
THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

0 | P a g e  
 

 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

1 | P a g e  
 

 

A Case Study for the Use of 

Integrated Project Delivery and Building Information Modeling 

for the Analysis and Design of The New York Times Building 

 

 

A Thesis in Architectural Engineering submitted to the faculty of 

The Pennsylvania State University 

 

 

Prepared by: 

The Project Team of: 

Benjamin R. Barben 
Structural Option 

 
Craig A. Casey 

Lighting / Electrical Option 
 

Nicole L. Dubowski 
Mechanical Option 

 
Justin M. Miller 

Construction Management Option 
 

 

Thesis Advisors: 

Dr. Andres Lepage 

Dr. Kevin Houser 

Dr. Jelena Srebric 

Dr. Chimay Anumba 

 

 

April 2010  



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

2 | P a g e  
 

 
This thesis was submitted to the following faculty: 

 

Chimay Anumba, Ph. D. 

Professor of Architectural Engineering 

Head of the Department of Architectural Engineering 

Construction Management Thesis Advisor 

 

Robert Holland  

Associate Professor of Architectural Engineering 

Director of the Senior Thesis Program 

 

M. Kevin Parfitt 

Associate Professor of Architectural Engineering 

Director of the Senior Thesis Program 

 

 Andres Lepage, Ph. D. 

Assistant Professor of Architectural Engineering 

Structural Thesis Advisor 

 

Theodore H. Dannerth 

Associate Professor of Architectural Engineering 

Electrical Thesis Advisor 

 

Kevin Houser, Ph. D. 

Associate Professor of Architectural Engineering 

Lighting Thesis Advisor 

 

Jelena Srebric, Ph. D. 

Associate Professor of Architectural Engineering 

Mechanical Thesis Advisor 

 

  



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

3 | P a g e  
 

EXECUTIVE SUMMARY 
The Pennsylvania State University Architectural Engineering Department, in conjunction 
with Thornton Tomasetti Foundation and The Leonhard Center for the Enhancement of 
Engineering Education developed the first multidisciplinary engineering design thesis, 
incorporating Integrated Project Delivery and Building Information Modeling.  Three 
students from each of the Architectural Engineering disciplines were selected to work 
collaboratively to investigate The New York Times Building as an academic case study.  
This report involves the year long work of one student from each of the four options; 
Construction Management, Lighting/Electrical, Mechanical and Structural. 

The lateral system was changed from a braced frame system to concrete shear walls with 
coupling beams.  This was changed in order to eliminate the out riggers, thermal trusses, 
and x-bracing to increase transparency of the building.  The periods of vibrations were 
determined to be 6.46 seconds and 6.64 seconds in the west-east and north-south 
directions respectively.  It was also determined that the total building drift is H/690 and 
the acceleration is 14.6 milli-g's.  From these results, the system was deemed acceptable. 

In order to make room for this added structure, the electrical feeders were switched from 
conduit to bus duct.  This reduced the access space required, but increased the cost by 
approximately $500,000.00 for aluminum bus duct.  Mechanical duct work was also 
rerouted due to the increased structural space requirements.  Due to 3-D modeling of 
these systems, early detection of possible problems were found.  In response to the 
structural changes, the architectural layouts of the spaces within the core were also 
changed.  Even with the increased structural requirements, transparency through the 
building was maintained by protecting the circulation space within the core. 

Comparing the original steel core to the proposed concrete core resulted in a cost savings 
of approximately $20,000,000.00 for the immediately affected steel members replaced by 
the proposed structural core redesign.  These savings were achieved by comparing the 
original and proposed systems within the Building Information Model for material take-
offs.  When including the schedule and general conditions, the overall cost savings from 
this analysis resulted in approximately $16,500,000.00. 

The existing curtain wall system was changed from a single façade layer with a ceramic 
rod shading system to a dynamic curtain wall system incorporating motorized louvered 
shades and operable windows.  The new design was modeled in AutoDesk Revit using 
nested families and parametric parameters to accurately depict the way in which the 
facade would work.  The daylighting study resulted in a 72% reduction in lighting energy 
use within the first two rows of lighting around the entire floor plan.  This proposed 
redesign created a cost savings of $56,280 per year for the entire building.  An exterior 
lighting redesign incorporated LED fixtures, which saved approximately 10,000 watts per 
side of the building.  These savings resulted in a cost savings of $17,520 per year. 

The BIM model was utilized to investigate interoperability with energy analysis software.  
IES<VE> successfully imported geometries from Revit and was used to analysis the 
performance of the existing and proposed glazing, proposed shading and reduced lighting 
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power densities within the office. An energy analysis resulted in a reduction of building 
ambient loads translating to an estimated annual cost savings of $45,136.09. 

Hybrid Ventilation was investigated as a possible design solution for the New York 
Times Building to reduce energy usage and costs, as well as increase the sustainability 
profile of the building.  The analysis concluded the addition of 18 operable window 
curtain wall panels on office floors above Level 21, excluding floors 28 and 51. 
Additionally, a control sequence was developed describing the operation of the windows 
in response to environmental and space conditions.  Natural ventilation would reduce 
energy usage by an estimated 35% resulting in an annual energy savings of $145,419. 

Using the data generated from the original and new Revit envelope models, an additional 
cost of applying louvers was found to be approximately $8,400,000.00.  When applied to 
the cooling load savings generated by the louvers, a payback period of 14 years was 
achieved.  A study into incorporating photovoltaics into the facade was completed 
simultaneously.  The analysis showed that incorporating a photovoltaic system into parts 
of the west and south facades would add approximately $2,500,000 to the cost of the 
facade.  This addition showed a payback of approximately 25 years.  Finally, the 
incorporation of operable windows cost an additional $2,500,000.00.  A payback period 
of 15 years was found when analyzed for additional cooling load savings on top of the 
savings due to the louvers. 

Using Integrated Project Delivery and Building Information Modeling, the layout of 
tenant spaces changed.  This change is a result of enclosing the exposed steel within the 
interior of the building to eliminate thermal differentials.  This resulted in an increase of 
rentable area averaging approximately 2,000 square feet per floor.  When the increased 
area was applied to New York City leasing costs for Class A offices, an average revenue 
increase of approximately $1,275,000.00 per floor per year was achieved for the Forest 
City Ratner Companies’ spaces. 

The goal of reducing structural members per bay was not met due to vibrations.  It was 
determined that the redesigned floor system resulted in a total structural depth increase of 
3/4" and an increase cost of $1.58 per square foot.  The floor framing system was 
decreased by 7.5 psf and all columns were disengaged from the lateral system.  This 
change decreased column sizes.  Built-up columns were required in the cantilever bays in 
order to keep with the Architect's vision of no columns at the storefront, however they are 
not as large as the existing columns. 

A proposed interior lighting redesign incorporated task lighting into the design.  The 
proposed redesign would use .469 Watts per square foot.  If these savings were applied to 
the entire building, the resulting energy savings would be approximately $462,200.00 per 
year. 

A ducted side-wall displacement ventilation system was selected to replace the existing 
unducted Underfloor Air Distribution (UFAD) system to improve the indoor environment 
for the building occupants by minimizing distribution of dust and contaminants that may 
collect in the open plenum space. The system was sized utilizing load factors determined 
by ASHRAE, and a 3D model was created in Revit MEP to ensure space requirements 
were met with the raised floor system. 
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1 INTRODUCTION 
The Pennsylvania State University Architectural Engineering Department, in conjunction 
with Thornton Tomasetti Foundation and The Leonhard Center for the Enhancement of 
Engineering Education developed the first multidisciplinary engineering design thesis, 
incorporating Integrated Project Delivery and Building Information Modeling.  Three 
students from each of the Architectural Engineering disciplines were selected to work 
collaboratively to investigate The New York Times Building as an academic case study.  
This report involves the year long work of one student from each of the four options; 
Construction Management, Lighting/Electrical, Mechanical and Structural. 

The New York Times Building was selected for this case study by the Penn State 
Architectural Engineering Department and Thornton Tomasetti, who was the structural 
engineer.   

With industry moving towards a more integrated design approach with use of Building 
Information Modeling tools, this academic exercise is meant to prepare the design team 
for practical application expanding through the future of the industry.  The application of 
an Integrated Project Delivery design process and Building Information Modeling 
platforms are beginning to gain importance through the industry for the benefits 
associated with improving the life cycle of buildings. 

This thesis contains proposed design ideas, detailed engineering analysis, and 
construction concepts with documentation of the collaborative working process.   

 

1.1 Introduction to IPD/BIM 

1.1.1 Objectives 

The purpose of this report is to investigate the use of an Integrated Project Delivery 
process and Building Information Modeling tools on the design and analysis of The New 
York Times Building. 

 

1.1.2 Methodology 

The first part of the process consisted of an in depth analysis of the existing conditions of 
The New York Times Building.  This was completed through the collaborative effort of 
all members from each discipline.  After the design team completed these analyses, a 
proposal was developed to investigate alternative designs and construction strategies. 

  



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

12 | P a g e  
 

1.1.2.1 BIM Ex Plan 

1.1.2.1.1  Overview 

Building Information Modeling is a growing term in the construction industry. The 
problem associated with BIM is that owners request it without proper knowledge of what 
BIM can do or what they would like BIM to do for their project. By developing a 
Building Information Modeling Execution Plan, owners, designers, engineers and 
management teams will know exactly what they will get out of BIM on their project as 
well as be able to plan and track the information flow throughout the project. A 
breakdown of the BIM Project Execution Planning Procedure provided by Penn State 
CIC Research can be viewed in Figure 1. 

 

Figure 1: BIM Execution Planning Procedure 
 

With the integrated approach of the IPD/BIM thesis, one major obstacle is the control of 
information and work of the team. By tracking the flow of information throughout the 
project, the collaboration between team members will be controlled for the project. 
Developing goals for the project and the team are a key to success of the project. 

As a group, we worked together to develop a Building Information Model Execution Plan 
during the fall semester as a means of guiding the team through the analysis process.  The 
team also used the plan to control the push and pull of information to and from different 
members of the team.  This created a schedule with deadlines for when certain 
information is needed by, and which team members are responsible for supplying that 
information. 
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1.1.2.1.2  Process 

Steps taken included: 

• Updated and developed BIM goals and uses throughout spring semester.  

Shown in Table 1. 

• Implemented and updated the BIM use analysis to determine which uses 

will be included in the research. Shown in Table 2. 

• Develop a Overview Process Map to work as a schedule for the Team.  

Shown inFigure 2. 

• Modify and update the Process Map throughout the spring semester. 

• Continually enforce the Process Map to ensure team success. 

• Continuously updated and enforced the Team 1 semester schedule.  

Shown in Figure 3. 

 

1.1.2.1.3  Expected Outcome 

It is expected that by developing, updating and enforcing the BIM Execution 
Plan, the project will become more efficient and provide a superior finished 
product.  This Execution Plan will provide strict dates of completion which each 
team member must abide by to insure the other member's success.  Transfer of 
information and collaboration between the team members will be critical to the 
success of this undertaking and the final deliverable will be a fully developed 
process model, an analysis of the BIM Execution process, advantages and 
disadvantages, and a successful team thesis. 
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Table 1: IPD/BIM Team 1 BIM GOALS and Uses 
 

 Priority 
(1-3) Goal Description Potential BIM Uses 

1- Most 
Important Value added objectives  

0 Pull all ideas together 
(Unification);(Sustainability) ALL 

1 Preserve Architectural Integrity (Desires 
of Owner) Design Reviews, Design Authoring, Record Modeling 

1 Emphasize Energy Efficiency (Carbon 
Neutral) Energy Analysis, LEED Evaluation 

1 Maintain/Exceed Occupant 
Safety/Health/Comfort 

Energy Analysis, Daylighting Analysis, Code Validation, Structural 
Analysis, Disaster Planning 

2 Optimize façade to meet goals Energy Analysis, Lighting Analysis, LEED Evaluation, Site Analysis, 
Structural Analysis, Cost Estimation, Construction System Design 

2 Optimize Electric Lighting to respond to 
Daylight Lighting Analysis, Energy Analysis 

2 
Optimize Structural System for 

increased space, reduce construction 
duration, reduce cost 

Structural Analysis, 4D Modeling, Cost Estimation, Construction System 
Design 

3 Increase profitability of the building Cost estimation, 4D Coordination, Digital Fabrication, Virtual Mockup 
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Table 2: IPD/BIM Team 1 BIM Use Analysis 
 

 

High / Med / 
Low

High / Med 
/ Low

YES / NO / 
MAYBE

Re
so

ur
ce

s

Co
m

pe
te

nc
y

Ex
pe

rie
nc

e

Maintenance Scheduling LOW NONE N

Building Systems Analysis HIGH Ben H 2 Y
Craig H 2
Nicole H 2

Record Modeling MED Justin L 1 N

Cost Estimation HIGH Justin H 2 Y

4D Modeling MED Justin H 3 Y

Site Utilization Planning LOW Justin L 1 N

Layout Control & Planning LOW Justin L 1 N

3D Coordination (Construction) LOW Justin M 2 N

Structural Analysis HIGH Ben H 3 Y

Mechanical Analysis HIGH Nicole H 2 Y

Lighting Analysis HIGH Craig H 3 Y

Energy Analysis HIGH Nicole H 2 Y

Site Analysis HIGH ALL H 2 Y

Design Reviews HIGH ALL H 2 Y

3D Coordination (Design) HIGH ALL H 2 Y

Existing Conditions Modeling HIGH ALL M 3 Y

Design Authoring HIGH ALL H 3 Y

Programming LOW BOB H 1 N

LEED Evaluation LOW ALL L 1 M

Construction System Design MED Justin H 1 M

Virtual Mockup MED All H 3 Y

Proceed 
with Use  

Scale 1-3             
(1 = Low)

Responsible 
Party

Additional 
Resources / 

Competencies 
Required to 
Implement

BIM Use* NotesCapability 
Rating

Value to 
Resp 
Party

Value to 
Project
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Figure 2: IPD/BIM Team 1 Overview Process Map and Schedule 
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Figure 3: Team Schedule 
Milestone 1 – Energy Model / Structural Redesign 

Milestone 2 – Go / No-Go 

Milestone 3 – Façade Redesign 

Milestone 4 – Renewables/Energy Use/Feasibility  

Milestone 5 – Finalize Report/Presentation 
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1.1.2.2 Charettes 

Design team meetings were utilized consistently throughout the semester to allow for the 
exchange of central design information between members of the design team. 

1.1.2.3 Interoperability 

Each discipline explored various opportunities to utilize software interoperability specific 
to their respective analyses.  The outcomes were documented and are discussed further in 
this report. 

1.2 Building Statistics 

1.2.1 Site and Architecture 

The New York Times building is a 52 story tower located at 620 Eighth Ave., New York 
City. Jointly owned by The New York Times Company and the developer Forest City 
Ratner Companies, the first, twenty-eighth, and fifty-first floors are co-owned by both 
companies, with the first floor including retail, restaurant and performance spaces. The 
twenty-eighth and fifty-first floors are mechanical spaces serving both companies. The 
New York Times Company solely owns floors two through twenty-seven, and Forest 
City Ratner Companies owns floors twenty-nine and above. The building contains the 
new headquarters for The New York Times as well as several leasing companies in the 
Forest City Ratner Spaces.  

 
Figure 4: New York Times Building Location, Source: Bing Maps 

 

Architects Renzo Piano Building Workshop in association with FXFOWLE Architects 
locally, designed the building as a forty-eight story tower on top of a four story pedestal. 
The pedestal floors are approximately 79,000 sq. ft. and the tower floors average 
approximately 26,000 sq. ft. of Class A office space.  The pedestal contains 
TheTimesCenter cultural center and performance space along with an open-air paper 
birch garden. The first floor also contains restaurant and retail spaces within the lobby. At 

N 
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746 feet tall, The New York Times Building took the architects vision of transparency to 
a new level by using an exposed steel structure and ultra clear glass from floor to ceiling 
on the facade. The facade also includes a ceramic rod shading system on the exterior to 
help control daylighting and heat gain throughout the spaces. 

 
Figure 5: New York City Panorama 

 

1.2.2 Structural Existing Conditions 

1.2.2.1 Foundations 

The New York Times Building was designed with a single basement level to limit 
excavation at the site.  The foundation of the New York Times Headquarters combines 
typical spread footings with caissons to achieve its capacity.  Below the building's 16-
foot basement, the majority of the building sits on rock with an allowable bearing 
capacity of 40 ton per square foot.  However in the southern region of the podium sits on 
rock with an allowable bearing capacity of 20 ton per square foot.  After a final 
investigation was performed, it was discovered that a portion of rock at the southeastern 
corner of the site, which that tower sits on, had an allowable bearing capacity of 8 ton per 
square foot.  As a result, 7 of the 30 columns are supported by 24-inch diameter 6,000 psi 
concrete-filled steel caissons of unknown length shown in Figure 6.  Each caisson was 
designed to support a load of 2,400 kips. 
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Figure 6: Foundation Location 
 

The other 23 columns, indicated in Figure 6 are supported by spread footings with 6,000 
psi concrete.  The columns which fall in the cantilevered areas of the tower do not 
directly transfer load to the ground which removes the need for footings at these 
locations.  The New York City Subway travels below Eighth Avenue which is located on 
the Northwestern side of the site.  Though, the subway does not pass directly under the 
structure, vibrations may have impacted the design of the foundations and structure. 

 

1.2.2.2 Floor System 

The floor system is a composite system with a typical bay size of 30'-0" x 40'-0" 
surrounding a 90'-0" x 65'-0" core.  Refer to Appendix 7.1, Figure 129 on page 212 for a 
typical floor plan.  There are 60'-0" x 20'-0" cantilever bays on the Northeast and 
Southwest sides of the tower.  The floor system is made up of 2 ½" normal weight 
concrete on 3" metal deck, typically spanning 10'-0" from W12s to W18s infill beams.  
The beams then span into W18 girders which frame into various 30" x 30" built-up 
columns.  The exterior columns consist of two 30" long flange plates and two web plates 
inset 3" from the exterior of the column on either side.  The flange and web plates vary 
from 4" thick and 7" thick respectively at the ground floor to 2" thick and 1" thick 
respectively at the fifty second floor.  This is to account for the different steel areas 
needed for the higher forces at the bottom of the building.  The yield strength of the 
plates also varies with tower height for needed strength.  To maintain consistent 
proportions at all floors, a hierarchy of flange plate thicknesses was developed.  The box 
column hierarchy can be seen in Figure 7. 

8th Ave 

W 41st St 

W 40th St 

Cantilevered 

Spread Footings 

Caissons 
Cantilevered 

Subway 
N 
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Figure 7: Box Column hierarchy, courtesy of Thornton Tomasetti 
 

Framing of the core consists of W12 and HSS shapes framing into W14 and W16 shapes 
which frame into W33 girders that frame into the core columns. These columns are a 
combination of built-up plate sections and rolled shapes.  Column locations stay 
consistent throughout the height of the building, and every perimeter column is engaged 
in the lateral system which will be described later. 

In the New York Times spaces, the structural slab is 16" below the finish floor and the 
spandrel panel, due to the raised floor system for the under floor mechanical systems.  
For all the exterior steel of the building to maintain a centerline at the center of the 
spandrel panel, a crooked connection or 'dog-leg' was used.  The 'dog-leg' connection 
allows for the end of the beam to rise 10" before it leaves the interior of the building and 
penetrates the building envelope.  Figure 8 shows the ‘dog-leg’ prior to metal deck 
installation and Figure 9 shows the ‘dog-leg’ connection penetrating the building 
envelope. 

 

Figure 8: 'Dog-leg' beam prior to metal deck installation, courtesy of Thornton Tomasetti 
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Figure 9: 'Dog-leg' penetrating building envelope 

 

1.2.2.3 Vierendeel Frame 

To prevent columns obstructing the glass storefronts at the ground level, a Vierendeel 
system was used at the 20’-0” cantilever sections of the tower.  The middle lines of the 
cantilevered bays have beams moment connected to the columns engaging every floor 
except at the outrigger levels.  At the outrigger level; floor twenty eight and fifty one, 
large diagonal braces tie the middle line back to the core through the outrigger trusses.  In 
extreme loading conditions, this provides a redundant load path.  See Figure 11 and 
Figure 12 for Vierendeel frame location.  At the exterior beam lines of the cantilever, 2" 
diameter steel rods were connected from the columns to the ends of the beams to control 
deflection at every floor.  This allowed the beams to be designed only for strength, thus 
avoiding bulky exterior members. 

 

Figure 10: Cantilevered bays from exterior 
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1.2.2.4 Lateral System 

The main lateral load resisting system for the tower of The New York Times Building 
consists of a centralized, steel braced frame core, with outriggers on the two mechanical 
floors.  The structural core consists of concentric braces behind elevator shafts and 
eccentric braces at the elevator lobby entrances.  The core configuration remains 
consistent from the ground level to the twenty seventh floor as shown in Appendix  

 Figure 136 on page 214. 

 
Figure 11: 28th Floor Mechanical Floor Framing Plan 

 
Above the twenty eighth floor, the low rise elevators were no longer required, and the 
number of bracing lines in the North-South direction was reduced from two to one, 
shown in Appendix  

Key: 
   Pre-Tensioned Steel Rod X-Bracing (1) 
   Concentric Chevron Core Bracing (2) 
   Eccentric Chevron Core Bracing (3) 
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   Vierendeel System at Cantilever (6) 
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 Figure 136 and Figure 137 on page 214 and 215.  The outriggers consist of diagonal 
braces shown in Figure 11 and Figure 12 on the next page 24, which increases the 
stiffness of the tower by engaging the exterior and interior columns in the lateral system.  
For elevations and construction pictures of the outriggers refer to Appendix  

 Figure 130 through Figure 135 on page 212 through page 213. 

 

Figure 12: 51st Floor Mechanical Floor Framing Plan 
 

In order to reduce lateral drift and acceleration, the double story steel rod X-braces were 
utilized instead of increasing the member sizes of the main lateral force resisting system 
which were sized for strength.  The high strength steel rods shown in Figure 12 transition 
from 2.5" to 4" in diameter and were prestressed to 210 kips.  With the addition of the X-
braces in the main lateral force resisting system, the calculated deflection of the tower 
due to wind was L/450 with a 10 year return period and a building acceleration of less 
than 25 milli-g’s for non-hurricane winds. 
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1.2.2.5 Thermal Differentials 

Thermal differentials had to be considered due to interior steel members being 
maintained at room temperature and exposed steel members undergoing continual 
temperature changes.  Using the National Building Code of Canada and a Rowan 
Williams Davies and Irwin, Inc report, the structure was designed using a range of -10˚F 
to 130 ˚F.  As a result thirty different thermal load combinations were applied to one side 
of the building which had more differential temperatures than the other sides.  In 
addition, these combinations also reflect potential differential temperatures in the box 
columns and steel rods.  In the initial analysis, it was determined that outriggers on the 
fifty first floor in the West-East direction were adequate in limiting the differential 
deflections between the exposed box columns and the interior columns.  However in the 
North-South direction differential deflections exceeded L/100 due to lack of outriggers.  
To combat these thermal differentials, a thermal belt trusses was utilized at the twenty 
eighth and fifty first floors.  These trusses shown in Figure 11 and Figure 12 on page 23 
and 24 provide bonus redundancy and limited deflection to L/300. 

 

1.2.3 Mechanical Existing Conditions 

The New York Times building was designed to meet the plaNYC 2030 initiative, which 
strives to improve the built environment by reducing green house gas emissions by 30 
percent.  There were several integrated design approaches taken to meet these goals.  
Flack and Kurtz worked alongside architects Renzo Piano and FXFOWLE to provide 
Mechanical, Electrical, Plumbing, Fire protection and Telecommunications design for the 
core and shell.  Flack and Kurtz also partnered with Gensler to design the interior fit-out.  
Using an integrated approach, a high performance facade was developed which uses low 
iron clear glass and ceramic rods for passive external shading. 

The building cooling load is served by a 6250 ton chilled water system, which consists of 
five 1,200 ton centrifugal chillers and one 250 ton single stage absorption chiller.  The 
chilled water is pre-cooled by the absorption chiller before it enters the centrifugal 
chillers.  A natural gas-fired cogeneration plant with two parallel reciprocating engines 
provides the waste heat to run the absorption chiller.  Both the chilled and condenser 
water system utilizes a variable flow primary pumping scheme, and a water-side 
economizer which provides “free cooling” and increased energy savings. Heating for the 
building is provided via high-pressure steam purchased from Consolidated Edison. Low-
pressure steam is then distributed to each floor-by-floor air handler’s heating coil.  At an 
added cost, the New York Times Company also uses steam to humidify outdoor air. 

Air distribution is achieved via variable air volume boxes for interior zones and fan 
powered boxes with heating coils for exterior zones.  The floors occupied by the New 
York Times utilize an UFAD system.  Swirl diffusers were installed to provide occupant 
control, while in high occupancy spaces perforated floor tiles provide a more visually 
pleasing layout.  A traditional overhead ducted system was implemented on the Forest 
City Ratner floors.  Demand controlled ventilation is achieved via carbon dioxide and 
VOC sensors located in the return ducts for each floor.  Outdoor air is brought in through 
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outdoor air units in the two mechanical penthouses on the 28th and 51nd floors, and then is 
distributed throughout the building. 

The cogeneration plant provides 1.4 MW of electricity for the building year-round, and is 
located on the 5th floor roof of the podium building.  With an efficiency of 85%, the plant 
provides 40% of the power needs of the New York Times Company.  The plant waste 
heat is used in an absorption chiller to pre-cool the chilled water for the electrical chiller 
plant.  Waste heat is also used to produce perimeter heating hot water in the winter 
months.  The cogeneration plant’s primary purpose is an uninterrupted power supply for 
critical spaces such as the New York Time’s data center.  The cogeneration plant is not 
connected to the grid for re-metering, but the site is backed up by on-site diesel 
generators. 

 

1.2.4 Lighting/ Electrical Existing Conditions 

1.2.4.1 Lighting Design 

The design concept for the New York Times Building was to set a new standard for high 
rise development.  The architect, Renzo Piano, was focused on establishing an archetypal 
beacon in the New York skyline.  The ideas that are apparent throughout the design are 
lightness and transparency.  To keep consistency with those concepts, the lighting design 
needed to highlight the exterior façade and also give spectators a view of the interior 
spaces.  For individuals inside the building, the architecture was aimed at providing 
unimpeded views to the exterior from any location on any floor.  Daylighting was an 
important factor that guided much of the architecture.  The building is able to reduce 
most of the lighting load during the day due to proper daylighting.  This was further 
confirmed by the day to day data collection by NYT. 

Upon entering the building, one is immediately pulled from the crowded urban streets 
and plunged into the colorful and spacious lobby.  The space is filled with rich colors and 
instantly instills a sense of comfort and relaxation.  The lighting is very subtle but 
provides a bright and warm atmosphere.  Daylight also fills the space from the curtain 
walls surrounding the exterior, as well as the courtyard in the center of the podium. 

Continuing through the building to the office spaces, the ideas of lightness and 
transparency are kept intact.  The office floors are lit to promote activity but still have a 
comfortable feeling similar to the main lobby.  Each floor continues to please individuals 
with warm, vibrant colors.  Every floor offers daylight and views to the exterior from any 
location.   

The lighting system is comprised of around 18,000 luminaires.  This large quantity is 
simplified by the use of only 20 different luminaire styles.  This manner of product 
selection helps reduce the complexity of the design and also provides a sense of 
consistency through each space.  The entire building utilizes a digitally addressable 
lighting interface (DALI) system with dimmable ballasts to harvest the benefits of 
daylight.  The system provides energy savings above 50 percent.  There are 15 zones per 
floor, each with their own photosensor.  Every luminaire within a zone takes input from 
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the respective photosensor and dims accordingly.  The system also allows for the 
programming of individual luminaires to accommodate to varying lighting needs. 

