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Gateway Gommons

General Project Info
Cost: §7.2 million
Size: 43,000 sq 1t
Stories: 6 above grade and 1 basement level
Occupancy: 23 apariments and 2 refail spaces
Occupant: fthaca Renifals & Renovation
Construction: December 2003 - April 2007

Primary Project Team
Owner: Gafeway Commons, LLC
Architect: Holt Architects
Structural Engineer: Ryan-Biggs Associates
General Contractor: Northeast Construction
Mechanical Designer: Halco Mechanical
Landscape Designer: Trowbridge & Waolf
Energy Consultant: Taitem Engineering
Masonry Contractor. Casfer Masonry
Precast Plank Supplier: Empire Precasfors

Lighting/Electrical

» Track lighting typical for appartments uses a
35w MRl Bi-pin base lamp

¢ Appartments use 120v duplex receptacles and
240v receptacles

Gary Newman

Structrual Option
httpffwww engr.psu.edu/aelthesisiportfolios2008/gjn113/

N N N N P
I I e LN

i I

wllll

Architecture

» Received LEED SILVER Cerfification

» Building shape made up of 2 rectangular forms

» Facade uses brick, glass, EIFS and metal
paneling

s 2 retail spaces are located on first floor the rest
of the floors are apariment spaces

« A rooftop garden is available to all residents

« Sthapatya Veda principles were used in the
design

Structural

» Footings have been designed for a soil
bearing pressure of 5,000 psf.

» Spread footing and spot footing foundation with
strength of fic = 3,000 psi

+» §" CML hearing walls

» Floor system is constructed of 8™ hollow core
precase concrete planks

Mechanical

e Typical unit is conditioned by a MC QUAY heat
pump with a 1.5 ton coeling capacityand on
average a 24,000 BETU/hr heating capacity.

» Chase brings outside air to heat pump where it is
mixed with recirculated air




Gary Newman Gateway Commons
Structural Option Ithaca, NY
Table of Contents

TOPIC PAGE
Abstract 1

Table of Contents 2

Executive Summary 3
Introduction 4

Existing Structural System 8

Problem Statement 14

Proposed Solution/Methods 15

Design Criteria 16
Structural Depth 22
Architectural Breadth 43
Construction Management Breadth 44
Conclusion 45
Acknowledgements 46
Appendix 47

AE 482 - Senior Thesis Final Report Page 2



Gary Newman Gateway Commons
Structural Option Ithaca, NY

Executive Summary

The Gateway Commons building in Ithaca, New York is a mixed-use development building
being used for retail and residential apartments. It has a basement floor below grade and six
floors above grade at a height of 62 feet. CMU walls supporting precast concrete hollow core
planks make up the building structure. The building facade uses a combination of brick, an
Exterior Insulation Finish System (EIFS), and metal panels. The apartment units are designed as
luxury apartments. Construction of this project started in December of 2005 and was completed
in April of 2007.

This report consists of a detailed study of an alternative structural system. The structural
members: columns, girders, pan joist slab, footings and shear walls were all designed according
to the loads applied and constraints that restricted the member sizes. Columns of size 14”x24”,
girders of the size 14”x18” and 14”x16”, and a pan joist slab with a tops slab of 4.5” thick with
77x10 joists were used in the structure redesign of the gravity force resisting system. 8” thick
ordinary reinforced concrete shear walls were used as the lateral force resisting system.

Two breadth studies were preformed to validate the redesign of the structure. In the architecture
breadth new structure was designed as an office building to show that the new structure allows
for versatility in redesign of the architecture. The column layout on the new structure was
superimposed on the existing architecture floor plan that the new structure is compatible with the
existing architecture.

A construction management breadth was also completed for this project. The cost of the existing
structure is $2,078,841. The cost of the new structure will be $1,293,136. The total cost savings
of switching the structure from precast hollow core concrete planks on CMU walls to a concrete
pan joist system is $785,705. A schedule comparison was also preformed and the new structure
was able to be completed 79 day before the existing structure would have finished.
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Introduction

Gateway Commons located in downtown Ithaca, New York is a LEED registered, $7.4 million,
upscale, mixed use development containing two retail and 25 residential spaces. It offers unique
and spacious apartments for mature living with finishes and features more commonly found in
major metropolitan areas. It has a basement floor below grade and six floors above grade at a
height of 62 feet. The total building area is 43,000 square feet.

The basement is used for storage and a mechanical room. The ground floor includes a one
bedroom apartment and two retail spaces only one is occupied right now by Ithaca Coffee
Company. The floors above include one, two, and three bedroom apartments and a roof garden
on the sixth floor. The monthly cost of renting theses apartments will range from $1475 to
$3295 depending on the size of the apartment. Construction for this project started in December
of 2005 and was completed in April of 2007.

Location

Gateway Commons is located at 311 East Green Street in Ithaca, New York. The site is unique
because it is within walking distance of Ithaca’s downtown area as well as being adjacent to the
Six Mile Creek Nature Area. Downtown Ithaca is a culturally rich scene with art, music, theater,
cafes, shopping, and a business district. The Six Mile Creek Walk provides excellent
opportunities for recreational activities. Gateway commons is highlighted in yellow on the map
of Ithaca in Figure 1.
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Primary Project Team
e Building Owner/ Landlord:
Ithaca Rentals & Renovations
http://www.ithaca-rentals.com/index.htm

e Architect:
Holt Architects
http://www.holt.com/

e Structural Engineer:
Ryan-Biggs Associates
http://www.ryanbiggs.com/

o Mechanical Engineer:
Halco Mechanical

http://www.halcoheating.com/

o Electrical Engineer:
The Sparks Electric Co. Inc.

e General Contractor:
Northeast Construction Services
http://www.northeastconstruction.net/

e Masonry Contractor:
Casler Masonry

e Precast Plank Suppliers:
Empire Precasters
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Architecture
Design and Functional Components:

The shape of the building is made up of two rectangular forms connected on their long sides.
The first five stories have a fagade of brick, EIFS, and glass. The sixth floor fagade is composed
of metal panel siding and glass, and acts as an ornamental cap for the building. The facade
materials used on the first five stories was chosen to make a connection between the Gateway
Commons building and the Gateway Center building, a pre-existing building located on the same
site.

The basement is mainly storage and mechanical room space. The first floor is made up of 2
retail spaces and a 1 bedroom apartment. Most of this space is used as retail space, and there is
an independent entrance into the residential portion of the bqumg On floors two through Six, a
corridor is located where the two rectangular forms .

connect with each other. On either side of that
corridor there are apartments. The second through
fifth floors are identical in their layout. Each floor
includes (1) 3 bedroom apartment, (2) 2 bedroom
apartments, and (2) 1 bedroom apartments. The sixth
floor includes (2) 2 bedroom apartments, (1) luxury 2
bedroom apartment, (1) 1 bedroom apartment, and an
outdoor terrace.

Building Envelope:

The building’s wall structure is constructed of 8” CMU. Some walls have an exterior fagade
constructed of an EIFS (Exterior and Insulated Finishing Systems). Other walls have an exterior
facade constructed of brick. This masonry system is made up of 3” XPS insulation against the
CMU wall, an air space, and face brick connected to the CMU wall with wall ties. The windows
on this project are aluminum framed windows with a U factor of 0.60 Btu/sqg. ft. x h x deg F and
a maximum air infiltration rate of 0.1 cfm/sq. ft. The sixth floor facade is made up of a 2” EPS
insulation and metal siding. The roof structure is a hollow core concrete plank topped with 6” of
PolylISO insulation and a membrane roof.

Mechanical

The typical unit is conditioned by a MC QUAY heat pump with a 1.5 ton cooling capacity and
on average a 24,000 BTU/hr heating capacity. A chase brings outside air to the heat pumps
where it is mixed with re-circulated air to meet the ventilation needs. An Energy Recovery
Ventilator (ERV) was also incorporated into the mechanical design. The ERV is located on the
roof and will be used to exchange the heat and humidity of the outgoing conditioned air with the
incoming air. This reduces the amount of energy that is required to heat or cool the fresh air.
There is also an EVAPCO cooling tower located on the roof with a GPM of 98, water in
temperature of 102° F, and water out temperature of 90° F
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Lighting/Electrical

The electrical system in the Gateway Commons building operates under a simple radial system.
An NYSEG pad mounted transformer brings one service line into the switchboard. The 2000
Amp 208Y/120 V switchboard distributes power to different panels throughout the building.

The building is mostly lit by fluorescent lighting. The apartments are lit by compact fluorescent
lights and track lighting. In the apartments lights are operated by a standard wall box switch. In
the public spaces lights are operated by occupancy sensors. The lighting design for the retail
spaces will be finalized by the company that decide to rent the space.

Construction

The delivery method for the Gateway Commons project was a negotiated contract with Northeast
Construction, the project’s general contractor. The cost of the project amounted to $7.2 million.
Construction of the building started in December of 2005 and was completed in April of 2007.

LEED Certification

The Gateway Commons project received a LEED Silver Certification. The interior air quality
factors that helped obtain this rating are large operable windows that continuously supply fresh
air to apartments. Cross ventilation and low voc carpets, paints, adhesives, and sealants also
added to the interior air quality. Water efficiency factors that contributed to the silver
certification are rainwater collection for watering plants, roof top gardens, low flow shower
heads, and front load energy star washers. Overall energy use was cut down by the high Albedo
roof that reduces heat island effect, energy star appliances, daylight sensors, and no ozone-
depleting refrigerants. They also took advantage of the close proximity to mass transit, the use
of bike racks, and green materials such as bamboo flooring and porous pavement.
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Existing Structural System

Foundation

Between grid lines A and D, the basement floor slab-on-grade and loads from the concrete
foundations walls are transferred onto strip footings with a 28-day strength of f’c = 3,000 psi.
These strip footings sit on undisturbed indigenous soils composed of sand and gravel with an
allowable bearing capacity of 5,000 psf . The slab-on-grade is 5” thick and reinforced with #4
bars at 16 on center spanning in both directions. The slab-on-grade has a concrete strength of
f’c = 3,500 psi. The foundations walls will have a concrete strength of f’c = 3,000 psi or 4,000
psi depending on the type of wall. Between grid lines D and E the footings sit on a compacted
structural fill that has an allowable bearing capacity of 5,000 psf. The slab on grade in this
section is supported by the compacted structural fill and the foundation walls on grid lines D and
E. It has the same thickness and reinforcing as the other slab on grade. The slab on grade in this
section is 11°-4” higher than slab on grade between grid lines A and D.

There are also five concrete piers that are supported by spot footings on the north east corner of
the building. The reason for these piers is to create the loggia. At the second floor a concrete
beam spans across the piers to pick up the gravity loads and distribute them onto the piers.

Masonry Walls

The walls that are not considered part of the lateral system are wall type MW1. Unlike the
concrete foundations walls these walls are constructed out of 8” thick concrete masonry units
(CMU). These walls act as the gravity framing system and support the precast concrete hollow
core floor planks that act as the flooring system. Between the first and second floors the walls
are grouted solid. Between the second and third floors the walls are grouted at 2” on center. For
the rest of the floors, wall type MW1 has vertical reinforcing of #5 at 4’ on center. The walls are
horizontally reinforced at 16 on center. A wall schedule describing this reinforcing can be
found in Figure 2. The exterior walls on the north and part of the east and west sides have a
brick fagade that is supported by shelf angles at each floor. The exterior walls on the south and
other part of the east and west sides carry an Exterior Insulation Finish System (EIFS) facade. A
typical floor framing plan is shown in Figure 3. Building sections are shown in Figures 4 and 5
in order to give a better idea of the building structure.
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Floor System

The primary flooring system for the elevated floors of the building is precast concrete hollow
core planks. The planks span in the east/west direction. On the first floor the planks have a
thickness of 10”, but on floors two through six the plank thickness is 8”. The planks on the first
floor have a 2” thick concrete topping. All planks have a maximum width of 4’ and are allowed
to have a minimum width of 1°-6”. Planks located at interior bearing partitions must be
connected with a 6” long #3 bar or 5/16” diameter strand grouted into the keyway, as shown in
Figure 6. Planks are often connected to exterior CMU walls with #4 dowels that are bent into the
keyways, as shown in Figure 7. On the first floor, half of the floor is planks while the other half
is a 5” thick slab on grade. The slab on grade described in the foundations section is the floor
system for the basement.
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COMTINUOUS THROUGH #3 CONTINUOUS
FLAMNK BEARINGE

Figure 6 — Floor Planks at Interior Walls Figure 7 — Floor Planks at Exterior Walls

Roof

The roof structure uses the same 8” thick, precast, hollow core, concrete planks as used on the
floors. At gridline D the roof begins to slope up toward the building’s south end at ¥%4”/foot.
Between gridline D and C the roof begins to slope up toward the building’s north end at slightly
larger slope. The building section in Figure 8 shows how the roof is sloped. The roof planks
have a 2’-8” roof overhang. Two different steel shapes are used to support the planks at the
overhang, a WT6x43.5 and an L6x6x1/2. There is also a roof terrace on the sixth floor that uses
the same planks system as used by the typical floor system. There is no roof overhang on the
sixth floor roof terrace.
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Lateral System

The structure is laterally supported by intermediate reinforced masonry shear walls in the N-S
and E-W directions. Like the load bearing walls for the gravity framing system the shear walls
are also 8” thick CMU walls. However, the shear walls are designed to resist the lateral loads
due to seismic and wind forces. These lateral forces are distributed onto the shear walls through
the rigid floor system of hollow core planks. There are two different shear wall types, MW2 and
MWa3. The shear walls are highlighted in green on the floor plan in Figure 2. The wall schedule
in Figure 1 describes the reinforcing for both shear wall types. An ETABS generated model in
Figure 9 shows the shear walls in red in plan and elevation views.

