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Rensselaer, NY

Executive Summary

The Gen*NY*Sis Center for Excellence in Cancer Genomics was built as the signature
building of University at Albany’s East Campus of Biotechnology. The conditions of the site
prior to construction included the old Sterling Winthrop Facility just off the Columbia
Turnpike in East Greenbush, NY. A four-story steel framed laboratory, the Cancer Research
Center falls on 117,400 square feet of space with about 26,000 square feet per floor. The
Ground Floor is mostly below grade and houses laboratory space, an animal facility,
mechanical rooms, and a loading dock. Just above on the First Floor, there is more
laboratory space, offices, public space and a seminar room. The remaining Second and
Third floors accommodate additional offices and laboratories.

The structural system is comprised of conventional framing with composite decking
and composite steel beams at the floor levels and the roof. Column placement along
exterior walls and on both sides of a ten-foot wide corridor allows for minimized foot-
traffic vibration from the corridor to adjacent lab spaces and maximizes vertical space in
the corridor. This column grid creates bays sizes of 21-feet by 27-feet. Upon exploration,
structural steel was selected over reinforced concrete.

A new system of precast panels has been calculated and designed to research the
difference in vibration control. Currently, steel braced frames are used to resist lateral
forces and four concrete shear walls have been tested to take the job of resisting lateral
forces. In this case, the wind load governs for the lateral forces and drift. The shear walls
have been designed as 12 inches thick with columns as the boundary elements, which are
20 inches by 20 inches.

Further research into the redesign using precast concrete, the site, schedule and cost
has been conducted to expose that while the concrete system was cheaper overall, the cost
of the lateral concrete shear wall system was more expensive than the original lateral
braced framing.

In addition to a green roof being added, the entire building has been fitted out to meet
the approval of the Penn State LEED requirements, and to demonstrate some key elements
of green building.

PSU AE Senior Thesis Final Report | Structural Depth




Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

Introduction

As part of the Engineering program at Penn State University, a senior year project is
required to graduate. Specifically in the major of Architectural Engineering, the senior
project is molded into a year-long thesis research project which is based on the study of a
newly constructed or a current construction project somewhere in the continental United
States. A complete set of construction documents and specifications are donated by
industry professionals to fully understand the inner-makings of the building, and execute a
change in its original layout. During the fall semester, three technical reports are written to
comprehend the structural, mechanical, lighting/electrical and construction management
issues encountered by the professionals. An emphasis of analysis is completed based on
the student’s option: structural, mechanical, lighting/electrical or construction
management. Based on this research, an idea to change and improve the original design is
proposed for research throughout the spring semester. The proposal consists of a depth in
the student’s option and two breadth topics from other areas of architectural engineering.

This final report is a compilation of the technical reports and research completed
throughout the past year on the Gen*NY*Sis Center for Excellence in Cancer Genomics at
the SUNY University at Albany. The proposal consists of a change of lateral system from
steel lateral braced frames to concrete shear walls. The overall structural system has been
changed from composite metal deck with normal weight concrete and structural steel
columns to precast planks and precast columns. The breadth topics include an addition of
sustainable building concepts and a construction management evaluation.

All information pertaining to this research can be found on the following website:
http://www.engr.psu.edu/ae/thesis/portfolios/2008/mgk145/.  This report and all
materials posted on this website are intended for educational purposes only.
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General Information

The Gen*NY*Sis Center for Excellence in Cancer Genomics (abbreviated as CFG in this
report) is a cancer research center for the University at Albany’s East Biotechnology
Campus located at the old Sterling Winthrop Facility. The Gen*NY*Sis program encourages
collaboration between research institutions and emerging as well as established
companies. The sharing of knowledge along with facilities and equipment has been shown
to accelerate research discoveries and therefore the development of new techniques and
products. In this particular building, cancer research is done at the center as a cooperative
effort that links private biotech businesses with academia and government to conduct
groundbreaking research and development in state-of-the-art facilities. Located at One
Discovery Drive Rensselaer, NY 12144-2345, which is just off of Columbia Turnpike in East
Greenbush, NY, the project was designed as the signature building of East Campus. The
CFG features spaces for research laboratories with supports spaces, offices, seminar spaces,
circulation spaces and a two story atrium.

Architecture

This 117,400 square foot building is four stories with a ground floor mostly below
grade. Overall, the building stands between 70 and 90 feet above grade. Arranged at the
entrance of East Campus, the CFG is the signature building of the new Biotechnology Park
of the University at Albany as well as a symbol of hope for all those afflicted with cancer.
Designed as a Business Occupancy (use Group B), the construction class is Type 2B
(noncombustible) but with 2-hour rated construction to account for the storage of large
amounts of chemicals in the research labs. Floor-to-floor heights of 16’-0” are proposed
with an 18’-0” floor-to-floor height at the basement level.

National Codes
e New York State Building Code 2002
e The Comprehensive Zoning Law of the Town of East Greenbush New York (last
revised on August, 11 1999)
e Minimum Design Loads for Buildings and Other Structures (ASCE 7)
e Building Code Requirements for Reinforced Concrete (ACI 318)
e Specifications for Structural Concrete for Buildings (ACE 301)
e Specifications for Structural Steel Buildings (AISC)
e Seismic Provisions for Structural Steel Buildings (AISC)
e (Code of Standard Practice for Steel Buildings and Bridges (AISC)
e Structural Welding Code—Steel (AWS D1.1)
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Building Envelope

The main exterior walls are comprised of solid Phenolic Resin wall panels, metal
furring, 5/8” dense-glass gypsum sheathing, 1” rigid insulation, 6” LGMF, 6” fiberglass
insulation, reinforced Polyethelene sheeting vapor retarder and 5/8” painted gypsum wall
board.

The exterior of the CFG has been formed to give a sleek, clean look. It is comprised of a
couple of different systems: exposed concrete site walls, Phenolic resin panels (installed
over a metal furring rain-screen system), 2 different glazed systems, a curtain wall system
(north facade and south end offices), a storefront system, and a glass wall panel (trusswall
system at northwest wall).

The roof contains a composite metal panel system which rests upon open web steel
roof joists with some slab on deck framing supported by steel beams to account for
substantial amounts of HVAC equipment. In addition to the penthouses, a screen wall
around the entire roof perimeter is installed to shield the view of the equipment from view.

Construction

A joint venture between U.W. Marx and Gilbane Building Company served as the
construction manager for this project. The CFG was constructed on a fast-track delivery
method to build the 2005 Project of the Year—Honorable Mention by the Construction
Management Association of America, NY-N] Chapter. Construction was designed around a
module system of 10’-6” with a structural bay to provide for a clear dimension of
approximately 21’-0” and a 7°-0” clear corridor width.

Structural

The structural system of the CFG is designed to justify future adaption to changes in
laboratory use or space needs, with special provisions for location of future plumbing and
infrastructure demands. The foundation uses typical footings 9’-0"x9’-0"x25" and 20" thick
basement walls that retain 20’-0” of soil. Typical slab-on-grade is 5” thick and increased to
6” for mechanical equipment slab-on-grade. The floor and roof system are typically 6 %2”
slab of normal weight concrete on 2”, 20-gauge composite metal deck and 6x6-W2.9xW2.9
wire-welded-fabric reinforcement. Floor and roof filler beams are typically W16x31
spaced 7’-0” apart with 20 shear connectors and a frequency of 8 Hertz. Whereas the
penthouse system is 1 %", 22-gauge, galvanized wide-rib (type B) roof decking. The
preliminary size of a penthouse roof joist spanning 40’-0”, spaced 4’-0” apart is 30K10.
Columns are placed along the exterior walls to form rectangular bays of 21’-0” by 27°-0”.
Columns are also put on either side of a 10’-0” corridor in order to minimize foot-traffic
vibrations into adjacent lab spaces. The column placement also maximizes vertical space
for utilities located in the corridor.
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The lateral force resisting system uses steel braced frames to resist wind and seismic
loads. An expansion joint at the intersection of the two building wings isolates the two
sections from each other. The expansion joint requires a row of columns along each side of
the joint, with the building structures separated by a distance sufficient to provide seismic
isolation—approximately 6”-8”. Each building section has braced frames across the ends
and two bays of bracing along the length of each exterior wall. Bracing diagonals are
typically tube-shaped steel members (HSS8x8x5/16) in non-moment-resisting
eccentrically braced frames. The building is designed for wind loading drift criteria of
H/400, including second order effects.

Mechanical

The Research Center’s mechanical system is designed to support offices, laboratories,
and a vivarium to operate respectively, 10 hours/day, 10 hours/day and 24 hours/day, and
respectively 5 days/week, 5 days/week and 7 days/week. In general, supply air to
laboratory and laboratory animal spaces are 100% outdoor air. Ventilation rates are based
on sensible cooling load, minimum dilution ventilation requirements, and/or exhaust air
requirements. The ventilation rates for other spaces are based on minimum dilution
ventilation requirements for occupant comfort, occupant density, pressurization criteria,
and/or exhaust air requirements. Ventilation air is provided at a minimum rate of 20 cubic
feet per minute per person. The air handling units serving the offices, laboratories and
vivarium supply air through 30% ASHRAE efficient prefilters and 95% ASHRAE efficient
afterfilters.

In general, the HVAC control system provides individual thermostat control for each
laboratory. During “occupied” hours, systems maintain minimum air change rates. Room
temperature is controlled using a wall-mounted thermostat, connected to a reheat coil
control valve. Supply airflow exceeds exhaust airflow to assure positive pressure in barrier
animal spaces relative to adjacent spaces. During “unoccupied” hours, the control system
allows an energy-efficient reduction in supply and exhaust airflows provided that system
maintains relative pressure within the laboratories. This design includes moisture addition
for relative humidity control at the central station air handling unit and satisfies the
requirements for the majority of the spaces served, but there is no individual room
humidity control.