The overall design is impeccable.  The lighting strategy utilizes the most advanced 
lighting solutions to provide complete control over each space.  This report takes an in 
depth look at the lighting systems and daylight integration controls. 

 

1.2.4.2 Electrical Design 

The New York Times building is comprised of two main tenants; The New York Times 
and the Forest City Ratner Companies (FCRC).  These two tenants have two different 
distribution methods throughout the building.  The New York Times tenants use conduit 
for all feeders throughout their part of the building, whereas the FCRC tenants run bus-
duct throughout their part of the building. 

A commonality between them is the shared incoming service.  Though the system is 
metered for every tenant, including the per floor fit-out of the FCRC floors, Consolidated 
Edison provides a main utility entrance to the entire building.  The service entrance is 
located in the cellar and distributed from there to each of the floors above.  The New 
York Times tenants also have a co-generation plant, 1.4 Megawatts, to supplement the 
utility need.  Due to the importance of servers in the New York Times spaces, a UPS 
system is also located in the cellar and distributed accordingly.  The entire building has a 
main diesel generator for emergency use.  The building has the ability to have remote 
generators connected at street level, should the generator need to be serviced. 

While the lighting, appliance, and mechanical panels are on a floor-by-floor design, the 
emergency panels are located every third floor.  In addition, the UPS system has panels 
spaced out in a similar design.  Each floor contains an east and west electrical room.  The 
loads are ran to the nearest electrical room.  Each floor also houses a mechanical room 
and a server room.  The mechanical is believed to contain certain mechanical panels, 
though no information is available. 

 

1.2.5 Construction Management Existing Conditions 

1.2.5.1 Project Schedule 

The detailed schedule represents the important activities that occurred during the 
construction of the New York Times Building.  Below are some key durations and 
milestones, shown in Table 3, and Table 4 respectively, that were used in the General 
Conditions Estimate, shown in Table 13.  A summary schedule is located below in Figure 
13, and a detailed construction schedule is located in Appendix 7.1 on page 216. 
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Table 3: Key Construction Durations 
 

 

 

Table 4: Key Construction Deadlines

 ACTIVITY YEARS MONTHS WEEKS WORK DAYS 
Construction Duration 3.5 42 182 910 
Tower Crane 1.25 15 65 325 
Material Hoists 2 24 104 520 
Demolition 0.5 6 26 130 
Foundations 1.5 18 78 390 
Steel  1.5 18 78 390 
Concrete  0.75 9 39 195 
Curtainwall 1.25 15 65 325 
Mech./Plum. 3 36 156 780 
Electrical 2 24 104 520 
Interiors 1.75 21 91 455 

 

 

DURATIONS  DATE DURATIONS  DATE 
Start of Construction 12/1/2003 Concrete Fill / Tower Topout 8/23/2006 
Start Demolition 12/1/2003 Curtainwall - Poduim Finish 3/13/2006 
Finish Demolition 6/30/2004 Curtainwall - Tower 1/3/2007 
Start of Excavation Foundations 4/19/2004 MP - Start 5/3/2004 
Finish Foundations 9/12/2005 MP - Finish 4/23/2007 
Start of Steel Erection (Tower) 5/2/2005 Electrical - Start 8/19/2005 
Start of Steel Erection (Podium) 7/26/2005 Electrical - Finish 4/12/2007 
Steel Top Out 5/24/2006 Interior Finishes - Start 10/3/2005 
Mobilize Podium Concrete 10/24/2005 Interior Finishes - Finish 6/20/2007 
Podium Concrete Finished 12/6/2005 Remove Tower Cranes 7/25/2006 
Mobilize Tower Concrete 7/18/2005 Remove Hoists 5/31/2007 
Pour Concrete 51,52 7/24/2006 Project Closeout 6/20/2007 
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Figure 13: Construction Summary Schedule 
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1.2.5.2 Project Estimate 

Information was fairly difficult to obtain with regards to the New York Times Building 
Project. Much of the following information has been compiled and calculated using some 
conservative assumptions. The figures in the following section will include sources or 
assumptions from which the information has been found or calculated. The Architectural 
Record Project Portfolio of the New York Times Building states that the cost of the 
building “exceeds $1 billion.” For the purposes of remaining consistent in this report, the 
construction cost of the project will be assumed to be $1 billion.  A brief cost breakdown 
is shown in Table 5 : 

 

Table 5: Brief Construction Cost Breakdown 
 

There is not a detailed breakdown of actual systems cost for this project. A breakdown of 
systems cost will be outlined in the parametric cost estimate section below. This will 
provide a reference for approximately how much the systems of the building cost. 

 

1.2.5.2.1  PARAMETRIC ESTIMATE WITH D4COST 

There are very few buildings in the world that are similar to the New York Times 
Building in size and distinction. Because of its uniqueness, it was difficult to obtain 
similar buildings within the D4Cost estimation software that compare. The following four 
projects were selected in order to get a representative parametric estimate for the project.  
The buildings used for analysis are shown below in Table 6 : 

 

Table 6: D4 Building Selection 
 

The first three projects were mainly chosen for their building type and relative size. There 
were not many tower structures in D4Cost and there were no “skyscrapers” in the project 
database. The NYS DOT project was especially useful in the estimate because it was a 
LEED Silver certified building. Increases in the systems cost due to the sustainable 
features of the New York Times Building can be found in the NYS DOT project. A smart 
averaging function was run with these projects selected, which produced a cost 
breakdown that would be similar to the New York Times Building. D4Cost came up with 
a total project cost of $432,957,936 with a square foot cost of $288.64/SF. The estimate 

Construction Cost Construction Cost per Square Foot 
$ 1,000,000,000.00 $667 / ft2 

 

Project Name 
Project 

Location 
Building 

Use 
Size Floors Cost 

Comparison to 
NYT 

Ha-Lo Headquarters Niles, IL Office 267,334 ft2 7 $40,134,138 
Building Type, 
Tower Form 

NYS DOT Region One 
Headquarters 

Schenectady, 
NY 

Office 125,000 ft2 4 $18,914,056 
Building Type, 

LEED Silver 
Preston Point 

Office/Retail/Condo 
Louisville, KY Office 105,768 ft2 8 $8,505,277 

Building Type, 
Tower Form 

SRO Residence New York, NY Residential 23,853 ft2 5 $2,830,057 Location 
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also includes costs of each division of the project. A detailed breakdown is available in 
Appendix 7.1, on page 221. The following is a breakdown of the costs of the major 
systems in the building, shown in Table 7: 

 

Table 7: Major Systems Cost Breakdown 
 

Due to the change in CSI MasterFormat, multiple divisions had to be combined in order 
to come up with the systems costs.  These systems costs are broken up in order to gain an 
accurate picture of the estimated costs of each of the systems and the projected cost of the 
systems actually installed in the New York Times Building. 

 

1.2.5.2.2  RS MEANS SQUARE FOOT ESTIMATE 

 In order to obtain a more relevant square foot estimate in RS Means, a large 
amount of assumptions were required to be made.  R.S. Means has no estimate for an 
office building that is more than 20 stories similar to the New York Times Building. The 
estimate was formed from the 11-20 story office building square foot estimate 
breakdown. The building system profile that was used was a double glazed heat 
absorbing tinted plate glass panels with a steel frame construction that had an area of 
800,000 SF and a perimeter of 820 LF. This yielded a base cost per SF of $139.50. The 
following adjustments were made to fit the profile of the New York Times Building, 
shown in Table 8: 

System 
Percentage of 
Project Cost 

Cost per ft2 System Cost for Total D4 
Estimated Cost ($432,957,936) 

System Cost 
Projected for $1 

Billion Project Cost 
Electrical 19.97% $57.65 $86,467,871 $199,700,000 

Mechanical 17.49% $50.48 $75,721,782 $174,900,000 
Site Work 2.03% $5.87 $8,801,948 $20,300,000 

Steel and Concrete 17.93% $51.77 $77,657,644 $173,300,000 
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Table 8: R.S. Means Cost Data 
 

1.2.5.3 Existing Site Plan 

The New York Times Building is located in downtown Manhattan, directly across 8th 
Ave. from the Port Authority Bus Terminal and approximately eight blocks Northwest 
from the Empire State Building.  Due to a time lapse with regard to updating satellite 
imagery some visual data of the site when it was in construction can still be acquired 
through using Google Maps and Google Maps Street View, and several inferences can be 
made with regard to site logistics and temporary structures. A summary of the existing 
site plan is show n below in Table 9. For a more detailed site plan, refer to Appendix 7.1 
on page 225. 

The site was originally occupied by a variety of different functional areas, ranging from 
grade-level parking to multi-story mixed-use commercial and residential buildings. The 
site is bordered by two subway structures on the west and north sides.  The 8th Avenue 
subway runs beneath 8th Avenue to the west, and the Flushing Local subway line runs 
beneath West 41st street to the north. The subway structure is roughly a box shape in the 
case of the 8th Avenue subway, while the subway was bored through the bedrock itself 
for the Flushing Local. Additionally, there is a pedestrian passageway constructed above 
the subway using cut and cover methods. 

The building is surrounded by a variety of different building types, and coupled with the 
urban environment this creates significant pedestrian and vehicular traffic. Fencing 
around the perimeter of the site was erected to keep a secure site, as well as temporary 
Jersey Barriers to provide a temporary sidewalk in the surrounding streets. Pedestrian 
safety was a major concern during construction, and building codes required temporary 
structures for pedestrian protection as shown in Appendix 7.1 on page 226. 
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Table 9: Existing Site Plan 
 

1.2.5.4 Project Delivery Method 

The New York Times Building utilizes a hybrid system of a Design-Bid-Build with a 
Construction Manager at-risk delivery.  The core and shell delivery is by AMEC 
construction. Turner Construction Company delivers the interiors for the New York 
Times spaces. Floors 29 and above are owned by the developer Forest City Ratner 
Companies, and are to be constructed to the needs of the tenants. In a CM-at-risk delivery 
method, the owners hold contracts with the design team, architects and engineers, while 
the CM-at-risk holds contracts with the subcontractors. The construction management 
firm holds all risk by guaranteeing the cost and schedule to the owners. The hybrid 
system comes from the involvement of the design and construction teams having 
collaborative meetings to review and change the building design before construction 
while the owners were holding contracts with the parties. Architects Renzo Piano 
Building Workshop, along with architects FXFOWLE held design review meetings with 
interiors architect Gensler, as well as structural engineer Thornton Tomasetti and MEP 
engineers WSP Flack & Kurtz to discuss the design. These meetings were held before 
construction as well as throughout the construction of the building. There is also early 
involvement from specialty contractors, most notably with the curtain wall system. The 
early involvement from the interiors architect as well as specialty contractors is crucial to 
the success of the project. 
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1.2.5.5 Contract Types 

While the owners did not release the exact contract types, three main contract types were 
most likely utilized. These three types are cost plus fee, guaranteed maximum price and 
lump sum.  

The New York Times Company and Forest City Ratner Company most likely held a 
GMP contract with AMEC Construction and The New York Times Company may have 
held a cost plus fee contract with Turner due to the repetitive nature of the interiors 
construction. While this is not exactly known, these are reasonable assumptions toward 
the delivery of the project.  

With a typical Design-Bid-Build / CM-at-risk delivery method, the construction manager 
is contractually bound to the subcontractors. While not confirmed, it can be assumed that 
AMEC Construction holds contracts with the subcontractors, most likely being a lump 
sum contract.  A organizational chart is located below in Figure 14.  
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Figure 14: Organizational Chart 
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1.2.5.6 Site Layout Planning 

The New York Times Building is located in the Times Square District of Manhattan, 
directly across 8th Ave. from the Port Authority Bus Terminal and approximately eight 
blocks Northwest from the Empire State Building.  There were four phases for the 
construction process- demolition, foundations (two parts), superstructure, and interior 
turnover.  Please refer to Appendix 7.1, page 227, for more detailed information 
regarding the site layout planning for The New York Times Building site.  General 
descriptions of major site logistics issues with a particular phase are outlined below. 
Please note that site layout plans were only obtained for the AMEC portion of the 
construction process as Turner plans were not obtained. It is assumed that the site layout 
plan remained largely the same following turnover for interior fit out. 

 

1.2.5.6.1  Demolition 

This phase consisted of the abatement of the existing structures on the block that the New 
York Times Building would ultimately occupy.  Safety scaffolding was placed above the 
entirety of the 8th Avenue portion of the site, and partially along both the West 41st 
Street and West 40th Street site boundaries. 

 

1.2.5.6.2  Foundations – Part  I  

The eastern portion of the site was demolished first- excavation then followed with the 
placement of the ramp in the northeast corner. The entire excavated area was surrounded 
with site fencing, and scaffolding was placed around the western cluster of existing 
structures that were still undergoing abatement. During this process, the foundation was 
placed (including deep foundations were placed in the southeast corner of the site). 

 

1.2.5.6.3  Foundations – Part  II  

The remaining western portion of the site was demolished in the second portion of the 
foundation placement phase. The western portion of the site was then excavated (Ramp in 
NW corner) and foundations were placed. 

 

1.2.5.6.4  Superstructure 

The entirety of the steel erection took place during this phase. One tower crane was 
placed in the center of each of the northwestern and southwestern quadrants of the site. 
Personnel site access was allowed through the northern portion of the site, with staging 
areas on the northern and southern site boundaries. The subway exit could be closed on a 
provisional bases based on a permit obtained by the construction team. 
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1.2.5.6.5  Interior Turnover 

For this phase, AMEC turned over the project to Turner Construction to complete the 
interior fit out of the project. It was assumed by the project team that the site layout plan 
would remain largely the same, for this portion of the project. 

 

1.2.5.7 Detailed Structural Estimate 

Note: Please reference Appendix 7.1, page 232, for a more detailed version of the 
structural systems estimate. 

 

1.2.5.7.1  Foundations 

The foundations of The New York Times Building consist of spread footings over the 
footprint of most of the site in addition to caissons located on the southeast side of the 
building. The exact size, locations and quantity for the deep foundation system is 
unknown, however several assumptions were made from based on the results from D4 
cost analysis and RS Means Costworks. The total foundations cost came to 
approximately $21,344,000.00 based on these assumptions. 

 

1.2.5.7.2  Structural Steel  Framing 

Structural steel member sizes and lengths were taken from the existing Revit model, 
which were updated according to the provided structural drawings. Specialty columns are 
used throughout the structure, primarily consisting of the built-up plate columns within 
the core of the building in addition to flanged box columns on the exterior of the 
building. The structural steel framing estimate is summarized in Table 10 below. 
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QUANTITY              UNIT              DESCRIPTION              PRICE 
    STRUCTURAL STEEL MEMBERS   

398.55 L.F. HSS6x4x3/8 $30,758.10 
53.7 L.F. TT14x99 $13,908.67 

673.67 L.F. W4x13 $35,905.27 
41.33 L.F. W10x26 $3,340.66 
887.43 L.F. W12x19 $58,635.16 
18.29 L.F. W12x26 $1,387.46 
951.23 L.F. W14x22 $71,027.39 
37.72 L.F. W14x30 $3,235.02 

57 L.F. W14x43 $6,812.53 
30 L.F. W14x48 $4,339.23 

70.47 L.F. W14x82 $16,823.16 
179.26 L.F. W14x90 $42,794.38 
134.38 L.F. W14x109 $42,251.62 
151.18 L.F. W14x120 $47,533.86 

123.34 L.F. W14x132 $41,672.76 
22.74 L.F. W14x257 $15,186.41 
101.25 L.F. W14x283 $78,253.80 

398.86 L.F. W16x26 $29,751.77 
114.96 L.F. W16x31 $10,151.54 

260 L.F. W16x36 $29,130.92 
2310.15 L.F. W18x35 $233,606.99 
364.18 L.F. W18x40 $41,313.31 

280 L.F. W18x50 $39,064.76 
120 L.F. W18x60 $21,241.08 
120 L.F. W18x65 $21,241.08 

72.49 L.F. W18x71 $14,827.11 
160 L.F. W18x76 $32,726.40 

174.12 L.F. W18x106 $48,734.10 
56.5 L.F. W18x130 $10,042.54 
123 L.F. W18x143 $21,862.51 
260 L.F. W21x50 $35,763.00 

122.12 L.F. W21x57 $20,506.76 
60 L.F. W21x101 $15,970.08 
78 L.F. W21x132 $24,829.90 
225 L.F. W24x76 $45,424.58 
60 L.F. W33x130 $20,272.14 
60 L.F. W33x141 $21,924.00 
120 L.F. W33x221 $70,898.52 

   TOTAL $1,323,148.55 
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Table 10: Structural Steel Estimate Summary 
 

1.2.5.7.3  Slab System 

In the slab estimate, structural concrete with a compressive strength of 4000 psi was used. 
The structural slab takeoff was generated through the common Revit model after 
applying a metal decking (18 gauge, 2” depth with 3.5” topping). An additional 5% was 
added to the concrete takeoff to account for waste in the construction process. Without 
knowing the exact welded wire fabric that was used in the project, a medium-sized fabric 
was selected (W2.9xW2.9, 42lb per CSF). The structural slab estimate summary is 
outlined below in Table 11. 

 

Table 11: Structural Slab Estimate Summary 
 

RS Means pricing was used to acquire the pricing for steel, concrete and reinforcing 
materials. While some steel members are in RS Means, some were required to be 
increased price due to RS Means lacking data for members of that size. A multiplier was 
developed from the change in weight per linear foot, as well as the member size to 
extrapolate a value for the larger-sized members. 

The eighth floor was chosen as the typical floor for the analysis.  For the purposes of this 
estimate, the eighth floor structural system was analyzed and the results were then 

QUANTITY              UNIT              DESCRIPTION              PRICE 
    STRUCTURAL COLUMNS   

110 L.F. C-Channel-Column: C10X33 $30,617.40 
27.5 L.F. W-Wide Flange-Column: W14X257 $13,809.68 
110 L.F. FB-Flanged Box-Column: FB30X1116  $235,974.53 
55 L.F. BU-Built Up-Column: W23X1168 $123,408.30 

27.5 L.F. BU-Built Up-Column: W22X1032 $54,210.38 
13.75 L.F. BU-Built Up-Column: W24X985 $25,989.08 
13.75 L.F. BU-Built Up-Column: W23X729 $19,133.06 

55 L.F. BU-Built Up-Column: W29X2063 $216,841.46 
27.5 L.F. BU-Built Up-Column: W25X1401 $73,981.23 
55 L.F. W-Wide Flange-Column: W14X665 $70,154.59 
55 L.F. W-Wide Flange-Column: W14X730 $76,532.28 

  TOTAL $940,651.99 
 

QUANTITY              UNIT              DESCRIPTION              PRICE 
    WELDED WIRE FABRIC REINFORCING   

2244 C.S.F. W2.9 x W2.9 (6 x 6) 42 lb. per C.S.F. $308,018.17 

  TOTAL $308,018.17 
    

    NORMAL WEIGHT CONCRETE, READY MIX   
255 C.Y. 4000 PSI, 3.5'' topping $43,114.89 

  TOTAL $43,114.89 
    

    FLOOR DECKING   
22440 C.Y. 2" D, 18 ga $153,624.24 

  TOTAL $153,624.24 
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extrapolated over the entire building to develop a more complete structural estimate. The 
total cost for the 8th floor was found to be $3,163,071.33.  This cost was then multiplied 
by 56 (48 tower floors along with a 4 story podium floors which are about 2 times the 
square footage of the typical tower floor. The extrapolated cost came to $177,131,994.66 
for the entire building. Considering the foundations cost of $21,344,000.00, the final 
structural system cost comes to $198,475,994.70.     

 

1.2.5.8 General Conditions Estimate 

1.2.5.8.1  Overview 

The general conditions estimate for the New York Times Building includes costs from 
field staff and facilities, temporary utilities, temporary site protection, clean up, and 
rigging and hoisting equipment for the project. The general conditions estimate will be 
used to assess any cost savings that could be seen if there is an acceleration in the project 
schedule. 

There are a few assumptions made in order to put the general conditions estimate 
together: 

• The total construction cost of the New York Times Building is $1 Billion. 

• The square footage of the building is $1.5 million square feet. 

• Only on site personnel is included in the general conditions. 

• Site offices and crane equipment is rented for the project. 

• Site protection has been purchased for the project. 

• All lifts and equipment besides the hoists and cranes listed in the general 
conditions will be provided by the subcontractors. 

 

1.2.5.8.2  Construction Durations 

Below, in Table 12, are listed the construction durations that factored into the general 
conditions estimate. There are 12 months in a year, 52 weeks in a year, and 5 work days 
in a work week. 
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Table 12: Construction Durations 
 

1.2.5.8.3  Cost Breakdown 

The general conditions on the New York Times Building project totaled $ 96,971,123. 
This accounted for approximately 9.71% of the overall project cost. The field personnel 
cost contributes $22,865,985 to the general conditions. That adds up to 2.3% of the 
overall project cost.  This is shown in Table 13.  A more detailed General Conditions 
estimate is located in Appendix 7.1 on page 235. 

ACTIVITY YEARS MONTHS WEEKS WORK DAYS 
Construction Duration 3.5 42 182 910 
Tower Crane 1.25 15 65 325 
Material Hoists 2 24 104 520 
Demolition 0.5 6 26 130 
Foundations 1.5 18 78 390 
Steel  1.5 18 78 390 
Concrete  0.75 9 39 195 
Curtainwall 1.25 15 65 325 
Mech./Plum. 3 36 156 780 
Electrical 2 24 104 520 
Interiors 1.75 21 91 455 
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Division Description Unit T otal Q uantity T otal C ost

01 31 13.20 Field Personnel
0020 C lerk, 6 W eek  $       380.00          1,092  $                    414,960 
0140 Field Engineer, 45 W eek  $     1,350.00          8,190  $                11,056,500 
0220 Project Manager, 20 W eek  $     2,175.00          1,781  $                  3,873,675 
0280 Superintendant, 35 W eek  $     2,025.00          3,714  $                  7,520,850 

 $               22,865,985 

01 51 13.80 T emporary Utilities
0100 H eat, including fuel and operation, per week, 12 hrs C SF Flr  $         30.27        13,846  $                    419,123 
0350 Lighting, including service lamps, wiring, and outlets, maximum C SF Flr  $         27.70        15,000  $                    415,500 
0600 Power for job duration including elevator, etc., min C SF Flr  $         47.00        15,000  $                    705,000 
0650 Power for job duration including elevator, etc., max C SF Flr  $       110.00        15,000  $                  1,650,000 

 $                3,189,623 

10 52 13.20 O ffice and Storage Space
0020 T railer, furnished, no hookups, 20' x 8', rent per month, 8 T railers Each  $       163.00            576  $                      93,888 
0700 A C , rent per month, add Each  $         41.00            576  $                      23,616 
0800 For delivery, add per mile Mile  $           4.50            600  $                        2,700 

 $                   120,204 

01 52 13.40 Field O ffice Expense
0100 O ffice Equipment rental average Month  $       155.00            384  $                      59,520 
0120 O ffice supplies, average Month  $         85.00            384  $                      32,640 
0140 T elephone bill; avg. bill per month Month  $         80.00            384  $                      30,720 
0160 Lights & H V A C Month  $       150.00            384  $                      57,600 

 $                   180,480 

01 54 19.50 T ruck C rane
0600 T ruck Mounted, hydrolic, 100 ton capacity Month  $   14,100.00              16  $                    225,600 

C rew Day  $       104.90            320  $                      33,568 
 $                   225,600 

01 54 19.60 Monthly T ower C rane C rew
0100 C rane, climbing, 106' jib, 6000 lb. capacity, 410 FPM Month  $   13,200.00              60  $                    792,000 

T ower C rane C rew Day  $         37.40          2,400  $                      89,760 
4550 H oist and tower, mast type, 6000 lb., 100' high, month Each  $     4,136.60              86  $                    357,402 
4570 for each added 10' section, add, month Each  $       196.20          5,616  $                  1,101,859 

 $                2,341,021 

01 56 26.50 T emporary Fencing
0020 C hain Link, 11 ga, 6' high L.F.  $           8.51            980  $                        8,340 

Plywood, painted, 4" x 4" frame, 8' high L.F.  $         18.20            980  $                      17,836 
 $                     26,176 

01 56 29.50 T emporary Protective W alkways
2200 Sidewalk, 2" x 12" planks, 2 uses S.F.  $           1.60        16,000  $                      25,600 
2500 Exterior Plywood, 2 uses, 3/4" thick S.F.  $           0.95        16,000  $                      15,200 

 $                     40,800 

01 58 13.50 Signs
0020 H igh intensity reflectorized, no posts, buy S.F.  $         21.00          1,000  $                     21,000 

01 74 13.20 C leaning Up
0040 Maximum Job 0.8% $1 Billion  $                  8,000,000 
0050 C leanup of floor area, continuous, per day, during construction M.S.F.  $         27.23          1,670  $                      45,485 
0100 Final by GC  at end of job M.S.F.  $         56.44          1,670  $                      94,277 

 $                8,139,762 

Subtotal  $               74,313,871 
A djusted for L ocation (New Y ork C ity, 130.7)  $               97,128,230  

Table 13: General Conditions Summary 
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1.3 Proposal Summary 

1.3.1 Core Redesign 

The analysis of the structural core was intended to optimize the structural system.  This 
will have an effect on architecture, constructability, and MEP distribution, therefore these 
affects will be analyzed in a collaborative effort. 

  

1.3.2 Envelope Redesign 

The analysis of the building envelope was intended to improve the indoor environmental 
quality while decreasing building energy consumption.  This will have an effect on 
architecture, daylighting, ambient loads, construction costs, and the building’s life-cycle. 

 

1.3.3 Tenant Space Redesign 

The analysis of the tenant spaces was intended to decrease the building’s life cycle cost.  
To accomplish this, the building mechanical, lighting and structural systems along with 
the architectural changes were all analyzed for the benefit to the owner.   
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2 CORE REDESIGN 
2.1 Core Changes 

The lateral system was changed from a steel braced frame system to concrete shear walls 
with coupling beams.  These changes resulted in significant cost savings and required 
coordination with the mechanical and electrical systems as well as architecture and 
construction.  The BIM model was utilized to calculate the changes to cost, schedule and 
architectural layouts between the original design and the proposed changes.  Because the 
structural system required more space within core for distribution purposes, a switch to 
aluminum bus duct from conduit was proposed.  Additionally, air distribution duct work 
was rerouted.  The BIM model also allowed for clash detection with all of these proposed 
system changes. 

 

2.2 Lateral System 

The following section pertains to the redesign of the lateral system of The New York 
Times Building tower.  Within this section as per the structural designer’s MAE 
requirements a computer model was created in ETABs for a concrete core only option.  
In addition to the ETABs model, the structural designer utilized basic dynamic principles 
learned in CE 548: Structural Design for Dynamic Loads to analyze the redesigned lateral 
system’s acceleration. 

 

2.2.1 Objectives 

1) Eliminate the outriggers, thermal trusses, and X-bracing to increase transparency of the 
building 

2) Create a model of the lateral system in ETABs to aid in maintaining dynamic 
properties of the building. 

3) Create a model of the lateral system in Revit to aid in structural takeoffs. 

 

2.2.2 Process 

Design- 

Determine an appropriate concrete lateral system that maintains strength and 
serviceability requirements 

Coordination- 

Work with the design team and the architectural advisor to determine an optimal 
solution for the structural core. 
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Modeling- 

Model potential lateral system designs in ETABs 

Utilize PCA Column for flexural reinforcing in irregular shaped shear walls 

Takeoffs- 

Determine the weight and mass of the building for lateral design by utilizing 
Revit 

Analysis- 

Determine appropriate wind loads to be applied to the lateral system 

Determine the seismic loads on the building using the take-offs from Revit 

Design and analyze the concrete shear walls and coupling beams 

Determine if building drift and acceleration requirements are met. 