H
|

Figure 9 — ETABS Model
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Problem Statement

The concrete hollow core floor plank on CMU walls structure of Gateway Commons is an
excellent design for the building’s use. It is a durable material and relatively inexpensive
compared to steel and concrete structural systems. However, this is a very custom structure.
Spaces are separated by load bearing walls and openings in the walls have to be coordinated with
the architecture. This becomes a problem when a change to the buildings architecture becomes
an issue. The interior load bearing walls would make it difficult to produce an effective redesign
of the interior spaces.

If the owner felt that the Gateway Commons building could serve a better function than the
current residential apartment design it would be almost impossible to redesign the interior for
spaces that are different than the ones currently provided. Due to conditions that occur down the
road the owner may want the building to be used to an office building or student housing. With
the way the interior load bearing walls are laid out it would be impossible to come up with a
logical design for these spaces.

An alternate structure would allow for a more versatile design. It should be determined if the
added cost is worth the versatility in design.

AE 482 - Senior Thesis Final Report Page 14



Gary Newman Gateway Commons
Structural Option Ithaca, NY

Proposed Solution/Methods

A pan joist floor system supported by concrete girders and columns proved to be the best
structure to fit in with the existing architecture and allow for an effective redesign of the
architecture. Columns will have to be located to coincide with the existing architecture. The use
of columns instead of walls creates an open floor plan with possibilities for a creative redesign of
the architecture.

The lateral system in this design will be concrete shear walls. This design will allow for less
shear walls than the current system. They will be placed around the stair towers so that they do
not interfere with the open floor plan. Floor to floor height will also have to be taken into
consideration due to the 65 feet above grade building height limitation. Edge beams will also
have to be designed to support the brick facade.

PCAcolumn, PCAslab, SAP2000, and hand calculations will be used to design the structure for
gravity loads. ETABS will be used to obtain the design values for the shear walls and the
reinforcement for the walls will be designed by hand calculations and PCAcolumn. | hope to
achieve the following goals by redesigning the structure of Gateway Commons:

e To better understand the design of concrete structures and the engineering design process
in general

e To create a complete and economical structural design of Gateway Commons

e To compare the new structure to the existing hollow core floor plank on CMU walls
structure

e To determine the cost and schedule of the new structure and determine if this redesign is
economically feasible.

e To architecturally design the new structure for an office building to show that the new
structure allows for versatility in architectural redesign.
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Design Criteria

Design Procedure

A two-way concrete slab was first proposed as the system to be used in the redesign of the
structure. After investigating this system a column layout that was compatible with the existing
architecture could not be determined. It was clear that a one way concrete system would have to
be used. A pan joist slab system was chosen because it works well for long span floors with
relatively light loads. The slab was determined to span north-south and columns were placed so
not to line up with door and windows. Girder sizes were determined by deflection criteria and
architectural constraints. Shear walls were positioned around the stairs where previous shear
walls were located.

After the structure had been laid out gravity loads were determined and the pan joist slab was
designed using PCAslab. Loads on the girders from the slab and possibly exterior facade were
determined. The girders were modeled in SAP2000 where pattern loading of the live load was
used to determine the maximum design moments. Next, flexure and torsion reinforcing for the
beams were designed by hand calculations. The SAP2000 model was used to determine the axial
loads and moment acting on the columns. These factored values were used in PCAcolumn to
design the columns. Spot footings for the columns were then designed.

After the gravity system had been designed seismic and wind loads were calculated. The
ordinary reinforced concrete shear walls were modeled in ETABS. Axial, shear, and moment
values were taken from the program and used to design the shear walls. Shear reinforcing was
designed by hand and flexure reinforcement was designed with the help of PCAcolumn.
Displacement values obtained from ETABS were checked against allowable displacement
values.

Codes and References

This section lists the codes and reference materials that aided in designing both the gravity and
lateral portions of the structure.

e ACI 318-05

e ASCE 7-05

o Design of Concrete Structures, by Arthur Nilson, David Darwin, and Charles Dolan

e Portland Cement Association’s, Notes on ACI 318-05: Building Code Requirements for

Structural Concrete
o Reinforced Concrete Mechanics and Design, by James MacGregor and James Wight
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Materials

The tables in this section show the material properties of structural components that were used in
the design of the structure.

Cast in Place Concrete

| Member | 25Day CompressiveStrength (o)

Structural Steel

| Waterial | ASTMStandard__| Fy (is) |
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Loading Conditions

Gravity Loads:

The gravity load information for the existing structure was obtained from the general notes page
of the building plans. These loads were used to design the gravity load bearing walls of the
existing structure. Since the new structure will be able to be designed as an office building the
live load for the floors is now required to meet 80 psf for office corridors.

Existing Structure: Concrete Hollow Core Planks on CMU Walls

Live Loads

First FIoOr.......oo v, 100 psf
FIOOIS 2-6...cev o, 40 psf
Sixth Floor Terrace...........cccocvvvvievnnnnn. 100 psf
Ground Snow load (Pg)............cevene.ee 45 psf
Flat Roof Snow Load (Pf)...................... 32 psf

Dead Loads: Construction

First Floor.......oove i, 100 psf
FIOOrS 2-6...c. o 70 psf
Green Roof or Roof Top Pavers.............. 95 psf
Other ROOf Areas.........ccovvviveiieiiiinnnn. 75 psf
CMUWallS.........cooviiii i 55 plif

Dead Loads: Superimposed

Mechanical Equipment........................5 psf
Partitionwalls......................oo ool 10 psf

Dead Loads: Exterior Facade
Brick Facade...........ccooovvvviiiii i 40 plf

New Structure: Pan Joist

Live Loads

First FIoOr.......oo v, 100 psf
FIOOrS 2-6...ce i, 80 psf
Sixth Floor Terrace...........cccocvvvvivvnennnn. 100 psf
Ground Snow load (Pg)............cevenenee 45 psf
Flat Roof Snow Load (Pf)...................... 32 psf
Second Floor Roof Garden.................... 100 psf
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Dead Loads: Construction
FIOOrS 1-6...vv i 90 psf
Dead Loads: Superimposed

Mechanical Equipment........................5 psf
Partitionwalls...................................10 psf

Dead Loads: Exterior Facade
Brick Fagade............ccooviiiiiiiiii s 40 plf

Lateral Loads:

Lateral loads acting on the building are the result of wind and seismic forces. Wind and seismic
loads were calculated using methods from ASCE 7 — 05. For each lateral load, story forces are
calculated which act at the center of mass of the floor. Wind loads were calculated for the north-
south and east-west directions using Method 2-Analyitical Procedure from chapter 6 of ASCE 7
—05. Wind forces control in the north-south direction of the building because there is a larger
surface area for wind forces to act on. See Appendix Al for more wind load calculations.

Seismic loads were calculated using chapters 11 and 12 of ASCE 7 — 05. Since Gateway
Commons is in Seismic Design Category B several simplifications in the code were allowed. A
few of the conditions that were allowed to be neglected were structural irregularities,
redundancy, and torsional amplification. By changing the structure to concrete the weight of the
structure decreases and the seismic base shear drops from 208 Kkips to 120 kips. See Appendix
A2 for more seismic load calculations. The following is a summary of the lateral load findings.

Wind Loading
Basic Wind Speed V =90 mph
Importance Factor =1
Exposure Category B
Building Height h =66’
Building Classification Rigid, Enclosed
Directionality Factor Kd=0.85
Topographic Factor Kzt =0.85
Velocity Pressure Coeff. Kh=0.874
Gust Effect Factor G=0.85
Internal Pressure Coeff. GCpi=%0.18
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Figure 10 — Wind Pressures and Story Forces
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Gateway Commons

Structural Option Ithaca, NY
Seismic Loading
Seismic Use Group I
Site Class D
Seismic Design Category B
Importance Factor =1
Spectral Response Acc. S1=0.055, Ss =0.159
Building Frame System R=5
Fundamental Period Ta =0.695
Seismic Response Coefficient Cs=0.015
Weight of the Building W =5516.8 kips
Seismic Base Shear V = 83 kips
Figure 11 — Seismic Story Forces
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Structural Depth

The redesigned structure of Gateway Commons is a pan joist slab supported by girders and
columns. Ordinary reinforced concrete shear walls resist the laterals loading on the building.
Floor framing plans for the first floor through the roof level along with a wall section are
displayed in the following figures. Dimensions for the structure are shown on the first floor plan.
In floors 3-6 the continuous beams are labeled as what they will be referred to throughout the
report and the shear walls are labeled as well. The east shear walls only include the C shaped
wall; the elevator walls are not included as shear walls. The only reason the second floor differs
from floor 3-6 is because of the roof garden extending from the east shear walls. The following
components of the structure will be discussed in this section of the report: pan joist slab,
continuous beams, columns, shear walls, and footings.

Figure 12 — First Floor Framing Plan
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Figure 13 — Second Floor Framing Plan
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Figure 14 — Third Through Fourth Floor Framing Plan
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Foof

Figure 15 — Roof Framing Plan
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Figure 16— Wall Section
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Pan Joist Slab

The structure used in the redesign of Gateway Commons is a concrete pan joist slab system
supported by girders and columns and shear walls. This one way slab system, also known as a
ribbed slab, is a slab supported by a series of closely spaced T-beams. Reinforcing for tension is
placed in the joists and compression reinforcing is placed in the top slab. Distribution ribs
running perpendicular to the joists are required for spans greater than 20°. These distribution ribs
are 4” wide and the depth of the joists. The distribution ribs can be spaced at a maximum of 15’.
These slabs are constructed using reusable metal pans with widths of either 20” or 30””; however
specific distances between ribs can also be formed. In determining the dimensions of the slab
the top slab thickness will be based on strength and fire protection requirements. The overall
depth and rib thickness is determined by deflection and shear.

The top slab depth of 4.5” was determined due to fire
resistance rating. This depth provides a 2 hour fire rated
slab. The redesign of the structure will allow for the
possibility of an office building design which requires 2
hour fire rated horizontal partitions according to Table
706.3.9 of IBC 2006. PCA slab was used to size the
joists and design the reinforcement.

Representative design strips for larger parts of the slab
are used in PCA slab to design the reinforcement while
in smaller areas the whole area can be designed for in
PCA slab. Representative design strips produce a
conservative design with more reinforcement than is
actually needed in the slab to make it function safely, but
it simplifies the design process. The top reinforcement
for the part of the slab that is being designed for by a
representative design strip will use the bar size at the
required spacing given by the PCA slab results for the
representative design strip. The bottom reinforcement in
the joists will be what the design results state.

For floors 2 through 6 a live load of 80 psf for office
corridors and a superimposed dead load of 15 psf were
applied to the slab. However the roof terrace at the 6™
floor receives a live load of 100 psf. Figure 17 shows
the design strips for floors 2 through 6 used in PCA slab.
Figure 18 shows which parts of the slab will use the
design of the different design strips.

It was determined that 7” wide and 10” deep joist spaced at 20” would be acceptable to hold up
to deflection criteria and withstand the slab shear forces. The top and bottom reinforcement and
cut off points for the bars were calculated by PCA slab. Appendix B contains the second through
sixth floor PCA slab design results for the design strips that will be used to design the slab
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sections. There are also cross sectional cuts of the slab displaying where the bars will be placed
and cut off.

