FINAL REPORT

A. EXECUTIVE SUMMARY

A.1 BUILDING DESCRIPTION

The Comcast Center is located in downtown Philadelphia, Pennsylvania on John F. Kennedy
Boulevard and 17" Street. The 57 story building functions primarily as office space with some
retail and restaurant spaces. The structural system consists of a massive concrete core with steel
members framing into the core. The floor system is a composite metal deck. The footprint of the
Comcast Center tower is approximately 195 feet by 135 feet.

A.2 STRUCTURAL DEPTH SUMMARY

The existing 6 web concrete core can be reduced to a 4 web core and still meet serviceability
criteria. Reducing the size of the concrete core introduces several areas of flexibility into the
architecture. Three levels of below grade parking will benefit with extra spaces for parking. The
mechanical system spaces originally tightly enclosed in concrete have greater flexibility for
maintenance work when enclosed by a rated partition wall. The concrete cost was approximately
equal to the steel cost for the existing project. The 4 web system offers significant saving by
reducing the amount of concrete needed. Reducing the core has a minor effect on the schedule, it
will take less time to prepare the forms and rebar however the concrete will require the same
amount of time to cure as for the 6 web system.

A.3 SUSTAINABILITY BREADTH #1

Liberty Property Trust uses green design concepts in their buildings to enhance the quality of
their spaces. The Comcast Center currently features water reducing plumbing fixtures. Ata
height of 1001°-6 Philadelphia’s tallest skyscraper would benefit from utilizing wind energy to
generate electricity.

A.4 ARCHITECTURE BREADTH #2

The Comcast Center’s vertical transportation system is composed of 35 elevators

The 35 elevators that make up the vertical transportation system run on a system called
Destination Dispatch. A computer system organizes the information and directs the occupants to
their designated elevator. Through technology the number of required elevators can be reduced
to increase net rentable space.

A.S5 CONSTRUCTION MANAGEMENT BREADTH #3

Even the most detailed and well thought out buildings face constructability and tolerance issues
during the construction phase. The Tuned Liquid Column Damper of the Comcast Center,
originally a cast-in-place system, was redesigned as a pre-cast system to accommaodate the steel
erection schedule. A higher percentage of cement than specified was used in the concrete core to
account for the chemical reactions invoked by the pumping process. As a result the core is
stronger and stiffer than originally designed which will need to be considered when tuning the
Tuned Liquid Column Damper.
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B. BACKGROUND INFORMATION

B.1 GENERAL BACKGROUND

The Comcast Center is currently under construction in downtown Philadelphia,
Pennsylvania and is scheduled to be completed in the Fall of 2007. A recent article in the
Philadelphia Business Journal quotes John Gattuso of Liberty Property Trust announcing
that the Comcast Center is on schedule. The site of the Comcast Center is defined by
John F. Kennedy Boulevard, 17" Street and Arch Street. Upon completion the Comcast
Center will be the tallest structure between New York and Chicago at a height of 1001
feet 6 inches (top of roof height). Robert A. M. Stern Architects designed the 57 story
building. With an all glass fagade the office building will resemble the modern European
style skyscraper. A glass box will crown the Comcast Center and will be lit at night for a
dramatic addition to the Philadelphia skyline.

The office building will also have spaces for a day care, below grade parking garage,
fitness center, retail, and a food court. The Comcast Center will function as a much
needed focal point for the Philadelphia subway (Maule). The food court, located below
grade at the subway level, will be open to the public. The private space will begin at the
elevator banks within the concrete core. This boundary will be defined by card access
turn styles. Figure B-1 below shows the Pennsylvania Railroad Suburban Station and the
Comcast Center.

PHOTOGRAPH COURTESY R. BRADLEY MAULE

FIGURE B-1: THE COMCAST CENTER
WILL FUNCTION AS A FOCAL POINT FOR
PHILADELPHIA’S SUBWAY SYSTEM.
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B.1.1 LEED RATING

The developer, Liberty Property Trust, is dedicated to enhancing people’s lives through
extraordinary work environments (Liberty). One way Liberty Property trusts achieves
this goal is through sustainable design which helps instill a more environment conscience
mindset in the building occupants. The Comcast Center occupants will be able to enjoy a
110 foot tall Winter Garden and multiple 3 story stacked atria. The Comcast Center will
be the tallest LEED rated building upon completion. The LEED rating will apply only to
the core and shell of the building. The tenant spaces are not applying for a LEED rating
because this can restrict the tenants’ choice of finishes. For example, in one space the
Architect has specified metallic paint, at this time there are no LEED rated metallic
paints. Also, all furniture and furnishing need to be free of volatile organic compounds
(VOC’s) or they must be off-gassed off-site before they can be installed (Klodarska).
Figure B-2 below is a photo of a mock-up of the interior finishes.

One of the LEED rated features in the Comcast Center includes waterless urinals which
significantly decrease the amount of water used in the office building. The finished floor
to ceiling height will be 11 feet to allow for natural light to penetrate deep into the office
space and decrease the need for an artificial light source. Glass office partitions run
parallel to the fagade to allow light through to the core. The Comcast Center promotes
public transportation with its below grade connection to South Station.

PHOTOGRAPH COURTESY R. BRADLEY MAULE

FIGURE B-2: MOCK-UP OF OFFICE
FINISHES
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B.2 STRUCTURAL SYSTEM BACKGROUND

The structural system of the Comcast Center consists of a concrete core that supports steel
framing. Composite metal deck floors are used to minimize the floor depth as well as to
allow for larger spans and fewer columns. Figure B-3 below is a typical floor plan.

FIGURE B-3: TYPICAL FLOOR FRAMING AT 19" FLOOR & 20" FLOOR

The footprint of the Comcast Center is approximately 195 feet by 135 feet. The corners
of the rectangular floor plate taper inward as the skyscraper approaches the sky, creating
a pleasing aesthetic shown below in Figure B-4.

PHOTOGRAPH COURTESY R. BRADLEY MAULE

FIGURE B-4: IMAGE
DISPLAYING TAPERING
FLOOR PLATE AESTHETIC
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B.2.1.1 LATERAL SYSTEM: CONCRETE CORE

The concrete core of the Comcast Center provides lateral force resistance through shear
walls. The free standing core does not require and additional lateral bracing from the steel
framing. Refer to Figure B-4 below which represents a typical concrete core.

Flange Element eb Element

@Z

CORE WALL PLAN AT LEVEL 3-8 i
FIGURE B-5: TYPICAL CONCRETE CORE PLAN DETAIL FOR FLOORS 3-11

The concrete core can be divided into flange elements and web elements for discussion
purposes as indicated in Figure B-2. The flange elements are 4 feet 6 inches at the base
and decrease in a stepped fashion as the tower extends upward. Coupling beams connect
the shear walls to resist shear loads in the east and west direction. The flange elements
resist lateral loads applied to the east and west facades. The web elements along column
lines C, D, E, F, G, and H provide lateral resistance for wind loads acting on the north
and south facades.

A typical elevation of the concrete core is given in Figure B-5 below. Figure B-6
illustrates the typical reinforcing bar arrangement in the concrete core. Figure B-7 below
is a photograph by R. Bradley Maule taken in April 2006 of the concrete core. The photo
shows the construction sequencing; first the concrete core is formed with the steel
framing following behind. A jump formed is used to create the concrete core. The image
shows two cranes that are braced against the concrete core during construction. The core
functions as an elevator bank and mechanical system storage.
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B.2.1.1.2 FORMWORK FOR CONCRETE CORE

The concrete core was constructed using a German-based jump form system called Peri.
Figure B-8 above shows a schematic of the formwork system. Peri’s Automatic
Climbing System (ACS) was selected by Madison Concrete because it only required the
use of the crane every three days. Each lift requires 730 cubic yards of concrete (Peri).

FIGURE B-9: ILLUSTRATION OF THE JUMP
FORM USED TO CREATE THE CONCRETE CORE

B.2.1.2 LATERAL SYSTEM: TUNED LI1QUID COLUMN DAMPER

In order to meet serviceability requirements the Comcast Center needed supplementary
damping (Motioneering). A tuned liquid column damper (TLCD) was the preferred
solution over other methods such as an outrigger system (Eisenreich). The TLCD in the
Comcast Center is the largest in the world (Motioneering). Figure B-10 illustrates the
TLCD designed for the Comcast Center.

Typically structures require two perpendicular TLCDs to provide supplemental damping
in both directions. The Comcast Center only requires supplemental damping in the most
slender axis and therefore has a unique uni-axial TLCD. Over 300,000 gallons of water
will fill the TLCD adding 1,300 tons of additional weight to the structural concrete core.
Guiding walls illustrated in Figure B-9 below divide the tank in order to increase
efficiency by preventing off-axis flow (Motioneering). Damping vanes transmit kinetic
energy to the structure creating the damping effect.

As the Comcast Center drifts back and forth due to wind loading the TLCD provides
supplemental damping. This is achieved through the large mass of water located at the
top of the tower which under the effects of inertia experiences a delayed reaction to the
motion. For example, as the building sways to the right, the water flows to the left,
causing a significantly large force to act on the damping vanes which connect to the
structure. As a result the lateral displacement of the building is reduced.
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aceess hatch

guiding wall damping vanes

3D rendering of the Comcast
Center TLCD tank

FIGURE B-10: TUNED L1QUID COLUMN DAMPER

B.2.2 FRAMING AND FLOOR SYSTEM

The steel beams frame into the concrete core at embedded plates. The embedded plates
are visible in Figure B-11 below. A detail of the embedded plate is featured in Figure B-
12. These connections are shear connections only and therefore no moment is transferred
from the floor system to the concrete core. The floor slab is a composite metal deck slab
typically 3-1/4 inches on 3 inch metal deck as shown below in Figure B-13. Lightweight
concrete is used to minimize the weight of the system. Figure B-14 illustrates the typical
framing of a typical bay. Forty-five foot long beams spaced 10 feet on center frame into
the concrete on one end and a W-shape steel spandrel girder on the other. A section
detail of the connection of the composite beam to the concrete core is provided in Figure
B-15.

FIGURE B-11: EMBEDDED STEEL PLATES FOR
BEAM TO CONCRETE CORE CONNECTION
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FIGURE B-14: TYPICAL FRAMING OF
TYPICAL BAY

FIGURE B-15: SECTION DETAIL OF COMPOSITE
METAL DECK ON BEAM AT CONCRETE CORE
CONNECTION

B.3 LOADS

The estimated gravity loads on the Comcast Center are given below in Table B-1. An
office live load of 50 psf with a 20 psf partition load was assumed for analysis procedures
in earlier reports. During a telephone discussion with the Structural Engineer it was
confirmed that a 20 psf partition load and a 15 psf superimposed dead load were used in
gravity load calculations (Eisenreich).
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Table B-1: Gravity Loads

!_Live Loads: PSF Comments
Office Live 50
w/ Partitions 20
Elevator Lobby & Corridors above first floor 80
w/ Partitions 20
Corridors above first floor 75
All other Lobbies and Corridors 100
Exit Facilities 100
Retail Areas 100
Kitchen 150
Cafeteria 100
Winter Garden and Atrium 100
Light Storage Area 125
Loading Dock 250 | or AASHTO HS20-44
or actual weight, whichever is
Mechanical Floors 150 | greater
Mechanical / Fan Rooms 75 | or actual wt, whichever is greater
Sidewalks 250
Parking Ramp Live 50
| Dead Loads: PSF
Office Superimposed Dead 15
Lobby Superimposed Dead 45
Mechanical Superimposed Dead 45
Storage Superimposed Dead 15
Parking Ramp Superimposed Dead 20

B.4 CODES AND CODE REQUIREMENTS

The structural system of the Comcast Center complies with the City of Philadelphia
Building Code, latest edition and the Boca Building Code, 1996 (BOCA 96). When
designing the model of the Comcast Center for wind tunnel testing both the ASCE 7
requirements and the BOCA 96 requirements were met. ACI was used for concrete
design and the National Electric Code was used for electrical design.