The calculated cooling, heating and process loads for the Research Center are
respectively, 1100-tons, 18,500 MBH, and 5100 MBH. For cooling, there are three 375-ton,
high efficiency water-cooled electric centrifugal water chillers to provide 42°F chilled
water throughout the building via a primary-secondary chilled water pumping system. The
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primary pumps provide a constant flow of 600-gpm while the secondary pumps’ flow is ata
constant 1700-gpm (100% of the intended building-cooling load).

The heating plan consists of gas-fired, water-tube high-pressure steam boilers, and
hot-water reheat with steam preheat coils. Two 250-BHP flexible water tube high-pressure
steam boilers equipped with dual fuel burners provide100-psig steam with only a natural
gas connection. The hot-water system is complete with an expansion tank, air separator
complete with necessary apparatuses for a hot-water heating system. The high-pressure
steam system and boiler system are complete with deaerator, chemical treatment system,
four-pump feed water system, flash tank, condensate return system and all apparatuses for
a complete hot-water heating system.

Lighting/Electrical

The incoming electrical service for the CFG comes from the existing campus 4800
Volt distribution loop. A 5 kV switchgear was added to allow for primary electric
distribution routed across the site via underground ductbank to a new dual primary
voltage, 13.2/4.8 kV, pad-mounted transformer located at the north side. Dual secondary
feeders will be routed underground in the ductbank to the main switchboard and fire pump
service entrance switchboard/disconnect switch.

The new main switchboard provides facility power distribution which includes: 3200
A, 277/480V distribution sections with individually mounted main and feeder circuit
breakers, solid-state trip device and ground fault protection, customer metering, digital
type and pulse initiator for kW demand, and transient voltage surge suppression.

Floor distribution of power includes two vertical busways fed from the main
switchboard for power to each floor (one in each wing). Mechanical distribution of power
includes the combination motor controllers and disconnect switches or variable frequency
drives in mechanical equipment rooms (for pumps, fans, packaged equipment, etc.).

The generator provides power to the emergency side of each transfer switch and the
main switchboard provides power to the normal side of each transfer switch. The load side
of each transfer switch feeds the distribution switchboards. The lighting panels on each
floor service the wing that they are located in, and the lighting panels serve a dry type
transformer, 480 V to 208/120V for incidental 120V life safety power at selected locations.
Standby power is provided for legally required mechanical equipment such as smoke
control fans. The optional standy distribution provides power to loads determined to meet
the needs of the building as directed by the University at Albany.
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All lighting is hung from the building structure independently of the ceiling support
system. In general, lighting is fluorescent with incandescent used where desired or
appropriate.

Fire Protection

The fire protection is designed in accordance with the New York State Uniform Fire
Prevention and Building Code, Title 9B, IBC, NFPA 13, 14, 20, and 45, and local regulations.
The building construction class is type 2B (noncombustible), however due to use as a
research lab and the need to store large amounts of chemicals, (2) hour rated construction
for all columns and beams supporting all floors including the roof are provided. The
sprinkler design in the laboratory is based upon Ordinary Group 2 hazard classification
which requires a design density of 0.20 gpm per square foot over 1500 square feet of
design area. Therefore, it requires approximately 300 gpm for sprinkler flow within the
building and 250 gpm additional for hose allowance. Mechanical spaces require 0.15 gpm
per square foot, and corridors, toilet rooms and offices require 0.10 gpm per square foot.
Equipping the structure with an automatic sprinkler system, the area limitation is
increased from 23,000 to 69,000, which forms the floor as one fire area. At each stair
landing, a 2 %" fire hose valve with a 2 %.” x 1 %" reducer with cap and chain is installed.
The standpipe system is designed to accommodate 1000 gpm. A four-way fire department
connection is located at the front side of the building.

Transportation

The stairwells are located along the southeastern-most wall, the east end of the
curtainwall system on the northern side, and against the northwestern corner of the
building. 2 elevators are included in the building. The main passenger use elevator has a
capacity of 2500 lbs. with a sheet vinyl floor, stainless steel walls, doors and hoistway
doors. It is ADA compliant with emergency communications sytem. The large elevator has
a capacity of 5000 Ibs. with a sheet vinyl floor, stainless steel walls, doors, and hoistway
doors. In this elevator, the door is 8’-0” high. Also, it is ADA compliant.

Telecommunications

The incoming service for the new facility comes initially from the existing services in
the Administration buliding, or through the education center. These services include voice,
data and video over copper, coax and fiber optic media. An underground duct bank
connects the Cancer Research Center to an underground telecommunication vault; through
this vault duct bank connections are made to the Administration building, the education
enter, outside service providers and the rest of the campus. Each standard laboratory
contains (1) Category 6 copper cable connecting a wall phone. Each A/V outlet has a wall
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interface and/or a projector interface. Outlet types and locations are coordinated with the
University of Albany's IT staff.
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Existing Typical Floor Plan

The typical floor plan of the Gen*NY*Sis Center for
Excellence in Cancer Genomics (CFG) consists of ey
mainly laboratories and offices with an atrium in the P
center. The hallway was designed to have a minimum
clearance of 9’-6” throughout the whole building.
Displayed at the right in Figure 1 is the breakdown of
the sections of the building used for construction of \ 1]

the project. Figure 2 shows the location of the offices L—

with a view from the curtain wall facade along the

Figure 1: Section Layout
a breakdown of the

\ construction sections

North side of the building in sections II and III, while section I contains only one floor for a
seminar room and sections IV and V are laboratories, classrooms, conference rooms and
storage rooms. The green represents laboratories and classrooms, the blue is offices, red is
stairwells and elevators, yellow is corridor space, and gray is mechanical rooms.

Wbl

e ——®

(L

Figure 2: Architectural Room Layout Green is labs and
classrooms, blue is offices, yellow is corridors, red is
stairways and elevators, gray is mechanical rooms
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Floor Framing

The structural layout is displayed in Figure 3 with typical beams in blue, gravity
columns in cyan, and lateral bracing in green. A section of the structural grid is magnified
to show a typical bay with dimensions and beam sizes. The typical floor system consists of
composite metal decking which spans the north-south direction across sections IV and V
and east-west across sections I, [ and III. Typical floor framing includes 2-inch, 20-gauge,
galvanized composite metal deck with 4%:-inches normal weight concrete (total slab
thickness of 6%2-inches) with 6x6-W2.9xW2.9 wire welded fabric. Normal weight concrete
was chosen over lightweight for vibration control. The structural steel used has a weight of
8 psf of floor area. Typical floor beams are W16x31 spaced 7-feet apart with 20 shear
connectors. Filler beams across the 10-foot corridor are W10x12 spaced 7-feet apart.
Girders along the interior column lines and along the exterior walls are W18x35 with 32
shear connectors. Camber will not be accounted for due to relatively short spans. Atypical
framing is located in the lobby and offices along the North wall. Transfer girders are
required in the lobby and mechanical rooms along the North wall to maintain column-free
areas. Offices along the North wall are cantilevered over columns along the First Floor
terrace.

Figure 3: Typical Floor Framing with a 21-0"

magnification of Typical Bay Framing 720" ,7'=0% ,7'=0"
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Foundation
The geotechnical report indicates that the allowable bearing capacity is 4000 psf.
Typical column footings are 9-feet square and 25-inches deep calling for (11)#9 reinforcing

bars each way on the bottom.
Typical continuous wall footings are
1-foot deep by 2-feet wide calling

for (3)#5 continuous bars and I
(1)#5 bar at 12-inches on center,
transverse. The 20-inch thick
basement walls retain 20-feet of soil

(see diagram for reinforcement).
Typical slab-on-grade is 5-inch

thick with steel fiber reinforcement.

The mechanical room slabs are 6-

inch thick with steel fiber
reinforcement. All steel fibers in
slab-on-grade are at 30 pounds/cy.
Weights for cast-in-place  concrete,
footings, foundation walls and piers, and slabs on metal deck are 4000 psi, 3000 psi, 4000

Figure 4: Typical Column Pier and
foundation layout

psi, and 3500 psi, respectively.

Roof

To satisfy the extra HVAC loading on the roof, a concrete slab is set on the metal deck
framing that is supported by steel beams. The 6%-inch slab is on 2-inch, 20-gauge,
galvanized composite metal deck
with 4%-inches of normal weight
concrete reinforced with
6x6xW2.9xW2.9 wire welded fabric.
Roof framing supports a screen wall
set back from the face of the
building, extending 15 to 20-feet
above the roof slab. Typical roof
framing filler beams are W16x31
spaced 7-feet apart with 20 shear
connectors. Deeper beams will be
required at bearing points of the
penthouse posts. Filler beams

Figure 5: Penthouse Mechanical Screen | Spanning the corridor bay will be W10x12
with structural tube braces spaced 7-feet apart with no shear
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connectors. Girders along the interior column lines and along the exterior walls will be
W18x40 with 32 shear connectors. The structural steel used in the Main Roof framing is 10
psf of roof area. Penthouses on the roof have cross-braced steel-frames supporting steel
joists and 1%,”, 22-gauge, galvanized, wide-rib (type B) roof deck. The structural steel used
in the Penthouse Roof framing is 5 psf of penthouse area.

Columns

Typical columns are W12x72 members at the lower tier and W12x53 members at the
top tier. Using W12 columns as a minimum size simplifies fabrication of connections of
beams framing into the columns and allows the OSHA-required four anchor bolts to fit
within the flanges at the base. This minimizes both base plate and pier sizes. A column
splice with a bolted web and welded flanges is required 4-feet above the Second Floor for
all columns. Perimeter columns will bear on piers 1-foot below the First Floor elevation of
195.0’. Interior columns will bear on footings 1-foot below the Ground Floor elevation of
175.0 feet.