Figure 17— Design Strips Floor 2-6

Figure 18- Slab Section Floor 2-6

The first floor is half slab on grade and half pan joist slab. The slab on grade is a 5” thick slab
reinforced with #4 bars spaced at 16 in both directions. This is the same slab on grade used in
the original design and since the loading on the 1% floor is still 100 psf live load this slab will be
acceptable in this the redesign. The basement also uses the same 5” thick slab on grade
reinforced with #4 bars spaced at 16” in both directions. This was the same slab on grade for the
basement of the original design. The same pan joist slab dimensions that were used on floors 2
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through 6 are also used on the first floor. Figure 19 shows the design strips for floors 1 used in
PCA slab. Figure 20 shows which parts of the slab will use the design of the different design
strips. PCA slab design results like the ones shown in Appendix B for floors 2-6 were also
determined for the first floor slab.

lst floor

SLAEB ON GRADE

Figure 19— Design Strip 1°* Floor

Figure 20— Slab Section 1* Floor
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The same pan joist slab dimensions that were used on the other floors are also used on the roof.
The roof snow load is 32 psf and the dead load is only from the mechanical loads, 5 psf.
However, there are locations on the roof where there are heavier snow loads. Figure 21 shows
which parts of the slab will use the design of the different design strips. Design Strip 2 Part A
has a live load of 84 psf and Design Strip 3 Part A has a live load of 75 psf. Figure 22 shows
which parts of the slab will use the design of the different design strips.

Figure 21— Design Strip Roof

Figure 22— Slab Section Roof
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Another design challenge was designing the roof overhangs. The overhangs are 6” thick
concrete slabs that cantilever 2°-8” from the exterior spandrel beams. These overhanging slabs
are labeled D.S. 1 (overhang) in Figure 22. In other locations the beams cantilever out 2°-8" past
the columns and a 6” slab spans between the cantilevered beams to create the overhang. These
overhanging slabs are labeled Overhang Type 2 in Figure 22. The overhangs were originally
done with steel beams cantilevering to support the hollow core floor planks that acted as the
overhang. PCA slab design results like the ones shown in Appendix B for floors 2-6 were also
determined for the roof pan joist slab and overhangs. Also, in the existing design there is no roof
over the 6" floor outdoor terrace. In the redesign the roof was continued over the 6" floor
terrace. This will be discussed further in the architecture breadth.

A problem with this system is the difficulty of putting openings in the slab. Openings can be
cored through the slab between the ribs and if the openings are too large to place in between the
ribs then transfer ribs should be framed around the opening. In the redesign of the structure
some of the openings of the existing structure are small but are not located in between ribs.
Other openings are larger than the span between ribs and both types of openings had to be
framed around. Figure 23 shows a typical floor framing plan with all of the openings and how
they are framed. Appendix B.6 contains calculations for a design of framing around an opening.

Typical With Openings

Figure 23— Typical Floor Framing Plan with Openings
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The structure of the 2" floor green roof had to be altered. Two beams were added, one between
the east shear walls and one between the adjacent columns. These beams support the 4” thick
concrete slab that cantilevers out 4’ from the structure. Appendix B.5 contains the PCA slab
design results for the 2™ floor green roof.

Continuous Beams

The girders that directly support the pan joist slab are designed as continuous beams. This
means that the reinforcement extends through the girders at the vertical supports. By extending
the reinforcement like this it provides continuity from one member to the next through the
support region. This continuity will cause loads on one span to spread to all the other spans. On
simple spans when one span is loaded all the other ones will remain strait. For simple spans the
design values, moments and shears, can be found from the loads acting on the span and the
length of the member. Simple calculations such as M = (w*L"2)/8 and VV = w*L/2 can be
computed to find these values. Continuous beam are however statically indeterminate and not
only the loads and member dimensions effect it’s analysis but also joint rotations. Because of
the continuous beam’s statically indeterminate nature the design values will be determined by the
use of a finite element analysis computer program named SAP2000. Pattern loading will be used
to determine the correct design values.

As discussed above loads on one span will cause moments and shear forces on other spans.
Dead loads will be applied continuously to all of the span. However, the live loads will not
always be acting at the same time. When spans are loads every other span it creates large
positive bending moments in the spans that are loaded. This loading case is shown in Figure 24.
When spans are loaded right next to each other it creates the maximum negative bending
moment at that support. This loading case is shown in Figure 25. This is how the loads will be
applied to the SAP model to determine the design values.
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Figure 24— Pattern Loading for Positive Moment
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Figure 25— Pattern Loading for Negative Moment

For the Gateway Commons redesign, the tension reinforcement for all of the spans of a
continuous beam will be designed for the largest positive bending moment acting on that
continuous beam. The compression reinforcement at all the supports on a continuous beam will
be designed for the largest negative moment acting on the continuous beam. This is a
conservative approach for the flexure design of the girders but it will save time.

The sizes of the girders were determined based on deflection criteria and architectural
constraints. As shown in Figure 26 for the middle girders, if columns and girders were placed
inside the apartments the layout of fixtures and mechanical openings would have to be altered.
Columns should not extend more than 6” into the hallways to allow for a 5 foot wide hallway.
This means that the girders have the same requirements. The existing 8” thick wall between the
corridor and the apartments and the 6” maximum hallway penetration allow for 14” wide middle
girders. The top and bottom girders and columns will not affect the interior architecture by
extending 6 into the rooms therefore 14 wide top and bottom girders are allowed. ACI table
9.5 shown in Figure 27 was used to calculate a beam height suitable for deflection. Top girders
are allowed to have a minimum height of 12.3” and a height of 16” is chosen for a height.
Middle girders are allowed a minimum height of 16.7” and a height of 18 is chosen. Bottom
girders are allowed a minimum height of 15.8” and 16” is chosen as a height. In summary the
top and bottom girders are 14”x16” and the middle girders are 14”x18”. In constructing a pan
joist system it is preferred that the beams be the same depth as the slab but it is not necessary. If
the beams were 14.5” deep than they would have to be wider to support the loads and this is not
possible due to the architectural constraints.
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Figure 26— Architectural constraints

TABLE 9.5(a)—MINIMUM THICKNESS OF

NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED
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Figure 27— ACI 318-05 Table 9.5
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A SAP model of the continuous beams was created. The columns above and below the beams
were modeled with fixed supports to create a frame as shown in Figure 28. The girders were
defined as concrete beams with of their actual dimensions. The self weight of the girders was
determined by SAP and the dead loads on the girders from the slabs were assigned to the beams,
see Figure 29. Next, live loads were added to the beams in pattern loading. The pattern loading
in Figure 30 will find the maximum negative moment at gridline x6. Next, the program analysis
is run and a diagram of the moments acting on the girders can be displayed, as shown in Figure
31. The span adjacent to x6 that creates the largest moment can be clicked on to bring up a
moment diagram of the span for a more clear view. The span to the right was chosen and a
negative moment of 130.5 kip-ft acts on the girder at that support, as shown in Figure 32. This
was done for all of the possible patterns of loading and the maximum negative and positive
moments were chosen to design the girder. The girders for floors 2-6 would all be the same
because they are the same size and loading. These girders will also be used for the roof because
the roof loads are less than the floor loads. There are no beams on the first floor because the slab
on the first floor frames into the retaining wall. This will be discussed further in the foundations
section. Calculations for the girders can be found in Appendix C.

Figure 28— SAP Frame for Continuous Beam
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Figure 31- Moment Forces on Frame
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Figure 32— Moment Diagram on Single Span

The shear design for the girders was controlled by torsional effects specifically compatibility
torsion. In calculating torsion moments on the girders are determined by using moment
coefficients from ACI 318-05 8.3.3. The moment is used to determine Tu. Then Tth is
calculated and if Tu>Tth than torsional reinforcement is required. The size of the girder is also
checked to determine if it is big enough for torsion. For all of the girders torsional reinforcement
was needed and the sections were large enough to resist the torsional forces. Calculations for
torsion can be found in Appendix C.

Columns

To maintain a floor to floor height of 11’ columns that support 18” deep girders will be 9’-6”
while columns that support 16” deep girders will be 9°-8”. The columns used in the redesign
have a dimension of 14”x24”. The constraints that allow for a maximum width of 14” are
discussed in the Continuous Beam section above. The SAP models that were used for the girders
were used to find the moment and axial forces on the columns. Live loads were set up like in
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Figure 30 to determine the maximum moment on the column. The difference of the moments on
either side of the column is determined and the resultant shear values in the beam diagram at the
column face are taken as the axial values. These values can be easily determined by using beam
diagram like in Figure 32.

PCA column is then used to design the reinforcement for the columns. Since the loads in SAP
are already factored the moment and axial value will be input into PCA column as factored
loads. The design option is chosen, column dimensions are input, the rebar at equal spacing
function is selected, and tied confinement is selected. The program is run and the reinforcing for
the column is show on the screen. An interaction diagram is also created plotting axial and
moment values. If the point that the loading creates is inside the interaction diagram than the
design will work. Many of the columns are reinforced with 4 #9 bars because the low moment
and axial values on the columns. However, columns at the end of continuous beam spans do not
have a beam on both sides to balance out the moment acting on the column and will have to be
reinforced more heavily. A good example of this is the column on the right end of the middle
span on the first floor. It is reinforced with 6 # 10 bars. Columns in the basement will be
discussed in the foundations section of this report. Column compatibility with the existing
architecture will be discussed in the architecture breadth.

Lateral Force Resisting System

The lateral force resisting system used in the redesign is 8” thick ordinary reinforced concrete
shear walls. These shear walls are placed around the two stair towers. Each floor has an opening
for a door in the east shear walls and west shear walls. The columns are not designed to resist
the lateral loading therefore the shear walls act as the main lateral load resisting system and are
designed to resist the total lateral load in both directions. The west shear walls contain two walls
in the north-south direction and two walls in the east-west direction. The east shear walls
contain two walls in the north-south direction and 1 wall in the east-west direction. The slab is
connected to the shear walls and acts as a rigid diaphragm transferring the lateral loads onto the
shear walls.

After lateral loads were determined for each story an ETABS model was created. This model
was built for the purpose of finding the shear forces and moments of each shear wall. In order to
do this, ETABS distributed the lateral forces acting at each story onto each shear wall according
to their stiffness. These values along with axial loads were used to design the shear and flexure
reinforcement for the shear walls.

The ETABS model was started by creating the shear walls and rigid diaphragm. The piers for
the walls are labeled then the diaphragm and walls are meshed. Next the lateral loads are added
to the program and applied to the walls. User defined wind and seismic forces are applied to
each story for both directions. Earthquake forces at each floor can be determined by ETABS
based on IBC calculations. The ETABS calculated earthquake forces were calculated and would
be compared against the user defined loads. ETABS can also calculate wind forces based on
ASCE 07. All 12 wind cases described in Figure 6.9 of ASCE are calculated by ETABS. These
were calculated and compared to the user defined wind load output. After the loads were
determined the program was run and output data for shear and moments on each shear wall at
each story is displayed.
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Two different models were created in ETABS, one for flexure design and one for shear design.
For the shear design model each wall on a floor was assigned a different pier label as shown in
Figure 33. After ETABS analyzes the structure shear forces for each wall were given and each
wall was designed for shear reinforcement. The shear forces were due to wind and seismic
forces. Shears due to live and dead load were considered negligible.

Openings in walls are set 8”away from an end of the wall. The wall then has two pieces, the
large rectangular wall next to the opening and the small rectangular piece above the opening. In
Figure 34 an elevation of the walls with the most openings is shown. The shear reinforcement
for the large rectangular part of the wall (P1 or P6) will be designed for and that design will
extend into the small rectangular part (S1 and S2). The opening will also be framed around with
2 # 5 bars per ACI 22.6.6.5. Where possible the bars will extend 24” past the corners of the wall
and where it is not possible the bars will be bent 90 degrees and developed. Shear reinforcement
will be designed by hand see Appendix X for calculations.