C. MAIN DESIGN CHANGE: DESIGNING A MORE EFFICIENT CORE SYSTEM

The existing core was analyzed and assessed to determine if it could be reduced in size
and still meet necessary serviceability and strength criteria. The main system explored
involved the removal of two of the web elements from either side of the concrete core.
Two other alternative systems were considered, a steel braced frame system and a
concrete core system with thinner web and flange elements.
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C.1 PROBLEM BACKGROUND

The lateral load resisting system of the Comcast Center is composed of shear walls that
are grouped in the center of the building to form a core. At the base of the structure there
are six concrete web elements running north and south. Two of the web elements are 24
inches thick while the other four web elements are 18 inches thick. The web elements are
48 feet long at the base of the structure. The flange elements are 54 inches wide at the
base of the structure. The flange elements are rather short in length due to the large
openings that permit occupants to enter the elevator banks. Coupling beams are used
transfer shear loads through the short flange wall segments. Steel framing and composite
metal deck floors make up the remainder of the building. The 57 story office building
reaches a height of 1001 feet 6 inches. The footprint of the structure is approximately
195 feet by 135 feet. It was determined in Technical Assignment 1 that wind loads
control the lateral load resisting system.

C.2 PROBLEM STATEMENT

The lateral system in a structure must be designed to meet strength, serviceability,
durability, cost and schedule criterion. Alternative core dimensions may allow for a more
efficient core design. Three alternative core systems were explored and assessed below
to determine the advantages and disadvantages of each.

C.3 ALTERNATIVE #1: REMOVAL OF TWO CONCRETE CORE WEB ELEMENTS

C.3.1 PROPOSED SOLUTION

The first alternative system involves removing the two outer flange and web elements.

The red-shaded elements in Figure C-1 below indicate the sections removed for the first
alternative core system.
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FIGURE C-1: RED SHADED SHEAR WALLS TO BE REMOVED FROM DESIGN

C.3.2 EXPECTED OUTCOME
C.3.2.1 EXPECTED ADVANTAGES

Removing these pieces will result in a lighter over all structure and decrease the amount
of material used. This will result in a decrease in building material, cost and labor.
Removing these sections will result in added marketable floor area which could
significantly affect the rate of return for the building.

C.3.2.2 EXPECTED DISADVANTAGES

By removing the two outermost web and flange elements of the lateral system the
stiffness of the structure will be decreased significantly. If removing these two elements
results in an inadequate stiffness it may be necessary to add material to the inner
elements. This can become inefficient but would need to be checked against the financial
gain of added floor area.
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C.3.3 RESULTS
C.3.3.1 ETABS MODEL INPUT AND RESULTS

Etabs was used to model the existing 6 web concrete core with the goal of matching the
period of vibration given in the Wind Tunnel Testing Report Summary. The Structural
Engineer also used a similar approach to model the lateral system with Etabs. Only 50
percent of the assumed superimposed dead load of 15 psf and assumed partition load of
20 psf was used to calculate the natural period of vibration. The curtain wall load was
assumed to be 15 psf and was later determined to be 11 psf (Eisenreich). For modeling
purposes, a 15 psf curtain wall load was used. The gross moment of inertia was used for
the concrete shear wall elements. The coupling beams were cracked by 50% (Eisenreich).

The purpose of the 6 web Etabs model was to have a basis of comparison for the
proposed 4 web system model. The 4 web system period could not be simply compared
to the 7.39s period of vibration given in the Wind Tunnel Testing Report because of
differing design assumptions and modeling techniques.

An example of differing design assumption would be the consideration of the bending
capacity of an out of plane wall. It is practical to assume a 10 percent bending capacity
of the walls out of plane. For example the 54 inch flange wall would only resist the
bending moment with 5.4 inches. Since the Structural Engineer used the gross moment
of inertia, 100% of the wall thickness was used to resist moment out of plane.

The 4 web system has two 24 inch thick webs and two 30 inch thick webs, giving a total
sum of 108 inches. The 6 web core has two 24 inch thick webs and four 18 inch thick
webs. The total thickness of the 6 web core is 120 inches. A 1 foot by 45 feet area of net-
rentable space is gained through the 4 web system. At an average cost of $40/SF a month
for 57 floors the Owner will gain an additional $1.2M a year. The configurations of both
systems modeled are illustrated below in Figures C-2 and C-3.
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FIGURE C-3: DIMENSIONED PLAN VIEW OF THE 4 WEB SYSTEM
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C.3.3.2 NATURAL PERIOD OF VIBRATION

The Etabs models yielded a period of vibration of 8.81s for the proposed 4 web system
and 8.49s for the 6 web system. As expected the 6 web system had a lower period of
vibration than the 4 web system. The two systems only differ by 3 percent with respect
to the natural period of vibration. A preliminary calculation check was performed to
check period of vibration with respect to the moment of inertia of the two systems. The 6
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web system has a moment of inertia of 471,000 ft*4 in the strong axis whereas the 4 web
system has a moment of inertia of 323,000 ft"4 in the strong axis. A larger moment of
inertia relates to a stiffer structure which corresponds to a smaller period of vibration.
The gross moment of inertia was used in the Etabs model analyzed by the Structural
Engineer (Eisenreich). When 70% of the moment of inertia was used to allow for
cracking the 6 web system had a natural period of vibration of 9.49s and the 4 web
system had a period of 9.87s. In this condition the 4 web system varied only by 4%. The
natural period of vibration for Modes 1 through 3 of the modeled 6 and 4 web systems
are summarized below in Figure C-4

MNatural Period of Vibration {s=c.)

Mode # | T (6 Web) | T (4 WWeb) | " Difference
1 8.58 8.88 3.50 %
2 4.55 Bl 16.70 %
3 371 3.97 701 %

FIGURE C-4: NATURAL PERIOD OF VIBRATION FOR
MODES 1 THROUGH 3 OF THE MODELED SYSTEMS.

C.3.3.3 CRITICAL MODES

The axis of concern can be determined by visual inspection. The Comcast Center has a
rectangular shape. The 1001 ft tall skyscraper experiences a large amount of wind loads.
The wider fagade experiences a greater force. To maximize floor plate area the concrete
core was oriented along the same axis. The dimensions of the 6 web concrete core are 45
ft by 130 ft. The 45 ft depth of the core must resist the wind loading along the 193 foot
facade. This is a considerably small area to resist these forces and as a result this is the
critical direction. The Etabs model confirmed this concept, mode one is in the direction
perpendicular to the slender axis. Figures C-5, C-6 and C-7 below illustrate the critical
modes.
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FIGURE C-5: MODE 1 FIGURE C-6: MODE 2 FIGURE C-7: MODE 3
3-D ETABS MODEL 3-D ETABS MODEL 3-D ETABS MODEL

C.3.3.4 DRIFT

The total building drift is summarized in Figure C-8 below for both the 6 web and the 4
web system. The 6 web system which represents the existing system has a maximum
displacement of 32.1 inches in the Y-direction. The 4 web system only displaces 5.6
inches greater than the 6 web system, therefore reducing the concrete core to 4 webs only
increases the drift by 17%. In the X-direction the maximum drift is 5.7 inches for the 6
web system and 9.1 for the four web system. Rotation about the Z-axis is 0.04% of a
radian for the 6 web model and 0.06% of a radian for the 4 web model. Reducing the
core by 20 feet in the X-direction only increases the rotational displacement by 0.5%.
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The maximum story drift occurs between the 57" and 55™ floors. The 6 web model
experiences a maximum story drift of 0.84 inches in the Y-direction and 0.11 inches in
the X-direction. The maximum story drift of the reduced core is only 15% greater in the
critical Y-direction. Displacements of 0.97 inches in the Y-direction and 0.22 in the X-
direction result from the 4 web configuration. This system is significantly more flexible
in the X-direction than the 6 web system as is evident by the 69% increase in story drift
in the X-direction. Figure C-9 below summarizes the maximum story drift for the 6 web
and 4 web configurations.

Tatal EiI.I!|I:|II‘|li Drift under Sarvice Loads (in)

B_G Vveb 74 ek "o aiference
529 27 7.3 %
38 g1 319 %

FIGURE C-8: TOTAL BUILDING DRIFT FOR 6 WEB AND 4 WEB SYSTEMS

Maximum Story Drift under Service Loads

Load A6 Web (in) Story # A 4 Web (in) Story #
Wind Y 0.84 STORY 57 0.97 STORY 55
Wind X 0.13 STORY 42 0.22 STORY 43

FIGURE C-9: MAXIMUM STORY DRIFT FOR 6 WEB AND 4 WEB SYSTEM

C.3.3.5 MOMENT CAPACITY AND FLEXURAL REINFORCING

When the two outer web elements are removed from the 6 web system to form the 4 web,
Pier 1 of the 4 web system experiences an 11% increase in moment and Pier 2
experiences a 15% increase. Each web element of the 4 web system is 6 inches thicker
than its respective web element of the 6 web system. However the web thickness has a
much greater effect on the shear capacity of the wall than on the moment capacity. The
moment is primarily resisted by the flanges and the depth of the member. To increase the
moment capacity of a section the concrete core can be elongated however, increasing the
depth of the section would reduce the amount of net rentable space; therefore a balance
must be met to determine the most economical depth.

The flexural reinforcing was checked using PCA Columns. The greatest moment was
used to determine the required steel ratio. When unfactored loads were considered
minimum steel reinforcing would be required. When using factored loads a steel ratio of
0.87% is required. This is much lower than the maximum practical steel ratio of 4%
which indicates that strength does not control the design of the core. Instead
serviceability criteria such as stiffness and acceleration govern the size of the concrete
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core. Figures C-10 through C-13 below illustrate the moments for both systems caused
by wind in each direction. The input used for the PCA Columns calculation can be found

in the appendix followed by the output.
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FIGURE C-10: MOMENTS IN THE 4 WEB CORE RESULTING FROM FACTORED WIND
LOAD IN THE Y-DIRECTION

MOMENTS IM THE 6 WEE CORE RESULTIMG FRO M WIND IN THE ¥ DIRECTICMN

M2 =17k A2 = 3, Yk M2 = 3600k RAT = 6WEFk T = 34 (NNF

TR

18"

FIER S

A S N N N O N S O .

WINMD

FIGURE C-11: MOMENTS IN THE 6 WEB CORE RESULTING FROM FACTORED WIND
LOAD IN THE Y-DIRECTION
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FIGURE C-12: MOMENTS IN THE 4 WEB CORE RESULTING FROM FACTORED WIND
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FIGURE C-13: MOMENTS IN THE 6 WEB CORE RESULTING FROM FACTORED WIND
LOAD IN THE X-DIRECTION

C.3.3.6 SHEAR STRESSES AND SHEAR REINFORCING
The shear stresses experienced by the concrete core due to wind loads are much smaller
than the shear capacity of the webs. This characteristic indicates that serviceability
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criteria control. Figures C-14 through C-17 below show the shear forces on concrete core
elements for both systems and for factored wind load in each direction.

X y=2400k
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FIGURE C-14: SHEAR IN THE 4 WEB CORE RESULTING FROM FACTORED WIND LOAD
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FIGURE C-17: MOMENTS IN THE 6 WEB CORE RESULTING FROM FACTORED WIND
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C.3.3.7 EFFECTS ON CONSTRUCTION PROCESS

Reducing the size of the concrete core from a 6 web system to a 4 web system will affect
several aspects of the construction process. Currently the concrete core construction is on
a 3-day cycle in which the forms are placed, the rebar cages are installed and the concrete
is poured and after a period of curing the forms are removed and jacked up. The process
of jacking and resetting the forms and installing the rebar takes approximately two days.
An entire day is needed to pump the concrete into the forms. The core originally started
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out as a 4-day cycle and through experience and overtime the schedule achieved a 3-day
cycle. The four web system would likely not be able to reduce the number of days the
cycle is at but would reduce the amount of labor required by approximately one third
since there are two less elements to form, set, and pour.