Lateral Force Resisting System

Steel braced frames, shown in Figure 6, will resist wind and seismic lateral loads. An
expansion joint at the intersection of the two building wings will isolate the two sections
from each other. The expansion joint will require a row of columns along each side of the
joint, with the building structures separated by a distance sufficient to provide seismic
isolation—approximately 6 to 8-inches. Each building section has braced frames across the
ends, and two bays of bracing along the length of each exterior wall. Bracing diagonals are
tube-shaped steel members in non-moment-resisting eccentrically braced frames. The
building is designed for wind loading drift criteria of H/400, including second order effects.

gPBmoUsEROOE e
® ®
swa roor e pER PLA, TH
PENTHOUSE FLOOR
<
2
c&
&
oHODROR
& FIRST RLOOR
&
 BRACING WEMBERS ARE
o NOWIVAL DIANETER STANDARD
'WEIGHT (SCHEDULE 40) PIPES, U.N.O.
oFowomoR
SCALE: NTS

. . Figure 7: Floor Elevation of a typical
Figure 6: Typical Lateral Brace

bay size
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Figure 8: RAM 3-D View of Structural System with Lateral Bracing Highlighted
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Figure 9: RAM 3-D View of Lateral Braces
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Meral G. Kanik

LRFD Load Combinations
1.4(Dead)
1.2(Dead) + 1.6(Live) + 0.5(Roof Live or Snow)
1.2(Dead) + 1.6(Roof Live or Snow) + 1.0(Live) or 0.8(Wind)
1.2(Dead) + 1.6(Wind) + 1.0(Live) + 0.5(Roof Live or Snow)
1.2(Dead) + 1.0(Seismic) + 1.0(Live) +0.2 (Snow)
0.9(Dead) + 1.6(Wind)
0.9(Dead) + 1.0(Seismic)

Figure 10: Elevation from the South

Original Design Loads
Construction Dead Load

Concrete 150 pcf
Steel 490 pcf
Dead Load
Partitions 20 psf
M.E.P. 10 psf
Finishes 5 psf
Windows and Framing 20 psf
Roof System without slab 30 psf
Roof System with slab 85 psf
Typical Elevated Floor System 85 psf
Elevated Terrace Floor System 170 psf maximum
Live Loads
Office/Laboratory flexibility 70 psf
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Lobbies and first floor corridors 100 psf
Corridors above first floor 80 psf
Stairs and Exits 100 psf
Seminar Room 100 psf
Balcony/Terrace 100 psf
Mechanical Penthouse 200 psf
Roof Live Load/Roof Snow Load
Ground Snow Load, pg 65 psf
Flat-roof Snow Load, pr 50 psf
Snow Exposure Factor, Ce 1.0
Snow Load Importance Factor, I 1.1
Thermal Factor, C¢ 1.0
Wind Load
Basic Wind Speed (3-sec gust), V 90 mph
Building Category I
Wind Importance Factor, [ 1.15
Wind Exposure Category B
Internal Pressure Coefficient, GCpi +0.18
Height and Exposure Adjustment Coefficient, A 1.16
Component & Cladding Design Wind Pressure 30 psf
Seismic Load
Seismic Use Group I1
Importance Factor 1.0
Spectral Response Acceleration, Ss 0.220
Spectral Response Acceleration, S1 0.076
Site Class C
Site Class Factor, Fa 1.2
Site Class Factor, Fy 1.7
Spectral Response Acceleration, Sus 0.264g
Spectral Response Acceleration, Sm1 0.129g
Spectral Response Coefficient, Sps 0.159
Spectral Response Coefficient, Sp1 0.073
Seismic Design Category B
Response Modification Factor, R 7.0
Nonmoment-Resisting Eccentrically Braced Frames
Seisimc Period Coefficient, Ct 0.03
Seismic Response Coefficient, Cs 0.0251 sec
Period Coefficient, x 0.75
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Problem Statement

Receiving a grant in September of 2002, the University at Albany was given $45 million
to create the cornerstone to New York State’s Gen*NY*Sis (Generating Employment
Through New York Science) program, which is an initiative by government and private
investors to lure jobs in life science into New York. Given the location of the building near
Albany, NY, it makes sense to use a structural steel system. Also, the foundation loads were
not able to stand the heavy weight of a concrete system. Furthermore, a fast-track method
was desired and a concrete system generates a longer construction period.

However, steel decking is not always the ideal situation for vibration control, which is
important for a laboratory that deals with cell experiments. A concrete system is much
more ideal for this type of building. Therefore, a redesign in a new location, at a new site
with a different soil bearing capacity might be able to handle such a structure. For the
purposes of this research, the building has been moved from Rensselaer, NY to the Penn
State University Hershey Medical Center to fulfill different design criteria. In addition, the
fast track delivery can still be utilized with the use of precast panels. Because of this
elimination of steel, a new lateral design must be employed. Also, to go along with the
precast panels, concrete shear walls are a good compliment to resist the building’s lateral
loads. Furthermore, the effect on the vibration control will be investigated and compared
in the original composite steel deck and the precast concrete. Because of the heavier

structure, a look into the changes needed in the foundation will be conducted.
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Figure 11: Map of Location Change
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Preliminary Redesign

The redesign with concrete began with a recalculation of the wind loads and the seismic
loads to see what condition controls in Hershey, PA. With this recalculation, it was
determined that the new wind load controlled, as seen in Appendix D. An addition of an
inhabitable green roof made the gravity columns and beam capacities change as well. The
new roof load needed to include a roof with assembly live loads, green roof live loads, and
the saturated soil weight of the proposed green roof. To further make the penthouse a
place of refuge, the original mechanical screen was removed to allow a better view of the
surroundings. Also, all staircases and the elevators were extended to 18’-0” above the Main
Roof level to provide egress to the roof. The use of lightweight concrete was an option in
preliminary design to represent the use of fly ash, which improves the workability of
concrete by decreasing its water demand, reducing segregation and bleeding and lowering
the heat of hydration. However, it was eliminated based on some more criteria seen later
in the vibration section of this report. Once the wind and seismic loads were determined,
seen in Appendix D, the PCI Industry Handbook, 6t Edition was used to size hollow-core
precast planks. Upon further calculations, it was decided that it would be best to use a
hollow-core plank with a 4” topping to further dampen the vibration effects on the
laboratory equipment. The edge beams are made up of 20LB24 L-beams and T-beams of
28IT20 which can be seen in Appendix E.

Figure 12: New Typical Precast Bay

PSU AE Senior Thesis Final Report | Structural Depth B:GEFCIAL




Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

The original layout of the CFG has rather small bay sizes most likely due to a better
control of the vibration frequencies. In an attempt to minimize the architectural layout
changes, the bay sizes were kept close to the original. Since the precast panels are cast in
increments of 4’-0” wide, minor changes to the floor plan was necessary. It was necessary
to keep the hallway width to at least 60”. The hallway was recreated to be 96” wide, which
is slightly narrower than the original. Also, the bay sizes changed to 20’-0” by 24’-0” and
20’-0” by 28’-0”. The column lengths remained the same with a penthouse level bringing
the overall height to 90°-0”. In section IlI, the typical bay size is not used. Part of the grid is
laid out at an angle presenting a challenge for how to lay down flooring in a typical size.
Therefore, a few unique panels would need to be ordered.

New Design Loads

To begin the new RAM model, the dead loads and live loads were calculated from the
roof load first. To try and keep the bay sizes low, the span was set at 21’-0” to stay
consistent with the old architectural plan. Once the load and moment of the roof and
penthouse were calculated, a hollow-core plank was selected from PCI Industry Handbook,
6th Edition, see Appendix E. Once the planks were chosen, the weight was divided up into
tributary areas in the 21’-0” spans and the L-and T- beams were selected to hold up the
weight of the slab. Once the appropriate sizes were approximated, the total weight was
tabulated and divided up amongst the tributary areas to be loaded through the columns.
From there it was determined that an overall use of a 20” x 20” column would be most
appropriate. To model the precast in RAM, the Concrete Beam analysis was set to only use
#8 to reinforce the slab and beams since those are the sizes that are used in the prestressed
strands of the precast planks. With an estimated size for each part at each level, the loads
were then carried down and the foundation could be resized. To help carry these loads and

10

A

% NN

to enclose the interior, structural insulating panels were chosen to use as the load bearing
wall system. In particular, Murus foam core SIPs not only can take the place of for instance
a metal gauge studs and drywall system but they also provide better acoustical and

Figure 13: Distribution of
Lateral Forces to the building
frame
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temperature characteristics which could be very helpful for a building full of lab
experimenting. See Appendix F for more spec information.

Lateral Framing Figure 14: Allowable and Actual Story Drift
To go along with the Allowable

precast  panels, concrete Story Height Story Drift =~ RAM Story

shear walls were designed to (ft) (in) Drift (in)

take on the new lateral [penthouse 18.42 0.553 0.134[« 1
loading and continue with the |Roof 18.58 0.557 0.121f« 1
concrete theme. Since the |3rd 16 0.480 0.084|s/ 1
building location moved from |[2nd 16 0.480 0.081 :: 1

1

Rensselaer, NY to Hershey, 1st 18 0.540 0.036

PA, the wind and seismic loads changed. Also, upon further inspection, the building was
originally designed so that there is a disconnection between sections IIl and IV. Therefore,
the analysis of the loading was re-calculated with this in mind so that there are two
diaphragms with separate loading cases. This was modeled in RAM by laying out two
different slabs around Building A and Building B. Also with the new dimensions and
variables, the new main roof height was increased to 67’-0” as opposed to the 30’-0”
originally used by the engineer. Also, the wind and seismic direction were as displayed in
Figure 13. The main differences between the original system and the new system design
loads are shown in Appendix D. In the new situation, the wind load controls which was not
the case for the original system, which makes drift more of a concentration than before.