Figure 33— Shear Model Pier Label
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Figure 34— Shear Model Elevation 3

Torsion was considered when determining the shear forces on each wall. Torsion occurs because
the lateral forces acting at the center of mass of the floor act eccentrically from the center of
rigidity of the floor. This creates a twisting which cause shear forces in the shear walls. The
centers of mass and rigidity are shown in Figure 35. Since the distance between the two centers
is relatively close with an average distance of (1.02°,14.4’) between the two points, torsion forces
were added to the direct shear for each wall and not considered by itself.
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Story Diaphragm XCM YCM XCR YCR

STORY7 D1 752.225 351.687 734931 523.167
STORY6 D1 752.225 351.687 736.988 525.388
STORY5 D1 752.225 351.687 743.227 526.291
STORY4 D1 752.225 351.687 753.854 526.02
STORY3 D1 752.225 351.687 772.302 524.058
STORY2 D1 752.225 351.687 803.412 522.12
STORY1 D1 752.225 351.687 865.385 536.79

Figure 35— Centers of Mass and Rigidity

For the flexure model all of the west shear walls on each floor were labeled as the same pier
(P1). Since the east shear walls are a C shape. On one side of the door opening is an L shaped
wall and it was labeled the same pier for both walls that made up the L shape (P2). On the other
side of the opening is a single shear wall (P3). Figure 36 shows the pier labels for the flexure
model. The small rectangular piece above the opening will be treated the same way as it was in
the shear design. PCA Column was used to design the shear walls for flexure. The program was
set to inspection and the wall shape was drawn out. The vertical shear reinforcing was added to
the wall. The wall shape of pier 2 with the added reinforcing is shown in Figure 36. The axial
forces on the wall and the moments at the top and bottom due to wind and seismic were entered
as service loads and load combinations were input into PCA column to factor the loads. The
moments due to dead and live loads were considered negligible. If the wall failed when looking
at the interaction diagram then larger bars or shorter spacing was used and the analysis was done
again.

Figure 35— Shear wall section in PCA column

All of the horizontal reinforcement and most of the vertical reinforcement are two curtains of # 4
bars spaced at 18”. The reinforcement is so minimal because of the relatively light lateral
loading and the added stiffness due to walls spanning in opposite directions being connected with
one another. Pier 3 was designed as an isolated shear wall and it was one of the only walls to see
an increase in flexural reinforcement. See Appendix D for a summary of the shear and flexure
design values and a summary of reinforcement.
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Figure 36— Flexure Model Pier Label

The allowable story displacement at the top of the building h/400 = 1.98”. All of the
displacement values at the tops story were less than 1” therefore the displacement is acceptable.

Footings

The columns that support the bottom girders are supported by 9°x9°x3’ spread footings at the
first floor. The foundation plan for the spread footings is shown in Figure 37. The retaining
walls will be the same ones that were used in the existing design since the soil will be the same.
The columns supporting the middle and top girders will be integrated with the retaining wall.
Where the columns bear on the retaining walls the column reinforcing will continue through the
retaining wall and a column sized section of the retaining wall will be designed as one. A check
was done to make sure that the span of retaining wall between the columns would be able to
support slab loads with the existing reinforcing. The loads were determined and a 1” section of
the wall was checked on PCA column. It proved that the retaining wall will be able to support
the slab loads with the existing rebar design. The foundation plan for the strip footings is shown
in Figure 38. Calculations for footings can be found in Appendix E.
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Figure 37— Spread Footing Foundation Plan

Figure 38- Strip Footing Foundation Plan
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Architectural Breadth

The architecture of the existing building will be maintained with the change of structure.
However, it was decided that there be a roof put over the 6" floor roof terrace. This will create
more space for a different building type to use when the architecture is redesigned. This area in
the existing architecture can still be open to the environment by putting railings around the
perimeter of the space and leaving it open to the outdoors instead of putting walls up. The area
could still be used as a community gathering place and it would be able to get use during all
kinds of weather conditions because there is now a roof. Structural members from the
redesigned structure overlapping with the existing architecture can be found in Appendix F.

The building market in Ithaca is currently more profitable for housing than office building.
However, if this changes or if another possibility arises that would be a profitable new use of the
building the ability to redesign the building for a whole different use is now possible. The
architecture of the building was redesigned as an office building to show that there are now new
possibilities for versatility in architectural redesign that never existed with the old structure.

The office building redesign will be a mixed use building. Two retail spaces will be provided on
the first floor along with a café. Floors 2-6 will be office spaces. Floors 2-5 will be broken into
two separate units and the entire 6" floor will be a single office unit. The basement will be used
for storage and mechanical spaces. Bathrooms are in the same location on each floor to allow for
piping runs in the same area. Each office unit will have a receptionist area, kitchen, conference
room, storage, and office space. The exterior of the building will be all glass on the first floor
and the exterior columns will be located outside of the glass walls. The rest of the floors will be
brick facade with lots of window space. This amount of windows would not be possible with
CMU bearing wall structure of the existing building. Floor plans and exterior elevations of the
office building redesign can be found in Appendix F.

AE 482 - Senior Thesis Final Report Page 43



Gary Newman Gateway Commons
Structural Option Ithaca, NY

Construction Management Breadth

Changing a building’s structure will affect the cost and schedule of a project. The cost of the
new structure will be compared to the cost of the existing structure. Only the structure will be
taken account in these costs. Cost and schedule information of the existing structure was
provided by Northeast Construction Services. RS Means Facilities Construction Cost Data 2006
was used to get values for estimating the cost of the structure and scheduling information.
Microsoft Project was used to put the schedule information together and create the schedule for
the new structure.

Cost

The cost of the existing structure included labor and materials for concrete walks, concrete
footings, cast in place foundation walls, slab on grade, elevator pit, cast in place masonry wall
caps, concrete reinforcement, pre-cast concrete planks, masonry, and structural and
miscellaneous steel. The price came to $2,078,841. The cost of the new structure will be
$1,293,136. The total cost savings of switching the structure from precast hollow core concrete
planks on CMU walls to a concrete pan joist system is $785,705. Additional information about
the cost estimates can be found in Appendix G.

Schedule Impact

Both the existing and new structure set their starting dates for the construction of the structure at
December 7, 2005. The existing structure was completed by October 4, 2006 and the new
structure was completed by July 17, 2006. The new structure was able to be completed 79 day
before the existing structure would have finished. Copies of the schedules can be found in
Appendix G.
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Conclusion

A thorough redesign of the structure of the Gateway Commons building was done with the main
purpose being to create a structural system that will allow for more versatility in architecture
redesign possibilities and minimally affect the existing architecture of the building. A one way
concrete system was determined to be the best structure to complete this goal. A pan joist
system was used based on the design criteria. This structure was compared to the existing
hollow core concrete floor planks on CMU walls. The two systems were compared on
construction cost, schedule impact, and versatility in architectural redesign.

Instead of having load bearing walls in various places throughout the structure and designing
some of them for lateral resistance, concrete shear walls around the stair towers supplemented
the large amount of masonry shear walls scattered throughout the structure. The design of the
retaining walls was able to be used over but spread footings for the columns on the opposite side
of the building had to be designed. The reduction of weight caused a reduction in the seismic
forces acting laterally on the building however it was still found to control the design in the east-
west direction.

The use of columns instead of walls will not only present a more open floor plan but will also
allow for more versatility of the exterior fagade. Lots of windows were used in the office space
redesign. The structural bearing walls in the existing design would not be able to be removed to
provide the window spaces used in the redesign or any other openings that an alternative design
would require.

The use of the new structure with the existing architecture will change the 6™ floor roof terrace
but an alternative solution was discussed in the architecture breadth. The pan joist slab will
cause an increase in floor to floor height and cause the building to be 6’ taller than zoning
allows. This would be able to be worked out with the Ithaca Board of Zoning Appeals and does
not seem to be that big of a problem.

The new structure was able to be constructed for less than the existing one and the schedule for
the structure was able to be reduced from the existing one. In this case, changing the building
structure would be extremely economical. Not only the cost of the building is reduced but since
it will be able to be built earlier it will be able to start making revenue sooner. Additionally, the
potential for profit is larger now that the structure has the possibility of being redesigned for the
most profitable use of the building.
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B1. Floors 2-6 Design Strip 1

pcaSlab w1.51 © Portland Cement Association
Licensed to: Penn State University, License ID:
P:\Thesis\pca runs\Floor 2-6 design strip 1.slb
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pcaSlab v1.51
A Computer Program Analysis, Design, and Investigation of
Reinforced Concrete Slab and Continuous Beam Systems

(TM)

2000-2006,
All rights reserved

Copyright ©

Portland Cement Association

Licensee stated above acknowledges that Portland Cement Association

responsible for
as input

is not and cannot be
the material supplied
Furthermore,
to the

Although

(PCA)
adequacy of
pcaSlab computer program.
expressed nor implied with respect
prepared by the pcaSlab program.
produce pcaSlab error free the
infallible.

PCA has

engineering documents is the licensees. Accordingly, PCA disclaims

either the accuracy
for processing
PCA neither makes any warranty
correctness of the
endeavored to
program is not and cannot be certified
The final and only responsibility for analysis, design and

by
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all
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design

the pcaSlab program.

or engineering documents prepared in connection with the use of

lob Seckon O £lab Seckit
Top Reinforcement: % Sleh Seck P‘ ﬁ b QL\-N“
Units: Width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (in)
Span Zone width Mmax Xmax AsMin AsMax

1 Left 20.00 113.77 0.583 3553 16.065
Middle 20.00 0.00 13.550 0.000 16.065

Right 20.00 421.54 26.517 3.553 16.065

2 Leit 20.00 477.56 0.583 3.5883 16.065
Middle 20.00 0.00 16.250 0.000 16.065

Right 20.00 219.09 31917 3.553 16.065

NOTES:

*5 - Number of bars governed by maximum allowable spacing.

Top Bar Details:

AsReq

1.907
0.000
7.458

8.542
0.000
3.73%

Length (ft)
Left Continuous__ Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
%k 1 18-#4 9.14 2-#4 5.77 == 22-#4 11.28 21-#4 Siedi
}i 2 22-#4 10.92 21-#4 6.85 i 18-#4 10.92 2-#4 6.85
Bottom Reinforcement:
Units: Width (ft), Mmax (k-ft), Xmax (ft), As (in*2), Sp (in)
Span width Mmax Xmax AsMin AsMax SpReqg AsReq Bars
*% i 5 20.00 181.83 11.216 3.553 68.531 5.052 3.027 16-#5
20.00 289.13 17.817 3.553 68.531 5.052 4.833 16-#5

2
Bottom Bar Details:

EEEESsssssssssssEEE
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04-10-2008, 12:50:23 AM
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pcasSlab v1.51 © Portland Cement Association
Licensed to: Penn State University, License ID:
P:\Thesis\pca runs\Floor 2-6 design strip 1.slb

Units: Start (ft), Length (ft), As (in*2)

Gateway Commons
Ithaca, NY

04-10-2008, 12:50:23 AM

52416-1010277-4-22545-28F4D
Page 2

Long Bars Short Bars Joist
Span Bars Start Length Bars Start Length Ribs Bars/Rib  As/Rib
Wl 16-#5 0.00 27.10 --- 8 0.620
2 16-#5 0.00 32.50 e 8 0.620
Flexural Capacity:
Units: From, To (ft), As (in"2), PhiMn (k-ft)
Span From To AsTop AsBot PhiMn- PhiMn+
1 0.000 0.583 4.00 4.96 -240.88 296.67
0.583 4.771 4.00 4.96 -240.88 296.67
4.771 5.771 3.60 4.96 -216.98 296.67
5.771 8.142 3.60 4.96 -216.98 296 .67
8.142 9.142 0.00 4.96 0.00 296.67
9.142 9.660 0.00 4.96 0.00 296.67
9.660 13.550 0.00 4.96 0.00 296.67
13.550 15.819 0.00 4.96 0.00 296.67
15.819 16.819 0.00 4.96 0.00 296.67
16.819 17.440 4.40 4.96 -264.74 296.67
17.440 21.329 4.40 4.96 -264.74 296.67
21.329 22.329 4.40 4.96 -264.74 296.67
22.329 26.517 B8.60 4.96 -512.66 296.67
26.517 27.100 B.60 4.96 -512.66 296.67
2 0.000 0.583 B.60 4.96 -512.66 296.67
0.583 5.797 B8.60 4.96 -512.66 296.67
5.797 6.851 4.40 4.96 -264.74 296.67
6.851 9.870 4.40 4.96 -264.74 296.67
9.870 10.924 0.00 4.96 0.00 296.67
10.924 11.550 0.00 4.96 0.00 296.67
11.550 16.250 0.00 4.96 0.00 296.67
16.250 20.950 0.00 4.96 0.00 296.67
20.950 21.576 0.00 4.96 0.00 296.67
21.576 22.576 0.00 4.96 0.00 296.67
22.576 25.649 3.60 4.96 -216.98 296.67
25.649 26.649 3.60 4.96 -216.98 296.67
26.649 31.917 4.00 4.96 -240.88 296.67
31.917 32.500 4.00 4.96 -240.88 296.67
Slab Shear Capacity:
Units: b, 4 (in), Xu (ft), Phive, Vu(kip)
Span b d Vratio Phive vu Xu
¥ 64.96 13.44  1.000 101.84 > 73.00 f s 25.40 X
®2 64.96 13.44 1.000 101.84 > 83.03 J 1.70 p \) ’Sl'z_ﬁ
ox ) -y (D =
Maximum Deflections: Cpan L'QN}\\V\“‘ 26
Units: Dz (in) e - 27 >0:05b
VA, &= 0
Span Dz (DEAD) Dz (LIVE) Dz (TOTAL) R s o 1\6
R Bl b
1 -0.061 -0.056 -0.116 L= /7_110 -
®2 -0.159 -0.397 -0.556
Material Takeoff:
B 4
Reinforcement in the Direction of Analysis
------------------------------------------ o 3*\;5'@13:376
Top Bars: 761.5 1b <=> 12.78 lb/ft <=> 0.639 1b/ft*2 Cﬂm le.u)si\q -
Bottom Bars: 994.6 1b <=> 16.69 1b/ft <=> 0.834 1lb/ft"2
Stirrups: 0.0 1b <=> 0.00 1b/ft <=> 0.000 1lb/ft"2 o
Total Steel: 1756.1 1b <=> 29.46 lb/ft <=> 1.473 lb/ft"2 N> L/30= [ QY = 0377
Concrete: 789.2 f£t°3 <=> 13.24 ft 3/ft <=> 0.662 £t 3/ft"2