C.3.3.8 EFFECTS ON MECHANICAL SYSTEM

Eliminating the two concrete walls that encase the mechanical systems on either side of
the building introduces freedoms for the Mechanical system. Currently the mechanical
systems are tightly arranged in the concrete core. A rated partition can be used to achieve
the required fire rating. A rated gypsum wall board partition could be easily adjusted for
any changes in the mechanical system. For instance, if part of the mechanical system
needed to be removed and replaced other pieces of equipment may need to be removed in
order to do so. This could be very disruptive to the building functions. With a rated
partition it may be simpler to remove a section of the wall and repair the wall. Figure C-
18 illustrates the tightly arranged mechanical system in the concrete core.

i - s
FIGURE C-18: MECHANICAL SYSTEM
TIGHTLY ARRANGED IN CORE
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C.3.3.9 SUMMARY AN D CONCLUSION

The existing concrete core of the Comcast Center is composed of I-sections with a total
of 6 webs. Two of the web elements are 24 inches thick while the four remaining web
elements are 18 inches thick. The proposed system consists of 4 web elements. The
outer two webs are 30 inches thick while the inner two web elements are 24 inches.

Both structures were modeled in Etabs to solve for the natural period of vibration. The
natural period of vibration for the designed building was known however it would have
been impractical to compare the 4 web system to this number due to differing design and
modeling assumptions. Thus the 6 web system was modeled to try and simulate the
designed structure to as close a degree as possible. The natural period of vibration of the
proposed 4 web system in the critical mode 1 direction is only 3.5% greater than the
modeled 6 web system. Reducing the core from 6 webs to 4 webs significantly softened
the building in the mode 2 direction. Four coupling beams were eliminated along with
the shear walls causing the period to increase by 16.7%. The Tuned Liquid Column
Damper can be adjusted to accommodate these changes in the stiffness of the building to
control deflections and accelerations. The flexural and shear reinforcing are required to
meet minimal requirements indicating that stiffness controls over strength. The 4 web
core is recommended over the 6 web core because of the additional freedoms achieved
through it as well as the additional cost savings and increased net rentable area.

C.4 ALTERNATIVE #2: STEEL BRACED FRAME CORE
C.4.1 PROPOSED SOLUTION
The second alternative core system considered the substitution of a steel braced frame

core in place of the concrete core. Figure C-20 indicates that the braced frames will be
replacing the entire concrete core.
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STEEL BRACED FRAMES

FIGURE C-20: STEEL BRACED FRAMES REPLACE THE EXISTING
CONCRETE CORE AS A SECOND ALTERNATIVE

C.4.2 EXPECTED OUTCOME
C.4.2.1 EXPECTED ADVANTAGES

Using a braced steel frame in place of a concrete core will likely decrease construction
time since the existing concrete system requires curing time.

C.4.2.2 EXPECTED DISADVANTAGES

Since the braced frame system is not as rigid as the existing concrete system the drift may
be greater. The temporary cranes used to erect the existing system were easily braced by
the existing concrete core. The steel framed core may not allow for such an easy
connection.

C.4.3 RESULTS

A preliminary estimate was made in which it was determined that a steel braced core
would not be economical over a concrete core. This decision was based on the
consideration of project location, local materials, and opening sizes in the shear walls.
These assumptions were later confirmed in a discussion with the Structural Engineer.
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The Structural Engineer indicated that a steel braced frame core was considered but
abandoned early in the design process due to the extremely high steel tonnage required
(Eisenreich). As a result, the steel braced frame alternative was disregarded and
resources were allocated to other areas of this thesis.

C.5 ALTERNATIVE #3: REDUCING THICKNESS OF WEB ELEMENTS AND FLANGE ELEMENTS
C.5.1 PROPOSED SOLUTION

A significant amount of weight can be removed from the concrete core by reducing the
thickness of the web and flange elements. This theory will be applied to a 6 web concrete
core system.

C.5.2 EXPECTED OUTCOME
C.5.2.1 EXPECTED ADVANTAGES

Reducing the thickness of the flange and web elements of the concrete core will decrease
the weight of the structure. Less material will be used which will decrease the cost of the
structure. Net rentable space will be gained increasing the Owner’s revenue.

C.5.2.2 EXPECTED DISADVANTAGES

Decreasing the thickness of the concrete core elements may eliminate some of the
redundancy built into the structure to avoid progressive collapse.

C.5.3 RESULTS

The reduced 6 web system has 6 web elements all measuring 18 inches in thickness.
Both flanges in the reduced 6 web system are decreased by 12 inches. The natural period
of vibration was calculated using an Etabs model which was compared to the 6 web
model of the existing concrete core. Figure C-21 below summarizes the periods of the
two systems. The reduced 6 web system has a Mode 1 period of 9.20s which is 8.5%
greater than the period calculated for the 6 web Etabs model of the existing core. The
period is within 10% which suggests that this reduced configuration will work for this
building. The additional damping required by the system to meet serviceability criteria
could be met by adjusting the tuned liquid column damper or increasing the strength of
the concrete.

Since the benefits of this reduced 6 web system are rather limited as compared to the
freedoms of the 4 web system no further criteria were checked for this system. However,
keeping a 6 web system would allow for all building life systems to be incased in the
concrete core.
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A net area of 305 SF will result from the reductions made to the concrete core. This will
increase the profits by $8.3M per year. The core will require 12,800 less cubic yards of
concrete which will result in significant savings.

Matural Period of Vibration (sec.)

Mode# | T (BWeb) |7 IReduced & Web) | % Difference
1 558 0.20 7.22 %
2 4.55 4.T1 352 %
3 371 384 3.50 %

FIGURE C-21: COMPARISON OF THE NATURAL PERIOD OF
VIBRATION FOR THE MODELED 6 WEB SYSTEM AND THE REDUCED
6 WEB SYSTEM

C.6 STRUCTURAL DEPTH SUMMARY

Of the three systems assessed in the structural depth; the four web core, steel braced
frame core, and the reduced 6 web core, the most economical system is the 4 web core.
The steel braced frame system was eliminated in the early design stages because of the
extremely large tonnage and cost effective alternative of concrete. The large openings in
the core would have created difficulties for the braced frame system. The third
alternative investigated the possibilities of making the web and flange elements thinner.
Reducing the thickness of these elements resulted in a 7.23% greater period in the mode 1
direction. Since the period increased by less than 10% the reduced 6 web system is still a
practical alternative, however further investigation would be required to verify this. The
reduced 6 web system would allow for all life systems to be incased in the concrete core.
The 4 web system allow for more flexibility in the floor plan. Additional space for
parking in the three levels of below grade parking resulted from removing two webs. The
mechanical rooms benefit from more flexibility in layout and access when a rated
partition is used in place of an 8 inch thick concrete wall. Approximately $950,000 is
saved on materials which is enough to purchase the Tuned Liquid Column Damper at the
top of the tower. In conclusion, the 4 web system is recommended.

D. BREADTH TOPICS

D.1 SUSTAINABILITY & LEED RATING BREADTH: ENERGY COLLECTION SYSTEMS
D.1.1 PROBLEM BACKGROUND

The Comcast Center has a very large surface which is exposed to a tremendous amount
of energy from the sun. Low-E tinted glass makes up the entire facade. The Comcast
Center will be just one of the many LEED Rated buildings developed by Liberty Property
Trust. The Comcast Center is 1001.5 feet tall and is subject to high wind speeds at the
top of the structure.
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As conventional energy sources continue on their path to depletion wind energy sources
are gaining popularity. Wind, defined as air in motion, carries kinetic energy which can
be converted into mechanical or electrical energy. Having little to no impact on the
environment, wind energy is considered a green power technology. Unlike certain
conventional energy sources, wind power does not pollute the air or produce green house
gasses. Wind energy is both renewable and reliable (Tiwari 338).

D.1.2 PROBLEM STATEMENT

A tremendous amount of energy from the sun and the wind reaches the fagcade of the
Comcast Center. If this energy can be collected and stored in an economical way, the
Comcast Center could benefit from these green energy technologies.

D.1.3 PROPOSED SOLUTION

The feasibility of adding an energy collecting system to the Comcast Center was
assessed. The first system involves placing small wind turbines at the parapet. The small
turbines are not visible and generate a large amount of energy. The second system would
collect the energy from the fagade by using glazing that has photovoltaic (PV) patches
between the two panes of glass. The patches can vary in size and would be hardly
visible.

D.1.5 EXPECTED OUTCOME

The miniature wind turbines may prove more effective since they do not impact the
architecture of the building. Both systems might be necessary to collect enough energy
to run the entire building. Using both systems may prove to be more effective in that on
a clear sunny day there is no wind but on a cloudy day there is likely much more wind.

D.1.5.1 EXPECTED ADVANTAGE

The energy collected could be used to power the electrical elements of the Comcast
Center or supplied to Philadelphia’s electrical grid.

D.1.5.2 EXPECTED DISADVANTAGE
A likely disadvantage of the energy collecting system is the high upfront cost of the

system. Since these systems are relatively new, maintenance and repairs on them may
cost a significant amount more than a traditional system.
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D.1.6 RESULTS

D.1.6.1 WIND TURBINE RESULTS

Various parameters determine whether or not a wind turbine is practical in a certain
location. Such parameters include mean wind speed and directional data, variations
about the mean in the short span, and daily, seasonal and annual variations. Figure D-1
below lists the average wind speeds in mph experienced in Philadelphia over 61 years.
The average wind speeds over the course of a year range from 8.0 mph to 11.3 mph. The
average annual wind speed is 9.5 mph.

PENNSYLVANIA n:c;:g:g JAN FEE MAR APR MAY JUMN JUL AUG SEP OCT MOV DEC A:fdﬁtlit
ALLENTOWH, PA 52102105 111 104 890 81 72 B3 73 B0 52 98 B4
ERIE, P4, 47 131 120 1% 112 8% 86 &0 80 88 111 126 130 11.0
HARRISBURGE, PA 49 B2 90 85 91 Té 6B B2 B3 B0 B6 TE A0 75
m%mﬂ.g@wnmmmsauna 59 B5 51 98 83 TE B9 63 55 E1 68 79 44 17
PHILADELEHIA, BA 611003 109 11.3 108 985 86 B2 B0 B3 &8 &6 100 8.5
PITTSBURGH, PA 49 0.4 103 106102 &7 80 T3 68 Ta B3 97 104 2.0
AVOCA, P8, 48 EB 90 94 93 B4 77 T2 E9 T4 TF 85 &7 B2
WILLIAMSPORT, PA 39 B7 BF 90 B85 77 BB B3 59 E1 BB TE a2 7.6
FIGURE D-1: NOAA RECORDED MEAN WIND SPEED FOR CITIES IN PENNSYLVANIA

Figure D-2 below defines the components of horizontal and vertical axis turbines. Some
of the common components include a rotor blade, gearbox, generator, and rotor blade. A
diagram of the energy extracting stream-tube of a wind turbine is given below in Figure
D-3. Figure D-4 depicts principles of acrodynamics and how they relate to a wind
turbine.
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Wind Turbine Configurations
FIGURE D-2: CONFIGURATIONS OF HORIZONTAL AXIS AND
VERTICAL AXIS WIND TURBINES
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FIGURE D-3: THE ENERGY EXTRACTING STREAM-TUBE OF A WIND TURBINE

Rotation ~—— q

FIGURE D-4: PRINCIPLES OF WIND TURBINE AERODYNAMICS LIFT.
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D.1.6.1.1 WIND TURBINE BUILDING APPLICATIONS AND EXAMPLES

Several buildings around the world have wind turbines to take advantage of the natural
renewable energy of the wind. Bahrain World Trade Center has three wind turbines
integrated into the architectural aesthetic. The turbine blades measure 95 feet in
diameter. Approximately 11-15% of the building total energy, 1300 MegaWatt hours per
year, will be generated by wind energy (Digital Journal). The Bahrain World Trade
Center, pictured below in Figure D-5, serves as an example for how much energy can be
expected from the current technology. It is not recommended that the Comcast Center
incorporate a wind turbine into its architecture, instead the wind turbines proposed for the
Comcast Center would not be visible.