To firm up the diaphragm it makes sense

T};———_“‘—[ to use cast-in-place concrete shear walls.
Hi =1 IIHILI! |L |||.'””| Even though it is a slower method, pouring
‘Q-\- "\In, TR —— concrete is most likely a faster method than
SN =T — T . .
&\-ﬁb A placing a CMU wall. Another method is to
N‘L\l -l |

\ \i‘\\fﬂ i use precast load bearing walls for the shear

% & walls, which is also an option that was

looked into. However, that was dismissed
because it would make the shear wall

\ _ elements to reliant on the rest of the
=\ structure and thus lose the continuity. Since
there are already plenty of vertical egress
components available, it makes sense to
continue them up through the roof and make

Figure 15: Interior Shear Wall System as shown
and defined by the PCl Handbook, 6™ Edition
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them the shear wall components. Another stairwell was added as access to the roof for the
green roof but also to take on more of the lateral forces. With the addition of the shear
walls, the center of rigidity changed relative to each Building Section. However, this data
was inputted into RAM as four separate diaphragms at the Penthouse level and then breaks
down into the two Building Section diaphragms. Therefore, the center of rigidity is off and
the hand calculation was used to size the shear wall. To simplify the shear walls, only the
continuous walls were considered to take lateral forces, so there were no wall openings
accounted for, and no coupling beams were designed. Each shear wall was designed with a
boundary element to increase the amount of shear capacity withheld. Displayed below is
the drift of one of the more severe shear walls. For shear wall calculations see Appendix G.

Figure 16: RAM 3-D View of Lateral Walls

Vibration Analysis

Another factor in design was the effect that vibration of the floor. Because this building
is used for very precise medical experimentation with sensitive equipment, vibration can
be considered as a key piece of design guideline. Concrete is more of solid and dense
material so it would make sense that it would have a smaller effect from vibration
compared to the original steel design. Unfortunately, there is very little information as for
how to calculate vibration in concrete while there is a full steel design guide for the analysis
of vibration caused by footsteps. However, a paper entitled “Vibration of Precast
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Prestressed Concrete floors” by Robert F. Mast, was also used to help determine the
vibration figures to compare with steel. Figure 17 shows the results of this analysis.

Steel System Concrete System

fn
Vibration Velocity at: Fast Walking
(micro in/ sec) Moderate Walking
Slow Walking

Figure 17: Comparison of Vibration Analysis

Looking at the table, it can be seen that actually while the concrete system can withstand
the vibrations at one more severe of a level than the original steel system could. The
concrete system is able to handle sensitive equipment up to electron microscopes at
30,000x magnification, while the steel system can only safely use bench microscopes up to
400x magnification. This analysis also shows that the best environment for the
laboratories is one in which there is predominantly slow walking and absolutely no
running. STAAD was also used to analyze this and Figure 18 shows those results of the
natural frequency felt amongst continuous spans of the typical bay size. Another option
that was investigated was the use of lightweight concrete for purposes of sustainable
design. However, it was deemed that lightweight concrete was a little too light and
registered a natural frequency that went below 5 Hz, which is the limit to which this
vibration analysis can be used with.

Max Tresca . - . - . .
- Figure 18: Distribution of Fundamental Vibration
e Frequencies
S49E3
TEHE3
987EZ
121E3
143E3
165E3
186E3
208E3
230E3
252E3
274E3
296E3
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J40E3
>=362E3
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Foundation Redesign

Because the overall weight of the system is much heavier with the massive amounts of
concrete being added, a foundation redesign was in order. Only the worst case scenario
shear wall was recalculated and designed with a footing foundation. The bearing capacity
of the soil in Hershey, PA was estimated based on the soil reports on the USDA records
available online. It was assumed to be much lower than the bearing capacity available in
Albany, NY. Sturdier foundations are needed, and the option of caissons was looked into.
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Breadth Topic #1: Cost and Schedule Analysis
While this project was not necessarily a cost-driven one,
cost is always a matter in the design of a project. In fact, this
project was more reliant on the fast delivery first, which is
4

why a precast concrete system was proposed. Therefore,
the purpose of the re-design of the structure is to find the
difference in cost and scheduling. Both steel erection and
precast erection need lead time so the factories can make
the materials and have them all ready to be shipped on-site
when the schedule asks for it.

As far as the cost has represented, see Appendix K for
CSI form spreadsheet, the cost of the steel is $2,000,000
higher than the cost of the precast superstructure. Even
though the floor plan increases slightly with the use of
precast panels, it is still a cheaper system. The cost
accounted for doesn’t even go to include connections or
shear studs, but on the same side the concrete side
doesn’t account for grout. Fire resistance is also an

Figure 19: On-Site Picture of precast
issue since with the concrete system, the fire rating is columns being erected

already met where as the steel members need to be
fire proofed as a separate item which adds cost and time to the project. However, the cost for the
lateral systems is a little different as seen in Appendix K.

% of Overall
COST System

Shear Wall S 12,531,148.24 84%

Braced Frames S  1,493,536.96 9%
Precast Overall S 14,340,417.98
Steel Overall S 16,618,444.75

Figure 20: Comparison Chart of pricing
of the structural systems

While the steel braced frames are a cheaper lateral system, the overall system is more expensive
than the precast and concrete shear wall system together. This means that if less shear walls can be
designed, then it could be the overall governing system. Although, it should be kept in mind that none
of the shop pricing is involved in these calculations. It can be easier to order steel because the sizes are
more of a general size and can be fitted into a design much easier than the precast panel design. Each
system still needs a crane on site which can accrue a large expense if kept on site for a long period of
time.
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The schedule created for the new system demonstrated that it would actually take longer for the
precast plank system to go up rather than the steel. This is partly due to the fact that the original
project schedule was never issued and just a guideline of six months to place foundations erect all the
steel was given and this was a longer period due to the complex curved foundation. According to
Appendix J, the precast system took about 284 days to complete which doesn’t quite hold up to the
steel system’s 130 days to completion. However, it would seem that the precast system took a lot longer
mainly due to the length of time it takes to let the concrete of the shear walls cure to begin the
placement of the next floor. The way this system was sequenced is the same as the original project: by
section as detailed in Figure 1. Another sequence that was considered was to start from Section Ill and
build out simultaneously towards Section | and Section V. This was determine to make the site much
too congested because two cranes would need to rented as well as multiple pumps trucks. In general, it
would make the job site much too hectic and difficult to manage.
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Breadth Topic #2: Penn State Sustainability

One of the areas that seemed to be slighted in the original design of the Gen*NY*Sis Center for
Excellence in Cancer Genomics is that area of sustainable principles. In an effort to encourage green
building practices, Penn State University has adopted its own version of the LEED principles, which is
why the proposal relocated the building to the Hershey Medical Center. Penn State has issued a
checklist to follow for new construction on Main Campus and all branch campuses.

Figure 21 : Google Map of Hershey

Medical Center

Sustainable Sites

As seen in Figure 21, the building has been placed on the Hershey Medical Center Campus mainly to
gain from the solar rays that the large windows of the curtain wall can benefit from. Not only does this
provide an affect of bringing the outside atmosphere inside, but it helps keep the building heated in the
winter. Another benefit of this plot is that it is easily accessible from the road, and as displayed in Figure
21, the bus route (the red arrows) passes by one of the entrances of the building, encouraging the use
of public transportation. To go along with public transportation, bike racks are also a necessity to
encourage bicycle traffic rather than automobile traffic. Another application of the LEED principles is
the use of bioswales which is can be implemented adjacent to the road or setback off the main building.
Building these into the site in the beginning of construction can allow for the creation of a very green
atmosphere and view from inside and outside. Another aspect of a sustainable site is avoiding the use
of light pollution, which simply means using light fixtures that either focus down in order to not waste
energy by sending the lumens up into the sky.
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Water Efficiency
Duration of |Amount
Conventional Lavatory 258 15 B 0.625
Low-Flow Lavator . 188 15 0.450
Kitchen Sink B 258 15l 0.625
Low-Flow Kitchen Sink 1.8 15 0.450
Shower R 250 3000 12.500
Low-Flow Shower 3 1.8 300 9.000
Janitor Sink R 251 48l 2.000
Hand Wash Fountain | 0.5 15 0.125

Figure 22 : Comparison Chart of ordinary vs. water
efficient appliances (courtesy of
http://www.csemag.com/article/CA504173.html)

This category is one of the LEED categories that could and should be applied to all newly constructed
buildings. A couple of solutions include waterless urinals, special reduced water dishwashers, greywater
systems, and water filtration equipment. Figure XX shows how much water can actually be saved using
the water efficient technology. It is difficult to retroactively fit these kind of systems into a building
which is why they need to be implemented during the design period of building construction. In the
case of the CFG building, these types of appliances can definitely be used and designed into the
architectural and mechanical layout.

Energy and Atmosphere

This section is to promote the use of alternative energy
sources as opposed to fossil fuels. One way that the CFG can
fulfill this credit is to apply solar shading to the curtain wall
system. Sunshades are used to subtly shade from the harsh
light of a summer day while still gaining the heat from the
sun to heat up the building and save on energy costs. An
example that can be applied to the CFG can be seen in Figure
23. While this system takes advantage of solar power, it is

i
i
-

also possible to achieve these points by implementing bio-

fuel based electrical systems (agricultural crops or Figure 23: Metal Mesh Shading created by

waste, landfill gas, animal waste or other organic Cambridge Architectural

waste, untreated wood waste), low-impact hydro- (http://www.cambridgearchitectural.com/Sy

stem.aspx?ID=21#)
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electric power systems, or wave and tidal power systems. This is also known as green power.

Materials and Resources
There is a big campaign across the Penn State

[Joontwanger
communities right now to push towards recycling. This %"mﬁwm
criterion requires that the construction waste be collected and ||| #==ue

DGrchgN
removed without question. Of that waste, at least 10% must

be recycled by Penn State standards. In order to keep
transportation and the use of gasoline to a minimum, LEED
points are given if materials are used that are located within a

500 mile radius of the project. In this case, the Figure 24: Regions Serviced by Nitterhouse
redesign of the building was done with precast

concrete and Nitterhouse is a well-known company for precast concrete materials for the Mid-Atlantic
region. In fact, the plant is only about 70 miles away from the Hershey Medical Center.

