quality of materials and swift construction. North
Mountain is a successful building because it meets all of the owner’s requirements. The
most important aspects for the owner concerning the construction of North Mountain were
time and cost. The owner wanted a building that could be completed quickly and at a
competitive cost. The design provided certainly hits these marks while also providing a
quality medical office building.

Changing a few aspects of the building will certainly effect both construction time
and cost. Precast concrete is one of the fastest structural systems to construct as well as
cost efficient. Changing to steel framing will add cost and time to the construction
schedule. For the educational purposes of this report, the owner’s needs were slightly
ignored. However, the structural system redesigned within this report is a realistic effort
of designing to specific goals set forth in the Project Objective. All design elements were
carefully considered based on structural integrity, serviceability, cost efficiency and
sustainability. No structure should be designed without constraints.

The use of space moment frames may not be the most efficient way of resisting
lateral loads. A system of perimeter moment frames could have been explored. This
would result in fewer moment connections resulting in a cheaper structure. However, the
use of moment frames throughout the floor plan does provide a certain factor of safety
because more elements are used to resist the lateral loads.

The redesigned structure met the goals outlined in the Project Objective section of
this report. Structure weight was significantly reduced which saves on material. An
added benefit of this is that the transportation requirement of materials is also reduced.
The steel frame was originally proposed because it was thought that the recyclability of
steel would make it a more sustainable construction material. However, upon further
research, both steel and concrete frames have relatively equal environmental footprints.

Reducing the environmental impact of this building was a large part of the design
elements. Reducing the cooling load on the building will cause a significant drop in energy
consumption. However, the changes required to facilitate a sustainable building are not
cheap. The green roof, radiant solar panels, and insulated concrete panels will add
significant cost to the building. Here is another example of where the owner’s needs were
skewed. These added costs are not in vein; the new heating system combined with the
green roof will quickly recoup its upfront cost by an overall reduction in building energy
consumption. Also, North Mountain could be a leader in sustainable design for the region;
it would certainly have the largest green roof in the southwest.
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The objective of this report was to investigate various techniques to reduce the
environmental impact of the building. This was accomplished by vegetative roofing and
increased thermal efficiency of the building enclosure. From the findings of this report, it
is a general recommendation that all buildings should go through a “green engineering”
design phase before construction documents are finalized. This would be a similar step as
“value engineering”. Instead of finding ways to reduce costs in a building, green
engineering would find ways to reduce energy consumption. Obviously, there are many
ways to reduce energy consumption. The green engineering phase would concentrate on
small changes throughout the building that would result in a significant reduction in
energy consumption.

Certainly, more improvements could be made to reduce the environmental impact
all buildings. One could argue that a more sustainable material exists for every aspect of
design. However, ignoring the problem is far more perilous to the planet than choosing to
do something, no matter how small. In this election year, | am inspired to quote two
presidential contenders. From John McCain, “Our nation has both an obligation and self-
interest in facing head-on the serious environmental, economic and national security
threat posed by global warming.” And from Barack Obama, “Change does not happen
from the top down, it happens from the bottom up.” The construction industry must be a
part of the solution.
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Steel Process Diagram
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Energy Model Output