FIGURE D-5: BAHRAIN WORLD TRADE CENTER

In Chicago, Mayor Daley announced the installment of wind turbines on top of the
Richard J. Daley Center. The Daley Center is 680 feet tall; note that this is two thirds the
height of the Comcast Center. The energy generated by the turbines will not go directly
into the building system but instead into the city’s power grid. Information regarding the
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amount of energy that the wind turbines will produce is not available; however it is
known that these turbines contribute to Chicago’s goal of having 20% of the city’s energy
supplied by renewable sources (PBC Chicago). By incorporating wind turbines into the
Comcast Center, Philadelphia could follow in Chicago’s example to aid the advancement
of wind energy technology.

D.1.6.1.2 ROOF TOP WIND TURBINE MANUFACTURERS AND PRODUCTS

A Finnish wind turbine manufacturer known as Windside has a unique noiseless wind
turbine featured in Figure D-6 below. Unlike other wind turbine configurations, the
Windside Turbine spins in even light breezes. Windside manufactures turbines for
normal to extremely cold and icy weather conditions. Most turbine manufacturers in the
U.S. do not offer turbines that can be placed on rooftops. Windside specifies a line of
turbines that can be used for rooftops.

Photograph Courtesy of Windside

@300

1000
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==t
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FIGURE D-6: WINDSIDE WIND TURBINES

Bill Becker, Professor of Industrial Design at the University of Illinois, designed a wind
turbine for urban settings called Aeroturbines. The turbines have been installed on
several buildings including the Daley Center in Chicago (PBC Chicago). Aeroturbines
have been rated to produce 1-1.8kW in 30 mph winds. The turbines are noise free, safe
for birds and low maintenance. The self regulating turbines are able to utilize milti-
directional and gusting winds. The approximate cost ranges from $15,000 to $21,000 and
are projected to decrease significantly with mass production.

Using the Building Area Method defined in the National Electric Code 2005 the Comcast
Center uses approximately 11,700 KVA. The building area assumed was 1.2M SF. For
estimating purposes 1 KVA was approximated to be 1kW. Philadelphia experiences a
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mean wind speed of 9.5mph at a height of 30’ throughout the year. The turbines at the
roof level will experience much greater wind speeds. A wind gradient formula was used
to determine that the wind speed at 1000’ in Philadelphia is 83 mph.

Assuming a linear relationship between the wind speed and the output of the wind turbine
yields 2.8 kW per turbine. The size of the turbine and the available area on the roof play
a role in the number of practical turbines. Four large cooling towers are situated on the
roof. Each turbine is in a cage measuring 5 feet by 5 feet by 10 feet tall.

Various layouts were considered to compare the cost and benefit of a certain number of
turbines. The summary featured below in Figure D-7 indicated that 38 turbines would
produce 106.4kW which is less than 1% of the building’s total estimated energy. Spacing
the turbines at every 10 feet on center along the perimeter is a practical upper limit. Half
a million dollars would result in 106.4 kW in savings. Compared to the three 95 foot
diameter turbines on the Bahrain World Trade Center, these turbines have a very low
efficiency. A more accurate calculation could yield a greater percentage of total
building energy.

Turbine Su mmar"
#of Cost Energy T of Total
Turbines _ kW Building Energy |

1 3 15,000 2.8 Q.02

4 F 60,000 11.2 Q.10
14 g 210,000 392 Q.34
20 % 300,000 56.0 0.48
24 % 3g0,000 G7.2 Q.57
30 % 450,000 B4.0 Q.72
32 5 570,000 106.4 0,81

FIGURE D-7: SUMMARY OF TURBINE SYSTEM

Despite the limited economic gain it is still recommended that the Comcast Center utilize
natural renewable wind energy. Through mass production the price of the turbines will
decrease significantly. As the new tallest skyscraper in Philadelphia the Comcast Center
is a very high profile building. The city had requested that the Construction Manager
hirer local contractors to encourage the sense of pride in the city. Investing resources into
new technology to benefit the future of renewable energy resources would be in keeping
with this concept.

D.1.6.1.3 CURRENTLY RESEARCHED SYSTEMS

Researchers at the University Hong Kong are currently studying a new system of wind
turbines that promises to be more cost effective than traditional wind turbines. These
mini turbines are made of plastic and are approximately one foot in diameter. The secret
to the cost efficiency of this system is mass production and material type to lower the
upfront cost of the system. The mini turbines can be linked together in arrays to meet the
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energy and space requirements of each application (Green). Figure D-8 shows how the
mini turbines can be arranged. Since the system is still being studied, and therefore was
not available at the time of the design of the Comcast Center, it is not practical to
consider this as a solution.

T D - ML WA

Il

e

FIGURE D-8: PLASTIC MINI WIND
TURBINES CURRENTLY BEING STUDIED

D.1.6.1.4 WIND TURBINE CONCLUSIONS

At 1001 feet the Comcast Center has a unique advantage over other structures in the city.
The tower has unlimited access to a natural renewable source of energy. Although wind
energy is an old technology, its applications to buildings are still being refined. Over
time as wind technology gains popularity it will become much more cost effective. It is
recommended that the Comcast Center, as a symbol of Philadelphia, utilize its convenient
access to wind energy. Since at the time of construction the technology is not cost
effective and the electrical system is already completed, wind turbines could be installed
at a later date to supply energy to the city’s grid.

D.1.6.2 PHOTOVOLTAIC CELLS RESULTS AND CONCLUSIONS

To reduce the amount of energy consumed through the transportation process it can be
beneficial to use materials from local manufacturers. Furthermore, local manufacturers
tend to be aware of the environmental conditions for the area and therefore can produce a
better product and provide advice for commonly encounter problems. There are several
photovoltaic cell manufacturers near Philadelphia. The closest manufacturer is Advanced
Systems Manufacturing, Inc. in Princeton, New Jersey which is only an hour away from
Philadelphia. In Pennsylvania, the closest photovoltaic cell manufacturer is 5 hours away
in Belle Solar Power Industries, Inc (Source).

After closer consideration of the photovoltaic patch system it was determined that there
are only a few areas where the photovoltaic cells could be located. The majority of the
glass cladding has a reflective quality. Figure D-9 displays the reflective and transparent

Page 35 of 84



AE 482 Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural
12 Apr. 2007

glass types of the facade. If a photovoltaic (PV) patch were to be sandwiched between
panes of glass behind the reflective coating the amount of energy that reaches the PV cell
would be limited. This would be an inefficient and possibly ineffective system. Situating
the PV patch before the reflective coating would significantly affect the architecture.
Unless the Architect chose to incorporate this look into the fagade of the building the PV
patches are not a viable solution.

PHOTOGRAPH COURTESY R. BRADLEY MAULE

A

FIGURE D-9: TRANSPARENT GLASS
ATRIUM VS. REFLECTIVE GLASS TOWER

The atrium and main entrance of the Comcast Center along JFK Blvd. is enclosed with
transparent glass cladding. The PV patches could be incorporated into this glass fagade
however there are several reasons this may not work architecturally and functionally.
The three level atrium will feature a winter garden full of trees and plants, the PV system
would compete for sunlight with this system. To collect a high enough percentage of
electricity through the PV patches a certain ratio of the glass facade would be dedicated
to this system. Also in the atrium sculptures of people walking will be featured as part of
a Philadelphia requirement that 1% of a building cost be dedicated to artwork to benefit
the local artists’ community (Maule). The PV patch system could compromise the
visibility of the famous artwork. As a result it is not recommended that a PV system be
incorporated into the facade without close correspondence with the Architect.
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D.2 CONSTRUCTION MANAGEMENT BREADTH
D.2.1 PROBLEM BACKGROUND

The Comcast Center is located in downtown Philadelphia. The lot is defined by John F.
Kennedy Boulevard, Arch Street and 17™ Street. The Comcast Center will be the new
tallest building between New York and Chicago.

D.2.2 PROBLEM STATEMENT

This urban location limits the space available for the site layout and causes site
scheduling to become very critical. The site layout out is also restricted by the limited
space. Figures D-10 and D-11 below show an aerial view of the construction site. With
the goal of obtaining a LEED Rating, the upfront costs will likely be rather high.

PHOTOGRAPH COURTESY OF GOOGLE MAPS
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FIGURE D-10: COMCAST SITE

PRIOR TO ANY CONSTRUCTION
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FIGURE D-11: THE TRAILER PORTION OF THE
CONSTRUCTION SITE AS SEEN FROM STANDING IN THE
TOWER

D.2.3 PROPOSED SOLUTION

Construction issues will be discussed and assessed in order to get a better understanding
of how to make design decisions that facilitate the construction process.

D.2.4 EXPECTED OUTCOME
D.2.4.1 EXPECTED ADVANTAGES

Considering the application of the design is a good practice to adopt which can prevent
issues and save money.

D.2.4.2 EXPECTED DISADVANTAGES

Although similar situations may occur on different projects, each project has its own set
of conditions which may cause one solution to work in a given situation over another.

D.2.5 RESULTS
D.2.5.1 SCHEDULE INFORMATION

Primavera was used by the Construction Manager to create the schedule. The schedule
for the Comcast Center began on January 19™ 2004 with Construction Drawing Set and is
planned to end February 11™ 2008. Work on the foundation began January 18" and the
concrete core on October 4, 2005. The structural steel erection started on December 27,
2005.
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Critical path items are identified on the schedule by the color red. The concrete core is a
part of the critical path for levels B2 through 6. A portion of the schedule is featured
below in Figure D-12.

1550 | PLAZA WORK COMPLETE 1] MWEEPOT |

1061 [*"CRANE PAD M2 § | IRALIGOE® | 1OALIGS |

1065 |ERECT CRAME M2 3 | 2BAUGOE* | 2RALIGIE i
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1971 | CRANE #1 OPERATIONAL 07 | 1OECOE | 1emaRT I
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21 (CONCRETE CORE - 8TH
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FIGURE D-12: PORTION OF CONSTRUCTION SCHEDULE
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D.2.5.2 COST INFORMATION

Due to the massive amount of concrete used to create the concrete core the cost of the
concrete for the entire project was close to the cost of the steel. The cost for 12,500 tons
of steel was approximately $38,250,000 whereas the cost of the concrete was
$26,703,000 for 37,000 yards.

D 2.6 CONSTRUCTION ISSUES

Even the most detailed and well thought out design documents can be subject to revision
during the construction process due to tolerance, schedule, and constructability issues.
Some of the construction issues L.F. Driscoll encountered while working on the Comcast
Center are described below.
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D.2.6.1 CREEP EFFECTS IN THE CONCRETE CORE

The differing material properties of concrete and steel pose a complicated problem for
designers and contractors. Over time concrete experiences a phenomenon known as
creep. Creep can be defined as the time-dependant strain occurring under stress. The
large gravity forces applied to the concrete core will over time cause the core to shrink at
a different rate than the perimeter steel columns. The floor plates are supported by the
steel members that connect to columns at the perimeter of the building and frame into the
core at the center. As the concrete core shrinks vertically the floor plate will begin to
rotate in toward the center possibly causing problems for interior finishes.