 

2.2.3 Codes, References, and criteria 

2.2.3.1 Original Design Codes and Deflection Criteria 

National Model Code: 

1968 Building Code of the City of New York with latest supplements 

Structural Standards: 

ASCE 7-98, Minimum Design Loads for Buildings and other Structures 

Structural Design Codes: 

AISC – LRFD, Steel Construction Manual 2nd edition, American Institute of 
Steel Construction 

National Building Code of Canada, 1995 

Uniform Building Code, 1997 

Lateral Deflection Criteria: 

Total building sway deflection for ten year wind is limited to H/450 

The shortening and elongating effects due to thermal fluctuations is designed to 
L/300 

Building peak acceleration for ten year wind should be between 15-27 mg 
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2.2.3.2 Thesis Design Codes and Deflection Criteria 

National Model Code: 

2006 International Building Code 

Structural Standards: 

ASCE 7-05, Minimum Design Loads for Buildings and other Structures 

Structural Design Codes: 

ACI 318-08 American Concrete Institute Building Code Requirements for 
Structural Concrete and Commentary 

Lateral Deflection Criteria: 

Total building sway deflection for ten year wind is limited to H/450 

Building peak acceleration for ten year wind should be between 15-27 mg 

 

2.2.4 Materials 

Concrete: 

Shear Walls: 

Compressive strength of 10,000, 8,000, and 6,000 psi, Normal Weight 

Coupling Beams: 

Compressive strength of 10,000, 8,000, and 6,000 psi, Normal Weight 

Reinforcing: 

ASTM A-615, Grade 60 
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2.2.5 Building Loads 

2.2.5.1 Load Cases 

The following LRFD load combinations equations from ASCE 7-05 are the controlling 
equations for the design of the lateral structural members: 
 

 Equation 1 
 Equation 2 

 Equation 3 
 Equation 4 

 
Since the building drift due to wind is limited to H/450 and checking serviceability using 
factored wind load is excessively conservative due to winds short term effects, ASCE 7-
05 § CC.1.2 allows the use of the following equation for drift due to wind: 
 

 Equation 5 
 

2.2.5.2 Gravity Loads 

The following gravity loads have been determined through IPD and multiply iterations of 
the gravity system design.  The determination of these loads is explained in further detail 
in section 4.3Gravity System. 

 

2.2.5.2.1  Dead Loads 

Typical Tower Floor Dead Loads 
Load Description Design Loads 
Ceiling (ACT, Drywall, and Architectural Ceilings) 5 psf 
Mechanical, Electrical, Plumbing in raised floor system 10 psf 
Total Superimposed: 15 psf 
Allowance for Steel Framing + Fireproofing 10 psf 
3" Composite Deck 20 GA (3VLI20), Unshored clear span 13'-3" 
with a capacity of 149 psf, unprotected 

2 psf 

3.25" Light weight Concrete (110 pcf) 44 psf 
Total Construction Dead Loads: 56 psf 
Total Floor Dead Loads: 71 psf 

Table 14: Typical Tower Floor Dead Loads 
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Typical Mechanical Floor Dead Loads 
Load Description Design Loads 
Ceiling (ACT, Drywall, and Architectural Ceilings) 5 psf 
Mechanical, Electrical, Plumbing in raised floor system 10 psf 
Total Superimposed: 15 psf 
Allowance for Steel Framing + Fireproofing 10 psf 
3" Composite Deck 20 GA (3VLI20), Unshored clear span 13'-3" 
with a capacity of 149 psf, unprotected 

2 psf 

3.25" Light weight Concrete (110 pcf) 44 psf 
Total Construction Dead Loads: 56 psf 
Total Floor Dead Loads: 71 psf 

Table 15: Typical Mechanical Floor Dead Loads 
 

Roof Dead Loads 
Load Description Design Loads 
Ceiling (ACT, Drywall, and Architectural Ceilings) 5 psf 
Mechanical, Electrical, Plumbing in raised floor system 8 psf 
Total Superimposed: 13 psf 
Allowance for Steel Framing + Fireproofing 20 psf 
3" Composite Deck 5 psf 
5.0" Normal weight Concrete (145 pcf) 80 psf 
Total Construction Dead Loads: 105 psf 
Total Floor Dead Loads: 118 psf 

Table 16: Roof Dead Loads 
 

Exterior Tower Wall System Dead Loads (Elevation) 
Load Description Design Loads 
Double Skin Façade 30 psf 
Total Exterior Wall Dead Load: 30 psf 

Table 17: Exterior Tower Wall System Dead Load 
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2.2.5.2.2  Live Loads 

Live Loads 
Load Description Design Loads 
Office 70 psf 
Technology Floors 100 psf 
Elevator Lobbies 75 psf 
Corridors above First Floor 75 psf 
All Other Lobbies & Corridors 100 psf 
Exit Facilities 100 psf 
Retail Areas 100 psf 
Kitchen 150 psf 
Cafeteria 100 psf 
Auditorium (with fixed seats) 100 psf 
Light Storage Area 100 psf 
Loading Dock 250 psf 
Mechanical Floors 150 psf 
Mechanical/Fan Rooms 75 psf 
Sidewalks 250 psf 
Roofs 20 psf 

Table 18: Live Loads 

2.2.5.2.3  Snow Loads 

Snow Load 
Load Description Design Loads 
Ground Snow Load 25 psf 
Roof Snow Load 19.3 psf 
Drift Snow Load 35.3 psf 

Table 19: Snow Loads 
 

2.2.5.3 Lateral Loads 

2.2.5.3.1  Wind Loads per 1968 NYBC 

The New York Times Building was design under the 1968 Building Code of New York 
City.  In Article 5 of subchapter 904.0 structural frames and exterior components are to 
be designed to resist wind pressure found in reference standard RS 9-5.  Within this 
section of the code, wind loads can be calculated by design wind pressures given in Table 
20 on page 50 or by wind tunnel testing of the building.  The resulting base shears due to 
Table RS 9-5.1 are 4075 kips and 3297 kips in the West-East and North-South direction 
respectively.  After consulting with Jeff Callow at Thornton Tomasetti, the resulting base 
shears due to the wind tunnel test are 3450 kips and 2850 kips in the West-East and 
North-South direction respectively.  It should be noted that these base shears are service 
values and therefore unfactored.  Also under the 1968 building code, an importance 
factor of 1.0 was used for wind design. 
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Table RS 9-5.1 Design Wind Pressures on Vertical surfaces 

Height zone 
(ft. above curb level) 

Design Wind Pressure on 
Vertical Surfaces (psf of 
projected solid surface) 

 Structural Frame Panels Glass 
0-50 (signs and similar 

constructions of shallow 
depth only) 

15 - 

0-100 20 30 
101-300 25 30 
301-600 30 35 
601-1000 35 40 
Over 1000 40 40 

Table 20: RS 9-5.1 Design Wind Pressure, 1968 NYCBC 
 

2.2.5.3.2  Wind Loads per ASCE7-05 

In lieu of having the wind tunnel test, ASCE 7-05 was used to determine the wind loads 
per the 2006 International Building Code and the 2008 New York City Building Code.  
The following assumptions had to be made in order use Method 2: Analytical Procedure 
of ASCE 7-05: 

1) The tower was analyzed with a rectangular foot print instead of a cruciform shape.  
Area was added at the corners of the façade to simplify the corner notches. 

2) The screens around each face of the roof top allow air flow through them.  To 
consider the wind load transferred to the lateral system, the screens were first treated 
as if they were a solid face of the building.  After the windward pressure was 
calculated on this “solid face”, a multiplier of 0.5 was implemented to account for 
the permeability of the screen.  The resulting pressure was then transferred to the 
building. 

3) Due to the permeability of the screens, no leeward pressure would develop. 
 
Table 21 on page 51 summarizes the wind parameters of Method 2: Analytical 
Procedure.  The resulting base shears due to Method 2 are 8995 kip and 7001 kips in 
the West-East and North-South direction respectively.  The periods of vibrations 
were obtained from the final lateral design model using ETABs and will be discussed 
later.  It should be noted that the importance factor changes to 1.15.  Please refer to 
Structural, Table 64 through Table 70 on page 237 through page 243 for in-depth 
calculations on Method 2: Analytical Procedure. 
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Method 2 Wind Parameters Summary 
Variable Value Unit/Comments 

V 110 mph 
Kd 0.85  

Occupancy Category 3  
Importance Factor 1.15  

Surface Roughness Category B  
Exposure Category B  

Kzt 1.0  
B 194 feet 
L 157 feet 

Gf 
0.990 West-East Direction 
1.024 North –South Direction 

ζ 2%  

Period of Vibration 
6.46 s West-East Direction 
6.64 s North –South Direction 
4.41 s Torison 

Table 21: Method 2 Wind Load Design Variables Summary 
 

2.2.5.3.3  Wind Loads Utilized 

Wind Load Design Summary 
Variable Wind Tunnel 1968 NYCBC ASCE7-05 
Vbase,WE 3450 kips 4075 kips 8995 kips 
Vbase,NS 2850 kips 3297 kips 7001 kips 

Importance Factor 1.0 1.0 1.15 
Table 22: Wind Load Design Summary 

 

Table 22 above summarizes the base shears due to the wind loads from the wind tunnel 
test, the 1968 NYCBC, and ASCE 7-05.  Since a building of this size and magnitude 
would be designed using a wind tunnel test the decision was made to use the wind tunnel 
test base shears with an importance factor of 1.15 to account for updated codes.  The 
resulting base shears are 3968 kips and 3278 kips in the West-East and North-South 
direction respectively.  These base shears were then used to proportion the loads 
developed by ASCE 7-05 Method 2.  The wind force diagrams in the West-East and 
North-South directions can been seen in Figure 15 on page 52 and Figure 16 on page 53 
respectively.  Please refer to Structural, Table 71 and Table 72 on pages 244 and 245 for 
the proportioned wind loads.  All four cases of wind loading were considered and their 
story force values can also be found in Structural, Table 71 and Table 72 on pages 244 
and 245. 
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Figure 15: West-East Wind Force Diagram 
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Figure 16: North-South Wind Force Diagram 
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2.2.5.3.4  Seismic Loads 

Since New York City is not a high seismic region the equivalent lateral force method was 
use to determine the seismic forces acting on the building.  Due to the varying bearing 
capacities of rock on the site, the lower bearing capacity equated to soft rock or Site Class 
C in ASCE 7-05.  Therefore, Site Class C was used in the analysis to be conservative. 

The USGS Ground Motion Parameter Tool and ASCE 7-05 was used in calculating the 
design spectral response acceleration.  This yielded SDS and SD1 values that corresponded 
to a seismic design category B using Tables 11.6-1 and 11.6-2.  Using the period of 
vibration calculated in ETABs, 6.46 and 6.64 in West-East and North-South direction 
respectively, it was found that CuTa controlled over the period of vibrations and Cs = 
0.01.  Revit was used to accurately determine floor weights and subsequently the total 
building weight which can be found in Structural in Figure 147 and Figure 148 on page 
246 and 247.  From the total weight, the base shear was determined to be 1806 kips.  
Please refer to Structural in Table 73 through Table 78 on pages 248 through 250 for in-
depth calculations on the seismic loads.  Table 23 on page 54 summarizes the seismic 
parameters and Figure 17 on page 55 shows the seismic forces on the building in both 
West-East and North-South directions. 

Due to the height and location of The New York Times Building, it was expected that the 
lateral loading due to wind pressure would control over seismic loadings in both strength 
and serviceability requirement.  After comparing the results of the two loading 
conditions, it was clearly evident that this was the case. 

 

Seismic Parameter Summary 
Site Class C 
Importance Fator 1.25 
SDS 0.290 
SD1 0.079 
Seismic Design Category B 
R 4 
T = CuTa 4.85 s 
Cs 0.01 
Vbase 1806 kips 

Table 23: Seismic Parameters 
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Figure 17: West-East & North-South Seismic Force Diagram 
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2.2.6 Shear Wall and Coupling Beam Design 

As stated before the proposed lateral system redesign investigated changing the existing 
eccentric and concentric chevron bracing in the core to a concrete core with shear walls 
and coupling beams.  The primary goal of this system is to eliminate the outriggers, 
thermal trusses, and X-bracing to increase transparency of the building.  However the 
architecture of the core needed to change in order to allow for an efficient lateral design.  
On numerous occasions the design team met with the architecture advisor and agreed 
upon architectural changes of the core which is discussed in section 2.3 Core Architecture 
on page 65.  In addition to changes of the core architecture, the architecture of the tenant 
spaces changed as well bringing all the exterior structural framing inside the building 
thus eliminating temperature differential on the structure and the need for the thermal 
trusses.  Addition architectural changes are mentioned in section 4.2 Architectural 
Layouts on page 152.  Two computer models of the lateral system were created to 
analyze the shear walls of the core, one for strength and one for serviceability.  For initial 
sizing, shear walls were sized to resist the factored direct wind loads using  

 

and maintaining the target period of vibration of 6.75 seconds.  The New York Times 
Building tower was split into three sections where wall thicknesses, coupling beam sizes, 
and concrete strength would change going up the building.  The following assumptions 
were made to the lateral model: 

1. Each floor was treated as a rigid diaphragm. 
2. The gravity system was excluded in the lateral model, but the mass/area of the 

gravity system was included to correctly analyze the lateral system’s period of 
vibration.  These values can be found in Structural Table 73 and Table 78 on 
page 249 and 250 respectively. 

3. Both inherent and accidental torsion effects were taken into account. 
4. Seismic forces were applied to the center of mass of each floor and also applied 

at a 5% offset to model torsion effects. 
5. Wind forces were applied at the center of pressure of each floor.  Each of the 4 

wind load cases listed in ASCE7-05 involving both direct and torsion effects 
were included. 

6. The structure was assigned as a fixed base due to the spread footings and 
caissons bearing on rock 

7. Coupling beams were assigned to be fixed at both ends. 
8. P-Delta effects based on mass were considered. 
9. Member stiffness were modified for both wind and seismic; 70% and 50% of the 

gross section properties for the shear walls respectively and 35% of the gross 
section properties for the coupling beams, based on ACI 318 § 8.8.1. 

10. Shear walls were modeled as shell elements and coupling beams were modeled 
as frame elements.  The masses of both elements were not zeroed to allow for 
potential ease of architectural and structural changes. 
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After various structural design iterations and consulting with the design team and 
architecture advisor, a shear wall core design soon emerged.  Table 24 and Table 25 on 
page 57 summarize the iterative initial lateral designs of the shear walls and coupling 
beams.  The table includes wall thicknesses, coupling beam dimensions, concrete 
strength, and period of vibration due to serviceability requirements. 

Initial Iterations of the Lateral Design Summary 
 Option 1 Option 2 Option 3 Option 4 
1-18 Wall thickness (in) 30 24 24 30 
19-30 Wall thickness (in) 30 24 24 24 
30-52 Wall thickness (in) 30 24 24 18 
1-18 Beam depth (in) 36 36 36 36 
19-29 Beam depth (in) 36 36 36 36 
30-52 Beam depth (in) 36 36 36 36 
1-18 Beam width (in) 30 24 24 30 
19-29 Beam width (in) 30 24 24 24 
30-52 Beam width (in) 30 24 24 18 
1-18 Concrete Strength (ksi) 10 8 10 10 
19-29 Concrete Strength (ksi) 8 8 10 8 
30-52 Concrete Strength (ksi) 6 8 8 6 
Tx (sec) w/ f22=0.7 & Ig=0.35 4.12 7.95 6.18 5.52 
Ty (sec) w/ f22=0.7 & Ig=0.35 3.83 6.43 7.13 6.77 
Tz (sec) w/ f22=0.7 & Ig=0.35 2.15 5.04 4.28 4.25 

Table 24: Initial Iterations of the Lateral Design Summary, Part A 
 

Initial Iterations of the Lateral Design Summary 
 Option 5 Option 6 
1-30 Wall thickness (in) 30 30 
31-40 Wall thickness (in) 24 24 
41-52 Wall thickness (in) 18 18 
1-30 Beam depth (in) 36 44 
31-40 Beam depth (in) 36 44 
41-52 Beam depth (in) 36 44 
1-30 Beam width (in) 30 30 
31-40 Beam width (in) 24 24 
41-52 Beam width (in) 18 18 
1-30 Concrete Strength (ksi) 8 10 
31-40 Concrete Strength (ksi) 8 8 
41-52 Concrete Strength (ksi) 6 6 
Tx (sec) w/ f22=0.7 & Ig=0.35 6.82 6.64 
Ty (sec) w/ f22=0.7 & Ig=0.35 6.40 6.46 
Tz (sec) w/ f22=0.7 & Ig=0.35 4.63 4.41 
Table 25: Initial Iterations of the Lateral Design Summary, Part B 

 

2.2.6.1 Center of Rigidity and Center of Mass 

The center of rigidity or COR and center of mass or COM was calculated using the 
ETABs model.  Since the tower floor plan and the lateral system are symmetrical in 
shape the COR and the COM are in the same location on all floors.  Because the COR is 
exactly located at the COM, moments due to torsional shear will not exist.  
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2.2.6.2 Strength Checks 

 

 

Strength spot checks were performed on shear walls SW1 & SW2 at ground level and all 
the coupling beams CB1 and CB2 at all floors.  Shear forces and moments on each 
element were determined from the ETABs model.  It was determined the coupling 
controlled the design of the lateral system.  Due to large shear stresses in the coupling 
beams at floor 27 through 30, the depth of the beams were increased from 36 inches to 44 
inches and the compressive strength of the concrete was increased to 10,000 psi in order 
to avoid using diagonal reinforcing in the coupling beams.  The coupling beams were 
designed using force redistribution which was typically applied to groups of three 
coupling beams to decrease reinforcing in beams with higher forces and increase 
reinforcing in beams with lower forces.  The controlling wind cases for the North/South 
and West/East direction were found to be from the direct wind.  Hand calculations were 
used to design the shear reinforcing for SW1, SW2, CB1, and CB2, and flexure 
reinforcing for SW2, CB1, and CB2.  Table 26 and Table 27 shows a summary of the 
shear design of the walls, flexure design of wall SW2 and flexure and shear design of a 
few of the coupling beams. 

Figure 18: Concrete shear walls in the core 
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Shear Walls Horiz. Shear Reinf. Vert. Shear Reinf. Flexural Reinf. 
SW 1 Y (2) # 9 @ 6 in (2) # 9 @ 12 in See PCA output SW 1 X (2) # 8 @ 18 in (2) # 8 @ 18 in 
SW 2 Y (2) # 7 @ 16 in (2) # 7 @ 16 in (2) # 10 @ 6 in 

Table 26: Shear Wall Reinforcing Summary 
 

Coupling 
Beam Level f'c 

(psi) 
Dimensions 

(in) 
Top 

Reinf. 
Bottom 
Reinf. 

Shear 
Reinf. 

CB2 52 6000 18X44 (5) # 8 (5) # 8 #4 @ 8in 
CB2 35 8000 24X44 (7) # 10 (7) # 10 #4 @ 4in 
CB2 1 1000 30X44 (7) # 9 (7) # 9 #4 @ 9in 
CB1 30 1000 30X44 (12) #10 (12) #10 #4 @ 2in 
CB1 15 1000 30X44 (9) # 9 (9) # 9 #4 @ 6in 
CB1 1 1000 30X44 (10) # 8 (10) # 8 #4 @ 8in 

Table 27: Coupling Beam Reinforcing Summary 
 

The flexural reinforcing for SW1 was designed using PCA column.  Figure 19 through 
Figure 22 on pages 59 through 61 shows the moments and shears caused by the wind in 
each direction.  These wind values were then combined with the axial load due to gravity 
on SW1.  The controlling load combination for SW1 was Equation 3, 0.9D +1.6W.  
Please note that wind does not always act on a structure directly which is why SW1 was 
subjected to biaxial bending with 100 % wind in one direction and 30% wind in the other 
direction at the same time.  For in-depth calculations on the design of the shear walls and 
coupling beam reinforcing refer to Structural Figure 149 through Figure 177 on page 251 
through 274. 

 

Figure 19: Moments due to wind in X-Direction 
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Figure 20: Moments due to wind in Y-Direction 
 

 

Figure 21: Shears Moments due to wind in X-Direction 
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Figure 22: Shears Moments due to wind in Y-Direction 
 

2.2.6.3 Building drift and acceleration 

Wind and seismic drifts were computed by ETABs using Equation 5, D + 0.5L + 0.7W 
for all wind cases and unfactored for seismic.  The higher drifts were due to direct wind 
load which is expected in regions were seismic does not typically drive the design of 
structures.  Wind drift was compared to Δwind = H/450 for the entire building drift in the 
North-South and West-East directions.  The following chart summarize the building drift 
due to wind based on ETABs output. 

 

West/East Case1 Wind 

Story Story Height 
Below (ft) Displ. X (in) 

Allowable Total 
Displacement (in) 
Δwind = H/450 

STORY52 26.83 12.973 < 19.880 OK 
STORY51 14.42 12.257 < 19.164 OK 
STORY50 13.75 11.873 < 18.780 OK 
STORY49 13.75 11.508 < 18.413 OK 
STORY48 13.75 11.143 < 18.047 OK 
STORY47 13.75 10.780 < 17.680 OK 
STORY46 13.75 10.418 < 17.313 OK 
STORY45 13.75 10.058 < 16.947 OK 
STORY44 13.75 9.701 < 16.580 OK 
STORY43 13.75 9.346 < 16.213 OK 
STORY42 13.75 8.996 < 15.847 OK 
STORY41 13.75 8.650 < 15.480 OK 

x 

y 

1743 k 1743 k 

1743 k 1743 k 

541 k 541 k 
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STORY40 13.75 8.309 < 15.113 OK 
STORY39 13.75 7.973 < 14.747 OK 
STORY38 13.75 7.641 < 14.380 OK 
STORY37 13.75 7.315 < 14.013 OK 
STORY36 13.75 6.994 < 13.647 OK 
STORY35 13.75 6.680 < 13.280 OK 
STORY34 13.75 6.374 < 12.913 OK 
STORY33 13.75 6.075 < 12.547 OK 
STORY32 13.75 5.786 < 12.180 OK 
STORY31 13.75 5.506 < 11.813 OK 
STORY30 13.75 5.235 < 11.447 OK 
STORY29 27.50 4.978 < 11.080 OK 
STORY28 14.58 4.473 < 10.347 OK 
STORY27 13.75 4.213 < 9.958 OK 
STORY26 13.75 3.973 < 9.591 OK 
STORY25 13.75 3.737 < 9.224 OK 
STORY24 13.75 3.505 < 8.858 OK 
STORY23 13.75 3.279 < 8.491 OK 
STORY22 13.75 3.058 < 8.124 OK 
STORY21 13.75 2.841 < 7.758 OK 
STORY20 13.75 2.630 < 7.391 OK 
STORY19 13.75 2.425 < 7.024 OK 
STORY18 13.75 2.225 < 6.658 OK 
STORY17 13.75 2.032 < 6.291 OK 
STORY16 13.75 1.845 < 5.924 OK 
STORY15 12.58 1.664 < 5.558 OK 
STORY14 14.92 1.505 < 5.222 OK 
STORY13 13.75 1.324 < 4.824 OK 
STORY12 13.75 1.165 < 4.458 OK 
STORY11 13.75 1.014 < 4.091 OK 
STORY10 13.75 0.872 < 3.724 OK 
STORY9 13.75 0.739 < 3.358 OK 
STORY8 13.75 0.614 < 2.991 OK 
STORY7 13.75 0.500 < 2.624 OK 
STORY6 13.75 0.396 < 2.258 OK 
STORY5 14.32 0.303 < 1.891 OK 
STORY4 15.47 0.217 < 1.509 OK 
STORY3 15.47 0.140 < 1.097 OK 
STORY2 25.66 0.088 < 0.684 OK 

Table 28: Case 1 West/East Wind Drifts 
 

North/South Case1 Wind 

Story Story Height 
Below (ft) Displ. X (in) 

Allowable Total 
Displacement (in) 
Δwind = H/450 

STORY52 26.83 12.973 < 19.880 OK 
STORY51 14.42 12.257 < 19.164 OK 
STORY50 13.75 11.873 < 18.780 OK 
STORY49 13.75 11.508 < 18.413 OK 
STORY48 13.75 11.143 < 18.047 OK 
STORY47 13.75 10.780 < 17.680 OK 
STORY46 13.75 10.418 < 17.313 OK 
STORY45 13.75 10.058 < 16.947 OK 
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STORY44 13.75 9.701 < 16.580 OK 
STORY43 13.75 9.346 < 16.213 OK 
STORY42 13.75 8.996 < 15.847 OK 
STORY41 13.75 8.650 < 15.480 OK 
STORY40 13.75 8.309 < 15.113 OK 
STORY39 13.75 7.973 < 14.747 OK 
STORY38 13.75 7.641 < 14.380 OK 
STORY37 13.75 7.315 < 14.013 OK 
STORY36 13.75 6.994 < 13.647 OK 
STORY35 13.75 6.680 < 13.280 OK 
STORY34 13.75 6.374 < 12.913 OK 
STORY33 13.75 6.075 < 12.547 OK 
STORY32 13.75 5.786 < 12.180 OK 
STORY31 13.75 5.506 < 11.813 OK 
STORY30 13.75 5.235 < 11.447 OK 
STORY29 27.50 4.978 < 11.080 OK 
STORY28 14.58 4.473 < 10.347 OK 
STORY27 13.75 4.213 < 9.958 OK 
STORY26 13.75 3.973 < 9.591 OK 
STORY25 13.75 3.737 < 9.224 OK 
STORY24 13.75 3.505 < 8.858 OK 
STORY23 13.75 3.279 < 8.491 OK 
STORY22 13.75 3.058 < 8.124 OK 
STORY21 13.75 2.841 < 7.758 OK 
STORY20 13.75 2.630 < 7.391 OK 
STORY19 13.75 2.425 < 7.024 OK 
STORY18 13.75 2.225 < 6.658 OK 
STORY17 13.75 2.032 < 6.291 OK 
STORY16 13.75 1.845 < 5.924 OK 
STORY15 12.58 1.664 < 5.558 OK 
STORY14 14.92 1.505 < 5.222 OK 
STORY13 13.75 1.324 < 4.824 OK 
STORY12 13.75 1.165 < 4.458 OK 
STORY11 13.75 1.014 < 4.091 OK 
STORY10 13.75 0.872 < 3.724 OK 
STORY9 13.75 0.739 < 3.358 OK 
STORY8 13.75 0.614 < 2.991 OK 
STORY7 13.75 0.500 < 2.624 OK 
STORY6 13.75 0.396 < 2.258 OK 
STORY5 14.32 0.303 < 1.891 OK 
STORY4 15.47 0.217 < 1.509 OK 
STORY3 15.47 0.140 < 1.097 OK 
STORY2 25.66 0.088 < 0.684 OK 

Table 29: Case 1 North/South Wind Drifts 
 

In addition to building drift, the structural designer utilized basic dynamic principles to 
analyze and check the acceleration of the building under wind loading.  The acceleration 
of the building was checked according to Lawrence Griffis’ paper titled “Serviceability 
Limit States Under Wind Load”.  For tall buildings it is necessary to check the 
acceleration, because even if drift limits are met acceleration issues can cause human 
discomfort.  The hourly mean wind speed at the top of building was determined by back 
calculating the speed using the base shears due to wind and the excel spreadsheet 
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developed for ASCE 7-05 Method 2  This speed was used in determining the drag, lift, 
and torsional root mean square acceleration of the building.  From these accelerations, it 
determined that the peak acceleration of the building is 14.6 mili-g’s.  This acceleration is 
deemed acceptable due to the recommended range of peak acceleration being between 15 
to 27 milli-g’s for commercial buildings. Table 30 summarizes calculated acceleration 
values of the building.  For more in-depth calculation refer to Structural Figure 177 on 
page 274. 