DIL= Y yp = .56 70558
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B2. Floors 2-6 Design Strip 2

pcaSlab v1.51 ©® Portland Cement Association 04-10-2008, 12:51:15 AM

Licensed to: Penn State University, License ID: 52416-1010277-4-22545-28F4D

P:\Thesis\pca runs\Floor 2-6 design strip 2.slb Page 1
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pcaSlab v1.51 (TM)
A Computer Program Analysis, Design, and Investigation of
Reinforced Concrete Slab and Continuous Beam Systems

Copyright © 2000-2006, Portland Cement Association
All rights reserved

Licensee stated above acknowledges that Portland Cement Association
(PCA) is not and cannot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaSlab computer program. Furthermore, PCA neither makes any warranty
expressed nor implied with respect to the correctness of the output
prepared by the pcaSlab program. Although PCA has endeavored to
produce pcaSlab error free the program is not and cannot be certified
infallible. The final and only responsibility for analysis, design and
engineering documents is the licensees. Accordingly, PCA disclaims all
responsibility in contract, negligence or other tort for any analysis,
design or engineering documents prepared in connection with the use of
the pcaSlab program.

¥ = Slob Stekam C Dasign

T Reinforcement :

Units: Width (ft), Mmax (k-ft), Xmax (ft), As (in*2), Sp (in)

Span Zone Width Xmax AsMin AsMax SpReq AsReg Bars
1 Left 20.00 149.55 0.583 3.553 16.065 12.000 2.521 20-#4 *5

Middle 20.00 0.00 13.550 0.000 16.065 0.000 0.000 e
Right 20.00 268.99 26.517 3.553 16.065 10.000 4.628 24-1#4

;& 2 Left 12.50 178.91 0.583 2.220 10.041 3.087 24 {#4
Middle 12.50 54.98 5.162 2.220 10.041 12.500 0.918 1244
Right 12.50 5.06 9.088 2.220 10.041 12.500 0.083 12-#4

NOTES:

*5 - Number of bars governed by maximum allowable spacing.

Top Bar Details:

Units: Length (ft)

Left Continuocus__ Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
1 18-#4 9.14 2-#4 5.77 - 18-4#4 9.14 6-#4 5.77
% 2 6-#4 4.90 6-#4 3.20 12-#4 14.00 = i

Bottom Reinforcement

Unite: Width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (im)

Span Width Mmax Xmax AsMin AsMax SpReq AsReq Bars
1 20.00 224.90 12.772 %.553 68.531 5.052 3.750 16-#5
q& 2 12.50 22.43 14.000 2.220 42.832 5.052 0.371 10-#5

Bottom Bar Details:
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pcaSlab v1.51 ® Portland Cement Association 04-10-2008, 12:51:15 AM
Licensed to: Penn State University, License ID: 52416-1010277-4-22545-28F4D
P:\Thesis\pca runs\Floor 2-6 design strip 2.slb Page 2

Units: Start (ft), Length (ft), As (in®2)
Long Bars Short Bars Joist
Span Bars Start Length Bars start Length Ribs Bars/Rib As/Rib

1 16-#5 0.00 27.10 = 8 2-#5 0.620
¥2 10-#5 0.00 14.00 5 0.620

Units: From, To (ft), As (in"2), PhiMn (k-£ft)

Span From To AsTop AsBot PhiMn- PhiMn+
1 0.000 0.583 4.00 4.96 -240.88 286.67
0.583 4.771 4.00 4.95 -240.88 296.67

4.771 5.771 3.60 4.96 -216.98 296.67

5.771 8.142 3.60 4.56 -216.98 296.67

8.142 9.142 0.00 4.96 0.00 296.867

9.142 9.660 0.00 4.96 0.00 296.87

9.660 13.550 0.00 4.96 0.00 296.67
13.550 17.440 0.00 4.96 0.00 296.867
17.440 17.958 0.00 4.96 0.00 296.67
17.958 18.981 0.00 4.96 0.00 296.67
18.981 21.329 3.60 4.96 -216.98 296 .67
21.329 22.352 3.60 4.96 -216.98 296.67
22.352 26.517 4.B0 4.96 -288.55 296.67
26.517 27.100 4.80 4.96 -288.55 296.67

2 0.000 0.583 4.80 3.10 -286.72 185.42
0.583 2.201 4.80 3.10 -286.72 185.42

2.201 3.201 3.60 3.10 -215.96 185.42

3.201 3.901 3.600 3.10 -215.96 185.42

3.90) 4.901 2.40 3.10 -144.58 185.42

4.901 5.162 2.40 3.10 -144.58 185.42

5.162 7.000 2.40 3.10 -144.58 185.42

7.000 9.088 2.40 3.10 -144.58 185.42

9.088 13.667 2.40 3.10 -144.58 185.42
13.667 14.000 2.40 3.10 -144.58 185.42

Slab Shear Capacity:

Units: b, 4 (in), Xu (ft), Phive, Vu(kip)

Span b d Vratio Phive Vu Xu
1 64.96  13.44  1.000 101.84 65.50 25.40
¥ 2 40.60 13.44 1.000 63.65 > 32.18 1.70 % | \'7‘) = 55”
v 5 R
Maximum Deflections: J“ Span LGs\'\r\ - rs"'rs o
" Units: Dz (in)
Span Dz (DEAD) Dz (LIVE) Dz (TOTAL) ALy = lz/6 =046 20003
e et e e I S S - ‘3 D
1 - 0080 087 ~0.227
%2 0.009 0.008 0.017 ATL T 069 > Ool7
40

Direction of Analysis

Top Bars: 395.4 1b <=> 9.62 1b/ft <=> 0.551 1lb/ft"2
Bottom Bars: 598.3 1b <=> 14.56 lb/ft <=> 0.834 1b/ft"2
Stirrups: 0.0 1b <=> 0.00 1b/ft <=> 0.000 1lb/ft"2
Total Steel: 993.6 1b <=> 24.18 1b/ft <=> 1.386 1lb/ft”2
Concrete: 475.7 £t*3 <=> 11.57 £t*3/ft <=> 0.663 £t 3/ft"2

AE 482 - Senior Thesis Final Report Page 58



Gateway Commons

Gary Newman

Ithaca, NY

Structural Option

a0 2oL Z L

(5 2ed-o

(" 2Eed-o—r

Page 59

(0 eaLis#-0L

(Z Bgld-a—T

(& BOLF#-S

(& BOLF#-S

(Z Beld-z—H

oz szElGH-aL

AE 482 - Senior Thesis Final Report



Gary Newman
Structural Option

B3. Floors 2-6 Design Strip 3

pcaslab v1.51 ® Portland Cement Association
Licensed to: Penn State University, License ID:
P:\Thesis\pca runs\floor 2-6 design strip 2.slb
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pcaSlab v1.51 (TM)

Gateway Commons

04-10-2008,
52416-1010277-4-22545-28F4D

A Computer Program Analysis, Design, and Investigation of

Copyright 2000-2006,

Portland Cement Association
All rights reserved

Licensee stated above acknowledges that Portland Cement Association

(PCA}) is not and cannot be responsible for
adequacy of the material supplied as input

pcaSlab computer program. Furthermore,
expressed nor implied with respect to the
prepared by the pcaSlab program.
produce pcaSlab
infallible.

engineering documents is the licensees. Accordingly, PCA disclaims

either the
for

processing
PCA neither makes any warranty
correctness of the
Although PCA has
error free the program is not and cannot be certified
The final and only responsibility for analysis, design and

accuracy or
by the

output
endeavored to

all

responsibility in contract, negligence or other tort for any analysis,

design

the pcaSlab program.

or engineering documents prepared in connection with the use of

Units: width (ft), Mmax (k-ft), Xmax (ft), As (in®2), Sp (in)
Span Zone Width Mmax Xmax AsMin AsMax SpReq AsReq Bars
1 18 "5
18 *5
NOTES:
*5 - Number of bars governed by maximum allowable spacing.
Top Bar Details:
Length (ft)
Left Continucus__ Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
2.20 s 16-#4 3.00 2-#4 1.85
Units: Width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (in)
Span Width Mmax Xmax AsMin AsMax SpRegq AsReq Bars
" 18.00 31.25 4.258 3,197 61.965 5.167 0.515 16-#4
Bottom Bar Details:
gstart (ft), Length (ft), As (in*2)
Long Bars Short Bars Joist
Span Bars Start Length Bars Start Length Ribs Bars/Rib As/Rib
1 16-#4 0.00 9.00 -—-

Flexural Capacity:

AE 482 - Senior Thesis Final Report

Ithaca, NY

12:52:31 AM

Page 1

Page 60



Gary Newman Gateway Commons
Structural Option Ithaca, NY

pcaSlab v1.51 ©® Portland Cement Association 04-10-2008, 12:52:31 AM

Licensed to: Penn State University, License ID: 52416-1010277-4-22545-28F4D

P:\Thesis\pca runs\floor 2-6 design strip 3.slb Page 2

Units: From, To (ft), As (in”2), PhiMn (k-ft)

Span From To AsTop AsBot PhiMn- PhiMn+

1 0.000 0.583 3.60 3.20 -216.79 192.89

0.583 1.201 3.60 3.20 -216.79 192.89

1.201 2.201 3.20 3.20 -192.89 192.89

2.201 2,251 3.20 32.20 -192.89 192.89

2.251 3.251 0.00 3.20 0.00 192.89

3.251 3.412 0.00 3.20 0.00 192.89

3.412 4.500 0.00 3.20 0.00 192.89

4.500 5.837 0.00 3.20 0.00 192.8%9

5.837 5.999 0.00 3.20 0.00 192.89

5.9959 6.999 0.00 3.20 0.00 192.89

6.999 7.04%9 3.20 3.20 -192.89 192.89

7.049 8.049 3.20 3.20 -192.89 192.89

8.0489 8.667 3.60 3.20 -216.79 192.89

B.667 9.000 3.60 3.20 -216.79 192.89

(ft), PhiVe, WVu(kip)
Span b d Vratio PhiVe Vu Xu

atcegyabl by ind pet Fan

1 0.002 -0.001 -0.003

Material Takeoff:

Reinforcement in the Direction of Analysis

Top Bars: 72.4 1b <=> B.04 lb/ft <=> 0.447 lb/ft"2
Bottom Bars: 6.2 1b <=> 10.69 1lb/ft <=> 0.594 1lb/ft"2
Stirrups: 0.0 1b <=> 0.00 1lb/ft <=> 0.000 lb/ft*2
Total Steel: 168.6 1lb <=> 18.73 1b/ft <=> 1,041 lb/ft"2
Concrete: 115.0 £t*3 <=> 12.77 ft*3/ft <=> 0.710 £t*3/ft”"2
I I
' 1
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' 3 — — S |
@ = o ]
I g, =] w g, |
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#* ¥ ¥ * '
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B4. Floors 2-6 Design Strip 4

pcaSlab v1.51 © Portland Cement Association

Licensed to: Penn State University, License ID: 52416-1010277-4-22545-28F4D

P:\Thesis\pca runs\6flcor roof terrace.slb

Q000000 000000 00000
00000000 00000000 Co00000
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00000000 [ele) CO0C000 Q0000
0000000 Qo o0 0000000 00000
o0 [e]e] oo Qo o0
Q0 00000000 oo oo
oo 000000 oo 00
002000 o o]
00000000 oo 00000 [ele]
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Q000 (o]a] o 00 (ele]
000000 (sle] 000000 000000
0000 oo oo oo [e]s] o0
oo oo oo [=]e] [o]e] o0
00000000 oo O oo oo [o]e] oo
000000 000 00000 O 00000