RET Screen” Energy Model - Solar Water Heating P roject

Site Conditions

Pmject name Zee Online Mbnual
Pmoject location Phoenix, & rizona
Mearest locgtion for wegther daa Phoenix Sy Harbor, A5 = LComplats SREHL sheot
Aonual solar adation fited suface) b 2
Aonual awe@ge temperatur T 287 =20 0to 20,0
Aronual aweage wind speed s 20
Dezired load temparature T G0
Hot water use Ld 12 000
Mumber of months analysed month 1200
Erergydemard for months analysed hfih 190057
System Chamcteristics Estimate MNotes/Range
Application type Seniice hot water (with storage)
Base Case Vater Heating System
Heating el type - Electricity
WMigter beating systemn seasond eficiency % 150% A0 o 190°%
Solar Collector
Cirllector typs Gazed Eee Technical Mok 1
Solar water heating collector manufacturer Heliodyne Exe Prodyck Dabbgss
Solar water heating collector model Helodyne Gobi 410
Gross area of ane collector m* 304 100 ta 5.00
FAperture area of one collector e R 10010 5.00
Fritau alpha) coeficient - 0.7 040 to 090
Fr UL coeficient (L e S EXT 15010 2.00
Temperature coeficent for Fr LIL LLLCE Rl B ooo 0000ta 0.010
Suggested number of collectors 27
Murmber of collectors | 5 |
Total gross collestor ara m* 934
Stomge
Fatio of storage capacityto coll. area Lin® | 5.0 | 37 St 100.0
Storage capacity L 4, LE5
Balance of System
Heat exchanger/antifresze protection woho | Mo |
Suggested pipe diameter mm M, Sto 25 or PVC 2S00
Pip= diarmeter mm e Sto 25 or PVC 2S00
Pumping power percollector area Wm® 1] o X2, orl
Piping and solartank losses & 1% 1% 10 10%
Loszes due to snow andsdor dirt T ek 2% 10 10%
Harz. dist. fom mech . room to colector m 4 Sto 20
# of doors fommech. roomto collectar 2 O+to 20
SiH system capacity h:uu,. T
0. 062
Pumping enengy (electnicity) Puil .00
Specific yield kubh AT 1,004
Systerm e ficiency * 43 %
Solar fraction T HE
Fanemable erergydelivered hfinh 33 87
| million Bty | 320.1
[ .ﬂmdﬁtﬁ ok E[Iil!!'-.ﬁ '-tlﬁ ok
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Framing Plans
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Vulcraft Deck Table

(N=14) LIGHTWEIGHT CONCRETE (110 PCF)

Total 301 Max. Unshored Superimposed Live Load, PSF
Slab Deck Clear Span Clear Span (ft-in.)
| Depth Type 1%pan | 2Span | 3Span | 640 | &6 | 740 | 76 | &0 | @6 { o0 | o6 | 4000 {106 | 190 | 116 |12~0 |926 |13-0
2vL122 -2 @6 9-8 | 238 209 186 149 133 120 108 98 a0 iy 75 69 64 59 55
47 2121 7-10 10-2 10-6 | 254 223 1498 178 142 128 115 105 a6 ar a0 74 68 63 o8 |
2VLI20 a5 109 11-1 | 268 235 209 187 169 135 122 110 101 92 84 78 72 [ili] 61
{t=2"y | 2VLI9 -6 1111 124 | 287 | 260 | 230 206 185 188 | 183 141 11 101 93 36 K] 73 68
2VLI18 106 1210 13-3 | 324 | 285 | 253 227 | 208 187 | ATd 158 | 148 136 107 ag g2 86 an
30PSF | 2vLNT 115 13-8 14-0 | 3582 ang 273 245 221 20 184 169 156 145 135 107 99 92 86
2116 121 144 14-4 | 377 330 292 261 235 214 195 179 165 152 143 133 118 a8 41
2VL122 69 91 9-3 | 276 243 1495 173 155 139 126 114 104 96 88 a1 75 69 64
4 1 VL2 -5 -9 10-1 | 295 250 23 185 165 149 134 122 111 102 93 a6 i) 73 68
2VL120 a-0 104 10-8 | 312 273 243 217 196 157 141 128 117 107 98 a0 a4 7 72
(t=21/27) | 2VvLI9 90 11-5 11-9 | 346 302 268 239 215 195 178 142 129 118 108 100 92 a5 79
2118 100 123 12-8 | 376 331 294 264 238 217 199 183 170 136 125 116 107 100 93
35 PSF | 2vLNT 10-10 131 13-6 | 400 358 318 284 256 233 213 196 181 168 134 124 15 107 100
VL6 115 13-8 1310 | 400 384 340 303 273 248 227 208 192 178 166 132 123 114 106
291122 6'-6 88 a-10 | 315 7T 222 1497 176 159 144 130 119 109 100 92 85 79 73
5 221 1 @4 9-8 | 337 206 263 211 189 169 153 139 127 116 107 a3 91 a4 78
2VL120 -7 ¥-11 10-3 | 355 312 276 248 199 179 161 146 133 122 112 103 95 a8 82
{t=3") 2119 a-7 10-11 11-4 | 394 345 305 272 245 223 178 162 147 135 124 114 105 a7 90
218 o-6 11°-10 12°-2 | 400 37 335 300 272 247 227 208 168 155 143 132 122 114 106
40 PSF | 2VLIAT 10-3 127 13-0 | 400 400 362 324 242 266 243 23 207 166 153 142 131 122 114
216 10-11 13-2 13-5 | 400 400 387 246 EXN| 283 258 237 219 203 163 151 140 130 121
291122 6'-4 8-6 -8 | 334 268 236 209 187 168 152 138 126 116 106 a3 a0 a4 8
LTV - T 70 .7 a-f | 2A7 214 | 774 774 00 1an | 1R2 14n | 438 173 111 nd of aq a1
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Seismic Base Shear
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Story Drift