 

 

Table 30: Building Acceleration Summary 
 

2.2.7 Foundation Impacts 

The overturning moment due to wind controlled the design of the shear wall SW1.  This 
calculation can be seen in the PCA Column output.  However, the foundations under the 
lateral system will have to change.  With disengaging all of the columns in the lateral 
design, their foundations will most likely be smaller due to the removal of moments due 
to wind acting on the columns.  Under the core, a mat foundation will be constructed to 
help distribute the added weight of the concrete shear walls.  Due to the foundation not 
being part of the design team’s scope, in-depth calculations were not performed. 

  

Building Acceleration Summary 
Mean hourly roof wind speed 63.3 mph 
H/B 4.63 
TL 6.46 sec 
TD 6.64 sec 
Tθ 4.41 sec 
gp 3.75 
AD(Z) 1.86 milli-g 
AL(Z) 2.72 milli-g 
BAθ/SQRT(2) 2.09 milli-g 
AR 3.90 milli-g 
Apeak 14.6 milli-g 
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2.2.8 Conclusions 

Structurally the concrete core is an alternative feasible lateral design.  The final design 
has 30 inch thick walls with 10,000 psi concrete at the base to the 30th floor, 24 inch thick 
walls with 8,000 psi concrete from the 31st to the 40th floor, and 18 inch thick walls with 
6,000 psi concrete from the 41st to the roof.  The coupling beams are all 44 inches deep 
and the width and concrete strength change with the shear walls.  From this analysis, it 
was determined that the base shears were 3,968 kips and 3,278 kips in the west-east and 
north-south directions respectively.  The periods of vibrations were determined to be 6.46 
seconds and 6.64 seconds in the west-east and north-south directions respectively.  It was 
also determined that the total building drift is H/690 and the acceleration is 14.6 milli-g's.  
From these results, the system was deemed acceptable and the goal of eliminating the out 
riggers, thermal trusses, and x-bracing to increase transparency of the building is 
achieved.  Additional benefits of the concrete core can be seen in the cost and 
constructability. 

 

2.3 Core Architecture 

2.3.1 Design Review 

Due to changing the core to concrete, there was issue between structural needs and the 
architectural desires to maintain a feeling of openness and transparency for occupants and 
casual observers of the building.  The design team met with the architectural advisor and 
structural advisor to determine an effective solution in order to maintain the architect's 
vision.  This can be seen in Figure 23. 

 

Figure 23: Transparency of Lobby 
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2.3.2 Codes 

With the changes to the core from steel to concrete, architectural layouts within the core 
were changed to account for the new dimensions of the core.  Codes that were taken into 
account were mainly for the shifting of the emergency stairs toward the core walls as 
shown between Figure 24 and Figure 25.  The code dictated that door to door swings in 
series must be at least 48’’ apart.  This needed to be maintained with the new 
architectural changes.  Core architecture is also discussed in section 4.2. 

 

 

Figure 24 - Existing Emergency Stair 
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Figure 25 - Proposed New Emergency Stair 
 

Codes were also investigated for fireproofing of the new structural core walls and 
coupling beams.  Code requires a 2-hr fire rating, and by having a 1 ½’’ concrete 
covering for the rebar, a 4-hr fire rating is achieved, which is twice the rating that code 
requires.  This also allowed for framing the exposed areas of the metal stud wall with a 
single layer of GWB for a total thickness of 2’’ and a fire rating of 1-hr instead of a metal 
stud wall with two layers of double thickness GWB with a total thickness of 5’’ and a 2-
hr fire rating.  These areas would be framed for the purpose of supplying a structure for 
mounting interior finishes to the interior without drilling into the wall, and to avoid 
painting directly onto the concrete.  This also gave a total fire rating of 5-hrs, which is 
well above the required rating of 2-hrs.  This is shown in Figure 26. 
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Figure 26 - Differenct in Wall Thicknesses 
 

 

2.3.3 Conduit to Bus Duct 

The following section discusses the change from conduit to bus duct within the New 
York Times tenant space. 

 

2.3.3.1 Objectives 

Goal of this evaluation/analysis/redesign 

1) Minimize the space required for the vertical distribution up the building. 

2) Lower the cost for the installation of the vertical distribution. 

  

30'' Concrete Shear Wall 

5'' Stud Wall; 2-hr. F.R. 

2'' Stud Wall; 1-hr. F.R. 
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2.3.3.2 Process 

Collaboration- 

Work with the CM and Structural designer to determine the best location for the 
new bus duct riser. 

Take off- 

Quantify the length of conduit used in the existing vertical distribution by using 
PDF measuring tool. 

Cost Analysis- 

Create an excel sheet with inputs for cost and quantity to given floors.  This will 
be done for both the existing conduit and the new bus duct distribution. 

Modeling- 

 Model bus duct in the Revit model of the building to minimize clashes with 
other systems. 

 

2.3.3.3 Assumptions 

The cost data is taken from RS Means 2009 Electrical Cost Data. 

    Material/Labor 

3.5” Steel Conduit $53.30   

 500 MCM Conductor $21.45 

 1600 Amp Aluminum Bus 

  Plug-in  $624.00/ft 

  Feeder  $598.00/ft 

90 L/R  $3380.00/unit 

90 U/D  $3380.00/unit 

Center Tap $4192.50/unit  

2500 Amp Aluminum Bus 

  Plug-in  $923.00/ft 

  Feeder  $910.00/ft 

90 L/R  $4387.50/unit 

90 U/D  $4387.50/unit 

Center Tap $5850.00/unit 
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2.3.3.4 Design Intent 

Due to increased structural space requirements within the core, a switch from conduit to 
bus duct was analyzed.  The location on the floor where the current conduit is run is the 
location where the structure needs more room.  Because of this, all of the vertical feeders 
need to be relocated into the electrical room.  Due to the size of the electrical room, bus 
duct is needed to save room.  The analysis took into consideration both space 
requirements and cost.  The New York Times Company installed conduit throughout 
their part of the building.  This was run throughout the entire riser.  The Forest City 
Ratner Company ran bus duct in their riser.  Because of this, it was thought that the 
switch to bus duct would be effective. 

 

Figure 27:  Bus Duct Model 
 

The previous system consisted of 9 sets of 3.5” conduit with (4) 500mcm conductors per 
conduit.  This was run to both the east and west electrical rooms.  These were run into the 
480Y/277V panel and to a 75kVA transformer for the 208Y/120 panels.  There were also 
6 sets of 3.5” conduit with (4) 500mcm conductors per conduit.  These were run to the 
mechanical rooms.  In total, the riser for the New York Times Company consisted of (24) 
3.5” conduits.  An estimate was done to get a baseline for the cost comparison.  The total 
cost was estimated at $1,199,876.60.  The conduit runs to the electrical rooms totaled 
$855,584.23 while the mechanical runs totaled $344,292.37.  (See Figure 243:  Existing 
Conduit Cost Spread Sheet for Electrical Room Feeders and 342Figure 244:  Existing 
Conduit Cost Spead Sheet for Mechancail Rooms on page 341) 

It was assumed that each of the conduits were connected to a 320 amp breaker.  To 
prevent over sizing the bus duct, 75% of the 320 amps was taken per feeder.  This 
brought the ampacity per feeder to 240 amps.  The nine electrical feeders per side totaled 
2160 amps.  The 6 mechanical feeders totaled 1440 amps.  The sizing of the bus duct 
would be 2500 amps to the two electrical rooms and a 1600 amp bus to the mechanical 
room. 
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As aluminum is the cheaper of the two types of bus duct, the analysis considered the cost 
difference between the existing conduit and switching to an aluminum bus.  The take off 
was done from the existing riser diagrams.  The cost data was taken from the 2009 
RSMeans electrical cost data.  All numbers were adjusted for the New York City area.  
All tap boxes and 90 degree turns were accounted for within the bus duct, but 
terminations of the conduit for existing costs were not included.  Because of this, it is felt 
that the cost analysis of switching to bus duct is a conservative number. 

The 1600 amp bus for the mechanical rooms cost $448,162.00 for labor and materials.  
The 2500 amp bus for the electrical rooms each cost $653,061.50.  Since there would be 
one 2500 amp per side of the building, the total cost for the electrical rooms would be 
$1,306,123.00.  The final cost for this analysis would come to $1,754,285.00. This 
proved that there are no cost savings, but actually an increased cost.  Copper would save 
additional space, but because the aluminum bus already increased the cost, it was not 
analyzed.  

 

 

Figure 28:  Aluminum Bus Duct Cost Spread Sheet 
 

The space that the feeders take up was the driving force for this analysis.  The existing 
conduits are 3.5” in diameter.  For the electrical runs, this means there is a total of 86.59 
square inches of conduit per side.  For the mechanical room, there is 57.73 square inches 
of conduit.  This totals 230.91 square inches of conduit.  This seems small, but when they 
are spaced out throughout a wall, they take up a significant amount of space because of 
access room.  The 1600 amp bus duct is 9.25” by 4.5 inches or 41.63 square inches.  The 
2500 amp bus duct is 15.5” by 4.5” or 69.75 square inches.  The bus duct area would total 
181.13 square inches.  This may not seem like much, but the bus ducts have many 
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benefits.  There is virtually no turning radius for bus duct.  The bus can be installed in 90 
degree turns.  In addition, the bus duct does not need pull boxes.  Because of the amount 
of other material needed for the conduit, there are added space savings which have not 
been accounted for here. 

A second benefit to switching to bus duct is its flexibility.  If there are ever any additional 
electrical needs on any floor of the building, a panel could be added.  As long as there is 
enough spare capacity, a simple tap onto the bus duct can be made.  In order to add other 
panels with conduit, an additional run may have to be made.  This can be a costly 
addition when a building is already constructed, enclosed, and finishes installed. 

In order to complete this redesign, the distribution panels would also need to be 
redesigned.  The existing feeder system runs power to multiple rooms on a given floor 
from the same distribution panel.  This would need to be changed to have a single 
distribution panel per designated rooms up the building.  From an installation point of 
view, this would be less complicated. 

 

2.3.3.5 Conclusion 

The aluminum bus duct design will be more expensive, but the bus duct has many 
advantages.  For this reason, a switch to bus duct within the core of the building for the 
New York Times Company was completed.  (See Figure 33: Resolved Bus Duct vs. Floor 
Slab Clash Result on page 78) 

 

2.3.4 Mechanical Coordination 

The following section discusses implications on the ducted air distribution layout 
resulting from the redesign of the core structure and architecture. 

 

2.3.4.1 Objectives 

1) Maintain adequate space for the air highway running through the core 

2) Layout a schematic ducted design for the new air distribution system and run clash 
detection for possible obstructions to determine further rerouting. 

 

2.3.4.2 Process 

IPD coordination  

Discussion with the Construction Manager and Structural designer to determine the best 
location to reroute ductwork through the core.  Evaluate feasibility of maintaining 
existing air highway.   

BIM coordination 
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Create 3D model of new ductwork in tenant space and through core to minimize clashes 
with other systems. 

 

2.3.4.3 Assumptions 

Space loads were calculated in IES <VE> and adjusted for the proposed Displacement 
Ventilation system.  Diffusers and ductwork were sized and imported into the Revit MEP 
model.  An in depth description of the air distribution analysis is discussed in Section 4.5. 
This 3D model was then exported to Navisworks for clash detection. 

 

2.3.4.4 Design Coordination 

In the New York Times Building, heating, cooling and ventilation is achieved through an 
air distribution system.  The floors occupied by The New York Times Company utilize 
an under floor air distribution (UFAD) system.  A traditional overhead ducted system was 
implemented on the floors occupied by Forest City Ratner.  Fresh air is brought in 
through outdoor air units in the two mechanical penthouses on the 28th and 51nd floors, 
and is then distributed throughout the building to each floor air handler.   The existing air 
highway through the core delivers air from the floor air handling unit to the space.   

It was determined that the location of the existing air highway provided the optimal 
location for the each floor main duct branch. The proposed air distribution system, 
discussed in detail in Section 4.5 required sufficient space for ductwork.  Therefore, this 
main branch of ductwork was also utilized for the displacement ventilation distribution.  
Due to the implementation of the concrete core shear walls, this location was obstructed 
and the ductwork required rerouting, as shown in Figure 29: Ductwork Penetration 
through Concrete Core Wall.  The interior corridors through the core did not provide 
access to the Air Handling Units located in the utility rooms.  Therefore, the ductwork 
was rerouted, shown in Figure 30 - Rerouting of Ductwork, after discovering duct-
through-concrete penetrations visible in the 3D Revit model. 
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Figure 29: Ductwork Penetration through Concrete Core Wall 

 

 

Figure 30 - Rerouting of Ductwork 
 

2.3.4.5 Conclusion 

Through the early collaborative coordination and visualization of the BIM software, 
including the modeling of proper duct sizes and locations, the design team caught 
potential design problems before they would become costly to redesign.  

 

2.3.5 Clash Detection 

Clash detection is a very useful tool, and its implementation on a project can be very 
beneficial to a projects success.  By utilizing a Building Information Model and clash 
detection software, problems can be found before construction of the building starts 
instead of in the field during construction.  The result is a reduction in rework and 
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material expenditure as well as eliminating conflict between trades in the field.  While 
some owners, designers and contractors are still avoiding the implementation of Building 
Information Modeling due to unfamiliarity, higher upfront costs, and skepticism toward 
delivering a better finished product. 

 

2.3.5.1 Objective 

The goal of this research was to investigate the possibility of utilizing the created 
Building Information Model to find clashes prior to construction of the building to avoid 
conflict in the field. 

 

2.3.5.2 Process 

IPD Coordination- 

Structural, Electrical and Mechanical input to locations of primary building 
components. 

Model Input- 

 Completed structural model. 

 Electrical bus duct risers. 

 Mechanical risers. 

 Typical 8th floor mechanical duct branches and terminations . 

Exportation of individual 3D elements to Navisworks file format. 

Analysis- 

  Compile all files in Navisworks Manage. 

Complete clash detection between primary structural, electrical and mechanical 
components. 

Review clashes to determine most critical issues, or if found clashes are not true 
clashes, i.e. clashes equal to a clash length of 0’-00’’. 

Hold meetings between the design team members to determine the possible 
solutions to found clashes. 

Repair the clashes within the model. 

Re-run clash detective to confirm solutions to clashes. 
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2.3.5.3 IPD/BIM Coordination 

The first meetings were held to agree that major duct branches from the mechanical 
rooms would not go through the proposed concrete core walls or concrete coupling 
beams, but through openings between the core walls.  Because of this, the decision was 
made to keep the raised floor system, but run ductwork between the plenum created 
between the structural concrete slab and the raised floor.  This would eliminate the need 
for any penetrations through the concrete shear walls, shown in Figure 31. 

 

Figure 31: Initial Mechanical Coordination Through Core 
 

2.3.5.4 Clash Results 

A clash detection and report test was run between the proposed electrical bus duct risers 
in the core and the new riser openings of the concrete floor slabs.  This was chosen in 
order to eliminate problems in the field with bus ducts not lining up to travel vertically 
through the floor openings which extend the height of the entire building.  The first 
result, show in Figure 32, found that the modeled bus duct and connection and support 
structure conflicted with the concrete floor slab. 
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Figure 32: Original Bus Duct vs. Floor Slab Clash Result 
 

By moving the location of the bus ducts ½’’ through the entire height of the building, it 
was possible to resolve the found clashes everywhere.  This is shown below in Figure 33.  
While this may not be as large of a problem in the field, it shows the capability of the 
technology to properly detect the problems in the model, and to resolve and eliminate 
potential problems in the field before there are additional costs. 
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Figure 33: Resolved Bus Duct vs. Floor Slab Clash Result 
 

2.3.5.5 Conclusion 

By using an incorporation of the Building Information Model and clash detection 
software, there would be very beneficial outcomes during construction of The New York 
Times Building core.  Looking at the case of bus ducts, a clash was found in the Building 
Information Model and a simple fix for the problem was implemented before 
construction started.  This would avoid conflicts on the job site, would eliminate the RFI 
and change order to correct the problem, and would eliminate the costs associate with 
changing the installed bus ducts.  
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2.4 Construction Implications 

2.4.1 Objective 

The objective of this analysis is to perform detailed structural take-offs and apply pricing 
for labor and material to the original core and changes to the core of the building.  The 
analysis will also include the cost changes as well as schedule implications and general 
conditions implications due to the lateral system changes. 

 

2.4.2 Process 

Model- 

 Develop an accurate structural model with the structural engineer showing the 
 changes to the structure in Revit Structure 

Analysis- 

 Develop electronic material take-offs from the Revit model 

 Apply R.S. Means cost to existing core and proposed redesign 

 Schedule implications due to concrete on site before steel 

 General conditions implications due to proposed concrete core 

 

2.4.3 Structural Material Take-off 

Some assumptions were made when considering the difference between the original and 
proposed core changes.  They are as follows: 

 Foundations were not included between the original and proposed changes take-
 offs, only superstructure. 

 Connections were considered to remain approximately the same and were thus  
 not included between the original and proposed changes take-offs. 

Using the structural model developed by the structural engineer, detailed electronic take-
offs were developed in Revit Structure and exported to Microsoft Excel.  Electronic R.S. 
Means cost data was then tied into the electronic tower shear wall material schedules to 
give accurate cost, which could be updated quickly if specific materials or dimensions 
were changed due to the structural analysis.  The steel framing which was selected for the 
analysis was only the steel immediately replaced by the concrete shear walls.  This 
included columns, beams and bracing.  The proposed concrete structural core is 
highlighted in Figure 34.  The core cost includes the different strengths of concrete, rebar, 
labor, slip forming, two changes to the slip form for the shear wall thickness changes, and 
A summary of the costs for the original structural steel core and the proposed concrete 
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core is shown in Table 31, and Table 32 respectively.  In depth take-offs are located in 
Appendix 7.5 on page 401.   

 

 

Figure 34: 3D Proposed Structural Core 
 

 

Table 31: Original Steel Core Take-off Summary 
 

 

Table 32: Concrete Core Take-off Summary 
 

2.4.4 Schedule Implications  

From the analysis of the existing schedule, and discussion with industry members and 
faculty, keeping to a schedule of forming, reinforcing, placing and curing two stories of 
the core every two weeks would keep construction on schedule.  The original schedule 
allowed for an average of 9 work days per 2 stories for steel erection.  The first floor 

Ext. Mat.             Ext. Labor             Ext. Equip.             Ext. Total    Ext. Mat. O&P    Ext. Labor O&P    Ext. Equip. O&P    Ext. Total O&P             

8th Floor Total 554,437.37$                 4,180.79$                   2,099.62$                    560,717.77$                 609,797.04$              7,190.38$            2,308.91$            619,296.26$              
Building Total 31,048,492.72$           234,124.24$              117,578.72$               31,400,195.12$           34,148,634.24$        402,661.28$       129,298.96$        34,680,590.56$     

34,680,590.56$     

Ext. Mat.             Ext. Labor             Ext. Equip.             Ext. Total    Ext. Mat. O&P    Ext. Labor O&P    Ext. Equip. O&P    Ext. Total O&P             
Building Total 8,855,631.75$                              3,276,027.75$                              33,794.34$                                   11,955,381.88$                                9,789,884.20$                     5,220,710.32$             36,270.10$                                  14,816,240.03$                                      

14,816,240.03$            
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tower portion is a double height space and was allotted the typical construction time for 2 
typical floors.  The mechanical floors, 28 and 51, were allotted additional time also, due 
to being double height spaces as well.  Construction for the original all steel core began 
erection on 2/25/05 and was completed 4/25/06.  A summary schedule for the original 
steel core is shown below in Figure 35. 

 

Figure 35: Original Steel Core Summary Schedule 
 

The changes to the core were also held at the same standard of 2 stories every 2 weeks for 
forming, reinforcing, placing the shear wall concrete.  The ability to mobilize concrete 
earlier than steel was also taken into account for the schedule changes.  Due to the earlier 
mobilization, the tower cranes needed to be mobilized earlier than the original schedule.  
By starting the core construction 2 months earlier than the original schedule, the tower 
cranes also needed to be mobilized and on site 2 months longer.  Additional changes to 
the schedule were the result of the reduction of steel erection, discussed later in section 
4.3.10.  The schedule was updated according to the earlier on site mobilization for the 
FRP for the core, along with the earlier mobilization of the tower cranes.  The proposed 
change to the core would begin construction on 1/3/05 and would be completed on 
4/25/06.  This would include the concrete core along with the steel columns and framing.  
A summary of the core change schedule is listed below in Figure 36. 

 

Figure 36: Core Change Summary Schedule 
  

By beginning the concrete core 2 months earlier, the original completion and top-out date 
for the superstructure would remain exactly the same, finishing 4/25/06. 

 

2.4.5 General Conditions Implications 

The general conditions would also be affected by the proposed change to a concrete core.  
After discussion with faculty and industry professionals, the major changes would occur 
with the additional time on site for the tower cranes, and the need for temporary heat 
during the winter months for the proper curing of the concrete core.  Information from an 
interview with an industry professional and faculty advisor who has worked on high rise 
construction in New York City supplied an added cost between $1.8 million and $2.0 
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million for temporary heat for concrete core placement for each winter.  From the 
existing general conditions, a tower cost was acquired at $13,200 per tower per month.  
Crew for each tower was $37.40 per day. 

2.4.6 Cost Changes 

The total cost of steel which would be replaced by the concrete core was found to total 
$34,680,590.56 over the height of the building.  The total cost of the proposed concrete 
core was found to total $14,816,240.03.  The difference of $19,864,350.53 is a total 
savings if a concrete core was utilized instead of a steel core. 

The proposed concrete placement will begin halfway through the first winter and would 
completely span a second winter. By using the maximum of $2.0 million as a 
conservative cost, the total additional cost of approximately $3,000,000.00 would be 
added to the general conditions for temporary heat. 

From the addition of 2 months to the duration of each of the tower cranes, and an 
additional cost per month for the on-site tower crane duration of $13,200.00 per crane per 
month, an additional cost of $52,800.00 would be added to the general conditions.  The 
cost for the crane crew at $37.40 per day and an increased duration of 80 days, an 
additional cost of $2,992.00 would also be added to the general conditions.  This is a total 
of $55,792.00 added cost to the general conditions for the added on-site crane durations. 

 

2.4.7 Conclusions 

There are several benefits to utilizing a concrete core within the New York Times 
Building.  When determining the difference in cost between the two systems, a concrete 
core would save approximately $20 million in material and labor costs compared to the 
steel columns, framing and bracing that it would replace.  By utilizing an early start to the 
schedule, and the same criteria for FRP for the concrete as with the structural steel 
framing following the core, construction could remain on schedule.  One problem would 
be the additional costs associated with the increased time on site for the tower cranes and 
crew along with the requirement for temporary heating during the winter months.  These 
costs are associated with the general conditions and result in an addition of approximately 
$3,060,000.00.  With $20 million being removed from construction already, the addition 
of these costs would still result in a conservative savings of $16.5 million. 
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3 ENVELOPE REDESIGN 
3.1 Envelope Changes 

The existing curtain wall system was changed from a single façade layer with a ceramic 
rod shading system to a dynamic curtain wall system incorporating motorized louvered 
shades and operable windows.  These changes resulted in significant cost savings and 
required coordination with the mechanical and electrical systems as well as architecture 
and construction.  The BIM model was utilized to investigate interoperability with energy 
analysis software.  In addition to the energy modeling, families were created within the 
Revit model to properly portray the proposed system in comparison with the existing.  
The BIM model allowed the entire team to understand the proposed changes and the 
influence of BIM tools. 

3.2 Daylighting 

The following section discusses the façade redesign and the daylighting analysis of the 8th 
floor.  This was the MAE section of the lighting/electrical report. 

 

3.2.1 Objectives 

Goal of this evaluation/analysis/redesign 

1) Optimize daylight control for occupant comfort 

2) Reinforce the architectural appeal of the building by maintaining views to the exterior 

3) Determine energy savings from electric lighting controls 

4) Pass lighting load profiles to mechanical designer for energy modeling 

 

3.2.2 Process 

Literature Review- 

Review case studies as well as computer modeling analyses.  Apply concepts 
from literature to the redesign. 

Design- 

 Determine appropriate daylight control system 

Modeling- 

 Apply floor plan changes from the tenant and core changes to the AutoCAD 
model. 

 Create geometry files for use in Daysim. 
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 Create material files for use in Daysim 

 Download/Create all necessary input files for Daysim  

Simulation- 

 Use the newly updated Daysim software for analysis. 

 

 

Figure 37:  Eighth Floor Rad Geometry File 
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Figure 38:  Eighth Floor Rad Material File 
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3.2.3 Literature Review 

Kacel, S., & Yener, A.K. (2008).  The Effect of Facade Design on Lighting Energy 
Consumption in Offices:  A Case Study in Turin, Italy.  Architectural Science Review, 
360-368. 

This article goes through the process for designing buildings in response to daylight.  It 
discusses the need for the daylighting to be taken into account at early stages in the 
design.  Using building information modeling software to complete analysis of the 
building to inform decisions is also a highlight of the paper.  Another important point is 
the need for an integrated approach during the early design stages.  In addition to the 
process for design, the paper discusses systems and controls.  The paper discusses three 
main ways for control:  inactive occupant control, active occupant control, and automatic 
control.   

Parys, W., Saelens, D., & Hens, H. (2009). Impact of Occupant Behaviour on Lighting 
Energy Use. Eleventh International IBPSA Conference, (pp. 1143-1150). Glasgow, 
Scotland. 

An important consideration for a high performance building is controls.  It is necessary to 
understand not only the external factors of the building, but also the way the occupants 
will interact with the building.  In this paper, the topic of occupant behavior is discussed.  
Multiple situations are simulated through the use of Daysim (old version).  The results 
showed that if an occupant can interact with the lights, such as in a private office, 
continuous dimming savings are overestimated by ten percent.  Another topic was the 
issue of how to turn on the lights.  Significant savings were discussed when forcing the 
occupant to turn on the lights as opposed to automatically turning on the lights.  If the 
occupant can see a bright sky, they are less likely to turn the lights on, even if the light 
levels inside the space may require it.  Further discussions were in regards to baselines 
for savings.  The paper determines that it is important to compare a continuous dimming 
system to a room that is switched by active-active occupant.  An active-active occupant is 
one that correlates switching decisions to the ambient daylight conditions and determines 
what to do with the blinds based on the ambient daylight conditions.  This is important 
when determining savings, because a cost analysis should be based on how a space will 
function with occupants. 

Robinson, L., & Athienitis, A. (2009). Design Methodologoy for Optimization of 
Electricity Generation and Daylight Utilization for Facade with Semi-transparent 
Photovoltaics. Eleventh International IBPSA Conference, (pp. 811-818). Glasgow, 
Scotland. 

This paper went over a series of simulations and physical mockups to verify the savings 
found from incorporating semi-transparent photovoltaics into the curtain wall system.  
The study compared the total energy savings from using either semi-transparent 
photovoltaics or opaque photovoltaics.  The study showed that even at low 
transparencies, there were still savings from the electric lighting.  Even though the 
efficiency of the panels decreases when moving to semi-transparent photovoltaics, the 
energy saved from putting them on them into the glazing results in significant lighting 
savings.  The curtain wall should be comprised of three sections for this to be effective.  
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The bottom third of the window should be an opaque spandrel panel.  The middle third 
should be clear viewing glazing.  The top third should incorporate the semi-transparent 
photovoltaics.  The optimal energy savings came from covering the top third 80-90% 
with the semi-transparent photovoltaics. 

    

3.2.4 Assumptions 

   The reflectances are assumed as in the interior lighting section of the report 

The illuminance level needed to be maintained is 30 fc per IESNA Recommendations 

Because the louver system stays perpendicular to the altitude of the sun, all of the direct 
sun  must pass through the louvers before entering the space.  Since Daysim does not 
have the ability to automatically rotate the shades from 0 through 90 degrees, the model 
has a flat plane of glass covering the opening.  This means that indirect light levels 
entering the space are lower than what would actually happen.  This means that the 
savings achieved will be conservative. 