Indoor Environmental Quality

Because the labs need to be in a controlled environment, the building is mechanically ventilated. In
order to satisfy this LEED point, it helps to install carbon dioxide monitors in spaces with 25 people per
1000 sqg. ft. or more. Also, outdoor airflow measurement devices help to make sure that the mechanical
system is not overworking and wasting energy. Observing these factors should be done during
construction and before occupancy just to monitor the well being of building occupants. Another
important part of this section is that the materials used in the building are low-emitting materials to
keep all occupants safe. As well as safe, there is an order for occupant comfort with lighting and
temperature. Part of the occupant comfort for the CFG is the use of daylight and the view that
occupants get from the two-story atrium with the curtain wall.

e

\--

Figure 25: View from Behind Curtain Wall
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Conclusion

The redesign of the Gen*NY*Sis Center for Excellence in Cancer Genomics as a precast
plank structure with concrete shear walls was a suitable replacement for the original
composite steel framed building. However, it is probably not the ideal choice in this
situation.

The concrete structure performed decently when it came to vibration sensitivity for the
sensitive lab equipment. It performed well for equipment up to 1000 pips, which includes
bench microscopes at a magnification greater than 400x. Even though it performed better
than the steel structure, it can still be designed even better for the sensitive equipment
used in this building.

The overall architectural plan minimally changed in typical bay size which slightly
changed the overall area of the building. However, the floor sandwich slightly decreased
leaving a little bit more overhead space.

The foundation of the precast building needed to be resized and become larger thus
more costly.

The resulting cost of was a cheaper overall system but the concrete shear walls were
more expensive and longer to produce than that of the steel and lateral braced framing.

Many sustainable elements were able to be added to the building to make it a Penn
State LEED approved building which is well on its way to being an official LEED approved
building. And it demonstrates how effective planning of a building can allow it to be a truly
green building.

Overall this thesis project brought together my five years of learning and also truly
challenged me to remember everything [ learned so I am now ready for the real world of
structural engineering.
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

New Hershey Seismic Criteria

[0.2-Sec Spectral Response Acceleration |

S, 0.209 (%) of gravi
[1.0-Sec Spectral Response Acceleration |
S, 0.055 (%) of gravi
Site Class |C
Short-Period Site Coefficient |
F, 1.2
New Hershey Wind Criteria [Long-Period Site Coefficient |
F, 1.7
Swms 0.2508
Sm1 0.094
Sos 0.167
So1 0.062
ic Design Category |B
rtance Factor | 1.0
R 4.0
oximate Fundamental Period |
T, 6.00 sec
T, 0.584 sec
C 0.02
X 0.75
h, 90.0 ft
amental Period |
T 0.993
C, 1.7
eismic Response Coefficient |
C, 0.0267
Building Weight w 12400 kips
ic Design Shear
v 331

Original
NES E-W B

Wind 263.1 263.7 404.2 140.0
Seismic 279.0 279.0 331.0 331.0
Wind 14244.0[ 14444.0 21962.0 7541.0
Seismic 15997.01 15997.0 18962.01 18692.0

Comparison of New and Old
Controlling Loads
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

Penthouse
Original
New
Original N-S
New Bldg A
Original E-W
New Bldg B
Original N-S
New Bldg A
Original E-W
New Bldg B
Original N-S
New Bldg A
Original E-W
New Bldg B
Original N-S
New Bldg A
Original E-W
New Bldg B

Comparison of Albany Wind Loads to
Hershey Wind Loads

Penthouse Roof 3rd 2nd

w, (kips) 564 1921 1947 1913
1022 1921 1947 1913

hkax 418750 947223 636563 353430
(ft-kips) 88914 126786 97350 65042

Cux 0.164 0.372 0.25 0.139

0.209 0.298 0.229 0.153

Fo=CuV 45.8 103.6 69.6 38.7
(kips) 69.1 98.6 75.7 50.6
V (kips) 0 46 149 219
0 69.1 167.7 243.4

M = F,h, 6840 3482 1315
(ft-kips) 6507 3785 1720

Comparison of Albany Seismic Loads
to Hershey Seismic Loads
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

Strand Pattern Designation Section Properties
s HOLLOW-CORE o Section Proper
40" x & ppe pped
i - 2
. Normal Weight Concrete A = 1E7 in? 233 in?
5 =siraight . |l = 782 n* 1840 in*
L Ciameter of strand In 165 . 4-0 7 i Bea i
Ma. of Strand {7) | | l ¥ 3 :I': . ."4 in.
e - w = 300 n 388 in
Safe joats shown nce cead foead of 10 1] 1 1Lz 5, = 25 it 3 int
pst for untanped members and 15 psf for j_r L| ' TS e i
fOppEd MEMDErs.  REManger 5 Ave foad. DO'OO‘O'OO'O L i - '1'; e 1?; "-:f
Long-ome cambers nolwde supenmpossd T = - F <= P
st (oad but do Aot Noiude e Msd erT- = 1 ‘}; psf 74 psf
' _ A Via= i n.
Capaclty of SScHons of other CoTiLYANNS f =5000psi
afE simitar.  For precise vaives, See ool f, = 270,000 psi
hoNowW-core manufaciner. P
Key
443 - Safe supsrmposed senvice load, pst
0.1 - Esimaled camber al erection, In.
0.2 —Estimated long-iime cambsr, In
Table of safe superimposed service load (psf) and cambers {in.) Mo Topping
Strand Span, ft
Designation -
Code 10 T 12 13 14 15 18 7 18 13 20 2 n 23 24 » 22 T 28 23 3
d44 332 333 2 23E 203 175 131 131 114 10D i} T BB ) 32 4B 40 33 28
65-5 o1 02 02 02 02 02 02 02 02 D2 02 D2 O OO0 01 -D2 -04 D5 07
02 02 02 02 03 03 02 02 02 01 04 00 -0 03 05 07 03 12 -15 -18
445 386 328 2ITo 238 S 176 155 136 120 105 23 82 T B5 &7 43 4z 38 Kl
76-5 np2 02 02 03 03 D3 O3 02 D03 02 D03 O3 02 01 01 0O 01 -03 04 -D6
m3 902 03 03 02 03 O3 Q02 O3 02 01 OO 01 -02 -04 047 09 -12 16 -2
466 421 386 33§ 232 I3 2@ 21 1FF 157 133 134 11D @ 88 78 &3 &0 53 45
95-5 b3 03 03 04 04 D& 05 05 OS5 05 0OF D5 Q5 05 04 03 03 01 00 -0
mn3 04 04 05 05 05 06 06 D6 05 05 D& 03 02 04 049 03 06 09 -13
473 433 383 362 322 290 264 240 22 186 167 149 134 119 107 95 @5 TE 65 €O
a7-5 b3 04 04 05 05 D6 06 ¥ OF 07 07 D& 06 7 0T T D& 05 04 03
D4 05 0§ 06 .y Oy 0y 0 D3 0E 08 07 7 D6 05 032 D2 00 03 N6
490 445 407 374 346 311 276 242 220 203 186 166 146 133 119 107 95 86 78 7
ar-s b2 04 05 05 O0E T O4Y¥ 0B D03 0= 0% 09 0% 10 05 0% D09 Q& OF D&
b5 06 06 Oy 0B D3 09 08 10 10 10 10 08 D09 08 7 D5 03 01 N2
4HCE + 2
Table of safe superimposed service load (psf) and cambers {in.) 2 in. Normal Weight Topping
Strand Span, ft
Designation -
Code 12 13 14 15 18 17 18 13 20 | ) 23 24 25 2 27 28 29 o
470 3\s 335 |5 24 D 182 1S 136 113 53 T3 B 46 34
65-5 02 o2 o2 oz oz az 0.2 0.2 0.2 02 o o or -01 -0z
p2 02 02 p2 02 04 01 00 =04 02 03 05 07 08 1.2
461 381 334 27 248 216 188 163 137 115 a5 T8 63 50 36 27
76-5 o2 03 03 0.3 02 03 1K 1.3 03 03 o2 ot o1 -ar 01 -03
02 o2 02 0.2 0.2 0.2 0.1 0.1 20 -2 -03 05 07 08 12 -15
473 424 FHF 3B ¥ 245 216 186 180 157 116 ] [ 12 25 43 3
98-5 i 04 04 05 05 1.5 1.5 i1 ] ] 0= 04 03 03 0.1 a0 -0
i 04 04 0.4 0.4 T4 1.3 03 o2 o1 01 03 05 47 10 -14 -7
455 448 415 377 331 232 256 224 195 168 147 127 108 94 B0 &7 55
a7-5 05 [1E 0& 0.E 07 0.7 o.r iy k] 03 or or 07 0.6 0.5 14 13
05 0.5 0.5 0.E 0.E 0.6 1.5 ] i i 032 o1 01 03 -05 -0& -12
494 455 421 394 357 32T 2B& 251 219 192 168 146 127 11D 85 &2 7O
ar-s 05 0E or 0.7 0.E 0.8 0.9 ne k-] 03 1.0 iR 0.e 0.k 0.B o7 1.6
(] 06 o7 0.7 0.7 0.7 0.7 i [LG (] 0= 04 02 00 -02 =05 =08
Strengih is based on sfrain compatibiity; botfom lension is lmited fo 7.541. . see pages 2-7 through 2-10 for expianation.
2=

Specification for Roof Precast Slabs
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

?El_asnd Pattern Diesignation HOLLOW-CORE Umfpe:eﬂon PerTiI:E:
0" X "
i .
T_ﬁ waicht Hormal Weight Concrete A 215 in? M int
5 =strai B iy i
_Da'nEhE'%TEIrard n 16Ms I 1.6e8 n 307 n.
—No. of Strand (7] 4 vo = 400 in 5.28 in.
' I | v o= 400 in 471 in.
Saie 0ads shown ncude dead ioad of 10 | l L E. = H7 in? 531 in”
psl for unfipped members and 15 pal for  qldr L] g - 17 in® 852 int?
fopoed members.  Remalnder /5 fve igad - T . ' " s _ =
Long-ime campars nclide supermposad * rl\_-:l . O. '\_-:] . '\___D . C Ll i g wio= 224 plf 325 pif
dead foad but o not include Bve Joac :{: — E'—,; 1 ;g psf 81 psf
5= 2 in.