o — (4 - e S
Alow b BLE Stoey DiGEeyas ™ g% 1= 1.5

—G%(;@- < -i*':rx e TIS5TH g;, <126

R« = J .S SN

S'.‘ol‘L\.’ Ai ;\( T U _exrFl = B

L LdC Disp X Disp Y ThetaZ

in in rad

i D 0.00331 0.00186 -0.00000

- Lp 0.00506 0.00162 -0.00000
Rfp -0.00003 0.00006 -0.00000
El -0.00522 0.60262 0.00007
E2 0.60037 -0.02145 0.00024 —
Wil -0.00213 0.23875 0.00003
W2 017720 000657 0.00007

l:--ro?_yij;l ALLow ABLE l p=FT. =

~fSar e ﬁ‘T e/ b e g

_bf_Q_‘_ Q Ac TUAL L/ R F1 Ll v p
LdC DispX Disp Y Theta Z

in in rad

D 0.01810 0.01586 -0.00000

= Lp 0.02446 0.01317 -0.00001 —

i Rfp -0.00004 0.00060 0.00000
El -0.02008 2.46263 0.00030

- E2 2.47365 -0.08534 0.00097 —

£ Wi -0.00613 0.74027. 0.00009 .

w2 055268  -0.01922 0.00022
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LOToRY & Au.cwmgl_t

Q&»-F-r

—(Ses- Serpitta(§ PONE ISP Sar3e
$ Y.?}K 3 ALT’UP\L _DRI?—'T'
bl LdC Disp X Disp Y Theta Z —
S _ ) Sl in in rad
[ D 0.01032 0.00664 -0.00000
— Lp 0.01553 0.00567 -0.00000 —
e Rfp -0.00009 0.00024 -0.00000
El -0.01236 1.48711 0.00019
S E2 1.49050 -0.05009 0.00059
" Wi -0.00438 0.51152 0.00006 -
il w2 0.38143 -0.01324 0.00015
=
STory Ag,{_ow-gﬁu. Dezers i S ek
S ,f ¢ d \ Ie e 7 :
{deq - ae?)'—_p T j(ée.‘s {S"g“’ ’?Sﬁq‘fO‘ﬂ
Stony 4 Agwoae  Dexer:
~ LdC Disp X Disp Y ThetaZ
& in in rad —
D 0.04145 0.02814 0.00000
& Lp 0.03143 0.01876 -0.00001
e Rfp 0.00225 0.00151 -0.00000 -
i__ El -0.02418 3.14295 0.00039
| E2 3.16345 -0.10338 0.00124
F W1 -0.00666 0.85559 0.00011
w2 0.63941 -0.02067 10.00025 -
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Foundation Comparison Takeoffs

Redesigned:

Existing:

SPREAD FOOTINGS TAKEOFF:

Concrete Strength, fc (ks 3.00

Unit Wt (pef: 15000

Size (ft) Quantity Volume (yds®) Weight (kips)
400z 4 00z 1.50 1 089 360
10.00=10.00z 2.00 2 14.581 £0.00
10.00=11.00z 1.50 1 6.11 24775
11.00211.00z 2.00 5 44 81 181.50
12,0012 00z 2.00 18 192,00 TN
1300213 00z 2.00 3 37.56 15210
1300213 00z 2.50 2 21.20 12675
14.00z14.00z 2.50 14 254.07 102%.00
14 00217 .00z 2.50 1 22.04 B2
20,0016 00z 3.00 1 35.56 144.00
20001700z 3.00 1 3778 153.00
20.00x18.00z 3.00 1 40.00 162.00
20.00:20.00z 3.00 1 44.44 180.00
20002000z 3,50 1 51.85 210.00
20.00x20.00% 4.00 1 59.26 240.00
53 872.48 353355
Grade Beams
Mark Dimensions Area Length  Volume
Width  Height in.” ft. yd.?
GEB1 18 a0 720 830 153.7
Caisson Footings
Mark Shaft Depth Area Volume MNumber  Total
Diameter ft.” yd.? Volume
CF1 6'-0" ao-o" 28.26 314 9 282.6
CF2 40" 20-0" 12.56 9.3 39 3e2.7
CF3 4'-0" 15'-0" 12.56 7.0 3 21.0
CF4 3-0" 25'-0" 19.63 18.2 10 182.0
CF5 4'-0" 3o'-o" 12.56 14.0 3 42,0
3
Total Amount of Concrete: 1044  vyd.
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Precast Concrete Sandwich Panel Design

| Ty e———— PP A= TR TP Ty e il I
STRIP P MG ! 'g'
(c.t 2000 ps
Ve (Mraamac Lom::u(, Facroe = 1. 4
Teavsverse .  Bewoxzwe | P
w,= 110 “5/';»5 <5 UeT s [ 9¥3bs/ £X. (c:ouc. \
W ¢ HC'MA'*S-E/Q"_S' x| 3h.s Wt (OpeurNGS)
oM | 044 | g i
o.\ql ]
A L b v
L1 10"o REE TN
A L A i
Sterzonv  FeorgerTes [ —
[\.'_ ¥\ L) ;| “
Az 36(2+3): 180" AL 3d- 1)
FlrusAd g (36e20(4) A66x3)(6-5) | 4z
g4 /gy | | W I . |
T | T +Ad? I B P 171 - [29.f

.bh/_, J 3&(3%2-,- 24 st .
T : [311(G62)33% + (31 +(36x 2)(2‘ ¥ ] £ 23R i
Sh: T« 1232/4 8 3.5 2R in? | |
Sen et 2%/BA 1 [S35]nd

DTS
|

Mowenf | (Fromd Conab [Beam) | MF i kom

Awowrgce | Tewscig C‘T‘E\;SS‘ F'-{-
o sAf t| $(o TS5 )5ee0 o205 ksi

AcroAlL  Tewdrie Steecst ‘g‘f

T 4 Mz . ta(16), 0.672 | <0.208 ksilen O.K. |
Ty ol Sy o L= :

[Hopple-Final Report] Page 55



Cx-rew.-::o{‘t Wy-er’ EEECA-TF
| f sl 150 '
uss: ;z,.n(w(.swc Megal| | | |
| | | B
1 g !Ag;-r
| ‘¢M,-.‘=A 'Gf(tl ‘L) J ‘GH
,: T | oty Yol
» As g4 fr‘ LaN|
'F & e i i
dﬁ | :Lo}-rsf -;9647;%73?4 .
Ik 3ooé>?s /] l o 1_.
b 36.n l ;,f, — ,4;

1 ¢Mnf o.74 (‘a aj—ﬁ_ﬂ‘ qﬁ) b o ke
'¢Mn‘ 5"“1\ }c(o‘is-' 307”k bl

Mo {! 46;@ 22, '44 ;_,___j - <o 10
Yl | | ' pid e | MesH. | |
i | QrMJ'? 307 ’7 Q :2 IJ /L‘i v | _%-._ O*\ 8 - ‘F ]l TC 307
=t ‘ Ladcse | led, | AT i
I L) IERENN '[ 1 {1 e L 1‘ il N ‘ %,
L NETT D&qgk $£~0.€CMG ’ B ] | -] '
! ?w; 110 Ve %% " 9 691 e/n fcopc b/ 1
was o W % ns She/n (opwm) - 3
k. ! ae | | | ) | oot | T__ot.* .8 il lae
1O o’&‘l 5 8 A 054| _ o-.’;h ]L ; |
,4‘_4, i ugl ; _y_l 5)11 ; |
| l‘ REARECTEE NI lelaz’ | e
= L 1 | |
LT T T T T el 11“‘ _i Leold Dol] |
Secf:qm PR.APQR.T:Q'S*__' k. e B |
| Al [a(g.sh 9ol 1AL TAP] | [ T T T 1T
vk les® ||| _| Lif Slpayabid lagmaadl | oo
'_-I_'iﬁtf:*Aé‘._.i K A% "P”‘ EEU SR
7 | - I;, 90"3))’ 207 S‘m N AEE T
I'u z _[50 ) (90.&?){3 3‘)7 f;;oz S +(J]O4'$)(‘l )ij f 35‘5’0,,“ _
‘61' =|I/c‘ 3_5‘7"3'1'9?‘?'" -[ | bodn b |
Mwlwr (r )pm S—Hw qu) {msl =y