 

3.2.5 Design Intent 

After a literature review on Daylighting of Office Buildings, it was determined that the 
optimal system from a daylighting perspective would be an automatic shading system.  
The use of a daylight simulation program would need to be used to understand the 
lighting impacts.  Daysim, the simulation program, has recently been improved by Dr. 
Rick Mistrick of The Pennsylvania State University.  With the information gained in the 
AE 565 Daylighting class, a daylighting analysis was completed. 

The overall design of the façade was an important issue to all members of the design 
team.  For this reason, many meetings were held to develop the proper system.  The 
important parts to be considered were the architectural, thermal, and lighting impacts.  
Since all of the design members were of the engineering background, a discussion with 
an architectural consultant was had.  With this information, the design team was able to 
find the most optimal system for energy, comfort, and architectural appeal. 

To help lower the overall energy use of the building, a redesign of the facade was 
completed.  The existing shading device is a series of ceramic rods.  These rods cover 
less than 30% of the opening.  In addition to the rods, the glazing transmits 
approximately 94% of the visible light.  Due to the obvious issues with direct sun, a 
motorized shading system was incorporated on the interior of the building.  The shade is 
great for blocking out the direct sun, but the heat will have already made it into the 
building. 

The redesign of the façade system incorporates motorized louvers.  (See Figure 283:  
Double Skin Facade Specification Sheet 1 on pages 380 through 383)  These louvers are 
made from glass and have a ceramic frit applied to it.  The frit is comprised of small 1/2” 
circles covering 50% of the louver.  The glass itself has a transmittance of 70%.  This 
exterior system allows for uni-directional tracking of the sun.  The tracking nature of this 
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system allows for maximum transparency within the building.  When an occupant looks 
out of the space, there will never be a series of dark bars across their visual field.  The 
louvers will always maintain a uniform view out of the building. 

When comparing the existing system with the redesign, the new system already 
outperforms thermally.  With the exterior layer alone, 65% of direct sun is stopped.  The 
distinction between direct sun and light is an important one.  Direct sun is what plagues 
an office environment exposed to glazing on all sides of the building.  Even the north side 
of a building can sometimes receive direct sun.  Because this system tracks the sun, the 
louver will block most of the direct sun while allowing reflected light into the space.  By 
doing this, occupants will be able to leave the blinds open a greater percentage of the 
time. 

When looking at the current system, the blinds close whenever the sun is on that side of 
the building.  This results in less daylight entering the space, which in turn results in 
higher electric light levels.  If the shading system were able to leave the blinds up for a 
greater portion of the day, the electric light levels would fall drastically.  With proper 
glazing, the sun has a much higher lumen/watt rating than any source available today.  
This is important when considering the heat load on the building.  The fewer the watts 
used in the lighting system, the lower the heat gain to the space.  This is true as long as 
the glass is able to block out most of the non-visible regions of the spectrum. 

The inner layer of the curtain wall must also be designed to block out some light.  The 
transmittance of the inner curtain wall is 80%.  When necessary, the inside of the curtain 
wall also contains motorized shades.  If direct sun is an issue, the system needs to have a 
last line of defense for occupant comfort.  With the redesign of the external system, the 
shades shouldn’t need to be down as often. 

The shading system is designed to be on the four major sides of the building.  Due to the 
floor plan of the building, there are four cut-outs that need to be addressed.  Since there is 
no shading device planned for these notches, something needs to be done to keep the 
direct sun out of the space.  To keep a uniform look throughout the space, the frit was 
applied on the curtain wall of the notches.  If the louvers are down, the entire façade will 
look uniform.  If the louvers are up, then the corners will be more diffuse than the rest of 
the curtain wall.  The Revit file was updated with this system and the images on the 
following pages are as a result of that model input. 
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  Figure 39:  Shading System Family in Revit 
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  Figure 40:  Shading System Render Settings 
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Figure 41:  Shading System Render in Revit 
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Using a digitally addressable lighting system with continuous dimming is the best way to 
save energy.  The problem with incorporating these systems is the cost.  In order for the 
system to pay itself off, it needs to save a significant amount of energy.  This is extremely 
difficult when designing a system that operates at a low lighting power density.  In order 
to analyze the system for savings, Daysim simulations were run.  With information 
learned in AE 565 a spread sheet was developed to take daylight autonomy (DA) values 
and turn them into kilowatt hour savings (See Figure 43:  Spread Sheet Developed for 
Continuous Dimming Savings Based on Daylight Autonomy on page 94).  This is done 
by finding the DA, the percentage of time that daylight meets a target illuminance, for 
five regions of the fluorescent dimming curve.  This is done in place of continuous 
daylight autonomy, due to the nature of fluorescent dimming.  The curve for light output 
versus power is not proportional.  At the minimum light output, the ballast consumes a 
higher percentage power than when at full output.  Class lectures gave the necessary 
information for performing the calculation and the verification that the simplification was 
valid. 

The reason for developing this spread sheet was to run the Daysim simulation once.  In a 
typical simulation, Daysim can have 1 zone being dimmed.  With this simulation, Daysim 
can calculate the energy savings.  Because of the large open area of the New York Times 
office space, a single zone would not be effective.  Daysim can output the DA for the 
entire floor with graphical results.  These graphs were used as the input for the spread 
sheet.  The energy savings for the entire floor could then be calculated as opposed to 
running four full year simulations. 

After multiple simulations, the control strategy that had the greatest impact was 
continuous dimming of the first two rows of fixtures around the entire perimeter.  To 
obtain the cost savings from using continuous dimming, the spread sheet that was 
developed was used in conjunction to Daysim.  By doing this, savings of $1,125.60  per 
floor per year are expected based on $.15/kWh.  Over the 50 typical floors, that is a direct 
savings of $56,280 per year.  In addition to the direct electricity savings, the HVAC 
system will also have savings.  This information was supplied to the mechanical student 
for energy modeling purposes. 

With the redesign of the façade, a look into incorporating PVs was completed.  Through 
the research completed and the Ecotect simulations, it was determined that integrating 
semi-transparent photovoltaics into the louvers would benefit the energy profile of the 
building.  By incorporating these into the top third of the louvers per floor, the viewing 
angle would not be disrupted.  In addition, peak loads during the summer months could 
be shaved by use of the system.  More information on this redesign can be found in 
Figure 277:  Daylight Autonomy Screen at 0 Lux Target Illuminancethrough Figure 282:  
Daylight Autonomy Screen at 285 Lux Target Illuminance on pages 374 through 379. 
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Figure 42:  Daysim Building Data Entry Screen 
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3.2.6 Spread Sheet Development 

 
Figure 43:  Spread Sheet Developed for Continuous Dimming Savings Based on Daylight 

Autonomy 
 

3.2.7 Conclusions 

Because of the daylight control strategy, these savings are extremely conservative.  If the 
louvers were able to be simulated correctly, more indirect light would be able to enter the 
space.  With this in mind, the combination of the electric lighting design and the 
daylighting control design will save a significant amount of money.  With the already 
extremely low lighting power density, the daylighting harvesting strategies are adding to 
the lighting energy savings. 

 

3.3 BIM for Performance Modeling 

BIM for performance modeling has become an increasingly significant and powerful tool 
in industry to make the process of energy analysis more efficient and collaborative.  
There are, however, many barriers to successful utilization of this tool including software 
interoperability and best management practices for modeling, both of which were 
investigated in this thesis.  

The Three Dimensional (3D) model of The New York Times Building was created in 
Autodesk Revit Architecture. Revit, along with other 3D BIM software, supports the 
Green Building XML (gbXML) Schema.  For the purpose of this analysis, the workflow 
utilizing the gbXML file format to transfer information, including building geometry, 
wall constructions, and shading devices, into energy analysis tools was investigated.  
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Specifically the transfer from Revit to Integrated Environmental Solutions (IES) <Virtual 
Environment> and Autodesk Ecotect Analysis software was investigated. Using 
IES<VE> simulations were performed to reduce the ambient load profile of the building, 
resulting in energy reduction and cost savings. The energy efficiency measures analyzed 
included building envelope improvement, shading performance, and load reduction due 
to decreased lighting power density in the office spaces. 

3.3.1 Objectives 

1) Establish workflow criteria for software interoperability  
2) Reduce ambient building loads through parametric study 

 

3.3.2 Building Information Modeling Workflow 

3.3.2.1 Architectural Model 

Figure 44 - Complete 3D BIM Model, provides the original detailed BIM model of The 
New York Times Building created by the design team with existing constructions and 
geometries.   

 

Figure 44 - Complete 3D BIM Model 
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3.3.2.2 Interoperability 

Utilizing the gbXML format to import for import to an energy simulation program 
produced errors resulting from complex geometries. For example, the shading system 
would not import correctly as a shading device because it was a custom family created in 
Revit. Shading would have to be constructed in the energy analysis software. 
Additionally, wall constructions would not transfer correct performance values and 
would therefore need to be redesigned as well.  This is an obstacle in creating a complete 
information transfer, however, user-defined constructions can be defined in Revit for 
reference and assigned manually in <VE>.   

The following selection describes the model parameters that needed to be addressed for a 
successful import. 

 

3.3.2.2.1  Geometry Simplification 

Interoperability can be a powerful tool if successful. To ensure this success, the 
architectural model was recreated by the mechanical designer using simplified geometry.  
The custom family curtain wall was modified to the default glazing curtain wall system in 
Revit.  Interior construction types were unitized.  These simplifications greatly reduced 
the amount of errors generated in the gbXML file. A recreation of the tower is shown in 
Figure 45 - Simplified Revit Tower Geometry. 
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Figure 45 - Simplified Revit Tower Geometry 
 

3.3.2.2.2  Room Based Modeling 

The New York Times Building was modeled in Revit using interior Room-based 
modeling.  Proper placement of these were critical for a successful gbXML export.  It 
was necessary to place rooms in every enclosed space, including shafts, as well as floor 
and ceiling plenums. If an enclosure is not defined as a room, any adjacent wall will be 
deemed exterior. In addition, it was important to not assign ceilings or raised floor as 
“Room Bounding,” in Revit, as this adjacency issue would occur.  This parameter is 
shown in Figure 46 - Room Bounding Parameter.  Room bounding surfaces must have an 
upper limit set to the next level with a limit offset of zero to ensure that the analytical 
volumes created are perfectly adjacent and prevent exporting errors.  Room separation 
lines were used to designate separate zones within the open plan space.  
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Figure 46 - Room Bounding Parameter 
 

If utilizing Revit MEP rather than Revit Architecture for export, there is an additional 
step to this process. In addition to Rooms, Spaces must be placed in each enclosure, 
however, the  file transfer used in this analysis was exported from Revit Architecture, and 
so only Rooms were needed.  The function “Compute Room Volumes,” located in the 
Room and Area Settings menu must be selected to ensure creation of the analytical 
volumes in the model.   Furniture, structural columns, and other minor details that 
resulted in exporting errors were also removed to simplify geometry, decrease errors, and 
increase software interoperability.   

 

3.3.2.2.3  Successful Export  

The error report generated from the export must be analyzed carefully and requires 
significant to inspect the entire model to ensure all correct parameters are set.  Figure 47 - 
Revit Analytical Volumes, shows the visualization of the analytical volumes when 
creating the gbXML file for export.  This file was then imported successfully into IES 
<VE> for analysis shown in Figure 48 – Building Model in IES<VE> with zero errors. 
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Figure 47 - Revit Analytical Volumes 
   

 

Figure 48 – Building Model in IES<VE> 
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3.3.2.3 Conclusions 

There are several advantages and disadvantages of this workflow.  Firstly, visualization is 
a powerful and persuasive tool. Being able to communicate with all members of the 
design team, including the architect and owner, could potentially help inform design 
decisions early on and lead to a higher performing building.  Some disadvantages include 
the need for models to be carefully created and appropriately simplified, as well as the 
need to have all modeling parameters discussed and simulated correctly for 
interoperability to be successful.  Additionally, any changes made to the model in 
analysis software, such as IES<VE>, cannot flow backwards into the initial BIM model.  
This information must be manually recreated.  Overall, the interoperability of 3D BIM 
models to energy analysis software can be a powerful tool if care is taken by the entire 
design team to appropriately model the building during initial design phases with 
intention to use the model in this way. 

 

3.3.3 Ambient Load Optimization 

After successful import of the gbXML file format for the building analytical volumes into 
IES<VE>, building performance was simulated for both the original design and the 
buildings systems redesign. Specifically for the reduction of ambient load profiles of the 
redesign, the envelope constructions were studied and optimized to minimize the 
envelope load on the building and then results from the lighting analysis were used to 
determine the load reduction due to decreased lighting power density in the office spaces.  

 

3.3.3.1 Assumptions 

The information used in the energy simulation model was derived from relevant design 
documents, ASHRAE Standards and typical schedules found in the IES <VE> energy 
simulation program, as well as assumptions made by mechanical designer. The 
assumptions may have differed from those made by the design engineer of record 
resulting in differences in analysis results. Office spaces were conditioned according to 
outdoor and indoor design conditions designated in ASHRAE Fundamentals 2005.  Retail 
spaces are separately metered and paid for by the tenants so for the scope of this thesis 
and simplification of simulation, these spaces, in addition to the lobbies and cafeteria will 
not be analyzed.  Restrooms and mechanical spaces will not be conditioned, only 
exhausted with fan energy considered.  In addition, the cogeneration plant was considered 
outside the scope of this thesis and therefore not simulated. The following design 
conditions were held constant for both the baseline and proposed model. 
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3.3.3.2 Location & Site  

The analyses are based on US climatic data for New York, NY (Table B-1 ASHRAE 
90.1-2007).  The weather file for ASHRAE weather location New York / Laguardia 
Airport, New York  (NewYorkTMY2.fwt) was used for analysis.  Site data is adjusted 
accordingly: 

Terrain type: City 

Ground Reflectance: 0.30 (Concrete - average condition) 

 Site rotation angle: 28.5° from True North 

 

Table 33 - Outdoor and Indoor Design Conditions Source: ASHRAE Fundamentals (2005) 
Outdoor Design Conditions 

Season Dry Bulb (⁰F) Wet Bulb (⁰F) 
Winter 15 ⁻ 

Summer 87 72 
Indoor Design Conditions 

Space 
Occupancy 

Temperature (⁰F) Humidity Driftpoints 
Summer Winter Cooling Heating 

Office Spaces 75 70 50 % RH 81 64 
 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 49 – Site location & Rotation Angle 
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3.3.3.3 Zoning 

Perimeter and core zones were defined in the Revit model and simulated in IES<VE> 
shown in Figure 50 - Typical Office Floor Zoning. 

 

Figure 50 - Typical Office Floor Zoning 
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3.3.3.4 Model Input Summary 

Table 34 - Model Input Summary, describes various modeling assumptions that remained 
constant for all simulations. 

Table 34 - Model Input Summary 

Model Input Parameter Baseline Design Input Proposed Design Input 

Infiltration 0.3 CFM / SF 0.3 CFM / SF 

Occupancy Loads Sensible 250 BTU/hr/person    
Latent 200 BTU/hr/person 

Sensible 250 BTU/hr/person 
Latent 200 BTU/hr/person 

Plug Loads / Equip Loads 

Offices - 0.5 W/SF            
Copier - 400 W 

Refrigerator - 500 W         
Microwave - 450 W 

Telecom Equip - 400W 

Offices - 0.5 W/SF            
Copier - 400 W 

Refrigerator - 500 W         
Microwave - 450 W 

Telecom Equip - 400W 

Supply Air Temperature Cooling Supply: 60-62 F        
Heating Supply: 83-85 F 

Cooling Supply: 60-62 F        
Heating Supply: 83-85 F 

Humidity Control 50 % Relative Humidity 50 % Relative Humidity 

OA Ventilation Rates 5 CFM / Person                         
0.06 CFM / SF 

5 CFM / Person                         
0.06 CFM / SF 
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3.3.3.4.1  Envelope Constructions 

Table 35 - Envelope Constructions describes various modeling assumptions that were 
changed in the model to determine reductions in ambient load of the building resulting 
from envelope loads. 

 

Table 35 - Envelope Constructions 

Model Input Parameter Baseline Design Input Proposed Design Input 

Spandrel Panel 

Recessed 3/16" Aluminum 
Spandrel Panel:                

Uvalue: 0.08 Btu/ft2-F-hr               
2-1/2" Rigid Insulation behind 

Recessed 3/16" Aluminum 
Spandrel Panel:                

Uvalue: 0.08 Btu/ft2-F-hr               
2-1/2" Rigid Insulation 

behind 

Fenestration Type 
1" IGU Vision Lite - Clear w/ 

Low e Double Pane - 
Aluminum Frame 

1" Coltlite Double glazed 
panel 

Fenestration U-value U value for glazing: 0.625 
Btu/ft2-F-hr 

U value for glazing: 0.405 
Btu/ft2-F-hr 

Fenestration Visible Light 
Transmittance 0.96 (96% transmittance) 0.79 (79% transmittance) 

Shading Device 1-5/8" Diameter Ceramic 
Tubes Colt Shading Louvres 

 

3.3.3.4.2  Lighting Load Reduction 

             Table 36 - Lighting Load Reduction provides the lighting power density 
reduction determined from the lighting analysis performed by the lighting designer.  
These values were modeled to determine an ambient load reduction due to decreased 
lighting power density.  

             Table 36 - Lighting Load Reduction 

Model Input Parameter Baseline Design Input Proposed Design Input 

Interior Lighting Power 
Density 

 
1.1 W/m2 

 
.46 W/m2 
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3.3.3.5 Simulation Results 

A study was conducted and the final reduction in peak cooling and heat loads is 
summarized in Table 37 - Simulation Results and Figure 51 – Simulation. Baseline 
Design, Proposed Envelope Design, and Proposed Lighting Design are represented by 
Case 1, 2, and 3 respectively in the graph. 

 

Table 37 - Simulation Results 

Peak Load Baseline 
Design 

Proposed 
Design 

% Reduction 
due to Glazing 

/ Shading 

Proposed with 
Reduced 

Lighting Power 
Density 

% Reduction 
due to 

Reduced 
Lighting 

Peak Cooling Load  21,554.50 
(kBtu/h) 

19,442.50 
(kBtu/h) 9.80 % 17,090.20 

(kBtu/h) 20.71 % 

Peak Heating Load  22,196.00 
(kBtu/h) 

16,460.20 
(kBtu/h) 25.84 % 16,460.20 

(kBtu/h) ---- 

 

 

 

 

Figure 51 – Simulation Peak Heating and Cooling Load per design in kBtu/h 
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3.3.4 Energy and Cost Analysis 

The utility rates used in this simulation are summarized in Table 38 - Utility Rates 
Summary.  This rate is a simplified rate provided by Consolidated Edison, the electric 
utility provider to the project site in New York City, and although the building owner has 
likely negotiated a complex, specific and unique rate structure, a simplified rate structure 
will be used for all simulations to effectively compare the results of the proposed system 
redesign to the original system design. Table 39 - Cost Summary - Baseline System 
summarizes the estimated total building energy usage and costs for the Baseline Case.  
Table 40 - Cost Summary - Proposed System summarizes the estimated total building 
energy usage and costs for the Proposed Case, including new glazing system, shading 
louvers, and reduced lighting power density. 

Table 38 - Utility Rates Summary 

    Utility Yearly $/Unit Reference 
Natural Gas $1.392/Ccf Consolidated Edison 

Electric $0.249/kWh Consolidated Edison 
Steam $18.36/Mlb Consolidated Edison 
Water $2.31/748gals New York City Water Board 

 

Table 39 - Cost Summary - Baseline System 

  Function Utility kBtu Kwh Cost ($) 
Heating steam 48,132,500    $ 740,100.28  
Cooling electricity   1,933,833.94 $ 481,537.10 
Aux. Fans/Pumps electricity   463,253 $ 115,350.05 
Lighting electricity   2,782,999 $ 692,966.85 
Receptacles electricity   3,431,936 $ 854,552.02 

Total $ 2,884,506.31 
 

Table 40 - Cost Summary - Proposed System 

  Function Utility kBtu Kwh Cost ($) 
Heating steam 29,721,680    $ 457,000.27 
Cooling electricity   1,668,612 $ 415,484.30 
Aux. Fans/Pumps electricity   463,253 $ 115,350.05 
Lighting electricity   2,372,496 $ 590,751.48 
Receptacles electricity   3,431,936 $ 854,552.02 

Total $ 2,433,138.12 
 

Table 41 - Table 40 - Yearly Cost Savings 
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  Yearly Cost ($) 
Baseline Design   $ 2,884,506.31 
Proposed Design  $ 2,433,138.22 
Savings $45,136.09 

 

 

3.4 PV Analysis 

3.4.1 Objectives 

Goal of this evaluation/analysis/redesign 

1) Make an environmental statement for the New York Times. 
2) Analyze the energy production of a photovoltaic system incorporated into the façade. 
3) Determine the payback period for a photovoltaic system. 

 

3.4.2 Process 

Design- 

 Find a system that would incorporate into the architectural statement of the 
building. 

Modeling- 

 Import Revit model into Ecotect 

 Model existing buildings surrounding the Site 

Simulation- 

 Run a solar simulation within Ecotect 

Analysis- 

 Create an excel spread sheet to analyze the cost versus savings 

 

3.4.3 Design Intent 

Since the New York Times Company has attempted to show that they care about 
sustainability, an analysis of photovoltaics (PVs) use was completed.  The New York 
Times Company has the ability to shape and mold the impressions of others.  By 
incorporating PVs into their façade, they could make a substantial statement to vast 
quantities of people.  For this reason, the financial incentive may not be the ultimate 
reason to incorporate PVs into the façade. 
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This analysis was done in an integrated approach.  The BIM model created by the CM 
was imported into Ecotect by the Mechanical designer.  Weather data was collected from 
the energy.gov website.  This information was used as the existing conditions.  The team 
then modeled surrounding buildings for shading patterns.  After these steps were 
completed, a yearly simulation could be run.  The desired results were watt hours per 
square meter of solar radiation incident on the façade.  A pseudo color of these results 
was obtained and used in the calculation of electricity production capability. For an 
image of the output from Ecotect, see the image on the following page.  For more of 
these images see Figure 274:  Incident Solar Radiation from Ecotect (NW Isometric) 
through Figure 276:  Incident Solar Radiation Scale from Ecotect on pages 372 through 
373) 

 

Figure 52:  Incident Solar Radiation from Ecotect (SW Isometric) 
 

The use of this program for the analysis was extremely easy.  The interoperability 
between Revit and Ecotect was, for the most part, flawless.  In order to make this 
transition so easy, a month worth of trial and error was done.  After learning exactly how 
the programs worked together, this will become an easier transition.  In addition, 
modeling of the buildings around the site was completed in Ecotect.  After a very short 
time this was an extremely easy task.  Considering its graphical interface and its ability to 
get extremely quick results, this program was integral to this analysis.  With the use of 
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weather data, the actual site conditions are taken into account.  With most software 
packages, the number of sunny hours is assumed based on general location in the world.  
The other programs don’t even have the ability to take into account the differential 
shading from other buildings throughout the year.  As far as BIM software goes, this was 
an easy tool to use. 

In order to effectively calculate the benefits of the PV arrays, a spread sheet was 
developed.  This was done due to the repetitive nature of the calculations needing to be 
done on each side of the building.  The spread sheet took into account total square 
footage of possible install per level of production.  This was done for each side of the 
building.  The conversion efficiency from manufacturer data was then applied to 
determine the DC electricity production.  From there a conversion efficiency was applied 
for the process of inverting the electricity from DC to AC.  From these steps, the total 
kilowatt hours per year could be obtained. 

 

Figure 53:  PV Payback Spread Sheet 
 

Using the electricity costs of ConEd in New York City and the cost/sqft of the pv 
installation, a simple payback period was determined.  This payback took into 
consideration the 20% drop in efficiency over a 40 year period.  See the spreadsheets on 
the following pages for the payback analysis. 
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Figure 54:  West Facade PV Payback Chart 

 

Figure 55:  South Facade PV Payback Chart 
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Figure 56:  East Facade Bottom Floors Payback Chart 

 

Figure 57:  East Facade Top Floors Payback Chart 
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As discussed in the daylighting section of the paper, these PVs would be installed in the 
top third of each floor.  The PVs would be incorporated into the louver system of the 
double skin façade.  As mentioned before, the PVs would take up 80-90% of the top third 
of each floor.  By doing this, the energy savings from daylighting and energy production 
from the PVs are maximized. 

The cost data obtained for this analysis was from actual bids for smaller installations.  
Due to the technical aspect of this installation, the number was augmented for the 
purposes of being conservative.  The cost was analyzed at $6/watt of installed PVs.  PVs 
typically produce 1kW/100sqft.    The monocrystaline cells are 16% efficient.  This 
resulted in a cost of $60/sqft of installed PVs for the entire installation. 

 

3.4.4 Conclusion 

3.4.4.1 Simulation Results 

The simulation in Ecotect proved that the South and West facades have the highest 
numbers of incident solar radiation per square meter per year.  The lower stories on the 
south façade will not be considered in the analysis since the simulation proved the 
significant shading due to surrounding buildings.  These results will be put into the 
spread sheet for determining the payback period for each façade individually.   

 

3.4.4.2 Analysis Results 

After importing the simulation results into a payback spread sheet, it was determined that 
the West façade and the top half of the south façade shall incorporate PVs.  Both of these 
locations were able to have a payback period just over 25 years.  The east façade was 
unable to have a payback within the 40 year scope of this analysis.  This façade could be 
analyzed for a longer payback due to the expected life of the building.  The New York 
Times tenants spent 100 years in their previous building and expect to spend another 100 
years in this building.  The only problem with extending the payback past forty years is 
the expected life of the PVs.  The life is a hard number to determine.  They don’t 
necessary fail, but they slowly degrade their production capabilities.  This analysis was 
completed without any tax credit or incentives applied to the model.  Some of the 
stipulations within the incentives say that 50% of a system load must be met in order to 
qualify for the incentive.  This means that either 50% of the lighting energy or 
mechanical energy consumption must be met.  Due to the size of the building and the 
lack of installation space, this is not able to be met.  In addition, the incentives say that 
the system must be installed by a certified PV installer.  Due to the nature of this system, 
this may not be able to be met.  Since the system is incorporated into the louvers, the 
installation could be by a curtain wall contractor with assistance from an electrician for 
the inverters.  For these reasons, the incentives could not be guaranteed. 
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3.5 Hybrid Ventilation 

The following section discusses the investigation of hybrid ventilation as a design 
strategy to increase the sustainability profile of the New York Times Building. 

 

3.5.1 Introduction 

While natural ventilation has long been used to condition and ventilate buildings, most 
commercial buildings are now completely sealed from the environment with tight 
construction and rely solely on mechanical systems for indoor environmental control.  
However, due to the increasing concern for energy usage in buildings and the indoor 
environmental effects on health, such as Sick Building Syndrome, many designers are 
now designing high performance buildings that utilize some sort of natural ventilation.  

The hybrid ventilation approach for this redesign investigation of The New York Times 
Building is “Mixed-Mode” which uses a combination of natural ventilation from 
automated operable windows and mechanical systems.  The building will be naturally 
ventilated during periods of the year when climate conditions closely match indoor 
design conditions,and supplemented with mechanical cooling and ventilation when 
natural ventilation is not sufficient.  Renzo Piano, the architect of The New York Times 
Building, has also employed Natural Ventilation strategies in several of his notable 
works, which are described in Section 4.2.3. 

This design strategy must employ an integrated, multidisciplinary approach, and utilize 
multiple tools for analysis.  Natural ventilation is driven by two forces, buoyancy (or 
stack effect) and wind. Whole building simulation programs, such as IES<VE> can 
consider the airflow across building openings to determine pressure differentials due to 
temperature in the building and wind pressure on an opening.  The following analysis 
utilized a simplified Single-Zone Model approach to determine feasibility and also 
investigated the use of IES<VE> in conjunction with MacroFlo for mixed-mode design. 

 

3.5.1.1 Objective 

1) Investigate the feasibility and design process of implementing hybrid ventilation in the 
New York Times Building. 