acity Of Sacons of other Configuratons .
ﬁa-.m{'ar. For precise valuss 5se IBcai f. =5,000 ps
oNow-ore menuTsCTLney. pr - ETZ,DDD psi

Ky

438 — Safe supenmposed service load, pet
0.1 — EsImaled camber at erection, In.
0.2 —Estimated lang-ime camber, In

4HCE

Table of safe superimposed service load (psf) and cambers (in.) No Topping
Strand Span, ft
Designation
Code 11 12 13 14 15 18 17 18 19 20 2 32 23 4 25 36 27 3E 2 M M 32 33 M 35 3 37 3B OB\ &0
453 415 373 346 311 280 234 204 172 155 140 124 110 %8 &7 77 &9 E1 54 458 43 3E 33 29
&B-5 0f 02 02 02 02 02 02 02 03 03 03 03 02 02 02 02 01 00 00-041-02-03-05-16
02 02 02 03 03 0.2 03 03 03 03 0.3 03 02 02 01 00-01-0.2-03-05-07-0.9-12-14
470 424 357 355 325 303 275 242 713 185 157 149 133 119 108 ©5 36 77 69 62 355 50 42 39 35
76-5 02 02 02 02 03 02 03 03 03 0.3 04 04 04 03 03 03 03 0.2 02 01 00-0.1-02-0.4-05-
02 02 03 03 03 04 04 04 04 04 04 04 04 03 03 0.2 01 0.0-01-0.2-04-06-05-1.1-14-1.7-2
3E2 421 362 552 223 o00 Zo0 260 223 229 211 194 177 160 123 120 118 107 97 96 o0 72 66 60 58 46 42 37 o5 26
£8-5 02 02 03 02 03 04 04 05 05 05 05 06 0OF 05 05 06 OF 05 05 0.5 04 0.3 02 01 00-04-03-05-07-09
03 0.2 04 04 05 05 05 06 06 0F 07 07 07 07 07 06 0OF 05 04 0.3 02 00-02-04-0E-09—13-16-20-24
475 430 383 381 332 305 255 265 I53 235 223 209 200 160 165 153 142132121 110101 92 & 77 70 63 55 51 45 40
68-5 03 03 03 04 02 05 05 06 06 0.7 07 07 03 05 05 0.6 09 0.5 08 05 08 OF 07 06 05 04 02 0.1-001-0.3
03 04 05 05 05 0E 07 07 08 0.5 03 09 1.0 10 10 4.0 09 0.9 09 0.5 07 06 04 0.2 00-0.2-05-0E—1.1-1.5
4ES 447 402 370 341 316 295 275 259 241 223 215 203 165 1530 165 157 144 135 126 113 110 101 92 & 77 70 &4 55 &2
78-5 03 03 04 05 05 06 06 OF 07 0.6 03 09 10 10 12 11 1.1 11 11 11 11 11 11 10 03 06 07 06 05 0.3
D& 05 05 06 07 OE 08 0.8 10 1.0 14 12 12 12 1.3 13 1.3 1.3 13 1.2 1.2 11 10 05 07 05 03 000307
§+ 2
Table of safe superimposed service load (pef) and cambers (in.) 2 in. Normal Weight Topping
Strand Span, ft
Designation
Code 13 14 15 15 17 18 19 0 2 22 33 4 25 3 7 2@ ¥ 30 3 32 33 34 35 X 37 M B 4
453 445 394 340 294 256 724 157 173 153 135 119 105 93 B2 63 56 45 36 6
BE-5 02 02 02 02 02 02 03 03 02 02 02 02 02 02 01 00-00-0.1-02-03
02 02 02 02 02 02 02 02 04 04 0O0-04-02-03-04 -06-07-0.9-12-14
493 457 420 357 347 304 257 235 206 184 16£ 146 130 116 103 88 74 62 51 41 A
T6-5 02 02 03 03 03 03 03 03 04 04 04 03 03 03 03 02 02 01-00-01-02
02 02 02 03 03 03 03 03 02 02 02 04 00-01-02-04-05-07-05-12-14
492 451 414 354 357 333 310 283 274 245 219 196 177 139 143 128 110 & 82 70 52 4% 40 32
58-5 03 03 03 04 04 05 05 05 0.5 06 05 06 06 05 06 05 05 0.5 09 03 02 29 0o-od
03 03 04 04 04 04 05 05 05 05 04 03 03 03 02 01-01-0.2-0406-09-12-15-13
4E3 42F 205 366 347 310 200 287 D47 251 238 ZIE 195 107 158 140 124 110 97 B4 72 62 53 44 38 I8
68-5 04 04 05 05 06 OF 07 OF OF 05 05 05 03 05 OF 08 05 06 OF OF 06 05 D4 02 09-01
04 0.5 05 06 06 OF 06 OF OF OF 06 05 05 05 04 03 0.2 000200603 -12-1.6-20-24
472 435 402 375 34 325 305 286 I73 257 245 237 120 207 136 167 149 132 113 106 34 B3 T3 B4 55 45 I8
T8-5 05 0.5 05 06 OF OF 08 0.9 0% 10 10 18 11 11 14 11 11 14 11 11 1.0 02 09 47 06 05 03
05 0.6 05 OF OF 08 05 0.6 0% 09 09 08 08 06 OF 07 06 04 03 0140903 06-08-1.3-17 22

Strengil is based on sirain compatibilily; bofiom fension is imited fo 7.3,J1 | see pages 2-7 through 2-10 for explanation.

2-32 Specification for Floor Precast Slabs
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

L-BEAMS
Hormal Weight Concrete
. . h halbiz A ] W Sy S5t wit
N Designation | in |insin | in® | in* | in | in® | in® | pi
- 20L820 20 1278 | 204 [10e@0| 874 | 1,982 | o0z | 217
200824 24 1212 a4 17,568 1050 | 1673 | 1,301 400
20L828 28 18/12 432 27,883 12.22 | 2282 | 1,787 450
20L832 32 2012 480 41,600 14.00 | 2871 | 2311 500
hy 20L838 g 2412 528 82,118 1582 | 3,737 | 2,820 BAD
h 20LB40 40 2418 goa8 81,282 1747 | 4,653 | 3,608 833
20LB44 44 2818 858 |108.107( 18.27 | 5810 | 4,372 883
1 20L345 43 | 3216 | 7oe |140,133| 2100 | 8645 | 5208 | 732
by 20L852 52 3aM18 TE2 |1F7.752| 2284 | 7748 | G117 783
20LB58 tilal 40/15 BOD 221,355 24.80 | 8,828 | 7,085 233
| qige | 200880 80 44116 B48  |271.332( 28.68 10,170 | 8143 253

———————

Check lozal area for ava ability of other sizes.

= 5000 psi Zafe loads shown incude 503 superimposed dead load and 50% live load. 200 psi top
coT Psi . tension has been allowed, therefore, addiional top renforcement is regquired

T = 270,000 psi 3. Safe loads can be significanty increased by use of structural composite topping.

Y2 in. diameter

lowe-relaxation strand

[

Key
8566 — Safe superimposed service load, pif.
0.3 — Estimated camber at erection, in.
0.1 — Estimated long-time camber, in.

Table of safe superimposed service load [pIf) and cambers (in.)

Desig- | Mo. | ygiend)in. Span, ft
nation |Strand|yg(centerjin.( 45 45 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
244 |7000 5131 4105 3245 2760 2318 1061 1674 1436 1243 1070
20LB20| 28-5 : 03 04 05 08 07 08 08 10 10 11 12
2.44 01 02 02 02 02 02 02 03 03 03 02
280 |P977 7485 G000 4204 4008 3414 2605 2470 2137 1854 1817 1418 1244 1027 068
20LB24|108-5 P 03 03 04 05 05 08 07 OF 08 08 10 1.0 11 11 12
: 01 041 01 01 01 02 02 02 02 02 01 01 01 00 00
233 T303 B33 5500 4711 4000 443 D070 D505 2273 2000 1758 1587 1304 1243 1110 062
20LB28|128-5 133 04 04 05 OF OF OF OB 08 08 10 11 1.1 12 12 12 13
: 01 01 02 02 02 02 02 02 02 02 02 02 04 01 00 OO
371 TT47 7440 5201 5358 26711 2007 3205 2071 2712 2408 2743 1074 1715 1540 1366
20LB32 | 148-5 371 04 05 05 Of OF OF 08 08 10 10 1.1 12 12 13 13
: 00 02 02 02 02 02 02 03 03 03 02 02 02 02 04
125 E7 7OET BEC3 GBES 5118 4476 3041 3430 S103 2771 D462 0237 2071 1818
20LB26 | 168-5 1o D4 05 05 06 OF 08 08 08 10 11 11 12 12 13
: D2 02 02 02 02 03 03 03 03 03 03 03 03 02
189 DE12 357 7235 B205 5513 4050 4305 SE30 S43% 3073 O76S D405 2057
Z0LE40| 188-5 429 04 05 06 06 OF 08 08 08 10 10 11 11 12
: 02 02 02 02 02 02 03 03 03 03 03 03 03
205 D050 TE0S AE45 FO47 5383 4753 4054 SERT 5474 3143 0350
20LB44 | 138-5 T 05 06 OB OF 08 08 09 09 10 11 11
: 02 02 02 02 0.2 02 02 02 02 02 02
581 0226 8100 7158 £280 5878 G002 4RE4 4140 3751 2408
20LB48 | 218-8 581 05 OB OB 07 08 Of 08 00 10 11
: 02 02 02 02 02 02 03 02 03 03
617 TF5% 5521 7578 6772 BOE2 SAE2 405G 2800 2094
20LB52 | 238-5 g 06 06 07 07 Of 02 00 10 10
: 02 02 02 03 02 02 03 03 03
c.64 D054 £280 7027 7123 G427 5620 5267 2416
20LBS5E | 258-5 ' 06 07 07 Of Of 0B 10 10
6.84 02 02 03 02 02 02 03 03
., D00 E173 7350 GGEE GUB0 5544
20LBE0 | 278-5 - 07 07 O 0B 08 10
7.33 02 02 02 02 03 D3