This phenomenon does not pose any structural threats as it is a very small movement and
occurs over a long period of time. A floor plate is graded by two sets of criteria; floor
levelness (FL) and floor flatness (FF). Floor levelness is the degree to which a floor is
level whereas floor flatness is a measure of how flat the floor is. A floor may be
completely flat but not level. This is an important distinction for construction managers
and contractors that can greatly impact finishes (Klodarska).

To counter the effects of creep on the floor levelness the Structural Engineers calculated
an adjustment that would move each floor plate connection up 1/1 6" inch higher on the
concrete core than its connection to the steel perimeter columns. After meeting with L.F.
Driscoll onsite, I was informed that the concrete core has already experienced a creep
greater than 1/16™ inch and the floors are slightly rotated inward. This rotation could
affect pre-manufactured finishes such as the movable glass partition walls being installed
in the Comcast office spaces since it may be difficult to adjust them

D.2.6.2 TUNED L1QUID COLUMN DAMPER

Constructability is an important factor in a project of this scale. The tuned liquid column
damper (TLCD), originally designed as cast-in-place, was re-designed during the
construction phase to accommodate the steel erection schedule. The original cast-in-
place system would require formwork which would delay the erection of the remaining
steel for the crown.

The pre-cast system will cut construction time from 4-5 months to 4-5 weeks. The
original cast-in-place system would be exposed to high winds and possible extreme
temperatures and weather at the top of the 1000 foot tower during the concrete curing
process. These conditions can compromise the integrity of the TLCD system. Pre-cast
elements are manufactured in a controlled environment granting a greater degree of
quality control.

A disadvantage of the pre-cast system is the inability to make adjustments for tolerances
in construction. The formwork of the original cast-in-place system could be easily
adjusted to accommodate tolerances.
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Concrete would have been pumped from the base of the tower for the original pre-cast
system only requiring the crane for the form work. The pre-cast system will require the
use of the crane to lift the pre-cast elements into place. This could affect the steel
erection schedule, however the time savings for the pre-cast system is already much
greater than the original cast-in-place system.

In order to integrate the pre-cast system into the existing cast-in-place concrete core the
top of the concrete core was formed with 36 inch deep notches to accommodate the 36
inch deep beams. The notches are illustrated below in Figure D-13.

PHOTOGRAPH COURTESY R. BRADLEY MAULE
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FIGURE D-13: THE 36 INCH NOTCHES AT THE TOP
OF THE CONCRETE CORE ALLOW FOR THE TUNED
LIQUID COLUMN DAMPER TO BE INTEGRATED INTO
THE CONCRETE CORE.

Typically a pre-cast system would cost significantly less than a cast-in-place system.
Some factors that allow for pre-cast systems to offer a more competitive price result from
less expensive labor costs, greater quality control through controlled conditions, and
greater volume output. However since the design occurred during the construction phase
other systems were already designed around the damper creating a lot of restraints for the
pre-cast system. As a result the redesigned tuned liquid column damper will cost
significantly more than the original however this system reduces the schedule by such a
great degree that the extra damper cost does not reflect in the over cost of the building.
The cost of the original cast-in-place damper would have been $905,000. The cost of the
new system was not known at the time of this report.
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D.2.6.3 CRANE LOCATIONS

The construction of the Comcast Center superstructure began with two cranes, one on
Arch Street and one on JFK Blvd. In Figure D-14 below the crane operator is accessing
the crane. As the core is topped off and the steel framed floor plate decreases in area the
cranes will be taken down and a new crane will be placed in a more advantageous
location.

PHOTOGRAPH COURTESY R. BRADLEY MAULE
e 4

W

FIGURE D-14: CRANE OPERATOR ACCESSING CRANE

Figure D-15 below is a layout of the existing and future crane locations. The circles
illustrate the amount of load that can be handled at a given radius. Once the centrally
located crane and derrick are installed the derrick crane will be used to disassemble the
two exterior cranes. The crane will be used to erect the pre-cast pieces of the tuned liquid
column damper and the steel framing of the crown. The centrally located crane is
fastened to the foundation and runs through the concrete core. Removing the two
exterior cranes allows for the glass cladding to be installed. Finishes and elevators for the
core area in which the central crane is located will have to be postponed until the crane
can be removed. This can affect cost and the timing of trades.
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FIGURE D-15: EXISTING AND FUTURE CRANE LOCATIONS

D.2.7 SUMMARY AND CONCLUSIONS

Despite harsh weather conditions such as high winds, freezing temperatures and snow the
Construction Manager has been able to maintain the schedule. The Comcast Center is
currently at a transition phase between crane locations. The two exterior tower cranes
will be replaced by a centrally located crane and a derrick.

As a result of the thick flange and web elements of the concrete core the cost of the
concrete approaches the cost of the steel. Reducing the size of the concrete core as
recommended earlier in this report would reduce cost of the project significantly.

Many issues arise during the construction phase regarding application, constructability,
tolerances and schedule. The tuned liquid column damper was redesigned in pre-cast to
facilitate the steel erection schedule of the crown resulting in significant time and money
savings. Studying these issues will result in better design decisions to facilitate the
construction process.
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D.3 ARCHITECTURE BREADTH
D.3.1 PROBLEM BACKGROUND

The reduction of the concrete core from 6 web elements to 4 web elements suggests
changes to the layout of the vertical transportation system. The current design of the
elevators consists of 35 elevators. Four elevator banks service different levels of the
tower; a high rise bank, a high mid-rise bank, a low mid-rise bank and a low rise bank.
Each bank consists of 4 elevators.

A system called Destination Dispatch is used to facilitate the flow of vertical traffic at the
peak times of the day. Occupants that enter the elevator bank swipe a card with their
floor information on it. A software program organizes the data to plan the most efficient
trips and directs the occupant to the designated elevator.

D.3.2 PROPOSED SOLUTION

Many factors play a role in the design of the elevator system. Such factors include
elevator capacity, elevator dimensions and size, the number of stop, distance traveled,
speed of system, and wait time. The large number of factors suggests that there is
flexibility in the design. Adjusting these factors could reduce the number of elevators
needed.

D.3.3 EXPECTED OUTCOME
D.3.3.1 EXPECTED ADVANTAGES

If one or two elevators can be eliminated than it may be possible to rearrange the
stairwell to increase net rentable space. Reducing the number of elevators can
significantly impact the cost of the elevator system.

D.3.3.2 EXPECTED DISADVANTAGES

Reducing the number of elevators can eliminate the possibility of redundancy. If an
elevator were to be shut down for a period of time for maintenance or a problem the wait
time could significantly increase.

D.3.4 ELEVATOR DESIGN RESULTS

According to George Starkosch’s Vertical Transportation Handbook, there are certain
limits to the variables of an elevator system. For example, the dimensions of the cab may
be adjusted but it is important to keep a wide and shallow cab shape to minimize losses.
In an elevator setting it can be assumed that most people will be comfortable with a 3
foot diameter of space around them. During busy conditions people will tend to stand
with a 2 foot diameter of space around them. To determine appropriate dimensions of
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and elevator cab it can help to use a diagram similar to the one featured below in Figure
D-16.
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FIGURE D-16: DIAGRAM OF ELEVATOR OCCUPANT SPACING

Over the course of history new elevator technologies were discovered. Such systems
include the steam-driven hoist, the electric-driven hoist, hydraulic, traction, geared and
gearless. The most economical elevator for a given building depends on its occupancy
loads, time requirements, size requirements and overall height of the building. Figure D-
17 below illustrates the components of a hydraulic elevator.
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FIGURE D-17: HYDRAULIC ELEVATOR

According to Ray Hahn of Persohn/Hahn Associates, the Comcast Center experiences its
peak time in the morning. The longest interval of time an individual can expect to wait for
and elevator is 30 seconds. The average wait that an occupant would experience is
approximated by 70% of the interval, yielding 26 seconds for the Comcast Center.

The typical capacity of an office building elevator is 3500 Ibs. For a larger floor plate they
could considered a 4000 Ibs elevator capacity. Although using double-deck elevators can
save time and increase efficiency, these elevators have large upfront cost which is why the
owner rejected that option (Hahn).

Approximately 50 studies were performed on the Comcast Center to determine the number of
sufficient elevators. This is an unusually large number of studies (Hahn). The results of one
study are given below in Figure D-18. These results are not necessarily reflective of the
current design.
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STUDY RESULTS
Low Rise Low Mid Rise

No. of Elevators Four (4) No. of Elevators Eight (8)
Floors Served 1,3to12 Floors Served 1,12%*,13 to 27
Capacity 3500 1bs. Capacity 4000 lbs.
Speed 700 fpm Speed 800 fpm
Interval 29.6 sec. Interval 22.7 sec.
Handling Capacity 12.2% Handling Capacity 12.6%
Population 1077 Population 1626
Population/Floor (avg) 108 Population/Floor (avg) 108

** 12 is a limited transfer floor in low mid rise bank.

High Mid Rise High Rise
No. of Elevators Eight (8) No. of Elevators Seven (7)
*
Floors Served 1,27%* 28 to Floors Served 1,43%* 44
43 to 56
Capacity 4000 Ibs. Capacity 4000 Ibs.
Speed 1200 fpm Speed 1200 fpm
Interval 26.9 sec. Interval 29.4 sec.
Handling Capacity 12.3% Handling Capacity 12.4%
Population 1729 Population 1287
Population/Floor (avg) 108 Population/Floor (avg) 99

FIGURE D-18: ELEVATOR STUDY RESULTS

D.3.5 SUMMARY AND CONCLUSIONS FOR ELEVATOR SYSTEM

Given the current elevator technology the vertical transportation system of the Comcast
Center cannot be decreased at this time. With advancements in elevator technology this
goal will be achievable. It would not make sense to adjust the existing elevator system
when technology advances; therefore it is recommended to keep the existing design.

E. SUMMARY & CONCLUSIONS

Based on the information gather and the results of the analyses the Comcast Center could
benefit from a few recommendations. It is to be expected that one design change will
impact other areas of the building, which is why each alternative was carefully assessed
to determine its effects on the whole building. Increasing the width of each web element
by 6 inches and removing the two outer web elements will allow for greater freedoms in
the floor plan. The mechanical systems currently tightly arranged in the core will have
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greater flexibilities. For example a door can be installed in a location that best fits the
mechanical layout for maintenance or repair work. With a concrete wall the means of
access to the equipment are limited. Eliminating two web elements also introduces
freedoms into the below grade parking levels. Additional parking spaces can be
incorporated into the garage space. Reducing the concrete to 4 webs increases the net
rentable area by 45 SF per floor. The 4 web system analyzed offers greater benefits over
the reduced 6 web system. If the owner prefers to have all life systems enclosed in the
concrete core than the reduced 6 web system would be a suitable alternative. The steel
braced frame alternative was eliminated early in the design phase. In conclusion the most
economical lateral system is the 4 web system.

As the tallest building in Philadelphia, the Comcast Center has unlimited access to a
renewable energy source, wind. It is recommended that small wind turbines be installed
on the roof to generate electricity. Wind energy technology as it pertains to buildings is
still in its developmental stages, as a result there are rather high initial costs. Through
mass production the costs can be decreased. It is recommended that Philadelphia follow
Chicago’s example and install wind turbines on the rooftop of the Comcast Center to
encourage the advancement of renewable wind energy.

During the construction process a design may need to be adjusted to accommodate issues
of constructability, tolerances, schedule and local materials and labor. The tuned liquid
column damper, which provides supplemental damping, was originally designed as a
cast-in-place system. The logistics of the steel framing suggested that a pre-cast system
be utilized. The pre-cast system will save a significant amount of time over the cast-in-
place system. The concrete mix supplied for the concrete core had a greater cement ratio
than specified to account for the chemical changes due to pumping. The resulting
concrete core is significantly stiffer than the designed core. The Tuned Liquid Column
Damper will need to be tuned to meet the needs of the building. Steel framed buildings
with concrete cores are subject to a unique axial shortening issue. As the concrete core is
subject to greater and greater stresses over time it experience creep. As a result the
concrete core shortens at a different rate than the steel columns. Although measurements
can be calculated the actual behavior of the structure is affected by many factors. Asa
result these issues need to be addressed during the construction phase. It is recommended
that these types of issues be studied so that better decisions can be made during the
design process to facilitate the construction process.