Gateway Commons
Ithaca, NY

04-10-2008,

pcaSlab v1.51 (TM)
A Computer Program Analysis, Design, and Investigation of
Reinforced Concrete Slab and Continuous Beam Systems

Copyright © 2000-2006, Portland Cement Association

All rights reserved

Licensee stated above acknowledges that Portland Cement Association

(PCA) is not and cannot be responsible for

adequacy of the material supplied as input for

either the
processing

accuracy
by
PCA neither makes any warranty
output
endeavored

pcaSlab computer program. Furthermore,
expressed nor implied with respect to the correctness of the
prepared by the pcaSlab program. Although PCA has

produce pcaSlab error free the

infallible.

engineering documents is the licensees. Accordingly, PCA disclaims
analysis,
or engineering documents prepared in connection with the use of

responsibility in contract, negligence or other tort for
design

the pcaSlab program.

any

or
the

to

program is not and cannot be certified
The final and only responsibility for analysis, design and

all

Units: Width (£t), Mmax (k-ft), Xmax (ft), As (in®2), Sp (in)
Span Zone Width Mmax Xmax AsMin AsMax Bars
1 Left 25.20 363.49 0.583 4.029 22.089 32 {#4
Middle 25.20 0.00 16.250 0.000 22.089 0.000 —
Right 25.20 361.84 31.917 4.028 22.089 9.450 324
=+
Top Bar Details:
Length (ft)
Left Continuous Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
1 21-4#4 106.92 11-#4 6.85 S 21-#4 10.92 11-#4 6.85
Bottom Reinforcement:
Units: width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (in)
Span Width Mmax Xmax AsMin AsMax SpReq AsReq Bars
1 25.20 531.15 16.250 4.029 85.948 4.938 B.965 22-%6
start (ft), Length (ft), As (in"2)
Long Bars Short Bars Joist
Bars Start Length Bars Start Length Ribs Bars/Rib  As/Rib
1 22-#6 0.00 32.50 e iz 2-#6 0.88B0O
Flexural Capacity
From, To (ft), As (in"2), PhiMn (k-ft)
From To AsTop AsBot PhiMn- PhiMn+
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pcaSlab v1.51 © Portland Cement Association

Licensed to: Penn State University, License ID: 52416-1010277-4-22545-28F4D

P:\Thesis\pca runs\6floor roof terrace.slb

.000 0.583 6.40

Gateway Commons
Ithaca, NY

04-10-2008, 12:52:54 AM

Page 2

: | 0 9.68 -384.50 57277
0.583 5.815 6.40 9.68 -384.50 572.77
5.815 6.851 4.20 9.68 -253.30 573.77
6.851 9.888 4.20 9.68 -253.30 87471
9.888 10.924 0.00 95.68 0.00 572.77
10.924 11.550 0.00 9.68 0.00 572.77
11.550 16.250 0.00 9.68 0.00 572.77
16.250 20.950 0.00 9.68 0.00 572.71
20.950 21.576 0.00 9.68 0.00 57277
21.576 22.607 0.00 9.68 0.00 572.77
22.607 25.649 4.20 9.68 -253,30 572.77
25.649 26.680 4.20 9.68 -253.30 572.77
26.680 31.917 6.40 9.68 -384.50 $72.77
31.917 32.500 6.40 9.68 -384.50 572.77
Units: b, d (in), Xu (ft), Phive, Vu(kip)
Span b d Vratio Phive Vu Xu I
e s . e L e e R LR e -7
1 89.26 13.38 1.000 139.29 > 106 MJ .70 Soon 'Il'M&(\\': 3132 (\1.3 - b?g
0¥ /
2 i :LMDD.S?q
Ac = 4/360
1 -0.256 -0.579 -0.834 ATL = ’-—/-—‘u_qi)‘_‘. ]'Sf’ 7 0.%34
Material Takeoff:
Top Bars: 407.2 1b <=> 12.53 1lb/ft <=> 0.497 1b/ft*2
Bottom Bars: 1073.9 1b  <=> 33.04 lb/ft <=> 1.311 1b/ft*2
Stirrups: 0.0 1b <=> 0.00 lb/ft <=> 0.000 1lb/ft"2
Total Steel: 1481.1 1b  <=> 45.57 1lb/ft <=> 1.808 lb/ft"2
Concrete: 552.2 ft"3 <=> 16.99 ft"3/ft <=> 0.674 fr"3/ft"2
| |
| |
I ~ ~ I
' o —_ — o '
| 8 = = 3 [
! g 5 5 ¢ !
I z ¥ ¥ z [
. - * * = ,
| B A | !
1 1 I I
. T -
| = |
[=]
. 3 .
I pus I
f * '
1 b I
| |
| |
| |
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B5. Design of Second Floor Green Roof Slab

pcaslab v1.51 ® Portland Cement Association
Licensed to:

Penn State University, License ID:

P:\Thesis\pca runs\2nd floor green roof.slb

0000000 000000 00000
00000000 00000000 0000000
Q0 o0 oo o0 (o]} o0
(e le] oo oo lel=] o0
00000000 oo [elalelolelels] {alelelole]
{olalelalsle o] oo {elv] 0000000 00000
oo oo o0 o0 (o]
o0 (slelele slalsle] Qo Qo
(ala} ©00000 o0 oo
000000 o ]
00000000 o0 00000 fele]
[=]e] [elo] Q o0 o0
[olele o] [oe) o {ale] (sl
Q00000 o0 000000 000000
QOO0 o0 oo (ole] {ele] 00
oo o0 oo fele) o0 Qo
00000000 o0 O oo 00 oo oo
000000 000 00000 O 00000

52416-1010277-4-22545-28F4D

pcaSlab v1.51
A Computer Program Analysis,

(™)
Design, and Investigation of
Reinforced Concrete Slab and Continuous Beam Systems

Copyright ® 2000-2006, Portland Cement Association

All rights reserved

Licensee stated above acknowledges that Portland Cement Association

(PCA) is not and camnot be responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pcaSlab computer program. Furthermore, PCA neither makes any warranty

the correctness of the output

expressed nor implied with respect to
prepared by the pcaSlab program. Although PCA has
produce pcaSlab error free the
infallible.

engineering documents is the licensees. Accordingly, PCA disclaims

endeavored to
program is not and cannot be certified
The final and only responsibility for analysis, design and

all

responsibility in contract, negligence or other tort for any analysis,

design

the pcaSlab program.

Top Reinforcement:

width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (in)

or engineering documents prepared in connection with the use of

Gateway Commons

04-10-2008,

Unit
Span Zone Width Mmax Xmax AsMin AsMax SpReq AsReq Bars
1 Left 0.583 1.382 12.240 12.000 0.866 16-#4
Middle 4.000 0.000 12.240 0.000 0.000 = o
Right 7.417 1.382 12.240 8.000 1:338 24-#4
2 Left 16.00 24.14 0.583 1.382 12.240 8.000 1.829 24-#4
Middle 16.00 10.22 1.814 1.382 12.240 8.000 0.764 24-#4
Right 16.00 2.98 2.869 1.382 12.240 8.000 0.221 24-4#4
NOTES :
*5 - Number of bars governed by maximum allowable spacing.
Top Bar Details:
Length (ft)
Left Continuous__ Right
Span Bars Length Bars Length Bars Length Bars Length Bars Length
1 B-#4 2.84 8-#4 1.95 - 12-#4 3.78 12-#4 1.95
2 -—- .- 24-#4 4.10 --- ---
Units: width (ft), Mmax (k-ft), Xmax (ft), As (in"2), Sp (in)
Span Width Mmax Xmax AsMin AsMax SpReg AsReq Bars
1 16.00 8.23 3.756 1.382 12.240 12.000 0.614 16-#4 *5
2 16.00 0.00 4.100 0.000 12.240 0.000 0.000 i
NOTES :

*5 - Number of bars governed by maximum allowable spacing.

*5
*5
*5

o
*5

Ithaca, NY

04:10:10

Page
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pcaSlab v1.51 © Portland Cement Association
Licensed to:
P:\Thesis\pca runs\2nd floor green roof.slb

Bar Details:

Bottom

Start

(ft), Length (ft)
Long Bars

Penn State University, License ID:

52416-1010277-

Short Bars

04 -

4-22545-28F4D

Span Bars Start Length Bars Start Length
1 8-#4 0.00 8.00 8-H#4 2.75 5.25
2 o,
To (ft), As (in"2), PhiMn (k-ft)
Span From To AsTop AsBot PhiMn- PhiMn+
1 0.000 0.583 3.20 1.60 -41.51 21.18
0.583 0.951 3.20 1.60 -41.51 21.18
0.951 1.839 1.60 1.60 -21.18 21.18
1.839 1.951 0.00 1.60 0.00 21.18
1.951 2.755 0.00 1.60 0.00 21.18
2.7558 2.839 0.00 1.60 0.00 21.18
2.839 2.975 0.00 1.60 0.00 21.18
2.975 3.755 0.00 1.60 0.00 21.18
3.755 4.000 0.00 3.20 0.00 41.51
4.000 4.220 0.00 3.20 0.00 41.51
4.220 5.025 0.00 3.20 0.00 41.51
5.025 5.220 0.00 3.20 0.00 41.51
5.220 6.049 2.40 3.20 -31.45 41.51
6.049 7.049 2.40 3.20 -31.45 Al 51
7.049 7.417 4.80 3.20 -60.99 41.51
7.417 8.000 4.80 3.20 -60.99 41.51
2 0.000 0.583 4.80 0.00 -60.99 0.00
0.583 1.814 4.80 0.00 -60.99 0.00
1.814 2.050 4.80 0.00 -60.99 0.00
2.050 2.869 4.80 0.00 -60.99 0.00
2.869 4.100 4.80 0.00 60.99 0.00
Xu (ft), PhiVe, Vu(kip)
d Vratio Phivc Vu Xu
3.00 1.000 gl08 TS 1suay J ox 117
3.00 1.000 61.09 = 12.78 0.83
ow
Span Dz (DEAD) Dz (LIVE) Dz (TOTAL) £ QLC{?XG%uL bY
,,,,,,,,, onns &Y
P o RS < A Peecxio
1 -0.003 -0.004 -0.007
2 -0.00% -0.013 -0.023

Material Takeoff:

Reinforcement in the Direction of Analysis

RSP LYW

Gateway Commons
Ithaca, NY

10-2008, 04:10:10 AM

Page 2

Top Bars: 137.3 1b  <=> 11.34 lb/ft <=> 0.709 1b/ft"2
Bottom Bars: 70.8 1b <=> 5.85 1lb/ft <=> 0.366 lb/ft"2
Stirrups: 0.0 1b <=> 0.00 lb/ft <=> 0.000 lb/ft"2
Total Steel: 208.0 1b <=> 17.19 1lb/ft <=> 1.075 lb/ft*2
Concrete: 101.9 ££*3 <=> 8.42 £t 3/ft <=> 0.526 Et"3/fr"2
I I
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B5. Design of Framing Around an Opening
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APPENDIX C
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C1. Tributary Area on the Girders
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C3. Bottom Girder Calculations
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C5. Top Girder Calculations
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Structural Option

D1. Shear Wall - Shear Design Values

SHEAR WALL-SHEAR DESIGN VALUES

Gateway Commons
Ithaca, NY

- Load combo

Story 1.6W 1.0E

Load combo
Story 1.6W 1.0E
11.904
29.648

66.016
38.064

= N B O

- Load combo

Story 1.6W 1.0E

30.36
55.06
64.35
68.83

- Load combo

Story 1.6W 1.0E

6 34.14
4 50.07
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2 53.14
1 43.84

- Load combo

Story 1.6W 1.0E

-38.93
-32.28
34.61
31.23

- Load combo

Story 1.6W 1.0E

8.95

19.34

33.08

21.28
- Load combo
Story 1.6W 1.0E

6 7.93

4 17.97

2 18.71
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STORY3 P9  EQY2l Bottom 18.71 1063884  37.75