Specification for Edge L-Beam Precast Beams
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY

INVERTED TEE BEAMS

Mormal Weight Concrete

P Section Properties
. . h hshs A I Vi 5 5. wi
Designation| . | inlin | in2 [ it | i | in® | in® | pie
281720 20 12/8 368 11.888) 7.1 1,478 o7 383
28IT24 24 1212 480 20,278 G.80 2,112 1408 00
281728 28 18012 528 32.0va8| 11.09 2,882 | 1.887 A0
h 281132 32 212 578 47 872 1287 1778 | 2477 800
h 28IT38 a5 2412 24 858,101 1431 4,752 3,140 Ba0
— | L [ 281740 40 2418 738 83,603 1583 5,807 | 3.868 787
hy 281744 =4 28418 T84 124437 1743 7,132 | 4,883 817
281748 48 A28 832 [181.424( 1508 8,480 | 5552 a7
281752 52 A618 830 |2D4.B34| 20.76 9,882 | 8.558 817
244" 281754 55 418 g28 265228 2248 | 11,354 | 7814 957
281T&0 80 44718 g78 [|312,886( 24 23 | 12,812 | B.747 [1.017
¥ 5000 osi 1. Check local area for availability of other sizes _
[ Pl 2. Safe loads shown include 50% superimposed dead load and 50% Fee load. 800 psitop
T, = 270,000 psi tension has been a'owed. thersfore, additonal top reinforcement is required.
Y5 in. diameter 3. Safe loads can be significantly increased by use of stuctural composite topping.
low-relaxation strand
Key
6311 — Safe superimpossd service load, pif.
0.2 — Estimated camber at ersction, in.
0.1 — Estimatad long-fime camber, in.
Table of safe superimposed service load (plf) and cambers {in.)
Desig-| Mo. y"&i::t;::l' Span, ft
nation | Strand | Y5500 16 18 20 22 24 26 28 30 32 34 36 3B 40 42 44 45 48 50
244 G511 307G 4048 3288 2711 2262 180D 1817 1381 1184 1022
28IT20| 98-5 244 oz 03 04 04 05 05 08 OF OF 07 048
) oi1 01 01 01 01 01 00 00 00 00 -041
273 bE12 7504 50DT 4EBZ 4034 3374 2850 2427 2081 1785 1255 1351 1178 1029
2BIT24| 188-5 2.T3 oz 03 03 04 04 05 08 08 07 07 07 08 0B DA
) of 01 01 01 O1 01 01 01 01 01 00 00 -01 -02
308 8353 GEZZ 5057 4760 4031 3451 2076 2582 2252 1973 1735 1530 1362 1167 1061
2BIT28| 138-5 308 0% 03 0O4 05 O5 0OB8 06 Ov OF OB OB D3 09 0B OB
) 01 04 O1 01 O1 O1 041 01 O1 O1 00 00 -D1 02 -02
347 bD42 7521 5333 H3ED 4023 4006 3480 3057 2601 2378 2110 1376 1673 1485 1337
2BIT32| 158-5 3'” 03 04 04 05 05 06 08 07 OF OB D3 09 02 0% 089
) 01 01 01 01 01 01 0 01 01 01 01 00 00 00 -041
.50 8332 8285 7075 GUSZ 5267 46718 4080 3387 3183 2835 2334 2271 2040 1836
2BIT35| 168-5 3 50 03 04 D4 05 05 08 08 OF 07 DB 08 02 D2 0O
) 01 01 01 01 01 0O 01 01 01 01 00 00 00 -041
49 BEIE 7440 0460 5647 4000 430D 3E2E 3474 3107 27ET 2500 2258
2BIT40 | 198-5 1'21 04 05 05 08 08 OF 07 03 08B 08 0% 09
) o1 01 01 01 0O1 01 01 01 01 01 01 04
4.40 2130 T30 GEET §103 5482 45071 4344 3396 3505 3102 2359
2BIT44 | 208-5 440 04 05 05 08 06 07 Oy 07 08 03 08
) 01 01 0O 01 01 01 01 01 01 01 00
455 9718 BE25 7523 06TH HBE3 5330 47091 4320 3807 3542
2BIT4B | 228-5 1'55 04 05 05 06 08 07y 07 08 03 09
) 01 @01 041 01 01 01 041 01 04 041
51T BEET 2223 TA38 GOODE G274 5847 4100 4819 218G
2BITS2 | 248-5 5'” 05 05 06 08 08 07 0¥y 08 08
) 01 01 01 01 01 01 01 01 04
5.23 9307 8319 7480 0731 6DEB 5524 5026
2BIT5E | 268-5 5'23 05 08 08 OF 07 08 08
) 02 02 02 02 02 02 02
5.57 0845 BAE3 ?329 TOB1 8432 5350
2BITED | 288-5 5'5? 08 08 0OF 07 08 08
) 02 02 02 02 02 02
Specification for Inverted T Precast Girder 2-45
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Meral G. Kanik GEN*NY*SIS CENTER FOR EXCELLENCE IN CANCER GENOMICS
Rensselaer, NY
PRECAST, PRESTRESSED COLUMNS
Figure 2.7.1 De=sign strength interaction curves for precast, prestressed concrete columns
CRITERIA ¥
1. Minimum prestress = 225 psi
2. All strand assumed 'z in. diameter, f, = 270 ksi
3. Curves shown for partial development of strand
near member end where T, =,
4. Horizontal portion of curve is the maximurm for % + —
tied columns = 0.830¢F,
5. Varies linearly from 0.9 for tensicn-controlled
section to 0.65 for comprasszion-controlled
sections in accordance with AC1 318-02 |
Section 9.3.2 y
_...I_ - 2" Typ. )
USE OF CURVES & Siand (Assumed for Deslgn)
1. Enter at lefi with applied factored axial load, Py
2. EntE:‘r at bottom with applied magnified factored NOTATION
mament, 3, P Desi ial st th
3. Intersection point must be to the left of curve iw'l'n _ Dz::gg ﬁ;xﬂurzlrzggngth
ndicating required concrete strength. $F, = Design axial strength at zero eccentricity
A, = Gross area of column
& = Moment magnifier {Section 10.11-10.13 ACI 318-02)
1800 1800
16 %16 o 18x 18
1600 4 Strands 1500 T 8 Strands
1400 | 1400 - _ - _\H
B S S T 1= 10,000l
1 [ - 1 = ]
1200 - — 1200 < = 1
— - - = 1 f4=19,000 psl \\
1000 |~ [ [ = 10,000 pel 1000 1 It R N
g : = y f::=a|::-nnps|\
> - ?“ 7 Aun \|\'\
& - ¢ = 7,000 psl
o 800 —] e f a ll:
| a,cmupﬁ\ \ h JI'II
B0 o= 5.rLuu & [ .:' aa'
\ U &
400 \\‘ L
W7
Partlal — Farlsl —— | /J
200 Develapment Eul 200 Dmduuﬂ;%ﬁf f————F
A ~ “ -
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Penthouse/Roof
Mechanical Equipment 160 kips 160 kips

Roof Meadow DL = 70 psf x 14600 sf = 1022 kips
Roof Garden LL with Assembly 100 psf x 14600 sf = 1460 kips
1.2DL+1.6LL= 1.2(160) + 1.6(1460) = 166 psf oo Hollow-Core
22600 sf 8" thick
NWC
4HC6 + 2" topping
96-S

Roof Slab 74 psf x 22500 sf 1665 kips
2687 kips
Roof Column DL 145 pcf x 1 ftA2 x 18.58 ft x 86 columns 232 kips
Lab LL 70 psf x 19000 sf 1330 kips
Corridor LL 80 psf x 3500 sf 280 kips
1.2DL + 1.6LL 4852 216 psf Kmmmmmmmnee Hollow-Core
10" thick
4HC8 + 2" topping
58-s
2ndfor
Weight from Above 2919 kips
3rd Floor slab 81 psf x 22500 sf 1823 kips
4742 kips
3rd Column DL 145 pcf x 1ftA2 x 16 ft x 86 columns 200 kips
Lab LL 70 psf x 19000 sf 1330 kips
Corridor LL 80 psf x 3500 sf 280 kips
1.2DL+ 1.6LL 5002 222 psf mmmmenee Hollow-Core
10" thick
4HC8 + 2" topping
58-s
Weight from Above 4941 kips
2nd Floor Slab 81 psf x 22500 sf 1823 kips
Wkips
2nd Column DL 145 pcf x 1 ft72 x 16 ft x 103 columns 239 kips
Lab LL 70 psf x 19000 sf 1330 kips
Corridor LL 100 psf x 3500 sf 350 kips
1.2DL + 1.6LL 5162 229 psf Ko Hollow-Core
10" thick
4HC8 + 2" topping
58-s
Foundations
Weight from Above 7002 kips
1st Floor Slab 81 psf x 22500 sf 1823 kips
1st Column DL 145 pcf x 1 ft72 x 18 ft x 103 columns 269 kips
Weight from SOG 145 pcf x 22600 sf x 6 in 1639 kips

Precast Slab Loading
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Foam Core SIPs o=