The vertical transportation system of the Comcast Center is comprised of 35 elevators.
The amount of elevators required to meet the building vertical transportation needs
strongly influences the size of the concrete core. Reducing the amount of elevators
required will facilitate the reduction of the concrete core to a 4 web system. The
designed elevator system will involve card access turnstiles that direct an individual to a
certain elevator. The elevator banks are designed to only service certain levels of the
building to further expedite transportation. Advancements in elevator technology can be
utilized to reduce the size and quantity of the elevators required.
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H. CALCULATION APPENDIX

H.1 GENERAL PROPERTY CALCULATIONS FOR PERIOD OF VIBRATION CALCULATIONS
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FIGURE H-1.1: WEIGHT AND MASS CALCULATIONS
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FIGURE H-1.2: MOMENT OF INERTIA CALCULATIONS
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FIGURE H-1.3: MASS MOMENT OF INERTIA CALCULATION
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H.2 PCA COLUMN INPUT CALCULATIONS
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FIGURE H-2.1: DIMENSIONS FOR PCA COLUMN INPUT
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FIGURE H-2.4: WIND MOMENTS, MIN FLEXURAL STEEL CALC, CONCLUSIONS FROM
PCA CoLuMN CALC
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H.3 PCA COLUMN OUTPUT FOR FLEXURAL REINFORCEMENT

General Infc

File Name:

Project: Comcast

Column: 24

Code: RCTI 313-02

Run Cpti Investigation
Bun RAxisz: Biaxial

rties:

Material Prope

f'c = 10 ksi
Ec = 5700.01 ksi
Tltimate strain = 0.003 in/fin
Betal = 0.685
5
Points
X {im) b4
1 0.0
4 252.0
7 430.0
10 228.0
Gross section area, Ag
Ix = 3.15322+009 in™4
¥o = 240 in

Rebar Datalbass: RSTM RE1S
Size Diam (in) Arsa {(in"2)
£ 3 0.38 0.11
£ ¢ 0.75 0.44
£ @ 1.13 1.00
$ 14 1.€8 2.25
Confinemsnt: Tied: #3 tiss wi
phifa) = 0.8, phi(k) = 0.9
Pattern: Irregular
Total steel area, &s = 152.00
Lyea in"2 ¥ (in) Y¥o{in})
2. 10.0 27.0
2 5z2.0 27.0
2. 4.0 27.0
2. 13&8.0 27.0
2. TE.0 27.0
2. 220.0 27.0
2 Zgz.0 27.0
2. 304.0 27.0
2. 34€.0 27.0
2 3EB.0 2 ]
2. 430.0 27.0
2. 472.0 27.0
2. 38.0 507.0
2. EQ.O 507.0

col
Enginesr: clm
Units: English
Slanderness: Not considered
Column Type: Structural
fv 80 ksi
Es = 29000 ksi

X {im)
430.0
430.0
0.0
0.0
Size Diam (in) Area {in™2) Size Diam (in) Aresa (in™2)
# = 0.€3 0.31
& = 1.00 0.79
# 11 1.41 1.5¢
ith #10 bars, #4 with larger bars.
phi{c) = 0.&5
in™2 at 0.24%
Area in™2 Lrea in™2 ¥ (im) ¥ o(in)
2.0 2.00 38.0 Z7.0
2.0 2.00 EQ.0 Z7.0
2.0 2.00 122.0 27.0
2.0 2.00 lg4.0 Z7.0
2.0 2.00 20&.0 Z7.0
2.0 2.00 248.0 Z7.0
2.0 2.00 290.0 Z7.0
2.0 2.00 33z2.0 27.0
2.0 2.00 374.0 27.0
2.0 2.00 41e.0 27.0
2.0 2.00 453.0 27.0
2. 2.00 zZ4.1 507.0
2. 2.00 gg.0 507.0
2.0 2.00 108.0 507.0
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Z.00 1zz.0 507.0 Z.00 136.0 Z.00 150.0 L0
Z.00 leg.0 507.0 Z2.00 178.0 Z2.00 18z2.0 L0
Z.00 Z06.0 507.0 Z.00 Z20.0 Z.00 0 7.0
2.00 Z43.0 507.0 2.00 Zgz.0 2.00 o} .0
Z2.00 290.0 507.0 2.00 313.0 2.00 [u} L0
2.00 348.0 507.0 2.00 360.0 2.00 o} .0
Z2.00 3B8.0 507.0 2.00 402.0 2.00 [u} L0
Z.00 430.0 507.0 Z2.00 444.0 Z2.00 0 L0
Z.00 472.0 507.0 1.00 240.0 1.00 2.0 L0
1.00 240.0 114.0 1.00 240.0 1.00 2.0 o
1.90 240.0 18€.0 1.00 240.0 1.00 .0 n]
1.00 Z240.0 Z58.0 1.00 Z240.0 1.00 2.0 5.0
1.00 Z40.0 330.0 1.00 Z40.0 1.00 2.0 L0
1.00 Z240.0 402.0 1.00 Z240.0 4Zg.0 1.00 2.0 L0
1.00 240.0 474.0

B L R SR BE R R

o

*¥% Program complet

FIGURE H-3.1: PCA COLUMNS OUTPUT FOR FLEXURAL REINFORCEMENT
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=
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H.4 MOMENT DUE TO WIND LOAD CALCS
4 Web (Moment 1.0W)
Story Pier Load Loc P V2 W3 T M2 M3
30" [FTORYT PIERT  WINDXX Top 19080 BF3 B75 6376 137376 -128486
STORY1 PIER1  WINDXX Bottom 19080 -145 675 8377 -152418
STORY1 PIER1  WINDYY Top 1 1495 0 -1849 78889972
STORY1 PIER1 __ WINDYY Bottom -1 1495 0 -1849 3
24" [FTORYT PIERZ  WINDXX Top 5122 32 1196 1610490715 45383
STORY1 PIER2 WINDXX Bottom 5122 -34 -1198 16104 -51062
STORY1 PIER2  WINDYY Top 1 1350 0 -1849 £ 8584861
STORY1 PIER2  WINDYY Bottom 1 1350 0 -1849 4
24" [FToRYT PIERT . WINDXX Top =3y} 7 S | £ B 1.5 17 oy (- -1 |
STORY1 PIER3  WINDXX Bottom 5122 34 -1196 16104 288027] 51235
STORY1 PIER3  WINDYY Top 1 1351 0 2249 T 8586125
STORY1 PIER3 __ WINDYY Bottom 1 1351 0 2249 3] B809029]
30" [FTORYT PIERZ . WINDRX Top ~To050 E (O Y (I KT Y (SR V17
STORY1 PIER4  WINDXX Bottom -19080 145 675 @377 _-z4e7ed] 152598
STORY1 PIER4  WINDYY Top -1 1498 0 2054 T 8393541
STORY1 PIER4 _ WINDYY Bottom -1 1498 0 2054 4[ 572077

FIGURE H-4.1: ETABS OUTPUT FOR 4 WEB SYSTEM MOMENTS DUE TO UNFACTORED

WIND LOAD

&4

& Welb [Momeant 1.000")

Story Fiar Lioaed Lo P W2 e T b1 e
STORY1 PIERS  WINDKK  Top SE51 “AE B 2 Fj] 4659
STORY1 PFERS  WINDXX  Botom A051 4B A3 2 L ER14
STORY1 PIERS  WINDYY Top -303 920 0 Ty AERAA
ETORY1 PIERS  'WINDYY Boitem -395 aza o 102 a6 99msS
WIHLER  Top T a 0T T o Ihe raoa]
PIERG  WINDXY Bottom 12005 74 861 | IIi 28444
FIERE  WINDYY Top -89z 983 28 751 1633 675729
FIERE  WINDYY Botterm -az 983 28 751 2079
— — — E—
FIERT  WINDXX Top 5586 24 947 1472 -3030%  -17571
FIERT  'WINDXX Boitem 3546 24 84z 14? ATEET
FMERT  WINDYY Top WA 458 i 45 e G348
FERT  'WINDYY  Boitom W 858 16 45 ool
STORY1 PIERA  WINDKK  Top -2358 B 5] 1476 -20185  -6661
STORY1 PIERS  WINDXXY  Bothom - 2358 g 54 PV EEETE L
STORY1 PIERE  WINDYY Top 1653 are 7 448 1602  E250059
STORY1 PIERA  WINDYY Eoftem 1653 are "y -448 1832 Baanva
TORr T DICEE  WIMLIRE Top TS 5] e e I L
SETORY1 PIERS  WINDXX Boitem -BB44 4B A28 5603 -22601
STORY1 PFIERS  WINDYY Top 3535 1940 477 11182 2801
STORY1 FIERG  SWINDYY  Biodtom AR54 1085 ATR 8544 2003
ETORYT1 PIERIO  WINDXE  Top “BZ1T T 5B EEN BT FETE]
STORY1 PIERIOD  SWIMDXY  Bothem -gasq a3 306 Ik L] T2
STORY1 PIERID  WINDYY Top AIGT a0 441 5814 F§) 170647
STORY1 PIERI0  WINDYY Bofterm -4238 a0y 513 5814 22173] 183303
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FIGURE H-4.2: ETABS OUTPUT FOR 6 WEB SYSTEM MOMENTS DUE TO UNFACTORED

WIND

18"

24"

18"

18"

24"

18"

& Web System: Moment Resulling from Factored Wind Loadin

Stary Piar Load Loc M2 ('K} M2('K)

STORY1 FIERS  GDIGWX Too 30 -B565
STCORY1 PIERS  9D16WX Bottom -249 0727
STORY1 PIERS  9D16WY Top 12 138204
STORY1 PIERS  9D16WY Bottom & 158544

22972

-52631

STORY1 PIERE  9D18WX Bottom

STORY1 PIERG ab1eWy Tep 3208 1074055

STORY1 PIERE  SD16WY Battom 3912 10955?1'
Y1 PIERT  SO16WX oo o0 oy

STORY1 PIER?  SD16WX Battom 52580 -35801

STORY1 PIERT ab1eWyY  Tep 3252 1001090

STORY1 PIER7  9D16WY Bottom 3660 1019943

-52668

STORY1 PIER8  9D16WX Battom .22330
STORY1 PIERE8  9D18WY Top 3457 0993272
STORY1 PIER8  9D16WY Battom 3585 1012586

Y1 PIERS  S016wW~  Too 30454 316
STORY1 PIERS  SD16WX Bottom 45992 -45062
STORY1 PIERS  9D16WY Top 5952 1053894
STORY1 PIERS  SD16WY Bottom 5978 1077201
STORY1 PIERID  GD16WX Top 3875 4320
STORY1 PIERI0  9D16WX Battom 4931 BE40
STORY1 PIER10  9D18WY Top 34683 270414
STORY1 PIER10  9D16WY Bottom 34318 200827

FIGURE H-4.3: ETABS OUTPUT FOR 6 WEB SYSTEM MOMENTS DUE TO FACTORED

WIND
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4 Web System: Moment Resulting from Factored Wind Loading

Story Pier Load Loc M2 ('k) M3 ('k)