STORY3 P9  WINDNS Bottom 18.47

STORY1 P9 EQX22 Top 37.75

STORY1 P9 WIND1-11 Top 39.99
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D2. Shear Wall - Flexure Design Values
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D3. Sample Shear Wall- Shear Reinforcing Calculation

e

i | 12" Vuz 49

| | =

l L.‘ QC” S60h p5
\72:/ fy= 60,000 ¢<

h hh W ,\(Fu( £ H’,fg-}\r\

?U“ oy (fﬁ *3

i 177, 4
= 0%lw 2 0.8 U720 = 7.7 19
A 3037‘55 -~ EWR.N 2
rvi ml~7$(|u_'rs’§(’_u IO\) \/Gl.(

(N¥Fd Cechion — E:L-: 111-1 26

7 7
r&() r
=HE < DR it ek B )
5 e
Ve = ASrDRY ; R
?,S W o¥e | v ng
3 {Foen (rg,)k\"si D= )
> s QU0
e )
! (— iW("'f‘:f@L: BIF7Y . 710 .
e Y il e o,E'ch' * T wt ] om e
Ve = 0.6V, * f_’\ ob~ °*
\/“ —‘f |

Mo =013t 66V
= G

Vo= ks, Ao 4 = 075(5PD _ 944

Vu £ @Vc/:

oy SSR /J\\f' 0.0025

AE 482 - Senior Thesis Final Report Page 99



Gary Newman Gateway Commons
Structural Option Ithaca, NY

(;Y"-"H 2w &._-:\r-f LA Iw 51' 0{(‘3 \\-“f A

= ll'{ﬁf'.]'_’)v“\‘*.\ LSt —

) Coocny - 72 - 8%
Mofimwm & 0003 ( Lowse = —E_'-/?/

o AR
s Ay =

/

18" guvires

ﬁ - 4 s h \f'("’:' L gl
P1‘ ;«"H:',J &' ) ol r:.‘,rpl all |°
3 Vi 1w E_A.,gg ) GG of  HY fart ¥
Z(O-"f) 0.00" 9 »0,007O
- n.g\(’ o
2 (18>

ol
\ ,_\\ P‘_ A TEYN %‘r g o @ !g,'

S \J]\l\bll i = 1CU\|'\1"«"“-5 «h“? Jﬁ% oS gpatet €

o =S e st

fo= 0.00 &2

AE 482 - Senior Thesis Final Report Page 100



Gary Newman Gateway Commons
Structural Option Ithaca, NY

D4. Shear Wall- Reinforcement Summary
SHEAR REINFORCEMENT
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FLEXURE REINFORCEMENT

AE 482 - Senior Thesis Final Report Page 102



Gary Newman Gateway Commons
Structural Option Ithaca, NY

APPENDIX E
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E1. Foundation Design
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APPENDIX F
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F.1 Architecture Redesign-Floor Plans
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F.2 Architecture Redesign-Elevations
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F.3 Existing Architecture with Columns of New Structure
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APPENDIX G
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G.1 Cost of Existing Structure

Gateway Cominons
Ithaca, New York
e Concrete Walks = $66.052

e (Concrete Footings, Cast-In-Place Foundation Walls, Slab-On-Grade. and

Elevator Pit = $302.681
e (ast-In-Place Masonry Wall Caps = $12.600
e Concrete Reinforcement = $ 65,920
e Pre-Cast Concrete Plank = $483.678
e Masonry = $830.,041
e Stiuctural & Misc. Steel = $317,869
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G.2 Cost of New Structure
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| NEW BUILDING AT GATEWAY COMMONS NORTHEAST CONSTRUCTION SERVICES
Aok | _ = driging  Early | Ear 200% : R PR S i
© ||  oeewten i sbd | ewen [T O R T e e e
GC General
7 |GN1000 Netice to Proceed 1/140CT05 * [140CTO5 | Notice to Procsed
| [aN1010 Bldg Permit 1/280CT05 * |280CT05 ®iBidg Permit T
7 |GN1020 Shoring Permit ~0/21NOV05 * "} % Shoring Permit
GN1030 Occupy Bldg | 0 02FEBOT f o ]
GC- Sitework : m
'SW1000 Site Survey 1]o7nOvos * [o7NOVDS | | wiSite Survey !
|SW1010 Erosion Control 5|07NCOVO05 * | 11NOVO5 lm Erosion Control
| | |sw1050 Excavate Bldg Except NW comer | 10|0BNOVO5  21NOVO5 7& Excavate Bldg Except NW corner
|| |sw1052 | Develop subgrade at UNX | 10[14NOV05  25NOVD5 ‘| Develop subgrade at UNX m
|| |Sw1020 | |Cap Ex Utilities, Remove Structures | 4|17NOV0s * | 22NOVO05 v&nmn Ex Utilities, Remove Structures
| | [swio30 | Ishoring | 7|2enovos  0sDECOS ~m Shoring m
Swi1o60 | Exc Balance Bldg: Following 5|07DEC05 | 13DECO5 mquo Balance Bldg: Following shoring/tanks m
SW1040 |  SD:CB's1,2 2{14DEC05 | 15DEC05 »iSD: CB's 1,2 _
SW1070 | | Complete Backfil to Subgrade 0|28FEB06 H »¢ Complete Backfill to Subgrade
) SW1100 | Electrical Service 3|13APR06 *  17APROG 4 HElectrical Service
s SW1080 | |Water Service 10/19APR06 * | 02MAY06 vﬂ‘ém@‘m«q_ﬂ “““““ v '
u , SW1090 |  Gas Service 5/11SEP06 | 15SEP06 i =0 Gas Service
- | |swW1110 Sanitary Service S 5/11SEP06 |15SEP06 [ | V@ Sanitary Service
&) SW1120 Construct New Entrances and DOT 15/18SEP06  060CTO6 = Construct New Ent
u | SW1130 | vau and Construct Onsite Curb 10[18SEP08 | 29SEP06 - .m;mu and Construct
- SW1180 Onsite Walks 10|020CT06  130CTO6 | m ~Em Onsite Walks
NS | | [SwW1140 Prep and Install Onsite Paving 10|080CT06  200CTO6 o =0 Prep and Install
W || sw1170 Unit Pavers 5|160CT08  200CTO06 i : wn.qm_: Pavers
SW1150 Pourous Paving 5230CT06 | 270CT06 | ,
g | SW1200 Landscape Prep and Plantings 10/230CT06 | 03NOV0O6 ) ! Landscape I
< (SW1190 Renovate State St Driveway | 10|300CT06 | 10NOVOS i m == Renovate §
U SW1160 Remove Original Driveway and 10/13NOV06 | 24NOVOE | it i
75 GC Shell Construction m
- r— [ Basement (A-D x 1-12) i |
& iL |SH1030 15/07DECO5 [28DEC05 | »EForm/Pour Figs m
Start date 29SEP05 :
Y Finish date _ 02FEBO7 I hantas
o Datadate __ 29SEP05 CONTRACT SCHEDULE- REV 061206 Critical bar
) Page number 1A - Summary bar
Pl © Primavera m<m__.m§m Inc. W m.ﬁ FLmliewtone polut
u B e Rl T S G Finish milestone point
o
<
O
wn
o™
S
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}

NEW BUILDING AT GATEWAY COMMONS NORTHEAST CONSTRUCTION SERVICES
T il 08
.,_’mn u Area Description u_n_qm"ﬁ MM"“ _um_”“_.__._ ocT ﬂ_wu__ | DEC _ JAN | mmm | MAR | APR | MAY | .Ezua__n._cr | AUG | SEP | 3
P G v ] | LLITITTITT L1 ,_____i_::__,:r___::__ [TTT]
SH1070 BASE | Backfill Ftgs 15 12DECO5 | 03JANOE =] Backfill ﬂﬁm I
SH1090 BASE |Form/Pour Walls 30 27DEC05 | O7FEBO6 a ﬂoﬁﬁc:q <<m__u _
| | |sH10s0  |BASE ator | - 2|29DECO5 | 30DECO5 m
| /SH1155  |BASE |Basemt: DriliCase Elevator 2/03JANOS  04JANDS
| | SH1000 ) BASE | Install Storm Pump Structure 3 04JANOE  0BJANOS
| 'SH1010  [BASE |Install Sanitary Pump Structure | 4 04JANOG | 08JANOB
SH1150 BASE  Slab Subgrade . 25/11JANO6 | 14FEBOS
SH1110 BASE | Waterproofing to 8' o 20 17JANO6 | 13FEBO6
SH1125 BASE | Foundation Drain 20 |19JANO6 | 15FEBO6
SH1140  |BASE |Backfill Walls 5 5 26JANOG | 01FEBOS
SH1300 BASE |Waterproofing Il: From 8'to Grade | 5|14FEBO6 | 20FEB06
|SH1160 BASE | Basement Slab on Grade _3/15FEBO6  |17FEB0S
[SH1310  |BASE |Basemt: Backfill walls to subgrade | 5 21FEB0G | 27FEBO06 walls fo wo.&m&:::: i

Slab on Grade Area (D-E x 1-11)
SH1170 UNX  |UNX: Excavate Figs
SH1180 UNX  |UNX: Form/Pour Ftgs

2/04JANDS  [05JANOG 1UNX: .@omﬁ,m Ftgs
0[08FEBO8 |21FEB06 | B ~/E5 UNX: Form/Pour Figs
3|22FEBO6 |24FEB06 i UNX: Backfill Ftgs
S§H1200  |UNX |UNX: Form/Pour Walls 0|27FEBO6 | 10MARODG |
SH1210 UNX | UNX: Backfill Walls: D1 TOE5 6| 13MAROE | 20MAROS
5
3
3

-

SH1240 UNX  |UNX: UNX: Backfill Ftgs

_y

|SH1270  |UNX_ UNX: Subgrade 21MAROE | 27MAROS
30JUNOE * | 05JULDS

SH1280  |UNX |UNX: Slab on Grade: T102, C101, 3 UNX: Slab on m_a_%” T102, G101, A101

30JUNOS  05JULOB |

SH1282  |UNX  |UNX: Slab on Grade: Re
First Floor

|SH1610  [1ST |1st: Logia: Form/Pour Cols/Beams | 15|21MAR0S | 10APROB m m == i Logia; Form/Pour Cols/Beams

'SH1290 1ST | 1st: Precast Plank 2|03MAY06 * |04MAY06 #1 st Precast Plank :

SH1320 1ST | 1st: CMU Walls and Frames 11|05MAY06 | 19MAY06 : i L; O_Sc Walls m:a _.qa_._._am,

SH1630 18T | 1st: Structural Steel 3|05MAY06 | 09MAY06 ! = 1st: Structural Steel ” ,

SH1330 18T 1st: Plank Topping 3|26MAYO6 | 30MAY0B @ 1st: Plank ._.Ouu_zm |

Second Floor TR : i |

SH1350  2ND _|2nd: Precast Plank ~ 3|23mAY08* [25MAYO05 m =1 2nd: Precast Plank |

SH1620 '2ND 2nd: Precast Plank Logia Roof 3|23MAYD6 | 25MAY06 ' | ecast Plank Logia Roof

| SH1360 2ND | 2nd: CMU Walls and Frames 16|26MAY06 | 16JUNDB »E) 2nd: CMU s_m__w and Frames

SH1640 2ND  |2nd: Structural Steel 3|26MAY06 |30MAYOE | | ! !