2) Determine the impact of using BIM as a modeling tool using analysis software for 
Mixed-Mode design 
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3.5.1.2 Process 

Review of Literature, Case-studies, and Applicable Building Codes and Standards 

Identify Constraints and Design Assumptions 

Feasibility Assessment – Single-Zone Model with Spreadsheet Calculations 

Curtain Wall Product Selection 

Model Outputs - Energy Savings and Payback Analysis 

Control Strategy 

IES<VE> MacroFlo Investigation 

 

3.5.1.3 Literature Review 

Seppanem, O., and Fisk, W., (2001) “Association of Ventilation System Type with SBS 
symptoms in Office Workers” Indoor Air 2002 

In their 2001 study, Seppanem and Fisk concluded that properly designed Mixed-Mode 
buildings have been shown to reduce Indoor Air Quality problems, including Sick 
Building Syndome (SBS). According to Carnegie Mellon’s Guidelines for High 
Performance Buildings, their Building Investment Decision Support (BIDS) demonstrates 
the productivity benefits of natural ventilation and mixed-mode systems.  It was found 
that mixed-mode conditioning achieves 0.8-1.3% health cost savings, and 3-18% 
productivity gain, for an average return-on-investment of at least 120%.  According to an 
extensive study totaling over 467 buildings, relative to naturally ventilated buildings the 
airconditioned buildings showed 30% to 200% higher incidences of SBS symptoms. 

 

Zhao, Y., (2007) “A Decision-Support Framework For Design of Natural Ventilation In 
Non-Residential Buildings” 

Zhao, in this 2007 publication, provides a framework to assist with the design of natural 
ventilation for commercial buildings in urban environments.  The paper lays a foundation 
for addressing the constraints of implementation and design through feasibility 
assessment modules and analysis algorithms.  It also describes different strategies and 
provides various examples through building case-studies. 

 

3.5.1.4 Building Codes and Standards 

The building was designed to comply with the following codes and standards: 
International Building Code, International Mechanical Code, New York City Building 
Code, ASHRAE Standard 90.1, Standard 55 and Standard 62.1. 
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3.5.2 Feasibility Assessment 

3.5.2.1 Constraints and Assumptions 

Publications and successful case-studies have recommended a plan depth of no more than 
45’ or 2.5 times the height of the space.  Redesigning the mechanical system of an 
existing building provides little flexibility to the geometry of the floor plate, however The 
New York Times Building provides an open floor plan giving nearly all occupants access 
to open windows and fresh air.  The enclosed offices and conference rooms adjacent to 
the core of the building are too far from the windows and will be mechanically 
conditioned all year.  Allowable natural ventilation zoning is provided in Figure 58- 
Natural Ventilation Zoning. 

  

 

Local climate conditions significantly determine the feasibility of natural ventilation.  
Wind direction and speed, temperature, and humidity levels control when operable 
windows may be utilized.  For this analysis TMY-2 weather data was used because on 
site measurements were not available.  This weather data was adjusted for local site 
conditions with the assumptions listed in Section 3.3.3.2  

Local site conditions of an urban environment determine the quality and availability of 
ventilation air for a Mixed-Mode system.  Airflow through urban canyons, pollution and 
noise determine what parts of the building are suitable for natural ventilation.  A more 
detailed analysis of street level conditions would optimize the specific lower level floor 
limit where operable windows would be feasible.  For the simplification of this analysis, 

Figure 58- Natural Ventilation Zoning 
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it was assumed that the building would be almost completely unobstructed above Level 
21, at a height of 306 feet. This height was determined from the height of the immediate 
surrounding buildings.  In addition, requiring the lower levels to be sealed provides a 
solution to any potential security considerations. 

 

3.5.2.2 Weather Data 

TMY-2 hourly weather data for New York, NY was used for this analysis.  Weather 
trends were investigated using visualization from both IES<VE> and Ecotect. Figure 59 - 
Annual Diurnal Temperature provides the diurnal temperature swings throughout the 
year.  The green mild trend shows indoor comfort conditions throughout the year, while 
the blue oscillating values indicate the hourly outdoor temperature conditions at the site. 
As seen in the Figure, the overlapping conditions between the months of May through 
September provide comfortable temperature conditions where natural ventilation may be 
utilized. Therefore, these months were used for this analysis. Figure 60 - Wind Data, 
shows the predominate wind coming from the southern direction with infrequent gusts 
coming from the northwest, northeast and southwest directions. 

 

Figure 59 - Annual Diurnal Temperature 
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Figure 60 - Wind Data 
 

3.5.2.3 Curtain Wall Selection 

There were many design considerations when selecting a curtain wall with operable 
windows for the façade. It was important to specify a system that worked in conjunction 
with the shading system.  Colt was chosen as the manufacturer for the glazing for more 
efficient coordination with the entire envelope construction.  They also were the 
manufacturer for the chosen shading system providing a similar manufacturer and point 
of contact to address any issues during the design and construction process. The load 
analysis determined the optimal thermal characteristics for the desired architectural 
requirements of fully transparent glass. The natural ventilation analysis will determine 
how many glazing panels with operable windows will be needed.  The specified operable 
glazing system can be seen in Figure 61 - Coltlite Operable Glazing System. 
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Figure 61 - Coltlite Operable Glazing System 
 

Colt Coltlite LWI Ventilator, type LWI 

Extruded aluminum outer frame with framed controllable double glazed louvers with 
thermal breaks to both outer and internal sections. 

1”  overall glass thickness. Glazing seals contain double weather strips with a nylon lip 
between, the horizontal glass edges of the louvers are enclosed with aluminum sections 
which have two overlapping weather seals for air-tightness. 

Fixing 

Fixing to curtain walling using thermally broken glazing frame adaptor. Fixing to 
structural opening either through frame of strap fixings. 

Control Options 

Integrated, hidden electric controls.  Frame mounted motor positioned at top or bottom on 
either side frame, with 24V DCLAH61 motor.  Typical operation time is 15 to 30 
seconds.  Motors fitted with in-built finger trapping sensor. 

Performance 

Heat transfer coefficient: U-value = 0.405 BTU/h-ft2-°F 

The Product Specifications for the selected curtain wall can be seen in Section 7.4. 

 

Additionally, the specified curtain wall was modeled in the Revit 3D BIM model to 
architecturally visualize the proposed dynamic façade shading and curtain wall system. 
This is shown in Figure 62 - Revit Model of Proposed Facade System. 
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Figure 62 - Revit Model of Proposed Facade System 
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3.5.2.4 ASHRAE Adaptive Comfort Model 

Figure 63 - Acceptable Operative Temperature Ranges for Naturally Conditioned Spaces 
provides allowable operative temperature limits for use in a naturally conditioned space.  
This criterion was used to evaluate potential time when windows could be opened and 
maintain a comfortable temperature for occupants.   

 

Figure 63 - Acceptable Operative Temperature Ranges for Naturally Conditioned Spaces 
 

 

3.5.3 Sizing Openings and Air Flow Estimation 

Several design methods were explored after researching hybrid-ventilation for high-rise 
commercial buildings.  Preliminary analysis was performed utilizing TMY-2 hourly 
weather data with supplemental spreadsheet calculations.  The following section 
describes the Single Zone Model used for preliminary feasibility and sizing of operable 
window openings.  Section 3.5.4 investigates the effectiveness of using whole building 
simulation software, such as IES<VE>, to simulation natural ventilation using the 
original BIM model created in Revit. 

 

3.5.3.1 Single Zone Model 

3.5.3.1.1  Assumptions 

Natural ventilation will only be utilized during the cooling months of May-September 
analyzed  

Effective opening area, A of 1.6 feet (opening on top and bottom - 3.2 feet total for each 
operable window glazing panel) 

Setpoint Temperature = 75 °F 
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Six operable glazing panels on East and West Façade 

Three operable glazing panels on North and South Façade 

Total of 18 operable glazing panels per floor 

A single perimeter zone was evaluated with hourly cooling load determined from the 
IES<VE> energy model. 

 

3.5.3.1.2  Calculations 

Note: Data was converted to SI Units for to be analyzed with the following equations to 
determine flow rates due to buoyancy (stack effect) and wind. 

Vstack = 0.6A√(ghΔT/(Tout+273))     (m3/s) 

 where g = 9.8 m/s2 and h is the height of the window opening, and ΔT is the difference 
between the outside and average inside temperature 

Vwind= 0.025AUlocal   (m3/s) 

 where Ulocal is the local wind speed determined from the equation 

Ulocal,z = KUmetzacosΘ,  

where the meterological wind speed is adjusted for site conditions of an urban terrain 
where K=0.35 and a=0.25.  The wind direction is adjusted to obtain wind speeds in the 
perpendicular direction where Θ is the degrees between the wind direction and the angle 
perpendicular to the façade being analyzed. 

Wind and Stack are combined using the equation 

Vtotal =√( (Vstack)2 + (Vwind)2)  

This equation provides the total flow rate provided by the operable windows in the zone.  

The required flow rate to meet the cooling load in the space was determine using the 
hourly cooling data from IES<VE> and the equation 

Q = qi / (Cp*ρ*(Tin-Tout) with Cp = 1 kJ/kgK and ρ = 1.3 kg/m3 

Where the required cooling load was met with the flow rate provided through the window 
openings, the natural ventilation system was deemed feasible.   
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3.5.3.1.3  Results 

Outdoor air conditions allow for 3067 hours where natural ventilation may be utilized to 
adequately condition and ventilate the space out of a total of 8760 hours in a year. This is 
approximately 35% of the total hours in a year, however many of these hours with 
suitable conditions occur out of the typical work day.  The results have been adjusted to 
reflect utilizable cooling hours during the work day when the system would be able to 
take advantage of natural ventilation for conditioning the open office space of The New 
York Times Building.  This resulted in an annual energy cost savings of $145,419. 

 

3.5.4 Whole Building Simulation 

While the Single Zone Model evaluates natural ventilation feasibility within a single 
zone, IES<VE> also has a simulation tool called MacroFlo which enables multiple zones 
to be simulated simultaneously, providing more accurate relative pressure and 
temperature differentials. An investigation was performed to utilize IES<VE> MacrFlo 
for analyzing Mixed-Mode natural ventilation conditions on The New York Times 
Building. Due to the complexity of the more detailed inputs required for MacroFlo, this 
analysis was only successful at obtaining the pressure coefficients as predicted by the 
Zonal AirFlow Model. 

 

3.5.4.1 BIM Workflow 

The existing gbXML file used for load analysis was also used for this MacroFlo 
simulation.  The geometry of the tower was originally built in Autodesk Revit 
Architecture and the gbXML file was imported to IES <VE> for further analysis.   

 

3.5.4.2 Airflow Network Model 

Airflow Network Models calculate the airflow movement through the building.  Coupled 
with thermal dynamic simulation models, IES <VE> uses MacroFlo to investigate 
performance of the building over a typical year.  Within MacroFlo, opening types are 
selected and adjusted according to their heights on the building.  Then the dynamic 
simulation feature is run in conjunction with MacroFlo to obtain hourly data. 

 

3.5.4.3 Wind Pressure  

Wind pressures on the building exterior are calculated utilizing data from the weather 
file, including wind speed and directional data, combined with opening orientations and 
wind exposures. The pressure is estimated using wind pressure coefficients, derived from 
wind tunnel experimentation which are supplied to the user in the IES <VE> software. 
Wind pressure on the building surface is derived using the relationship 
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Pw = Cp ½ ρv2  
Where 
Pw        is wind pressure  
Cp wind pressure coefficient 
ρ air density 
v2  reference wind speed 
 
The reference wind speed is estimated from the meteorological wind speed and adjusted 
for height and terrain type using the expression 

v = uKha 

where 
u meteorological wind speed  
h height above the ground 
 
and a and K are coefficients set when originally setting location data. For this simulation 
the Terrain Type was set to City with an Exponent a of 0.33 and a K value of 0.2097.  

For this simulation, ‘High-rise’ exposure types were used. The elevation is expressed 
using h/H, where h is the height of the opening and H is the height of the building. Table 
42 - Opening Types by Zone, including Wind Pressure Coefficients shows the building’s 
floors zoned by exposure type. 

Table 42 - Opening Types by Zone, including Wind Pressure Coefficients 
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3.5.4.4 Buoyancy Pressure  

The variation of pressure with height is known as the stack effect.  Air pressure in room 
is a linear function of height: 

Pn(h)=pn(0)-hρng 
Where 
Pn(h) pressure in room n at height h above ground level 
h  height above ground level 
ρ n air density in room 
g acceleration due to gravity 
 

3.5.4.5 Flow Characteristics 

As defined in Table 42 - Opening Types by Zone, including Wind Pressure Coefficients, 
the Degree of opening for Zone 0 and Zone 1 are set to a modulating profile of OFF 
CONTINUOUSLY, because they are designated to be below the desirable height to 
limitnoise, air pollution, and unmeasured airflow through the surrounding urban canyon.  
Zone 3 and Zone 6 refer to the two mechanical floors and are also set to OFF 
CONTINUOUSLY.  ON CONTINUOUSLY, the area of the opening will be varied by 
modulating the openable area with the degree of opening percentage profile dictated by 
the profiles determined in the energy model. 

 

3.5.4.6 Conclusions 

This simulation, utilizing MacroFlo, was unable to provide realistic energy comsumption 
results. This may be due to the significantly detailed and time-consuming inputs required 
to accurately simulate the Mixed-Mode natural ventilation scheme.  Simplified 
calculations and assumptions, with limited information on system components, such as 
accuracy of window operational controls, variable modulating profile of the window 
openable area, detailed internal heat gain sources and locations, more specific geometries 
of the operable windows, simply provide results with order of magnitude percent errors 
that are not accurate enough to present in this report.  With more detailed information and 
time, MacroFlo has the potential to provide extremely informative results. It is important, 
however, to document the workflow and trial of another software design tool utilizing the 
BIM model.  Further investigation of this application could provide accurate and 
informative results, aiding the application of natural ventilation design for complex high 
performance buildings. 

 

3.5.5 Control Strategies 

Mixed-Mode buildings can generally be placed in three categories including 
CONCURRENT,  CHANGE-OVER, and ZONED. A CONCURRENT strategy has 
mechanical cooling and natural ventilation in the same space at the same time.  
CHANGE-OVER has the building switch between mechanical cooling and natural 
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ventilation depending on seasonal or daily characteristics. ZONED refers to the 
mechanical cooling and natural ventilation operating in different areas of the building 
(Brager, et. al, 2007).  Due to the open perimeter plan suitable for natural ventilation and 
the interior enclosed office and conference spaces, a ZONED strategy was selected for 
the New York Times Building.  This is complimented with CHANGE-OVER occurring 
in the spaces zoned for natural ventilation responding to interior and exterior conditions.  

 

3.5.5.1 Input Signals 

The input signal will consist of temperature and CO2 sensors that are distributed 
throughout the zone and generate a ventilation demand when the space deviates from its 
required set point. 

 

3.5.5.2 Modifiers 

The ventilation demand signal will be modified to take into account outside conditions 
including outside air temperature, wind speed and direction, rain and humidity levels.  If 
the outside air is above the desired set point temperature, the actuators will close the 
windows and the system will change-over to mechanical cooling and ventilation. A 
similar function will be performed if any of the outside levels are out of the acceptable 
range. 

 

3.5.5.3 Controller 

The computer Building Management System (BMS) would monitor the input signals and 
modifiers and direct the control actions. 

 

3.5.5.4 Control Actions 

The window fully opened or fully closed and the degree of opening of the window is a 
control action in response to the input signals or modifiers. 

 

3.5.5.5 Control Functions 

The criteria used to drive the control sequence for operable windows include ventilation 
control, thermal comfort control, and space cooling. Ventilation control refers to the 
exchange of outside air with stale inside air, diluting indoor air pollutants including CO2, 
dust and other particulates.  Thermal comfort control is set by the ASHRAE 55 Adaptive 
Comfort Zone, which allows for a wider range of floating temperatures than a typical 
mechanically conditioned space.  This can encompass space cooling with the adaptive 
range and allow for the mechanical cooling to switch on to meet peak demands (Brager, 
et. al, 2007).   
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3.5.5.6 Control Algorithm  

The flowchart shown in Figure 64 - Control Algorithm represents the sequence of the 
input and modifier signals that would be used to regulate the building in response to the 
control functions of ventilation, comfort control and cooling.  

  

Figure 64 - Control Algorithm 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

127 | P a g e  
 

3.6 Façade Lighting 

The following section discusses the exterior lighting design for the facade. 

 

3.6.1 Objective 

Goal of this evaluation/analysis/redesign 

1) Design an exterior environment that responds to the two main views of the building.  
Both the pedestrian scale and distant views were considered. 

2) Design the lighting to respond to the goals of the architect. 

3) Design an energy efficient lighting design to lower the yearly energy bills. 

 

3.6.2 Process 

Model inputs- 

 Building geometry – Use the existing Revit model for geometry 

 Photometry – Download .ies files from manufacturer websites 

Model outputs- 

 Illuminance levels on the façade 

 Illuminance levels at the entrance 

 Lighting Power Densities 

 Renderings  

  Architectural impact 

 

3.6.3 Calculations for Analysis 

AGI was used as the tool for the lighting calculations.  Radiance was used to complete 
the renderings for the façade due to the large number of surfaces.  The knowledge of 
Radiance was gained in the AE 565 Daylighting course.  This program has the ability to 
render more complex scenes than AGI.  The reason it is not used often is because of the 
interface or lack there of.  The program must be run from the command prompt, and this 
concept is unfamiliar to many students of this era.   
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3.6.4 Assumptions 

The reflectances are unknown, so they were assumed. 

 Facade  

Steel  .65 

  Glazing   .20 

  Louver  .65 

 Entrance 

  Sidewalk .18 

  Asphalt  .05 

 Light Loss Factors 

  Total  .7 

    

3.6.5 Design Considerations 

Psychological Impression 

For the pedestrian scale, an impression of visual clarity is needed. 

Appearance of Space and Luminaires (Very Important) 

The lighting design should highlight the architecture of the building and promote the 
unique design.  The architecture expresses transparency.  To assist in the architectural 
theme, the lighting must express transparency.  The luminances at the entrance must be 
balanced between the interior and exterior.  By doing this, pedestrians along the sidewalk 
will be able to see into the space, and the occupants inside will be able to see outside. 

Color Appearance (Important) 

Another design concept implemented by the architect was the idea of a constantly 
changing building appearance.  The building should reflect the concept of lightness as the 
façade reacts to the changing daylight and night conditions.  The lighting design should 
create a glowing structure that seems to disappear into the night sky.  The entrance must 
have high CRI lamps, while the façade can have slightly lower CRI lamps. 

Direct Glare (Important) 

All luminaires shall have no direct glare to create a safe environment in the streets 
surrounding the perimeter.  Fixture accessories should be used to completely remove 
glaring effects.  This is important when considering the traffic on 8th avenue. 
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Light Distribution on Surfaces (Very Important) 

The lighting design should highlight the entire building to promote the architect's 
concepts.  The facade should be washed horizontally with uniform light gradually fading 
vertically as the building progresses into the sky.  The horizontal louvers will promote a 
sense of 3-dimensions.  If the façade consisted solely of glass, the building would lose all 
dimension. 

Light Pollution/Trespass (Very Important) 

Avoid light pollution into the night sky by utilizing cutoff fixtures.  This will reduce 
interference with air traffic and keep the light directly on the building.  Spill light should 
not hit the surfaces surrounding buildings.  Fixtures should be kept close to building with 
medium to narrow distribution. 

Point(s) of Interest (Important) 

The text across the front of the facade should be emphasized.   To emphasize the height 
of the structure, the entire facade should be illuminated.  The spire at the top of the 
building should also receive illuminance, creating the effect of a structure disappearing 
into the sky. To promote direction, the main lobby should be clearly visible from the 
street with luminaires accenting the entry.  

Shadows (Important) 

Shadows should be present across the building facade to create a visually interesting 
structure. The building should have dark and light areas to create depth and detail and 
promote the unique design.   

Source/Task/Eye Geometry (Important) 

The expansive curtain wall requires that luminaires are not placed too close or aimed 
directly at the glass.  This can prevent irritation to individuals inside the building.  
Persons walking along the sidewalk or in vehicles should also be taken into 
consideration.  Luminaires should not provide any disturbances to these individuals. 

Sparkle/Desirable Reflected Highlights (Somewhat Important) 

The interior spaces can provide sparkle and highlight.  The different colors of the interior 
should be visible from the street.  The floodlighting across the facade can also cause 
reflections from parts of the building structure and create a changing visual display. 

Surface Characteristics (Important) 

The louvers will create a highly reflective surface.  The steel structure of the building will 
reflect less light and create an interesting contrast.  The interior spaces should also 
provide additional detail to the exterior view. 
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Maintenance 

Luminaires should not be easily accessed by individuals in the street or along the 
sidewalk.  The lamp selection is crucial for this.  By selecting LED fixtures, the lamp life 
can be well over 50,000 hours.  This would significantly decrease maintenance time..  
The fixtures should also be rated to withstand the varying weather conditions in New 
York, NY.  Fixtures should also have easy relamping capabilities. 

 

3.6.6 Design Criteria 

 Illuminance  (IESNA Lighting Handbook Ninth Edition)  

Signage   5 fc 

  Entrance   5 fc 

  Building   1-5 fc 

 Lighting Power Density  (ASHRAE Standard 90.1-2007)  

Façade    .2W/sqft 

  Building Entrance  30 W/ft of Door 

  Building Grounds   .2 W/sqft 

 

3.6.7 Design Intent 

In one of the interviews of Renzo Piano’s, he expressed his interest in having the building 
disappear into the sky.  This was a major consideration for the redesign of the façade 
lighting.  Another consideration was the division between human scale and skyline views.  
The human scale was from ground level to approximately the eighth floor.  This is 
amount of the building that would be mainly viewed from pedestrian level.  Anything 
above the eighth floor would be visible from across the Hudson.  All of these ideas 
played a role in the redesign of the exterior lighting. 

The first consideration was the building entrance.  This is where pedestrian scale would 
play its biggest part.  Renzo had mentioned how important the structure was in the 
building.  To bring the building down to size and highlight the structure, uplighting the 
columns was the first decision.  By doing this, there would be a gradient of light traveling 
up the column for the first floor.  This was done to keep the occupants focus on the lower 
part of the building.  Because of the building being located in Times Square, higher light 
levels were needed.  Area lights were used to illuminate the sidewalk in front of the 
building.  The illuminance was targeted to be 6fc.  The signage of the building was also 
illuminated to 6fc.  By doing this, equal weight was placed on the building name and the 
pedestrians. 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

131 | P a g e  
 

As for the upper stories, the design was more complicated.  Many designs were looked 
into before ending up with the final one.  Due to the height of the building, fixtures either 
needed to be mounted to the building every few stories or placed far out from the 
building.  The reason for this is the inverse square cosine law, but more specifically the 
cosine part.  As the light traveled further and further up the building, the cosine term 
would go to 0.  To combat part of this problem, the new façade system was used to 
increase the cosine term. 

The new façade system incorporates motorized louvers.  At night the sun would not play 
a role inside the space, so the louvers could be adjusted to any desired position. When the 
exterior lights come on, the louver position could be re-oriented to horizontal.  By doing 
this, the cosine term would go to 1 towards the top of the building.  This allows the 
building to reach higher illuminance values with less light output. 

 

3.6.8 Conclusion 

3.6.8.1 Fixture selection 

The luminaire schedule can be found on pages Table 79:  Luminaire Schedule and Table 
80:  Luminaire Schedule Continued.  The specification sheets for the exterior lighting can 
be found on pages 321 through 334.   

 

3.6.8.2 Lighting Power Density 

The redesign uses 42 fixtures to illuminate the upper part of the building.  The 
approximate square footage of the west façade is 91,920sqft.  The allowable wattage 
would be 18,384Watts.  The redesign uses 42 fixtures at 51 watts per fixture for a total of 
2142Watts.  This results in a lighting power density of .0233w/sqft.   
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3.6.8.3 Pseudo Colors and Renderings 

 

Figure 65:  Exterior Facade Illuminance Pseudo Color (fc) 
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  Figure 66:  Exterior Entrance Illuminance Pseudo Color (fc) 
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Figure 67:  Front Entrance Rendering 
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Figure 68:  Front Entrance Rendering 
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Figure 69:  Front Entrance Rendering 
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Figure 70:  Front Entrance Rendering 
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Figure 71:  Front Entrance Overhang Rendering 
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  Figure 72:  Front Facade Perspective 
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Figure 73:  Front Facade Rendering 
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3.6.8.4 Illuminance Levels (Façade) 

 Average top .1 fc 

 Average bottom 6 fc 

 

3.6.8.5 Illuminance Levels (Entrance) 

 Average  6 fc 

 

3.6.8.6 Control 

The lighting for these two areas will be controlled by a controllable lighting panel.  Each 
of these panels can be set by time clock.  There is also capability to include photosensors 
as input for each of these panels.  The fixtures atop the Port Authority building will be 
connected to their own panel, and the fixtures at the entrance will be connected to their 
own panel as well.  The specification sheet for this panel can be found in Figure 270:  
Exterior Lighting Contol Panelboard Specification Sheet and Figure 271:  Exterior 
Lighting Control Panelboard Specfication Sheet Continued on pages 368 and 369. 

 

3.6.8.7 Panelboard changes 

The existing panelboards that would be effected by this change could not be located.  For 
this reason, new panelboards were created.  The effected panelboards can be found in 
Figure 261:  Panelboard P-LE-1 (New) through Figure 264:  Panelboard PA-PP-1 (New) 
on pages 359 through 362.  The feeder worksheet can be found in Figure 265:  Feeder 
Sizing Worksheet on page 363. 

 

3.6.8.8 Plans 

The lighting plans can be found in Figure 211:  Exterior Lighting Plan through Figure 
214:  Exterior Lighting Elevation E-302 on pages 309 through 312. 
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3.7 Construction Implications 

The changes to the curtain wall will have a large affect on the cost of the system, along 
with the payback period of the changes to the upfront cost.  The first analysis when 
determining the feasibility of the new curtain wall system was determining the cost of the 
original system.  Then the corner changes to the facade to the more standardized mullion 
spacing and enclosed structure as discussed in sections 3.1 and 4.2 were modeled and the 
a cost was developed with the original ceramic rod shading system.  The next step 
included the modeling of the new louver shading system with 50% circular frit on the 
louvers with fully transparent glass behind the shades, and the same 50% circular frit on 
the glazing panels where no shading system is present, as discussed in stection 3.2.  This 
analysis also included the addition of photovoltaics to the shading system at strategic 
locations on the facade, which was determined in section 3.3.  The payback period 
analysis for the photovoltaic addition is also covered in section 3.3  The final analysis 
was the inclusion of some glazing panels being replaced by an operable glazing system, 
allowing for hybrid ventilation discussed in section 3.5. 

 

3.7.1 Objective 

The goal of this analysis is to provide material take-offs and cost breakdowns for each of 
the proposed changes to the curtain wall system, which will provide input toward the 
feasibility of each of the changes. 

 

3.7.2 Process 

Model Inputs- 

 Update existing Revit model families 

 Worked together to create curtain wall family changes in Revit 

Research- 

 Possible zoning challenges 

 Cost of original curtain wall system 

 Cost of curtain wall system changes 

Analysis- 

 Electronic material schedules generated from the BIM 

 Apply cost to original system and through changes to the curtain wall system 
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3.7.3 Zoning 

When looking at the façade, placing louvers that extend away from the building further 
than the existing shading system may face building setback problems with the building 
code.  By investigating the New York City building code, the site is found to be classified 
in both the Market District (M1-6) and the Construction District (C-7, C-6.5) as shown in 
Figure 74. 

 

Figure 74 - New York City Zoning Map 
 

The designation of M1-6 and C6-7 gives the setback criteria for buildings, shown in 
Figure 75 and Figure 76 respectively.  The code states that there has to be an initial 
setback of 15 feet because the front of the building is on a wide street.  The setback also 
states that after the first 85 feet (or 6 stories, whichever is less) a slope of 5.6 to 1.0 
(vertical over horizontal) must be applied as setbacks. 