STORY1 PIERT aD18wWx  Top -18748 -11597
STORY1 PIER1 aD16WX  Bottom -33328 -14772
STORY1 PIER1 aD1ewWyY  Top -431 1190864
STORY1 PIERI aD18WY Bottom 157 1223777
STORY1 PIER2 aD1eWxX  Top -12406 -659
STORY1 PIER2 aD18WX  Bottom -38685 -1401
STORY1 PIER2 aD1ewWyY Top -310 1150040
STORY1 PIER2 aD16WY Bottom -282 1179760
STORY1 PIER3 aD1eWX  Top -12355 11504
STORY1 PIER3 aD16WX  Bottom -38723 12276
STORY1 PIER3 aD1ewWY  Top -260 1150247
STORY1 PIER3 aD16WY Bottom -319 1179982
STORY1 PIER4 aD1eWX  Top -18463 22797
STORY1 PIER4 aD16WX Bottom -33609 26005
STORY1 PIER4 aD1ewWY  Top 147 1191448
STORY1 PIER4 aD16WY Bottom -438 1224428

FIGURE H-4.4: ETABS OUTPUT FOR 4 WEB SYSTEM MOMENTS DUE TO FACTORED
WIND
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H.5 SHEAR DUE TO WIND LOAD CALCS

4 Web: Summary of Wall Shear Forces

y
T—M Story Pier Load Loc P V2 V3 T M2 M3
STORYT PIERTT . ODTGWX  Top %L 502 0 T 3 T
STORY1 [PIER11  9D16WX Bottom 755 502 0 1 -3 194593
STORY1 [PIER11  9DI16WY Top -34429 4 3 0 108 1960
STORY1 |PIER11  9D16WY Boftom  -35110 -4 4 0 131 1329
STORY! PIERIZ 9DI6WX Top 590 231 0 T 2 -18256
STORY1 |PIER12Z 9D16WX Bottom 565 -231 0 1 -3 -30956
STORY1 [PIER12 9D16WY Top -10200 0 0 0 2167353
STORY1 |PIER12 9D16WY Bottom  -10395 2366 0 0 0 2313031
STORY1 JPIERI3  9DI1GWX Top 116 558 0 2 T 113250
STORY1 |PIER13 9D16WX Bottom 145 3 0 1 -2 205343
STORY1 [PIER13  9D16WY Top 16083 -16 0 0 32 3210
STORY1 |PIER13  9D16WY Bottom 16440 -16 1 0 56 558
STORYT |PIERZI  9DI16WX Top BT S0 -1 T 27 76055
STORY1 |PIER21 9D16WX Bottom 6634 902 1 1 27 224860
STORY1 [PIERZ1  9D16WY Top -34499 5 3 0 107 1256
STORY1 |PIER21 9D16WY Boftom  -35142 5 4 0 133 2092
STORY1 |PIER2Z  9DIGWX Top 5799 54 0 0 - 45
STORY1 |PIER22Z 9D16WX Bottom 5939 54 0 0 -2 -3097
STORY1 PIERZ2 9D16WY Top -8305__2164] 0O 0 0 1721905
STORY1 |PIER22Z  9D16WY Bottom 8466 2156 0 0 0 1846695
[STORY1 PIERZ3  9DI6WX  Top S | I T -26 12613
STORY1 |PIERZ3 9D16WX Bottom 6691 1009 -1 1 27 239359
STORY1 [PIERZ3  9D16WY Top 15828 7 0 0 30 2460
STORY1 |PIER23  9D16WY Bottom 16150 7 1 0 &7 1291
STORY1 |PIER31 9DI16WX Top 12560 505] -2 T &1 75753
STORY1 |PIER31 9D16WX Bottom  -12723 905 2 1 &1 225084
STORY1 [PIER31 9D16WY Top -34629 5 3 0 107 2196
STORY1 |PIER31 9D16WY Boftom  -35273 5 4 0 134 1292
STORY! |PIERIZ . ODIGWX  Top 10928 1 0 [V R 1A E
STORY1 |PIER32 9D16WX Boftom  -11106 56 0 0 -2 19798
STORY1 [PIER32 9D16WY Top 8417 2165 0 0 0 1722205
STORY! PIER32 9DI16WY Bottom -8578 0 0 0 1847052
STORYT |PIERGS . ODIGWX  Top -12054] o] 2 T B0 72510
STORY1 [PIER33 9D16WX Bottom  -12192 1013 2 1 -49 239584
STORY1 [PIER33 9D16WY Top 15706 10 0 0 29 929
STORY1 |PIER33  9D16WY Bottom 16029 10 1 0 56 2530
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STORY1 [PIER4T  9D16WX Top -195I'I6| 523' -3 1 51 110016

STORY1 PIER41 9D16WX Bottom  -20045 523 3 1 80 196280

STORY1 PIER41 9D1BWY Top -34826 41 3 0 109 1468

STORY1 PIER41 9D1BWY Bottom  -35508 4 4 0 133 2075

STORY| PIER&Z 9DIBWX Top 21475 233 0 1 -2 38989

STORY1 PIER42 9D1BWX Bottom  -21782 233 0 1 -3 51848

STORY1 PIER4Z 9D16WY Top 10627 0 0 0 2168375

STORY1 PIER42  9D16WY Bottom -106823 2393 0 0 0 2314312

— STORYT PIERZS JDTBWX  10p 15038 519 3 2 B0 111539

STORY1 PIER43 9D16WX Bofttom -158961 579 -3 1 74 207030

STORY1 PIER43 9D16WY Top 15711 17 0 0 31 295

STORY1 PIER43  9D16WY Bottom 16070 17 1 0 54 7T

FIGURE H-5.1: ETABS OUTPUT FOR 4 WEB SYSTEM SHEAR DUE TO WIND

Note: The load case 0.9D + 1.6W was used to calculate the shear. The V2 column lists
the shear experienced along the member where as the shear perpendicular to the member
is listed under V3. Member perpendicular to the shear force resisted the force with only
10% of the actual width. This was a conservative assumption for calculating the shear
experienced in a member and is the reason that all the V3 forces are zero or close to zero.
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& Wed: Summang of Shear Forces (0011 in Bending|
lory Pi=r Lad Lo W2 WA 143
Top .o g ) T ! "
STCRY1 PIERSE  ID1EWX  Bolom 778 &L i I 4
sToRY1 PIEREE  4DMEWY Tap -uasm o 3 o
SToSY1 PIEREE  GDVEWY  Bokam TEAE = i -3 ¥
3 Tap T ] [1]
PIERGE  901EWX Bofom 1582 [T i 7
PIERET  9DI8WY Tap 34002 24 3 : {0E
BIERSE 0016 Botiom 34ET2 28 4 1 133
L3 ap B i ] '
STORY1 PIEREE | O016WX  Botam 2446 -341 0 I i
STORY1 PIEREE  GD1BWY Tap G155 0 i ¥
fetoayi PIERE2 OD18WY  Bobom 5320 3 i i I
| BTN | 'E‘l:ﬂ. Tl Flgm _;EIE'."!’J‘: Tap T i] i -11 [ k-
ETORY1 PIERS)  O01EWHK  Butom 381 T 5 z 15 160838
STCRY1 PIERES  D1EWY Tap {2308 Y i 1 R T
m.f.'l'l,_."?\'l FIERE] ACEMY Bolmom 13758 Al 1 - L1k 24418
— e
-1 1
PIERTY : 0Di8wWX i b
sToRY1 PIERFY  OC1EWY Top 32T 7 3 T
—— {sTo&yY1 PIERFE - GDi6WY Botam JILIE 17 4 .
IETomw1 PIERTE - uLiewes Tap AT il i] T o
sToayl PIERFE  O01EWX  Botam qEEa 104 0 i ;
STORY1 PIERT2 O016WY  Tap -E::4 i i F
froRy 1 PIERT3 001EWY  Bottom R348 £ 0 I 0
— T LR Rl | g T = 1)
STORY1 PIERTE  9D16WX  Botam 8245 A I -4
STORY1 PIERT3  ODI6WY  Tap 14080 A8 0 - 22
E===m foTcav1 PIERFI  9D18WY  Botom 14251 68 [ g 54
s [ 1 FIEF ]a]] Tap N T4l - I ]
SToRY1 PIEREE  9D1EWX  Botiom 10433 T4 z I 43
aTaay1 PIERSE - SDIEWY Tap A1ETE {5 3 - 4
=== PIERBT 006y Batom 32175 15 1 Z 12E
: Top i) L T y = JEX)
PIERBZ  aC1EWX  Bofiom 7354 A8 i 0 A -2EPEE
av1 PIEREZ  ODMEWY Tap -smim i i B 11853
TosY 1 PIERSY  GD16WY  Botam _EEa4 TEa i i R
Lyl 3 | Tap BEETLS ] ' T
Is.r-:qwl PIERAI  0D1EWX  Befom 11602 B53 2 48
ETOEY1 PIERSY  9DiEWY Tap {4813 a4 i - 28
sToAY1 PIERE]  ODIEWY  Botom 15180 -3 1 -1 58
[Ty ICrar aeiowe top e Ta41 = ! TE
STORY1 PIERSY  SD16WH  Botom 44T 3l 1 4 &8
STOAY1 PIEREE  ODIEWY  Top 30767 1003 3 -5 a3
—— fs1oay1 PIERSE  GD1EWY  Botam I0E5E BIE P P 120
3 = OO Tap g EETi) BIE i .- i
STOSY1 PIEREE  S006WH  Bokom BEEEL 216 a B -1 -EGiE
ETORY1 PIERSZ  GCIEWY Taop -6 1a7[_2158 i -12 1 158346
fsromy PIERES " aciever Botom 6318 i 11 1 1705220
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e (0] K = O O T -Iaw ] - w1 e Kt |
STORY! PIEREA  0D1EWX  Baotiom 15404 ) 3 . &5 150767
STORY1 FIERSN . 8016WY  Top 17244 12 o 0 33 215
STORY1 PIEREA cDIEWY  Ealiom 1B5EF 12 2 0 Bl -18304
GTORTT PRERAOE | ooanwe  Top LR -196 = ey N T |
STORY1 PIERIOE CO1EWX  Batiom Q578 i £ 4 40M5
STORY1 PIERIGE 2DBWY Top 4763 T} A 57 45  ZTTAT
STORY1 PIERIOL G016WY  Batiom 15061 820 1 71 49 26147
[FTORTT PERinE Soiows Top TaoET 120 0 13 - 5
STORY1 PIERIDZ 9015WX  Batiorm 13034 -353 o 1" 3 1740
STORYT PIERIGE o0wwyY Top 383 o = 2 1238493
STORY! PIERINZ 0DI5WY  Botior B0 i o 15 3 1234455

FIGURE H-5.2: ETABS OUTPUT FOR 6 WEB SYSTEM SHEAR DUE TO WIND
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H.6 SEISMIC LOADS

Paray

5 Wiy E O o
i} i
23k : -
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1 |
21k b T :
5k ; =t=
L ] L
24.9 P — : == =
249k gl + T 1 Tt
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] P T | i I i
249k Pr 3 t t —
34,9 k el 1 i Ll ]
g ] ] T | i
4.5} ! i 'l ) il
24.9 pe i —
24,9k 3 T ; |
P— e = |
249k bt 1 T 1
A i i
245k Pt T T 1
ik ot i i [
i bt — 1
- | | | L}
LEh ht— 1 ===
196 k [ 1 L | | y
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.
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20,5k P—
1
237 k ‘ =
-a . A
23.7 k -
237k -
- E o i
24.7 e 1 ;
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1
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FIGURE H-6.1: SEISMIC FORCES PER FLOOR
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H.7 TyrPiCAL FLOOR PLAN
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FIGURE H-7.1: TS}PI&:AI: -i:‘LOOR PLAN
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H.9 GRAVITY LOAD CALCS

A~ \
Tﬁg SIS Srouw Lo CYRITHA R N\\L.\ch_mv—. /,

e -l ?LD
GEOUND SNOW \OAD s FIG 10R.BL1D 26 0=

Fe-CeTR =0T7L.0)25RF) = | Spse
Ce= 01 AL oTHEE STtTERUCTW=EES T |1608,.4

I= (0O -T 109,

FIGURE H-9.1: SNOW LOAD CALCULATION
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H.11 WIND REPORT SUMMARY

SUMMARY AND MAIN FINDINGS

Tha One Pannsylvania Flaza (Liberty Tower) Tower was previously fesied in our [sborstory in 2001
and 2002, This lelest study in 2005 was necessary due to changes in the building geomedry near the fop
of the tower. The pressure madel construcied for the 2003 study was maodified to reflect the 2005
geomelry and lested in order to provida new overall structural leads and cladding pressure resulls

This repart on the study of wind aclion on One Pennsylvania Plaza provices the fallowing information:

1. Owerdl wind loads from integration of local pressures suitabie for use in the design of the
structural system;

local pesk pressures acting on the external surfaces of the project;

A, local pesk pressure differences (exftemal pressure lgss internal pressure and nset pressures
across parapets, canopies, etc, apsn ta the wind an both sides) suitable for use in the design of
the windows, cladding and free-standing elements. and,

4. predictions of the wind anvironment in pedesinan aress around the site (rem 2005 study),

The updated prassure model was instrumented for pressure measwements at 703 ocaticns, | was
tested in turbulent boundary [zver fliow conditions for 38 wind angles, Figura 3 shows close-up views of
the pressure madeal

A design probability distnbution of gradient wind speed and direclion hed been previously developed
for the area on the basis of full scale meteorological records from the Philedelphia area. Pegk wing-
inducad ovarall loads and responses measured i the wind tunnel were combined with this design
probabiily distribution to predict extreme values for various return pengds. Similardy, pradictions were
mads for external and differential pressures.