Third Floor 1 f |
“Start date 29SEP05 | S B BEm Farlybar |
| Finish date  02FEBO7 | I Progress bar
Data date 29SEP05 CONTRACT SCHEDULE- REV 061206 Critical bar

—— Summary bar
- <»  Start milestone point
@ v::._mco_,m Systems, Inc. i N | ¢ Finish mil point

|
Page number  2A |
1
|
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NEW BUILDING AT GATEWAY COMMONS NORTHEAST CONSTRUCTION SERVICES |

.ﬂmﬁ 7 Area _ Description ._”_M_,.__c Mﬂ._h _u_mwn_”_mﬂ _oet , m_nm__w | oEC _ JAN [ FEB | WAR | APR | MAY , ._==sz=_. [AUG | SEF | OCT | zoe.l‘ﬂ
__::__j_i:::____:__: I 5 0 ) 6 T
SH1380 3RD  3rd: Precast Plank 3|19JUNOB | 21JUNDE m 1 0 3rd: Precast Plank |
SH1400 3RD_|3rd: CMU Walis and Frames | 11|22JUNO6  07JULO6 | | ! +£.4310; CMU Walls and Frames
|SH1650 3RD__|3rd: Structural Steel | 3l220un0s  |26JUNOS | : rd: Structural Steel
Fourth Floor 1 Sl i :
|SH1410  '4TH | 4th: Precast Plank 3110JULOG  [12JUL06 | | th: Precast Plank
|SH1430 4TH  |4th: CMU Walls and Frames 12/13JULOB  |28JULDS m : = ..5 CMU Walls and Frames
SH1660 4TH | 4th: Structural Steel | 4/13JULO6 |18JULDB : tructural Steel
" | Fifth Floor NS ] = i ” |
SH1440 5TH |5th: Precast Plank 3[31JULO6 | 02AUGOB ! : Precast Plank
'SH1480 5TH  |5th: CMU Walls and Frames 12|03AUGDE | 18AUGOS ! @mﬁ CMU Walls and Frames
SH1670 5TH | 5th: Structural Steel . 3|03AUGO8 | 07AUGOS | | 46 5th: Structural Steel
Sixth Floor i ”
|SH1470 BTH  6th: Precast Plank | 3[21AUGDE | 23AUG06 | m Bth: Precast Plank
|SH1490 6TH  6th: CMU Walls and Frames 12|24AUG08 | 08SEP06 _ > U_ﬁ.m; CMU Walls and Fran
SH1680 6TH  6th: Structural Steel 3 24AUGDS | 2BAUGDE " , »f16th: Structural Steel
SH1502  |6TH  6th: Cone Cap Beams 12|31AUG0S | 15SEP06 _ | rﬂf; Cone Cap Beams |
Bth Floor Terrace . _
SH1482  6TER |6th: Terr Precast Plank | 3/21auG06 23AUGES | m h: Terr: Precast Plank
SH1492  6TER |6th: Ter: CMU Walls and Frames | 3 24AUG06 | 28AUG0D6 mﬁ: ._.m: CMU Walls and F|
SH1472  [6TER |6th: Tapered Cong Fil | 129AUG0E |29AUGDE m # 2_,_ Fumaa ConcFill
Main Roof ] ]
SH1500  |ROCF |Rcof: Precast Plank 3|18SEPO6 | 20SEP06 8 Roof: Precast Plank
SH1580  ROOF |Reof: Reof Blocking 3|21SEP06 | 25SEP06 ﬁ m !> Roof: Roof Blocking
[SH1600 | ROOF |Roof: Insulation and Roofing 10|28SEP06 | 110CT06 : : i m_ﬂ._mo% Insulation a
Stair _uo.._»:o:mu ] ol ]
SH1570  [PH  [Roof: StairfElev: CMU Walls, Frames | 5|21SEP06 | 27SEP06 | ” ] _uoa Stair/Elev: CMI
|SH1580 PH | Roof: Erect Steel Framing and | 5|28SEPOB  040CTOS ) ! ” " xﬂmonm Erect Steel F
GC Exterior Skin | | | .
[ First Floor |
|SK1080  [1ST | 1st: Brick Veneer/Precast | 10/050UL06* | 18JULOG W
Second Floor :
[SK1090  [2ND  |2nd: Brick Veneer | 10/10JUL06  |01AUGOS m
Third Floor ]

| [sK1100  [3RD 3rd: Brick Veneer | 10/02AUGOE | 15AUG06 | |

Start date 29SEP05

Finish date  02FEBO7 [ Progress bar

 Data date 29SEPO5 | CONTRACT SCHEDULE- REV 061208 Critical bar
Page number 3A Summary bar

. < Start milestone point .
© 1:3%&%3? Inc. ) < Finish milestone point
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_ story _._.mmx Mame _ Duration _ Start S [DEEHA OS IDEEABNOS L JDERRSIS
[ TIWIT Fisls/M|T WIT[F[s|s[M[T W[T F s8/s/M[T W/
BASE form/pour strip footings 4 days  Wed 12/7/05|
BASE backfill foctings 10 days Tue 121 uam_
BASE form/pour shear walls 5days Tue ._m.bﬂam"
BASE form/pour retaining walls 30 days Tue ._N_mqam_
BASE construct elevator pit 2 days Tue 12/27/05
BASE drill/case elevator 2days Thu 12/20/05|
BASE install storm pump structure 3 days Mon 1/2/06/
BASE install sanitary pump structure 4 days Thu 1/5/06|
BASE slab subgrade 25 days  Wed 1/11/06|
BASE waterproofing te 8' 6 days Tue 2/7/06|
BASE foundation drain 20 days  Wed 1411106
BASE backfill walls 5' Sdays Wed 21 506/
BASE waterproofing from &' to grade 5days  Wed 211506
BASE basement slab on grade 2 days Wed 2/8/06|
BASE backfill walls to subgrade 5days Wed 2/22/06|
15T |excavate spread footings 2 days Wed 3/1/06/
18T form/pour spread footings 2 days Fri 3/3/06
18T |backfill foctings 3 days Tue 3/7/06|
15T formipour 1st floor slab 3 days Wed 3/1/06|
15T subgrade 5 days Fri 3/10/06|
15T slab en grade 3 days Fri 31706
18T form/pour columns 4 days Mon 3/6/06|
18T formipour shear walls 4 days Mon 3/6/06/
2ND form/pour beams 4days  Wed 3/22/06|
2ND formipour 2nd floor slab 6 days Tue 3/28/06|
2ND form/pour columns 4 days ‘Wed a__.mam_
2ND formipour shear walls 4 days Wed 4/5/06/
2MD form/pour 2nd floor green roof 1day Tue 3/26/06|
3RD form/pour beams 4 days Tue ﬁ._._am_
3RD formipour 3rd floor slab 6 days  Mon 41 7106
3RD form/pour columns 4days  Tue 4/25/06|
3RD form/pour shear walls 4 days  Tue 4/25/06|
4TH form/pour beams 4 days Maon 511 am_
4TH formipour 4th floor slab 6 days Fri 5/5/06
4TH form/ipour columns 4 days  Mon 51 5/06|
4TH formipour shear walls 4 days  Mon 51 5106
5TH formipour beams 4 days Fri 5/19/06|
5TH formipour 5th floor slab 6 days Thu 5/25/06|
5TH form/ipour columns 4 days Fri mmao_
Task ) Milestene ] External Tasks Q)
mﬁmw_hn.ﬁ_..:wﬂhmﬁam Split o SUMMAary P External Milestone <
Frogress ———— Project Summary esssssss=—===aJ  Deadline €

Page 1

G.4 Schedule of New Structure

Structural Option

Gary Newman
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D story  |Task Name Duration 7 Start s ... [Deci11,°05 ______ |Dec18°05 _ ___ _  |Dec25'05
19 ol | Wi _ o I TIWITTFIs[SIMITIW[TIFIS[S] TIFslsM[TW]
W0 e 5TH form/pour shear walls 4 days Fri 8/2/06
M |@ 6TH form/pour beams 4 days Thu 6/8/06
42 @ 6TH form/pour 6th floor slab 6 days Wed 6/14/06
B¢ 6TH form/pour columns 4 days  Thu 6/22/06
‘ne 6TH form/pour shear walls 4days  Thu 6/22/06
45 g ROOF form/pour beams 4 days  Wed 6/28/06
46 & ROOF form/pour roof slab 7 days Tue ¥/4/06
47 /\ ROOF insulation and rocfing 10 days Tue 7/18/06
48 z\ ROOF stair/elevator walls 3 days Thu 7/13/06
Task Sy Milestone ¢ External Tasks C———
m%..m.uﬂjnqmmmam Split s SUmmary ) Extemnal Milestone <
Progress ———  Project Summary [(Jee=========i])  Deadline <
Page 2

Structural Option

Gary Newman
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Structural Option

o480 1, 106 . dan8, '06
TlFls]|s

M TIWIT[F s s M[TIW[TFIs

Jan 15.'06 o 48D 22,106 |Jan29.'06 e FED 5,06,

sIMITIWITIFs s MmITIW|TIFls sIM T[WITIF s sm[TIWI[TI[F]

Project; Project
Date: Thu 4/10/08

Task
Split
Progress

Milestone & External Tasks [——]

Summary PSS} External Milestone &
Project Summary (Je=======) Deadline <

Page 3
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PPN 1 = [ - I
TIFIs|sM[TIWIT

. |Jan 8 '06

_|dan 15,'06

... Jan 22.'08

STa M TTWITTETS e M T Wi TTETS 8 W TIW[TIET

Jan 29.'06

Feb 5.'06

Project: Project
Date: Thu 4/10/08

Task
Spiit

Progress

)

Milestone
Summary

Project Summary

<

P  External Milestone

9

W

External Tasks

Deadline

—

(]

&

Page 4
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[Feb 12,706 _

Feb 18, 06

[Feb 26,08

[Mar 5, '06 Mar 12,06 TMar 19, '06_ Mar

SISIM|[TIWI[TTFIS sImM[TIWITIFIS[SIMITIWITIFIS sIMITIWITIFISsISIMITIWITIFIsSIsm TIWITIF[sT[s]

Task s Milestone @ External Tasks [
qun”_Mn.._.“:ﬂqM____mMBm Split Summary () Cxternal Milestone &
Progress. —— Project Summary (===}  Deadline <
Page 5
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S[EMITIWITIFIsIs[M[T[W[T[F[SISIMIT W[T|F[s|s[M[TIW[T[F[sS[§

Task e Milestone L] External Tasks [
Split ey SUmMMary ===  External Milestone <
Progress —_— Project Summary (s Deadline &

Project; Project
Date: Thu 4/10/08

Page 6

Structural Option

Gary Newman

Page 129

AE 482 - Senior Thesis Final Report



Gateway Commons

Gary Newman

Ithaca, NY

Structural Option

25, 08

__.|Apr2, 06

_{Apr9, 06

o tPori606 o TApr230e . TApr30.%0€ . [May7. 06 |
SlsIMITIWITIFIS|sIMITIWITIF s |(sImM[TIWIT _"_w_m,:_:_

Project: Project
Date: Thu 4/10/08

Task
Splt
Progress

Milestone < Externzl Tasks [ —
Summary Pu———]  Externel Milestone £
Project Summary

W Deadline v

Page 7

Page 130

AE 482 - Senior Thesis Final Report



Ithaca, NY

Gateway Commons

26,06 [Apr2,'06 j Aprg, '06 _ __TApr1s,'06 [ Apr23,'06 Apr 30,06 B [ May 7. '06
MITIwW|T FIs|sIMIT WT[F[s|smM[T[W[TIF s|[sMITWI[T[F[s|s[M[TIwlTIFIs|sImT/W TIF[s|s|m[T]

Task ey Milestcne & External Tasks ——
Project: Project ; ;
Umﬂm“ Thu h_.__:o___om Split e SUMMAry Pe———==)  External Milestone <&
Progress —  Project Summary (=)  Deadline &
Page 8

Structural Option

Gary Newman
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T | -2 . - O I, T . SO 7 -3 .. OO [ . PR - PSR 11, ) P S_— Jun18.06 .|
WITIFIs s MITIWITIFIs s[MITIWITIF[s|[s MITIWITIFIS s[MITIWITIFI[S[sIM[TIWITIF[s[s[M[TIWITI

Task s Milestone & External Tasks [
Project: Projact Split ? Summary P External Milestone <
Date: Thu 4/10/08
Progress . Project Summary (s Deadline &

Page 9

Structural Option

Gary Newman
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_|May 14, '06
NIT

Jur 4,'05

WIT FIS sIMITIWIT FI8]s

Fls sIMITIW[T]

18,'06

Task RS Milestone L External Tasks [
Mﬂ%ﬁnﬂjmﬂﬁam Split TR Summary pu————P  Extemal Milestone ¢
Srogress ——— Froject Summary (=) Deadline 0

Page 10
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 [un25°06 T TJui2. 06 o Jwwisros w1606 [Jul23,006 __________Jul30,06
Flsls[MITIW[T Fisls M TIW[T[F[s|s[mM T WITIFlsls M TIW[T[F[s|s[M T W TIFIs s M T[wW

_
[TlFls]

Task Sl Milestone ¢ External Tasks G
Split s s SUMMMAry Pp———) Extemal Milestone <
Progress e Project Summary OFeessssss====] Deadline 3

Project: Project
Date: Thu 4/10/08

Page 11

Structural Option

Gary Newman
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Structural Option

Task B Miestone ¢ Extemal Tasks —
Wﬂﬁﬁ":mﬁmﬁm_um Split ey SUMMBrY Pe——)  Exzemal Milestone <
Frogress e Project Summary  (eessssssmmm=l) Deadline €
Page 12
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