Building Site 
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Figure 75 - Market District Setback Criteria 
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Figure 76 - Commercial District Setback Criteria 
 

When applying the criteria to the current building, it is found that the existing building 
does not meet these criteria for the setbacks, shown in Figure 77.  This is found when 
applying the initial setback and slope criteria to the south elevation of the building.  By 
not meeting the criteria, there must be unknown information as to why this building was 
not restricted to these codes, or the city granted certain ordinances for the New York 
Times Building.  This would make it possible for having the shading system extend 
slightly further than the existing building. 
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Figure 77 - Existing Building Setback Limits 
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3.7.4 Curtain Wall Material Take-offs 

The original curtain wall was modeled using Autodesk Revit Architecture, showing the 
glazing and spandrel panels, the mullions, structure for the ceramic tube shading system, 
and the ceramic rods.  By applying the different families to the facade of the building, a 
curtain wall take-off was developed using the Revit software.  The original curtain wall 
was a unitized system, and when the manufacturer was contacted, an average price of 
$145 per ft2 was supplied.  The manufacturer also supplied a cost of $10  per 5' length of 
ceramic, plus $10 per 5' length of structure within each ceramic rod, achieving a total of 
$20 per 5' length of ceramic rod with the rod structure.  When applying the costs to the 
curtain wall takeoff, the cost for the original facade totals $83,532,860.00.  The original 
corner of the building is shown in Figure 78, with the 3 non-standard panels highlighted.  
The summary of the original curtain wall take-off is shown below in Table 43.  Detailed 
take-offs of all of the following changes are located in Appendix 7.5 on page 403. 

 

Table 43 - Original Curtain Wall System Take-off 
 

 

Figure 78: Original Corner of The New York Times Building 
 

When expanding the corners to standardize the curtain wall and enclose the structure of 
the tower, a material take-off of the facade changes increases with slightly more facade 
area, and more ceramic rods across the facade.  The changes are shown in Figure 79, with 
the non-standard panel highlighted.  The summary of the corner change curtain wall take-
off is shown below in Table 44.  

Curtain Wall 555236 Sq. Ft.    = 80,509,220.00$        
Ceramic Rods 755910 L.F.        = 151182 5' Lengths     = 3,023,640.00$          

Total 83,532,860.00$   

TOTALS
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Figure 79: Proposed Corner Change to The New York Times Building 
 

 

Table 44: Corner Change Curtain Wall System Take-off 
 

Take-offs were then completed for the new louvered shading system replacing the 
existing ceramic rods.  Manufacturers data supplied an average cost of $40 per square 
foot of a louver panel.  The sizing of each panel was determined to comply with the 
specifications of the manufacturer, and placed 7 shading louvers on each facade panel.  
The pricing breakdown of each louver is shown in Table 45.  The summary of the corner 
change and shading system change to the curtain wall system is shown below in Table 
45. 

 

Table 45: Louver Panel Pricing Breakdown 
 

 

Table 46: Corner Change Louver Curtain Wall System 
 

Curtain Wall 555530 Sq. Ft.    = 80,551,850.00$     
Ceramic Rods 792200 L.F.         = 158440 5' Lengths    = 3,168,800.00$        

Total 83,720,650.00$ 

TOTALS

Louver Area 8.75
Louver Cost 350.00$  

S.F. per 5' length
per 5' length

Curtain Wall 568000 Sq. Ft.    = 82,360,000.00$        
Louvers 165190 L.F.         = 33038 5' Lengths 11,563,300.00$        

Total 93,923,300.00$    

TOTALS
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This take-off also allowed for the incorporation of photovoltaics on specific louvers of 
the building.  The placement was determined by the analysis of section 3.3, along with 
the payback period of the photovoltaics.  As discussed in section 3.3, to retain the 
architecture and interior views, only the top 2 louvers on each curtain wall panel would 
be replaced to have photovoltaics instead of frit.  The louvers with photovoltaics would 
only be contain about 50% coverage from the photovoltaics.  As determined in section 
3.3, the south facade would have photovoltaics on floors 18 through 51, and the west 
facade would have photovoltaics on floors 8 through 51.  The pricing breakdown for each 
louver with photovoltaics is shown in Table 47.  The summary of the corner change and 
shading system change with strategic photovoltaics placed on the facade is shown below 
in Table 48. 

 

Table 47: Photovoltaic Louver Panel Pricing Breakdown 
 

 

Table 48: Corner Change P.V. Louver Curtain Wall System 
 

Finally, an operable glazing system take-off was created to show the implications of 
added cost due to material and installation of the system.  As discussed in section 3.5, due 
to safety and other restrictions, operable windows were not included on the first 20 
stories of the building, along with both the 28th and 51st stories which are double-height 
mechanical spaces and would not benefit from the operable windows.  This gave 29 total 
stories with operable windows.  The entire face of the building would not be replaced 
with operable windows, but the east and west tower walls would have 6 panels replaced 
each and the north and south tower walls would have 3 panels replaced each for a total of 
18 panels replaced per floor.  With a standard panel size of 5'-0'' x 13'-9'' and 18 panels 
replaced per floor, a total of 1,237.50 ft2 replaced per floor.  The additional cost was 
estimated from industry data at $70/ft2 added to the initial cost of $145/ft2.  The cost of 
the curtain wall panel change was found to add $3,870.00 per floor.  The pricing 
breakdown for each operable window panel is shown in Table 49.  The summary of the 
corner change and operable window curtain wall system change is shown below in Table 
50. 

 

Table 49: Operable Window Pricing Breakdown 
 

P.V. Louver Area 8.75
P.V. Louver Cost 612.50$ 

S.F. per 5' length
per 5' length; 50% P.V. Coverage

Curtain Wall 568000 Sq. Ft.    = 82,360,000.00$        
Louvers 145290 L.F.         = 29058 5' Lengths 10,170,300.00$        
P.V. Louvers 19900 L.F.         = 3980 5' Lengths 2,437,750.00$           

Total 94,968,050.00$    

TOTALS

5
10

215.00$ 

S.F. per 5' lengthOperable Window Louver

Operable Window Louver Cost per S.F. of glazing panel
Number of Operable Window Louvers Louvers per glazing panel
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Table 50: Operable Window Curtain Wall System 
 

3.7.5 Cost Implications 

Based on the original cost for the curtain wall system priced at a total of $83,532,860.00, 
expanding the corners of the building to enclose the structure would add an additional 
cost of $187,790.00, bringing the total to $83,720,650.00.  This was due to more ceramic 
rods.  The cost of replacing the existing ceramic rod shading system with a total cost of 
$3,168,800.00 to a louvered shading system with a total cost of $11,563,300.00 would 
add a cost of $8,394,500.00 to the curtain wall system, making the entire system total 
cost equal to $93,923,300.00.  This is an increase of approximately 10% to the cost of the 
system, but is less than 1% of the total building cost.  The cost of the addition of 
photovoltaics on the top two louvers of each panel to the west and south facades of the 
building on floors 8 through 51 and 18 through 51 respectively, generated an additional 
cost of $1,044,750.00, bringing the total curtain wall system cost to $94, 968,050.00.  
Finally, the inclusion of operable curtain wall panels on floors 21 through 27 and floors 
29 through 50 generated an additional $2,512,125.00 to the curtain wall.  A total for the 
proposed curtain wall system change is shown below in Table 51 .  

 

Table 51: Total Proposed Curtain Wall System Change Breakdown 
 

This shows a total additional cost of $13,947,315.00 for all changes to the facade, with a 
total cost of $97,480,175.00.  The additional cost would be approximately 16.5%  more 
when compared to the original curtain wall system. 

 

3.7.6 Payback 

The data from energy modeling for the original building envelope without the ceramic 
rod shading system shows energy costs at $1,365,048.80 per year for the cooling loads 
for the entire building.  While the information for the exact ceramic rod cooling load 
savings, looking at the differences between savings of 1%, 10% and 20%, there would be 
savings of  $13,650.49, $136,504.88, and $273,009.76 respectively.  The result is a 
payback period of over 220 years, 23 years, or 12 years for the ceramic rods when 
compared to the initial cost for the ceramic rods at $3,023,640.00.  Data for the proposed 
louvered shading system shows a savings of $873,828.43 per year for the entire building.  

Curtain Wall 532112.5 Sq. Ft.    = 77,156,312.50$        
Operable Curtian Wall 35887.5 Sq. Ft.    = 7,715,812.50$           

Total 84,872,125.00$    

TOTALS

Curtain Wall 532112.5 Sq. Ft.    = 77,156,312.50$        
Operable Curtian Wall 35887.5 Sq. Ft.    = 7,715,812.50$           
Louvers 145290 L.F.         = 29058 5' Lengths 10,170,300.00$        
P.V. Louvers 19900 L.F.         = 3980 5' Lengths 2,437,750.00$           

Total 97,480,175.00$    
Original 83,532,860.00$    

Difference 13,947,315.00$    

TOTALS
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When applied to the cost of the proposed louver system at $11,563,300.00 the payback 
period for the cost of the louver system is approximately 13.25 years.  With the 
integration of the photovoltaic panels, the savings are the same for the cooling loads.  The 
payback for the photovoltaic integration is discussed in section 3.4.  Finally, the 
additional cost of $2,512,125.00 for the operable curtain wall panels is offset in 
approximately 15 years by an additional savings of $171,927.13 in the cooling load. 

 

3.7.7 Conclusions 

When all of the systems are put together, a total cooling load savings of $1,045,755.56 
per year is obtained.  This results in a lower operating cost of the building every year.  
When the savings are applied to the additional upfront cost of $13,947,315.00, the new 
system has a payback period of approximately 13.5 years.  While the original savings are 
only a range, it is believed that the savings range would be between 1-5%, or over 50 
years.  Compared to the payback and energy cost reduction, of the existing system, the 
proposed system would be a viable option.  Even with commissioning and maintenance 
pricing added to the long term cost of the façade system, the overall payback period 
would remain under that of the existing system.  The environmental significance is also 
important, as the reduction in cooling load, inclusion of natural ventilation and the 
improvement of daylighting within the office spaces are all key factors when determining 
the added social benefit of the system. 
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4 TENANT SPACES REDESIGN 
4.1 Tenant Spaces Changes 

The exposed structure was enclosed to eliminate thermal differential between the 
structural members that penetrated the building envelope.  These changes resulted in 
significant cost savings in the structural system and generated additional revenue for the 
owner by increasing the rentable area. Due to the increased rentable floor area, the 
lighting system needed to be redesigned.  The proposed change switched the design from 
an all general lighting system to a lower general lighting level with supplemental task 
lighting.  Additionally, the existing Under Floor Air Distribution (UFAD) system was 
changed to a ducted sidewall displacement system to improve upon the indoor 
environmental quality.  This required space coordination with the architectural and 
structural changes.  The BIM model was utilized to calculate the changes to rentable floor 
area, space coordination, and quantity take-off of structural framing members and 
columns. 

 

4.2 Architectural Layouts 

The following section highlights the changes to the layouts of spaces within the core and 
tenant areas as a result of the structural and facade changes.  The architectural layouts for 
typical floors had to be changed in accordance with the proposed structural and facade 
changes.  The original model was updated to replace the structural steel core with the new 
concrete core.  The facade changes to enclose the exposed steel columns in the corner of 
the building were also included in the model.  Meetings were held between all members 
of the integrated team and the architectural advisor to discuss the layout changes, and 
their proper arrangement.  The team also worked together to review and change the 
layouts to make sure the original criteria were met.  These spaces were all organized in 
Autodesk Revit Architecture, along with the color coded layout plans shown below.  
Area schedules were also developed using Autodesk Revit Architecture. 

 

4.2.1 Objective 

The objective of this analysis is to develop architectural changes within a typical floor to 
meet the criteria of the original architecture, and function properly with the structural and 
facade changes.  The analysis will also focus on the effects to the owners of the New 
York Times Building due to the changes.   
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4.2.2 Process 

Collaboration- 

 Meetings to discuss design changes 

 Review and alter changes as a team  

Research 

 Architectural justification for enclosing the exposed structure 

 Building codes 

 Existing criteria 

Model Input- 

 Original model documentation 

 Model design changes 

Analysis- 

 Develop area schedules to show maintained area of spaces, as well as possibility 
 of gaining rentable space 

 Apply available rent/lease pricing for NYC high rise to changes 

 

4.2.3 Architectural Justification 

Various changes led to architectural impacts on the building envelope and exposed 
structure.  The exposed structure was enclosed to eliminate thermal differential between 
the structural members that penetrated the building envelope.  Additionally a dynamic 
curtain wall system with louvered shades and operable windows was introduced.  The 
design team researched the architect's previous work to verify that similar designs were 
utilized in precedent notable work.  These building's include the Debis Headquarters 
Building in Berlin, Germany and Aurora Place in Sydney, Australia shown in Figure 80 
and Figure 81. 
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Figure 80: Debis Headquarters Building in Berlin, Germany 
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Figure 81: Aurora Place in Sydney, Australia 
 

4.2.4 Layout Changes 

The primary change to the architecture of the core was due to the openings between the 
walls of the concrete core.  The openings for each of the elevator shafts were maintained 
to avoid problems with the elevators.  The clear space for access from the elevator 
lobbies to the office space was also maintained between the shear walls as discussed in 
section 2.3.  Bathroom spaces were also maintained and unchanged in their respective 
areas of the core.  The main problem was encountered when laying out the access to 
support areas for the core utility spaces along with the access and orientation of the 
emergency stairs.  As a team, we decided to keep the mechanical space and primary duct 
risers centralized within the core.  The emergency stairs were moved away from the 
center of the core toward the shear walls where the electrical rooms were, and the 
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electrical rooms were moved to each side of the mechanical room.  After discussion 
between the Lighting/Electrical team member and the Construction Management Team 
member about the use of bus ducts instead of conduit discussed in section 2.3.2, the riser 
space for bus ducts for the New York Times' floors along with the Forest City Ratner 
Company's floors was combined and located behind the electrical rooms.  All spaces 
were given proper access from support spaces on each side of the core, and access to the 
mechanical room was maintained from the service elevator space and the support spaces 
serving the office floor.  These changes are shown between Figure 82 and Figure 83. 

 

 

Figure 82: Original Core Layout 
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Figure 83: Proposed New Core Layout 
 

4.2.5 Area Changes 

Area schedules were developed to show the comparison between the existing layout of 
spaces and the proposed changes to the layout.  This allowed the team to compare the 
sizes of spaces to the original to maintain at least the same size of each space.  These 
were developed for four levels throughout the tower of the building where elevators drop 
out and for core shear wall thicknesses changes.  The four areas are floors 5 through 17, 
18 through 27, 29 through 38, and 39 through 50.  Mechanical floors were omitted from 
this analysis.  A summary of each area schedule for the original spaces are shown below 
in Figure 84, Figure 85,  Figure 86, and Figure 87.  A summary of each area schedule for 
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the core and corner change spaces are shown below in  Figure 88,  Figure 89, Figure 90 , 
and  Figure 91.  The visual layouts of the spaces along with the detailed area schedules 
are located Appendix 7.5 on page 421. 

 

Figure 84: Original Area Schedule; Floors 5-17 
 

 

Figure 85: Original Area Schedule; Floors 18-27 
 

Name Area (S.F.)
Dead Space 629
Elevator Lobby 776
Elevator Shaft 2177
Office 18872
Restroom 581
Stairway 435
Support 413
Utility Space 1366
Total 25249

Rentable Area 19285
Not Rentable Area 5964

Total 25249

Name Area (S.F.)
Dead Space 679
Elevator Lobby 795
Elevator Shaft 1688
Office 18693
Restroom 475
Stairway 397
Support 985
Utility Space 1397
Total 25109

Rentable Area 19678
Not Rentable Area 5431
Total 25109
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Figure 86: Original Area Schedule; Floors 29-38 
 

 

Figure 87: Original Area Schedule; Floors 39-50 
 

Name Area (S.F.)
Dead Space 350
Elevator Lobby 466
Elevator Shaft 1298
Office 19084
Restroom 552
Stairway 405
Support 1642
Utility Space 1339
Total 25136

Rentable Area 20726
Not Rentable Area 4410
Total 25136

Name Area (S.F.)
Dead Space 283
Elevator Lobby 449
Elevator Shaft 586
Office 20516
Restroom 526
Stairway 420
Support 1000
Utility Space 1356
Total 25136

Rentable Area 21516
Not Rentable Area 3620
Total 25136
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Figure 88: Core/Corner Change Area Schedule 
Floors 5-17 

 

Figure 89: Core/Corner Change Area Schedule 
Floors 18-27 

Name Area (S.F.)
Added Corner Area 1732
Dead Space 730
Elevator Lobby 714
Elevator Shaft 2137
Office 19048
Restroom 578
Stairway 333
Support 509
Utility Space 1334
Total 27115

Rentable Area 21289
Not Rentable Area 5826
Total 27115

Name Area (S.F.)
Added Corner Area 1732
Dead Space 727
Elevator Lobby 774
Elevator Shaft 1645
Office 19046
Restroom 489
Stairway 341
Support 1056
Utility Space 1304
Total 27115

Rentable Area 21835
Not Rentable Area 5280

Total 27115
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Figure 90: Core/Corner Change Area Schedule 
Floors 29-38 

 

 

Figure 91: Core/Corner Change Area Schedule 
Floors 39-50 

  

Name Area (S.F.)
Added Corner Area 1752
Dead Space 458
Elevator Lobby 469
Elevator Shaft 1255
Office 19294
Restroom 482
Stairway 340
Support 1929
Utility Space 1261
Total 27240

Rentable Area 22975
Not Rentable Area 4265
Total 27240

Name Area (S.F.)
Added Corner Area 1752
Dead Space 398
Elevator Lobby 434
Elevator Shaft 642
Office 20648
Restroom 472
Stairway 340
Support 1158
Utility Space 1318
Total 27162

Rentable Area 23558
Not Rentable Area 3604
Total 27162
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4.2.6 Rent Changes 

The amount of rentable area has a significant effect on the profitability of the building to 
the owner.  The amount of rentable space is a major concern to an owner involved in 
developing leasing the space to other clients.  While additional space in the New York 
Times spaces would be utilized, it is only necessary to analyze the Forest City Ratner 
Company's floors.  By increasing the rentable area of each floor plan, there is an increase 
in the potential revenue to the owner.  The article, Manhattan Office Vacancy Rate Falls 
for 2nd Consecutive Month by Cushman & Wakefield, dated January 12, 2010 supplies 
data for class A office space rental prices in Manhattan.  The years of 2007, 2008, and 
2009 were listed within the article, giving average pricing per square foot of office space 
per year at $53.24, $72.97, and $55.52 respectively. An average of these prices comes to 
$60.58.  Input from a member of the industry confirmed this by supplying an estimate of 
currently $50.00.  Cost comparison summaries for the two layouts of the original FCRC 
spaces is shown in Figure 92, and Figure 93, along with the cost comparison summaries 
for the two layouts of the core and corner changes for the FCRC spaces, shown in Figure 
94, and Figure 95 . 

 

Figure 92: Original Rentable Space Pricing 
Floors 29-38 

 

 

Figure 93: Original Rentable Space Pricing 
Floors 39-50 

 

Name Area (S.F.) Area Type
Dead Space 350 Not Rentable
Elevator Lobby 466 Not Rentable
Elevator Shaft 1298 Not Rentable
Office 19084 Rentable
Restroom 552 Not Rentable
Stairway 405 Not Rentable
Support 1642 Rentable
Utility Space 1339 Not Rentable

Total 25136 SF

Rentable Area 20726 SF 2007 2008 2009 AVG.
Not Rentable Area 4410 SF 53.24$                  72.97$                  55.52$                  60.58$                  

Total 25136 SF 1,103,452.24$ 1,512,376.22$ 1,150,707.52$ 1,255,511.99$ 

Totals

Average Rental Price ($ per S.F. per Month)

Name Area (S.F.) Area Type
Dead Space 283 Not Rentable
Elevator Lobby 449 Not Rentable
Elevator Shaft 586 Not Rentable
Office 20516 Rentable
Restroom 526 Not Rentable
Stairway 420 Not Rentable
Support 1000 Rentable
Utility Space 1356 Not Rentable

Total 25136 SF

Rentable Area 21516 SF 2007 2008 2009 AVG.
Not Rentable Area 3620 SF 53.24$                  72.97$                  55.52$                  60.58$                  

Total 25136 SF 1,145,511.84$ 1,570,022.52$ 1,194,568.32$ 1,303,367.56$ 

Totals

Average Rental Price ($ per S.F. per Month)

Year 

Year 
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Figure 94: Core/Corner Change Rentable Space Pricing 
Floors 29-38 

 

 

Figure 95: Core/Corner Change Rentable Space Pricing 
Floors 39-50 

 

4.2.7 Conclusions 

Through this analysis, it was found that using an integrative design team, the redesign of 
the architectural layout of core spaces in response to structural core and facade changes 
could impact the profitability of the building.  The current design was found to have 
rentable areas each totaling 19,285 ft2 on the 5th-17th floors, 19,678 ft2 on the 18th-27th 
floors, 20,726 ft2 on the 29th-38th floors and 21,516 ft2 on the 39th-50th floors.  When 
applied to the floors owned by Forest City Ratner Companies (floors 29-50), this amounts 
to an average revenue of $1,255,511.99 per floor per year for floors 29-38, and 
$1,303,367.56 per floor per year for floors 39-50, and a total of  $28,195,530.98 per year. 

The design of the proposed core and corner changes, along with the proposed 
architectural layouts of the core and tenant spaces was found to have rentable areas each 
totaling 21,289 ft2 on the 5th-17th floors, 21,835 ft2 on the 18th-27th floors, 22,975 ft2 on 
the 19th-38th floors, and 23,558 ft2 on the 39-50th floors.  This is approximately 2,000 ft2 
of additional  rentable space per floor.  When applied to the floors owned by Forest City 
Ratner Companies (floors 29-50), this amounts to an average revenue of $1,391,748.92 

Name Area (S.F.) Area Type
Added Corner Area 1752 Rentable
Dead Space 458 Not Rentable
Elevator Lobby 469 Not Rentable
Elevator Shaft 1255 Not Rentable
Office 19294 Rentable
Restroom 482 Not Rentable
Stairway 340 Not Rentable
Support 1929 Rentable
Utility Space 1261 Not Rentable

Total 27240 SF

Rentable Area 22975 SF 2007 2008 2009 AVG.
Not Rentable Area 4265 SF 53.24$                  72.97$                  55.52$                  60.58$                  

Total 27240 SF 1,223,189.00$ 1,676,485.75$ 1,275,572.00$ 1,391,748.92$ 

Totals

Average Rental Price ($ per S.F. per Month)

Name Area (S.F.) Area Type
Added Corner Area 1752 Rentable
Dead Space 398 Not Rentable
Elevator Lobby 434 Not Rentable
Elevator Shaft 642 Not Rentable
Office 20648 Rentable
Restroom 472 Not Rentable
Stairway 340 Not Rentable
Support 1158 Rentable
Utility Space 1318 Not Rentable

Total 27162 SF

Rentable Area 23558 SF 2007 2008 2009 AVG.
Not Rentable Area 3604 SF 53.24$                  72.97$                  55.52$                  60.58$                  

Total 27162 SF 1,254,227.92$ 1,719,027.26$ 1,307,940.16$ 1,427,065.11$ 

Totals

Average Rental Price ($ per S.F. per Month)

Year 

Year 
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per floor per year for floors 19-38, and $1,427,065.11 per floor per year for floors 39-50, 
and a grand total of $31,042,267.52 per year.  Compared to the original, the proposed  
changes would amount to $2,846,736.54 in additional revenue to Forest City Ratner 
Companies.  The result would be shorter payback period to Forest City Ratner 
Companies. 

 

4.3 Gravity System 

The following section pertains to a redesign of the gravity system of The New York 
Times Building tower.  Within this section as per the structural designer’s MAE 
requirements a computer model was created in RAM Structural Systems for the various 
gravity system analyzed.  In addition to the RAM model, the structural designer utilized 
basic dynamic principles learned in CE 548: Structural Design for Dynamic Loads and 
AISC Design Guide 11: Floor Vibration Due to Human Activity to analyze the potential 
solution for walking excitation.  With the added design challenge of framing steel beams 
into the concrete lateral system, connection design techniques learned in AE 534: 
Analysis and Design of Steel Connections were used to design and analysis adequate 
connections. 

 

4.3.1 Objective 

1) Design an alternative floor system that reduces the number of structural members 
while providing cost savings and decreasing structural erection time. 

2) Design the structural gravity system to respond to the goals of the architect. 

3) Design various structural connections for the gravity system. 

4) Create a model of the gravity system in Revit to aid in structural takeoffs. 

 

4.3.2 Process 

Design- 

Determine an appropriate gravity system that maintains strength and 
serviceability requirements 

Coordination- 

Work with the design team and the architectural advisor to determine an optimal 
solution for the gravity system 

Modeling- 

Import RAM model into Revit 

Model potential gravity system designs in RAM 
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Analysis- 

Design and analyze the potential gravity systems for strength and deflection 
requirements 

Analyze the potential gravity system for walking excitation 

Design and analyze gravity columns 

Design and detail connections 

 

4.3.3 Codes, References, and Criteria 

4.3.3.1 Original Design Codes and Deflection Criteria 

National Model Code: 

1968 Building Code of the City of New York with latest supplements 

Structural Standards: 

ASCE 7-98, Minimum Design Loads for Buildings and other Structures 

Structural Design Codes: 

AISC – LRFD, Steel Construction Manual 2nd edition, American Institute of 
Steel Construction 

National Building Code of Canada, 1995 

Uniform Building Code, 1997 

 

4.3.3.2 Thesis Design Codes and Deflection Criteria 

National Model Code: 

2006 International Building Code 

Structural Standards: 

ASCE 7-05, Minimum Design Loads for Buildings and other Structures 

Structural Design Codes: 

AISC – LRFD, Steel Construction Manual 13th edition, American Institute of 
Steel Construction 

Gravity Deflections Criteria: 

Live load deflections for floor members are limited to L/360 

Total load deflections for floor members are limited to L/240 
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4.3.4 Gravity System Material Strength 

Structural Steel: 

Rolled Shapes and Channels: 

ASTM A572 or A992, Minimum yield strength of 50 ksi 

Miscellaneous Angles 

ASTM A36, Minimum yield strength of 36 ksi 

"UAP" Channels 

European Code EC3, Grade S-235JRG2, Minimum yield strength of 46 
ksi 

Tubes 

ASTM A500, Grade B, Minimum yield strength of 42 ksi 

Pipes 

ASTM A500, Grade B, Minimum yield strength of 46 ksi 

Plate Material used for Built-Up Members 

ASTM A572, Minimum yield strength of 50 ksi 

Connections & Base Plate 

ASTM A36 (36 ksi), A529 (42 ksi), A572 & A588 (50 ksi) 

Metal Decking: 

3” Composite Deck 

ASTM A653 SQ, Grade 40, Minimum yield strength of 40 ksi 

Headed Shear Studs ¾” 

ASTM A108, Type B 

Connections: 

Bolts 

ASTM A325 or A490 

Nuts 

.ASTM A563 

Washers 

ASTM A-F436 
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Anchor Bolts/ Rods 

ASTM F-1554, Grade 55 

Welding Electrodes E70XX 

Tensile strength of 70 ksi 

 

4.3.5 Iterative deck and beam design 

The proposed floor system redesign investigated two different framing layouts shown in 
Figure 96 on page 167 and Figure 97 on page 168.  For each framing option Wide flange 
shapes versus SMARTBEAMS (CMC Steel Products castellated beams), normal weight 
versus lightweight concrete, and long span deck versus typical span deck were 
investigated as a potential design.  The following matrix was constructed to look at all the 
possible combinations for each framing layout. 