[Hopple-Final Report]

D’SE‘(NG wawM

| |

Wﬂrs}

Page 56



:Ab'rw\h_ Texv*e:#t.c Sraess 44 ;/
' : s
$e M/Sh'-; ’g——ii'i) 0.04% <€ 0- ZOS,FS? |4 O} KL |
i . . _Sl: .
Fot |5,000 s’ - .
LL * LADt LowW , 12D7 1OE
EAKTHQQAze: LoADTNG | :
.F'?:_O.‘?ap-:S[ﬁa'li)_fp_(fifagfh) i
(e - R O3 N4 . |
Ap:l 1.0 (Pcx | Siojo) | .
Sps 7 0.20% |
Rp+ 2.8 (Por 5.10.9) | INEFEwWSEIRY
 Wpls | 2827 ey *?’/z ¢ 5_“%1?-;’82#" /9,335 s
o i1 0 N ol 3 SR
h se’ - |
Mozog)(m 3‘35)(1+3{ ) 13- 4;0 ibs
W:ruo Loan::)uc— : | ; !
W= H4psh. (I‘?'x.fu'ﬂ) 5, %30 fe;: > 1,900 lbs y. Wenp
4 Cau‘rfwt-s

Lonexrvsenal  Bewprne | | | |
PN L AN N Y ATV

Mam&.NT (Fﬁ?_om S‘{"AF\_D. EeM‘-) '/L'f,"f’c?. -'4:"&%

a.2\kif

J 1T

2 | ®aps|
] i { : I . ,r I - - Pl

[Hopple-Final Report] Page 57



“As,&a:v'sﬁgd 900~buid;:;.i. 4/5_

' 3yscoo 90 o (57 ;? Qév‘] JWLOLS
oo |

200-96-7
60000

Qhﬂ

USE #591'0.c. | As- a-'sl(-vir‘)- 2337

Prn: 233(00)(6.59-725) =9"'33’_'°° :

PMas 44 k( \(o9) |3 } (53&03 il |
¢M"“ (350 iaf ¢ | | d ? oS - Géy; C.s‘?fin.
de @sol = 42 + Mu| . 0.k,

0.3¢

'T;amvSuEe.sc Eewwg:;ué‘- | Ras 21 § A - Bl
| SERY

Wy /é(ﬁ"/ﬁ f34“+) 29 B/l
MOMN"I" (F@M sf-f\Aﬁ BEAM-) M 517 ;adK
AS,J;/mN‘T 3 sbcé 36 -7 z ‘6-%9{-7:_‘] ,CONTP-oLg
'&0000 jesiifl. ¥
| 200(z6)(1) 4 c> 34 ia?
. [ Geodo
| yjp x| | '
 UsSE *SQI’L oc. f-\s 031(3) o“isn

. o |
¢M‘4 09%(4,0)(@'94' T 1 || a} f,—:;%s%(é ¢ 0.36S |
PMu: $77(0.9) | | | | |

RSN TEENNENREN

(P M- 2SO > ST AMy | L. Ok, |

021 |

[Hopple-Final Report] Page 58



THERIMAL Bowzwe : (Per 4.2.5) g
Assome | CoerFTexamT OF THERMAL Exeamsron C* (AYL infinf *F
TeEMP. Drrreremsral

Ourstpgl s  HO°F T Tl (110 -p0 ® 40" F
Tverpoe 5 70° ¥

ne N& x (T3 ’T,BZC,uo'C(qto\ = &.4“64
2-h
¢ - 1
i X
N2 td"(ﬂ.émz) h-
<€)

Az 9:0T74iIn " v FureMAL BowTN¢| CAN RBe MEGLECTED

[Hopple-Final Report] Page 59