The highiights and main findings of this study are 23 follgws:

Wind Climate

= The dractional characteristics associated with tha wind chimate model are shawn in Figure 1 far
various réiurn parods. It can ba s2an that for strong winds, westerly directions are the most
impartant.

= & surfaca (10m) wand climads model was developed based an ihe surfacse matecrological records.
for Philladaiphia. For sength reguirements, the wind climate maodel was scaled o conform o
ASCE-T. The design J-sacond gust wind speed fram ASCE for the project site was found 1o be
approximately S0mph, From BOCA 35, & design fastest-mile wind speed at 10 melres for the
same location was estimaled to De approximately TEmph. These are equivalent values with
differant gust durations, Thus the requirerments of bolh ASCE-T and BOCA 56 for the design for
wind loads have been met

«  Predictions of exreme mean hourly wing speeds far various return pefiads ane shawn in Figure 2.
The 60 year returs penod mean haurly wind speed at gradient is 57 mph (43 mi's).

Overall Building Response

*  The predicted accelerations and base moments were calcuated for both 10 year ard 30 vear

retum periods for various walues of tofal damping retios, The results are summarized In Tables 2
and 3. Figure 7 shows the sign convention and centre of coordingtes used

+ The largest building acceleration for a 10 year retumn period is 384 milli-g and with & damping
ratio of 1.5% of crifical. The BLWTL crilesion for accepiable building metions recommends thal a
10-y=ar acceleration nol excesd 20-33 mili-g for an office building. The accelerations reduce to

ﬂl‘:ﬁmﬂ.. BLWT-3534-2005 - wii- Alan G, Davenpar Wind Engineering Group
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Z7.1 milli-g and 23.5 milll-g with strectural damping vakses of 3.0% and 4.0% respectively which
sy be altainabda with the introduction of an awsdlary damper syslem.

Mote that the corner acceleralions in Table 2 are the worst that would be axpecled in the lower
zince they are calculaled at the maximum distznce from the centre of coordinates at the fop
occupied floor (approximatsly 95 feef), All sccelerstions decreszs sl lowsr elevations.
Furthermore, the iorsion-induced acceleration reducss as the centroid is approached at any Toar.

The largast predicted base bending momends occur in the Y-direction and are 3. 530E+09 Ib-ft and

J25E+00 bRt for 8 S0-vear return period and 2.0% and 2.5% damping respectvely, These
moments were calculated at Level B3 (EL -4'-57)

The squivalent floor-by-floor static wind loads are given in Table 3 for 2 10 year return period and
in Table 4 fora 50 year retunn perod and for damping vabues of 1 5%, 2.0%, 2.5%, 3.0% and
4 0% of critical, These are lo be applied &t the centre of coordinates given in Figure 7 at every
floor level Diagrams of the distributed equivalent stalic forees, caresponding to the pradicted
base moments, for a damping ratio of 2.0% of oritical, are shown in Figures 10

Combined load cases showld be considered in order to ensure that the combined action of
VANOUS wind forces s alkevad for properly. Tabde 5 containg the relevamt load combiration factors
to be used in conjunction with this above equivalent statle wind loads,

Local Differential Pressures

Unizss othersise noted, the results contained in this report are bassd gn the as fested building
geomelry, The addiional detallz of the double wall systemsa at the top of the Bullding {parapet)
and the winter garden areas are given special attenticn and is discussed further in Seclian 5

Internal pressure coafficdents were detarmined assuming a nominaly-sealed building and wers
siublracltad from the external pressure coefficents. The intermal pressurés could be larger if
cperable windmus wera apen of the building ervalops was to be breached during a storm event.
For the case of the doukle wall system prasant for the first faur lavels of the Wintar Garden araa,
an additicnal study was conducted to hetter estimate the diferential préssures and suctions
atrass the inner and outer walils. See Section 5.2 1.1 for furiher detaila.

The resulting differential pressore cosfficients were combined with the design probabalby
distribution of wind speed and direction to form predictions of differential suctions and pressures
fior warious return periods. The results sre summanzed in block zone farmat in Figures 11 and 12

When considenng cladding elements exposed o the internal pressurs of the buildimg, the targest
predicted differential pressure and suction for 8 return period of S0 years are 450 psf and B4 6
psf, respectively, The largest differential pressure oocurs 2l tap location 412 {south elevation near
level 49) and the largeat differentizl suction scours at tap koeation 109 (norh elevation near level
54|

The [zrgest predictad net differential pressure and suction far the locations ndicated in Appendie
E for a return period of 50 years are 50.7 psl and 68.8 psf. respectively, The largest aifferzntial
préssure occurs at ap losabon 1066 (west elevalion parapel wall) and the largest differential
suclion cocurs al tap lecation 1018 (north elevation parapet wal). The diferenfial pressures for
e double wall parapat at the lop of tha tower are discwssad in Seclion 5.2 2.1

Table T summarizes (he 20 farges! predicled differential pressures and sucbons and their
carresponding tap kealion far each of the abova cases. Table B cortaing the estimates of the
diffarantial pressures aoross (ha Innes and ouler waks of the Winlar Garden ragian

Kors of the local pressures include any aliowance Tor stack {Ihenmal) effects o Ihe direcl effectz
of mecharical systems. The Canadian building code recommends an allowance for stack effects
of 02 kPa par 100m [equivalent io aboul Apef par 330 ft.} of building height and am allowance of
0.1 kPa (2 psf) for mechanical syeiemn efiects. These allowances would be added to baoth the
differential suctions and the differential presgures,

“Rﬂpm. BLVT-5536-2005 - i - Alan G, DEwanpall Wied Engingoring Group |
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Pedestrian Wind Environment
*  Figure 16 shows the locaticns where pedestrian level wind speeds were measured,

«  Experdmental resulis heve besn combined with the extratropical wind climate to provids
predictions of the wind spesds expecied 1o be exceeded for £5% of the fime and thoss expected to
be axceeded once per year These pradictions can be comparsd directly with acceptance criteria
for pedestrian comfort and safely respectivaty.

+  Figure 17 shows that all of e measured localions are acceplable based on the safety critena for
al-weather areas. When compared to the comfort criteria, all lccations are acceplable for
common activities with axpesures of long duration. Mear the main entrances. wind speads ana
moderate - suitable for prolongad stays such as short or long sitling. Locatdian 15 is located in fhe
plaza area, not far from the southwest building emdrance. Based on our comifort crileria, this
Iocation exhibits wind speeds which are elighily higher than tha other locations amnd would be
sultable for longer duration aclivities such as lkeisursly walking., A number of the locations
produced predicted pedesinan level wing speeds which exceed those typically experienced in a
suburban tarrain. Soma aof thesa locations appreach wind speeds typically encountared in opan
country tarrain. Under thase circumetances. particulasty those approaching the open country
benchmark, pedestrians mey expanence wind conditons o which they may be uraccusiomed to
im @n urban segting,

= Figures 18 and 189 provide colowr coded diagrams which summarize the suitabilily of each
measuremeant location with respact to pedestrian level comfort and safely raspectively. Tha
comdort and safety cetegories used correspond to those summarized in Saction 6.5,

s Compared to the annual wind speads pressntad here, wind speeds n sprirgg and winls ara an
averzge about 9% higher and in summer thay are about 22% lower. Autumn does nat differ much
fram the annual wind spesds reparted

Notes

+  Pradictions for an B-yaar retum penad [maan recumance tersal of R YEArs) represent levels
which are expected to ocour on average once in B years. For raference, the risk of exceeding an
R-year retum pericd load in a design life of L years is 1- (1- YR)" . Thus, for example, the risk of
exceeding a 50 year load in a design Efelime of 50 years is about 64%, whareas the rizk of
exceeding a 1000 yvear laad Ina 50 yvear design life is abowt 5%,

+  The predictions in this repert are best estimates and do not inckide any load or safefy factors
such as ose typleally reguired by builging codes

- S
“HBM' BLWIT-5524-200% a s filgn G. Davergon YWind Engnesnng Group
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TABLE 2a LOADS AND RESPONSES FOR ONE PENNSYLVANIA
PLAZA FOR A 10-YEAR RETURN PERIOD

Damping Ratic

- VARIABLE E=16% | £=20% | £=26% | £=30% | E=40% |
¥ Acceleration imilli-q) q4.0 | 7.8 7.0 6.4 i 2.0 ;
Y Acceleration (millieg) . 8. .. %28 | 84 | 258 232
Torsional Acceleration (milli-g) 10.0 8.6 7.7 [l 5.1 |
_Centroidal Acceleration (mlli-g) } 381 | 330 f 285 | 289 | 233 |
Comner Acceleration (mill-g) 364 43.2 28.7 271 225
Tarsion Velocity {milli-rads/sac) 11 - 10 08 0.8 0.7

¥ Morment (Ib-11) 14BE+08 | 142E+08 | 130E+08 | 1 3BE+DS | 1 34E+0D |
¥ Marment {lb-ft) 255400 | ZBOE+0D | 251E+08 | 2 39E+09 | 223E+00
Torsional Moment (1b-ft) BZ1EHD7 | GO4E+DT | SB4E+0T | SHVEHDT | STRESOT |

Motes:
1. Allloade and responsass abows are for 2 10-year return period.
2. Momenis ane calculated about basermant level B3 (EL 4'-57).

Accelerations are calculated at s height 872 4ft. abave level B3, cormesponding te the top
occupled focr (oor 55).

4. Torslonal accelzrabions are expressed as linear accelerations at a distance of 95,06, from the
rapar centra of coordinatas (the fadhest dstance from the centre a parson could standj.

5 Centroidal accelerations are the combination of X and Y acceterations with an appropriaie

coincident action fector.
4. Comer accelerations ane the combnation af X, Y and T accelerations with an appropriate
coincidant action factor.
7. Damping: As Shown
G. Periods
MODE MODAL MASS FACTORS | UPPER BOUND FERIOD
X Y T i zeconds)
1 0.000 1.000 ¢.000 738
2 0.9543 0,000 | 0.002 375
3 L. boo2 | Qo0 | 0882 H i
“RBWE BLWT-5534- 2005 -20- Pl G, Dananpan Wing Enginserning S
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H.12.1 SUSTAINABILITY BREADTH CALCULATION
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FIGURE H-12.1: BUILDING ENERGY AND WIND TURBINE ENERGY CALCULATION
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