THE MURUS OS5B-2100PUR STRUCTURAL INSULATING PANEL

. Series 2145 2155 2165 K FACTOR: [aged foam) 148 ASTM C-518
OVERALL THICKNESS: 45/8° 55/8" &5/8" COMPRESSIVE STRENGTH: 23 psi ASTM D1621
THICKNESS TOLERANCE: +/-1/8° . i COMPRESSIVE 'MOE: 682 psi ASTM D1621
WIDTH 48" . . SHEAR STRENGTH 3 psi ASTM G273
WIDTH TOLERANCE: +01-1/8" . i SHEAR MODULUS 203 psi ASTM €273
[Finish Size) FLEXURE MOR: 52 psi ASTM C203
STANDARD LENGTHS: 406!, 8", 9, 105 12, . - FLEXURE MODULUS (*MD): 587 psi ASTM C203
[Feet] 14,16, 18", 20°, 22, 24' . TENSILE STRENGTH 37 psi ASTM D1623
LENGTH TOLERAMNCE +/-1/4% . . TENSILE MODULUS. 611 psi ASTM D1623
WEIGHT: 395 Ib./sq. . 415 1b./sq. b 4351b.fsq . WVT/PERM INCHES: 10 ASTM E96

FOAM FIRE RATING: Class 1 U723
TYPE: Palyurethane Clased Cell Foom HLAME SPREAD 29 LEbLI
THICKNESS 311716 ane 511/16" 2MOE DEVELOPED: A0 2yzes
DENSITY. 2.2 bb./eu. b . i ity ol s sy s s g

*Spacifcakion or value is the same os the O58-21 45 Fonel
RVALUE: 6.76 per in. thickness . - **UL723 is not necessarly @ representation of performanca in on acuel fire

Class 1 i the highest raling avaiable for combustlble maeiois

% TYPE: APA or equivalent rated oriented strand board (OSB]
GRADE Exposure|

THICKNESS:  7/16"

Liguid foam s uniformly dispersed throughout mold.

Foam expands, bonds and cures under 12-14 psi.

Other Panel Systems Available:

. CLAD-2100 (OSB/OSB/PC) Exterior Skin. 7/106" Exposure-1, APA or equivalent rated oriented strandboard (OSB).
Interior Skin (exposed). 3/4" Standard Grade (kiln dried). WP4-Eastern White Pine, T&G with V-groove face pattern.

PTP-2100 (PT/PT) Exterior and Interior Skins. 1/2" CA .10 - CDX Grade, APA or equivalent rated pressure treated plywood

CB-2100 (CB/CB) Exterior and Interior Skins. 10 mm (also available in 8 and 12 mm) Cement bonded particle board comprised
of wood particles and cement.

BB-2100 (OSB/BB) Exterior Ski /16" Exposure-1, APA or equivalent rated oriented strandboard (OSB).
[Roof Applications Only) Interior Skin. 1/2" Veneer Base (Blueboard) Gypsum Wall Board.
T-1-11-2100 (OSB/OSB/T-1-11) Exterior Skin. 7/16" Exposure-1, APA or equivalent rated oriented strandboard (OSB).

Interior Skin (exposed). 5/8" 303-6 Grade (8 in. on center face pattern), T-1-11 pine plywood.
FB-2100 (OSB/FB) Exterior Skin. 7/1¢" Exposurc-1, APA or equivalent rated oriented strandboard (OSB).

Interior Skin. 1/2" Gypsum Wallboard - Fiber Reinforced,
PTP/FB-2100 (PT/FB) Exterior Skin. 1/2" CA .10 - CDX Grade, APA or equivalent rated pressure treated plywood.
(Subject to Availability) Interior Skin. 1/2" Gypsum Wallboard - Fiber Reinforced.
CP-2100 (OSB/SB) Exterior Skin. 1/4" Oriented Strand Board (OSB)(7/16" Exposure-1 optional for nailbase).

Interior Skin. 1/2" Low Density Wood Fiber Composite (Sound Board), Fiber Board Insulating Sheathing.
APPLICATION
LOAD BEARING L] ]
CURTAIN WALL L] . L] [ ] L] [ ] L]
ROOF SPANS UP TO 4FT. L] L] ° L] L] L] ® .
ROOF SPANS OVER 4FT. L) . L L] L]
RESIDENTIAL CONSTRUCTION ° ° . .
COMMERCIAL CONSTRUCTION Ld L4 L . L] L] L]
STRUCTURAL STEEL FRAMING L] L] . ® .
INSULATED GARAGES L] L] [ ]

. INSULATED WAREHOUSES L3 . . . .
TIMBER FRAME STRUCTURES . . Ld L] L L] L]
HEAVY TIMBER RAFTER SYSTEMS L] L] [ ] [ ] L] L] L]
GLUE LAMINATED STRUCTURES . L] L] [ ] .
MANUFACTURED ROOF TRUSSES LJ . L] . [ ] ] L]
TROPICAL CLIMATES L] L] ]
POCL ENCLOSURES L] - [

Specification for SIPs
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Shear Wall Calculations
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Torsional Direct

length Shear Shear, Vu
(kips) (kips)

wall 1-1 123.71 0 27.00 87.784 85.55
wall 1-2 0 0.39 10.67 0.074 36.01
wall 1-3 134.38 0 27.00 95.356 85.55
wall 2-1 0 13.49 27.00 6.484 91.15
wall 2-2 34.44 0 14.50 13.124 45.95
wall 2-3 0 0.41 27.00 0.197 91.15
wall 3-1 0 89.94 10.67 17.078 36.01
wall 3-2 146 0 29.00 111.276 91.89
wall 3-3 0 20.66 10.67 3.923 36.01
wall 4-1 0 38.06 12.00 8.130 40.51
wall 4-2 62.87 0 12.00 19.828 38.02
wall 4-3 0 68.56 21.67 26.444 73.15
wall 4-4 56.87 0 18.00 26.903 57.04
Total Lx 119.67 404.00
Total Ly 127.50 kips
247.17

Direct Shear Calculations

Gross
hw (ft) Area, Ag
(SF)

Moment (ft-

Surface Area (SF) tw (in) w (ksf) Kips)

2349.00 7443.11 1635.95 65.2127
wall 1-2 927.94 10.00 0.0388 3132.80 12.33 10.28 130.26| 148.3032
wall 1-3 2349.00 10.00 0.0364 7443.11 28.67 23.89  1635.95 65.2127
wall 2-1 2349.00 10.00 0.0388 7930.39 28.67 23.89  1635.95 69.4820
wall 2-2 1261.50 10.00 0.0364 3997.22 16.17 13.47 293.43| 110.1159
wall 2-3 2349.00 10.00 0.0388 7930.39 28.67 23.89  1635.95 69.4820
wall 3-1 927.99 10.00 0.0388 3132.97 12.33 10.28 130.28 | 148.2972
wall 3-2 2523.00 10.00 0.0364 7994.45 30.67 25.56  2002.80 61.2051
wall 3-3 927.99 10.00 0.0388 3132.97 12.33 10.28 130.28 | 148.2972
wall 4-1 1044.00 10.00 0.0388 3524.62 13.67 11.39 177.27 135.8686

wall 4-2 1044.00 10.00 0.0364 3308.05 13.67 11.39 177.27| 127.5202
wall 4-3 1884.99 10.00 0.0388 6363.87 23.33 19.44 882.19 84.1594
wall 4-4 1566.00 10.00 0.0364 4962.07 19.67 16.39 528.24 92.3706
21503.42 Boundary Element
Needed
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List of Websites Used for
Sustainability Breadth

http://www.greencontractors.us/how/leedguide/LEEDNC2-EAC2.pdf

http://depts.washington.edu/urbhort/html/education/StormwaterChallenges&Solutions.pdf

http://www.archenergy.com/ edr-leed/html-pages/SSpages/LEEDSSc61.htm

http://www.greeninfrastructurewiki.com/page/3Bs:+Bioswale?t=anon

http://www.skykeepers.org/odlight.html

http://www.csemag.com/article/CA504173.html

http://www.cambridgearchitectural.com/System.aspx?1D=21#

http://leedbootcamp.blogspot.com/2006/09/ea-energy-and-atmosphere.html

http://www.archenergy.com/ edr-leed/html-pages/EApages/LEEDEAc4.htm

http://www.nitterhouse.com/Companylnfo/CompanylnfoSub/CompanylnfoOverview.html

http://www.archenergy.com/ edr-leed/html-pages/IEQpages/LEEDIEQc1.htm

http://www.roofmeadow.com/
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Sections of Green Roofs ‘

GENERIC PROFILES
EXTENSIVE ROOFMEADOW COVER SYSTEMS

1 Folioge: succulonts
Cverall dapth {excluding fobage! 2 inches

Maox, aaturaled wisght (nclding folaye: 13 ibasef wind erosion blonket
Tymicaldry welghl tncludng fohage) 8 lba/sf light - weight growth madium
T — / prolection/woler retention

wolergroo! membrong
ar rao! barrier

2 Folage: succulants-herbs
Cwernll depth lexcipging Toliage: W inches
Max. saturated weight {including folioger 20 Ihssal
Typicaldiy weighl fmchafing falioge) 12 Ib3ssf
internal drain wind erosion blankel
N W e — lighi-weight growlh medim
T saparation fabric

‘_“\"———\——— sheet dron
proteclion fabric

3 Folioge: succulonts-gross-herbs
Owerall deplth {excleding foliaged 4 inchas ) )
Mox. Suturoled weight facluding foliager 25 Ibs/sf wind erasion blankel

Typicaldry waight lingluding folingel 19 Ihs/sf / kght-weight growth medmum
sgparotion fabric

- ~ drain medium
— protection/watar retention
fobric

4 Foliage: succulants-grass-herbs-wildflowers
Qvaralldepih (eecheding Foliagal 6% inches
Max. soturuled waighl dnchuding fahage) 45 lbaraf

Typical dry weight fingluding Foliagal 30 In;a’s.f/ wind erosion blonkel
. light -weight growih rmedium
water pondin —_———— ________..—-—" ; :
Ieuzl Y RN —— Seporolion lobric
drain medium
———— prataction fabric

Roofscapes, Inc,
www.reofmegdow.com
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