LS/WF/NW TS/WF/NW 
LS/SB/NW TS/SB/NW 
LS/WF/LW TS/WF/LW 
LS/SB/LW TS/SB/LW 
Table 52: Framing Matrix 

Where: 

LS = long span deck & TS = typical span deck 

WF = wide flange shape & SB = SMARTBEAM 

NW = normal weight concrete & LW = Lightweight concrete 

 

 

Figure 96: Gravity system framing option 1 
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Figure 97: Gravity system framing option 2 
 

4.3.5.1 Initial Gravity Design Calculations 

After initially consulting with the construction manager about fireproofing the gravity 
system, it was decided to investigate an unprotected deck.  For which a 2 hour restrained 
assembly rating, yielded 3 ¼" and 4 ½" thickness of concrete above the flutes of the 
metal deck for lightweight and normal weight concrete respectively.  In addition, the 
mechanical designer was initially consulted about structural implications due to changing 
the under floor air distribution or UFAD system.  As a result, the 20 psf allotted for the 
UFAD and MEP in the ceiling was reduced by 10 psf to obtain a total superimposed dead 
load of 15 psf.  It should be noted that the floor live load was not changed.  The vendors 
of the metal decks investigated include Metal Dek Group, Epic Metals, United Steel 
Deck, and Nucor Vulcraft Group.  It was determined that 30 potential metal decks met 
fireproofing and load capacity requirements in addition to a minimum of double unshored 
span length.  These 30 metal decks were then reduced down to 7 potential metal decks by 
selecting the least weight and least gage for each metal deck application of each 
possibility for the two framing options.  This can be seen in the attached potential gravity 
system design matrix in Structural Figure 178 on page 275.  Please note that in framing 
option 1only long span deck with normal weight concrete did not met load requirements.  
RAM was utilized for the 14 different designs, however it should be noted that the 
interoperability between RAM and Revit does not exist for 64 bit computers therefore 
interoperability was not used.  Out of the eight possibilities for each framing option the 
following four possibilities were investigated further: 

LS/SB/LW 
LS/WF/LW 
LS/WF/NW 
TS/WF/NW 

Table 53: Reduced Framing Matrix 
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After consulting with Stephen Redman of CMC Steel Products, Glen Smith of Epic 
Metals Corporation, and Chris Cerino of Desimone Consulting Engineers in New York 
City the following costs were determined: 

EPICORE 450 $6.10/SF 
EPICORE 3.5 $4.60/SF 
SMARTBEAMs $100-$200/ton in addition to steel cost 
Lightweight concrete on metal deck $11/SF 
Normal weight concrete on metal deck $10/SF 
Structural steel $3,500-$4,500/ton 

Table 54: Framing costs 
 

Mr. Redman also advised that for SMARTBEAMs to be cost effective longer spans than 
40’-0” are needed.  In addition to consulting with Mr. Redman, the mechanical designer 
was consulted about the location of ductwork relative to structural framing.  As a result of 
this meeting, it was determined that the ductwork would either run out from the core 
parallel to the framing in option 1 or on top of the structural slab.  Due to these meetings, 
SMARTBEAMs and framing option 2 were eliminated due to cost and minimizing 
mechanical penetration through the structural framing.  Normal weight concrete was 
eliminated after consulting with the construction manager.  It was determined that the 
added weight of normal concrete needed to obtain the 2 hour fire rating would affect the 
loads of the framing system increasing beam, columns, and foundation sizes.  The added 
weight would also influence the mass of the building, therefore potentially increasing the 
period of vibration and potentially increasing the lateral stiffness to counteract the 
increased mass of the building.  This left only the framing option 1 with lightweight 
concrete on long span composite deck on wide flange shapes.  Please refer to Structural 
Figure 179 on page 275 for the reduced framing matrix with relative costs. 

When originally consulting with Mr. Smith at Epic Metals Corporation, the design team 
only knew of the EPICORE 450 metal deck which is a 4 ½” deck with 4.5” of 
lightweight concrete topping which resulted with a total slab thickness of 8 ½ inches.  
Mr. Smith advised the structural designer to consider the EPICORE 3.5 composite floor 
deck which was $1.50/SF cheaper and was able to obtain the 2 hour fire rating with a 
total slab thickness of 5 ½”.  Please note that this is different from the conventional 
unprotected deck fire rating due to a no-spray-applied fireproofing that is applied at the 
factory.  For more information see U.L. Design Number D942. 

 

4.3.6 Floor Vibration Analysis 

Closing in on the final floor framing solution, only framing option 1 with lightweight 
concrete on long span metal deck on wide flange beams remained.  Both EPICORE 3.5 
and EPICORE 450 allow this floor framing option to meet strength and deflection 
criteria.  However to be able to eliminate, aside from cost, and compare one deck over the 
other a higher level of analysis should be carried out.  As stated previously the structural 
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designer utilized basic dynamic principles to analyze these two potential solution for 
walking excitation or floor vibration. 

AISC Design Guide 11: Floor Vibration Due to Human Activity, DG11, was developed 
due to criteria based on the dynamic response of floor systems to human excitation under 
walking loads.  A floor system is deemed acceptable if the peak acceleration determined 
from 

 
Equation 6 

does not exceed the acceleration limit.  Design Guide 11 provides the following table for 
recommended Po and β value in addition to acceleration limit.  

 

Figure 98: AISC DG11 Recommended Values of Parameters and ao/g limits 
 

Because long span decks are prone to more vibration issue then typical deck, an 
additional mode was analyzed and checked for the deck.  Since DG11 provide no 
approach for a slab panel mode, Dr. Hanagan was consulted in the approach of this 
mode’s analysis.  The slab panel mode follows the same concepts and ideas utilized in the 
beam panel mode and girder panel mode.  However, the combined mode calculations in 
DG11 were modified to include the slab panel mode.  Please refer to Structural Figure 
180 through Figure 185 for in-depth calculations on composite beam design and vibration 
analysis.  After analyzing the two different decks it was determined that in both cases 
larger structural wide flanges were required in order to meet acceleration limits of 0.5%g 
for a damping ratio of 0.03 which is for open floor offices.  If the open floor office plan 
was changed to have full-height partition offices smaller member could be used due to 
the increase of the damping ratio from 0.03 to 0.05.  The following table summarizes the 
vibration calculations for the two types of long span deck.  It should be noted that the 
sizes of the beams are driven by the vibration analysis. 
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Summary of Vibration Analysis Results 
 EPICORE 3.5 EPICORE 450 
Slab thickness (in.) 5.5 8.5 
Beam Size W30X108 W21X44 
Girder Size W24X84 W18X40 
Framing weight (psf) 62.45 59.43 
Slab frequency (Hz) 5.88 12.23 
Beam frequency (Hz) 8.70 5.75 
Girder frequency (Hz) 7.28 5.31 
Combined weight (lbs) 107093 119710 
Combined frequency (Hz) 4.05 3.72 
ap/g with β = 0.03 0.005 0.005 
ap/g with β = 0.05 0.003 0.003 
Avg. relative cost ($/SF) 34.84 28.66 

Table 55: Summary of Vibration Analysis Results 
 

Due to the high costs, deep wide flanges, and thicker slab both long span decks were 
eliminated and the existing design was reevaluated.  After a design team consulting 
session, the decision was made to keep the existing framing system and replace the 
normal weight concrete in the deck to light weight concrete.  Mark Cook at Vulcraft’s 
New York office was contacted for Vulcraft deck costs.  It was determined that 
Vulcraft’s deck was the cheapest at 1.80$/SF.  Therefore the final gravity system floor 
framing is summarized in Table 56 on page 171 with the existing floor framing system.  
Refer to Structural Figure 186 through Figure 191 on page 282 through 287 for in-depth 
calculation on the final gravity system floor framing and the existing floor framing 
comparisons.  Please note that all the acceleration values include the slab panel mode and 
therefore the existing and redesigned acceleration values are conservative. 

 

 Existing System Redesigned System 
Slab depth (in) 5.5 6.25 
Girder depth (in) 17.9 17.9 
Beam Depth (in) 17.7 17.7 
Total Structural Depth (in) 23.4 24.15 
Beam size W18X35 W18X35 
Girder Size W18X40 W18X40 
Deck Span (ft) 10'-0" 10'-0" 
Beam Weights (psf) 4.50 4.50 
Deck Weight (psf) 53 46 
Structural Weight (psf) 57.50 50.50 
Avg. relative cost ($/SF) 22.88 24.38 
ap/g with β = 0.03 0.005 0.005 
ap/g with β = 0.05 0.003 0.003 

Table 56: Comparison Summary of Existing to Redesign 
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4.3.7 Column Design 

Due to the weight of the floor system decreasing and disengaging all of the columns from 
the lateral system, column sizes were reduced and built-up column sections were 
minimized to the cantilever bays.  Figure 99 shows the columns that are not built-up 
sections all the way up the building. 

 

 

Figure 99: Non-built-up Section Columns 
 

The sizes of the columns of the top floor range from W14X61 to W14X99 and increase in 
size down to base where the lightest column is a W14X342 and the heavier columns are 
the built-up sections.  The columns were designed using RAM Structural System.  Please 
refer to Structural Figure 192 through Figure 194 on page 288 through 290 for columns 
loads and RAM output.  Due to the 5’-0” cantilevers on West and East sides of the 
building the columns were oriented to allow for the cantilever beam to be moment 
connected to the flange of the column.  The same is true for the column in the cantilever 
bays.  In order to keep with the architectural vision of the building floating above the 
storefront and eliminating the single rods in the cantilever bays, two additional 
Vierendeel frames were added to each cantilever bay and the back span beams were 
moment connected to reduce the unbalanced moment going into the columns.  With the 
added moments going into the columns no rolled W14 shape could handle the loads thus 
built up columns were needed.  Figure 100 and Figure 101 shows the built-up columns 
locations for the cantilever bays. 
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Figure 100: Built-Up column Location and Vierendeel Frames 
 

 

Figure 101: 3D view of Built-Up column Location and Vierendeel Frames 
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Table 57 shows a summary of the section properties of the two built-up columns that 
were used.  The flanges and webs of the built-up columns were checked for slenderness 
and were found to be ok.  Hand calculations were developed to check the flexural and 
torsional buckling stresses as well as the flexural yielding of the sections.  To verify these 
results, the RAM column code was changed to include built-up sections and their 
properties for axial gravity loads and the moments due to the Vierendeel frame.  It was 
determined from the RAM output that the built-up sections met the necessary strength 
requirements.  Refer to Structural Figure 195 through Figure 197 on page 291 through 
292 for in-depth built-up column properties, stress checks, and RAM output. 

 

 BU24X987 BU24X817 
d (in) 24 24 
bf (in) 22 22 
tf (in) 5 4 
tw (in) 5 4 
w (plf) 987 817 

Table 57: Built-up Column Section Properties 
 

4.3.8 Connection Design 

The typical structural connections of the building consist of simple shear tab connections 
and flange plate moment connections.  However a challenge occurred when the gravity 
steel beams were framed into lateral concrete shear walls.  On numerous occasions the 
structural designer consulted with the design team’s construction manager, Dr. Hanagan, 
and Mike McGowan of Gannett Fleming.  The main concern of the structural designer 
and the construction manager was the issue of constructability.  It was determined early 
on in the design of the steel to concrete connection that construction flexibility was 
needed.  As a result steel angles were used instead of a shear tab to allow for ease of 
welding the angle to the embedded plate.  In addition, slotted holes were used in the angle 
for more construction flexibility of the connection.  The resulting connection, shown in 
Figure 102, follows criteria set by AISC and PCI with a connection capacity of 48 kips. 

 

Figure 102: Concrete to Steel Connection 
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For beam to girder and girder to column flange connections shear tab were used.  In the 
case of girder to column web an extended shear tab was designed.  For the moment 
connections flexibility for construction, was considered.  In the case where the W12X19s 
cantilever 5’-0” every floor the decision was made to use a bolted flange plate moment 
connection instead of an extended end plate moment connection.  The extended end plate 
connection is ideal for relatively small moments, however due to the construction 
flexibility the bolted flange plate moment connection was used.   See Figure 103 though 
Figure 107 on page 175 though 176 for the detailed shear tab and moment connections.  
For in-depth calculations please refer to Structural Figure 198  through Figure 207  on 
page 293 through 302. 

 

Figure 103: Beam to Girder Shear Tab Connection 
 

 

Figure 104: Girder to Column Flange Shear Tab Connection 
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Figure 105: Girder to Column Web Shear Tab Connection 
 

 

 

Figure 106: Girder to Column Flange Moment Connection 
 

 

Figure 107: Girder to Column Flange Moment Connection 
 

4.3.9 Foundation Impacts 

As stated in section 2.2.7: Foundation Impacts on page 64, with disengaging all of the 
columns in the lateral design, their foundations will most likely be smaller due to the 
removal of moments due to wind acting on the columns.  The foundations under the 
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Vierendeel frames will change however not as dramatically as the other column 
foundations due to the built-up columns and larger cantilevers.  Due to the foundation not 
being part of the design team’s scope, in-depth calculations were not performed. 

 

4.3.10 Cost Implications 

The Building Information Models were utilized again to obtain accurate schedules for the 
steel columns and steel framing members of the building.  Cost data was applied to the 
schedules to provide accurate take-offs for comparison.  The exterior “knuckle” 
connections and X-bracing were not included in the original take-off and pricing.  A 
summary of the cost for framing for the original building as well as the proposed core and 
corner change is shown below in Table 58, Table 59 respectively.  Detailed take-offs are 
available in Appendix 7.5. 

 

Table 58: Original Framing Cost Summary 
 

 

Table 59: Core/Corner Change Framing Cost Summary 
 

Additionally, the cost summary for columns for the original building as well as the core 
and proposed core and corner change is shown below in Table 60, and Table 61 
respectively. Detailed take-offs are available in Appendix 7.5. 

 

Table 60: Original Column Cost Summary 
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Table 61: Core/Corner Change Column Cost Summary 
 

 

4.3.11 Schedule Implications 

The schedule changes for the building evaluated in accordance for the reduction in the 
number of members, their sizes and integrating their construction along with the concrete 
core.  The original schedule allowed for a total lead time of 7 months from the beginning 
of fabrication of the steel for the tower to the start of on-site steel erection.  The original 
schedule required 2 weeks for erection of 2 floors of structural steel.  This included an 
average of 9 working days for the erection of 2 floors, and allowed for one day of float 
every two weeks to still keep on schedule.  The original lead time was retained for the 
new steel,  but with the reduction to the number of members and their sizes, the erection 
of the steel members would eventually overtake the concrete core.  To avoid this, the 
duration of erection was left to the same timeframe of 2 stories per 2 weeks, but allowed 
for 2 days of float instead of 1.  The new framing would begin on 3/18/05 and would be 
completed on 5/24/06, which are the same dates as the original steel construction.  This is 
shown in the detailed construction schedule available in Appendix 7.5 on page 389. 

Using a BIM model in conjunction with a construction schedule into a 4D is very useful 
to check for possible problems with trade coordination.  Prior to construction, the use of a 
4D model can help to properly portray the sequencing of trades electronically, helping to 
eliminate on-site problems before they are created.  This was utilized to check that the 
proposed core, façade and tenant space changes were properly integrated into the 
construction schedule.  By linking the foundations, steel, concrete core, and façade to the 
schedule in Navisworks, a 4D model was created, accurately showing the construction 
process.  A breakdown of the 4D model is shown in the screen shots below in Figure 108 
through Figure 114.  The dates associated with each picture depict the date of 
construction the screen shot was taken at.  This analysis showed the durations and 
sequencing worked together properly, and the coordination between trades could be 
maintained.  
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Figure 108: 4D Model; 1/27/05 
 

 

Figure 109: 4D Model; 4/29/05 
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Figure 110: 4D Model; 8/7/05 
 

 

Figure 111: 4D Model; 11/25/05 
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Figure 112: 4D Model; 3/5/06 
 

 

Figure 113: 4D Model; 5/27/2006 
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Figure 114: 4D Model; 10/2/06 
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4.3.12 Conclusions 

The goal of reducing structural members per bay was not met due to vibrations.  It was 
determined that the redesigned floor system resulted in a total structural depth increase of 
¾” and an increase of cost of $1.58/SF.  In addition, the redesigned floor system met 
acceleration limits when subjected to walking excitation loads.  The floor framing system 
was decreased by 7.5 psf and all columns were disengaged from the lateral system which 
decreased column sizes.  To keep with the architect’s vision of no columns at the 
storefront in the cantilever bays, built-up sections are necessary.  However, the 
redesigned built-up sections are not as large as the existing due to decreased weight and 
exclusion from the lateral system as listed above.  Adequate connections were designed 
due to being driven by constructability. 

There are also several impacts on the cost of the framing and columns of the building.  A 
major impact to the overall weight of steel and the cost of columns and framing occurred 
with large built up columns being replaced by the concrete core.  Additionally, the 
outrigger system was eliminated from the building, reducing the cost dramatically.  The 
framing throughout the building was also reduced in size and weight due to the use of the 
concrete core, and some of the more specialty framing members were eliminated or 
replaced by more common steel members, resulting in a cost reduction.  Comparing the 
columns and framing of the original building and displacing the savings of the members 
of the core discussed in section 2.4, a reduction in cost to the proposed system is 
approximately $55 million.  This is a fairly conservative savings as well due to the 
expensive “knuckle” connections and X-bracing on the exterior of the building being 
eliminated by the structural change. 

 

4.4 Interior Lighting 

The following section discusses the interior lighting design for the open office. 

 

4.4.1 Objective 

Goal of this evaluation/analysis/redesign 

1) Investigate the energy savings resulting from a lower general lighting level with 
additional task lighting. 

2) Pass lighting power densities on to the mechanical designer for energy modeling and 
possible sizing changes of mechanical systems from previous design. 
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4.4.2 Process 

Model inputs- 

 Building geometry – Use the existing Revit model for geometry and recreate  
 model in AutoCAD for use in AGI 

 Photometry – Download .ies files from manufacturer websites 

Model outputs- 

 Illuminance levels within the space 

 Lighting Power Densities 

 Renderings  

  Architectural impact 

  Psychological perception of the space 

 

4.4.3 Calculations for Analysis 

AGI was used as the tool for the lighting calculations.  AGI was also used for the 
raytraced images . 

 

4.4.4 Assumptions 

The assumptions for this part of the project include interior finishes, consistent furniture 
layout, and consistent controls. 

 Room  

Ceiling .80 

  Walls  .50 

  Floor .20 

 Desk 

Counter  .7 

Partition .5 

Cabinet .3 
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 Light Loss Factors 

  Ballast Factor 1.0 

  LDD Category 1 .92 

  RSDD  .925 

  Total   .85 

   

4.4.5 Design Considerations 

Psychological Impression 

The space should have the impression of visual clarity.  To obtain this, the space should 
be uniformly lit across the office area with some peripheral emphasis.  Having a 
luminous glazing surface will help with peripheral emphasis around the exterior.  To add 
peripheral emphasis along the interior, wall washers around the circulation space were 
used where solid wall is available. 

Appearance of Space and Luminaires (Important) 

The architecture aids in the appearance of space.  The layout is open and all areas have 
views of the exterior.  The luminaires are designed to be flush with the ceiling.  This 
allows a continuous plane across the entire ceiling.  Designing the lighting to have 
peripheral emphasis also adds to the appearance of space. 

Color Appearance (Important) 

Because of the work completed in the space, the luminaires must use high CRI lamps.  
The occupants will be working with graphics and type, so it is crucial to have good color 
rendering.  All lamps within the space shall be of 80 CRI or higher.  The color 
temperature of the lamping is 3500K and must be consistent throughout the entire space.  
To maintain a uniform design throughout the space, all lumianires must be relamped with 
the same color temperature lamp.   

Daylight integration and Control (Important) 

Daylight is a major component of the office design.  Dimming controls are used to 
properly harvest the benefits of daylight.  Luminaires will individually respond to the 
changing exterior environment and provide appropriate lighting levels. In addition to 
controlling the lumianires, the daylight also needs to be controlled.  Solar shades are used 
across each of the facades. 

Direct Glare (Very Important) 

Direct glare is a crucial part of occupant comfort.  To help maintain a glare free 
environment, both daylight and electric light must be designed accordingly.  Electric light 
fixtures must be chosen that maintain a glare free environment.  To control the dynamic 
nature of daylight, automatic blinds and louvers are incorporated into the façade. 
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Flicker (Important) 

The tasks of computer use and reading or writing require that light sources do not flicker.  
Any luminaires that caused this occurrence would create an uncomfortable situation and 
reduce productivity.   The combination of lamping and ballasts are designed to minimize 
this occurrence. 

Light Distribution on Surfaces (Important) 

All surfaces should receive uniform, area lighting.  This will provide appropriate 
illuminance for individuals working in the space.  This uniform design should be present 
throughout the floor with little to no deviations. 

Light Distribution on Task Plane (Important) 

The task plane should receive a uniform distribution to create a comfortable work setting.  
Individuals working at their desks will want to be able to easily focus on tasks without 
being distracted with varying lighting levels.  To help the occupants with this, task 
lighting is installed at each workstation. 

Luminance of Room Surfaces (Very Important) 

Room surfaces should appear bright to promote an active atmosphere.  The ceiling and 
walls should have a uniform luminance.  This will help in creating a completely uniform 
environment to work in. 

Modeling of Faces or Objects (Important) 

Social interaction is important in this workspace.  Facial expressions and hand or body 
motions should be easily seen.  The use of area lighting should illuminate the entire space 
so that these factors will be of no issue.  To properly model faces, there must be some 
contribution of vertical illuminance. 

Reflected Glare (Very Important) 

Reflected glare should be complete removed from the space.  Glare can effect an 
individual's ability to work and feel comfortable.  The reflectance of interior materials is 
a major consideration for reflected glare.  Since the reflectances cannot be changed, it is 
luminaire placement that must be adapted if reflected glare is a problem. 

Shadows (Important) 

No shadows should be present in this space.  Fluorescent sources should be used to create 
a diffuse lighting solution.  Shadows can create uncomfortable working conditions and 
reduce productivity.  Shadows from daylight were previously an issue.  With the redesign 
of the façade system, shadows are no longer an issue. 

Source/Task/Eye Geometry (Very Important) 

Furniture should be spaced out so that luminaires are not directly in front of or behind 
individuals.  Veiling reflections can occur on computer screens or glossy papers if 
luminaires are located in inappropriate spots.  With proper selection of flat screen 
computer monitors, this shouldn’t be a problem. 
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Maintenance 

Luminaires should have lamps with long life to reduce the time between replacement.  
Proper color temperatures should always be provided to keep the lighting design 
consistent and uniform.  The average height ceiling provides easy access to the fixtures.  
Luminaires should be able to be relamped or replaced easily to reduce office distractions. 

 

4.4.6 Design Criteria 

 Illuminance  

General Lighting 30fc 

  Task  50fc 

 Lighting Power Density  

Open Office 1.1W/sqft 

  Corridor  .5W/sqft 

 

4.4.7 Design Intent 

The office lighting was redesigned to not only optimize the electrical energy 
consumption, but to decrease heating loads.  The building is 1.6 million square feet in 
total.  With most of the square footage being taken up by open office at 1.1 watts/sqft, 
there is a significant heat gain from lighting alone.  By reducing this interior lighting 
load, the overall energy consumption of the lighting and mechanical loads should 
decrease. 

To maintain part of the original ideas of the architect, a linear system was used.  Strips of 
glowing lines would be seen from outside of the building as the sun is going down.  This 
look will maintain the rectilinear look of the building.  To serve as contrast to the open 
office, yet compliment the shape of the fixtures, a square downlight was used to mark the 
circulation space around the core of the building.  The combination of downlights and 
wall washers, where applicable, were used.  This look around the core was carried into 
the elevator lobby.  This design allows for a consistent look through all office floors.  
Due to the nature of the elevator lobby, the lighting needs to be flexible from floor to 
floor.  Each floor has six elevators in the lobby, though not the same six per floor.  To 
highlight the area where the elevators are on each floor, the downlights are placed in front 
of the doors.  Where there are no elevators, wall washers are used to accent the walls. 

To save energy, the general lighting within the space was designed to 30fc.  This is the 
IESNA recommendation for reading.  For some of the tasks, it would be better if the 
occupant had 50fc.  When an occupant is not at their desk, there is no need for 50fc.  At 
the same time, it would be a negative impact if a downlight were turned off above the 
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empty desk.  To aid the occupants, a task light was installed at each desk to bring the 
light levels up to 50fc.  This allows for maximum energy savings for the building. 

The original system incorporated digitally addressable ballasts.  These ballasts took input 
from photosensors and occupancy sensors.  Since the lighting system was designed to 
operate at 50fc, the photosensors were set to maintain 50fc.  The proposed redesign also 
incorporates photosensors with the digitally addressable ballasts.  Because the general 
system is only trying to maintain 30fc, the lighting will be able to dim at lower daylight 
levels.  It will be important for the photosensors to be installed in such locations where 
the sensor cannot see a desk.  With the incorporation of task lights, the photosensor could 
be fooled by higher than actual light levels. 

In addition to energy savings, the proposed redesign will also save in maintenance fees.  
With drastic cuts in the number of fixtures, maintenance workers will spend less time 
relamping fixtures.  This could be a huge financial burden lifted from the New York 
Times annual expenses.  Since the original design incorporated over 18,000 fixtures in 
the open office, this will also save a large part of construction costs due to the reduced 
number of fixtures. 

 

4.4.8 Conclusions 

4.4.8.1 Fixture Selection 

The fixtures chosen for this space can be found on pages 314 through 320. 

 

4.4.8.2 Lighting Power Density 

The redesign uses 142 R1 fixtures and a combination of 86 R2 and R3 fixtures.  The 
square footage of the floor plan totals 17,558 square feet.  The total wattage in the 
redesigned layout is 8,241.2Watts.  This results in an average lighting power density of 
.469 Watts per Square Foot.  Within ASHRAE Standard 90.1, there is a lighting 
exception for task lights controlled by occupancy.  With this exception, the task lighting 
was not included in the lighting power density.  The resulting energy savings would be 
approximately $462,200.00 per year. 
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4.4.8.3 Pseudo Colors and Rendered Images 

 

Figure 115:  Open Office General Lighting Render 

 

Figure 116:  Open Office General Lighting Pseudo Color 
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Figure 117:  Open Office with Task Lighting Render 

 

Figure 118:  Open Office with Task Lighting Pseudo Color 
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Figure 119:  Elevator Lobby Render 

 

Figure 120:  Elevator Lobby Pseudo Color 
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Figure 121:  Circulation Space Render 

 

Figure 122:  Circulation Space Pseudo Color 
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4.4.8.4 Illuminance Levels (General Lighting Only) 

 Average  31 fc 

 Max/Min 3.39 

 

4.4.8.5 Illuminance Levels (With Task Light) 

 Average  55 fc 

 

4.4.8.6 Control 

The lighting controls for The New York Times Building are extremely complicated.  The 
design was done by Susan Brady Lighting Design, Lutron, and assisted by Lawrence 
Berkley Laboratory.  For this reason, a redesign of the entire control scheme was not 
completed.  The daylighting was analyzed in the Daylighting section of this report 
starting on page 83.  The current system uses all digitally controlled ballasts by Lutron.  
Each of the ballasts is controlled by a system of photosensors and occupancy sensors.  All 
pieces of the system tie back to the Quantum controls.  The system also incorporates the 
shade control sensors.  These are open loop sensors around the exterior of the building.  
The mast on top of the building also contains a sensor for dealing with the passing of 
cloud cover.  Due to the complexity of these systems, the control system was not 
redesigned. 

 

4.4.8.7 Panelboard Changes 

The panelboard changes for the interior lighting redesign can be found in Figure 245:  
Panelboard EHV-8 (Existing) through Figure 259:  Panelboard P-8-2 (New) on pages 343 
through 358.  The cut sheets for these panels can be found on pages 364 through 367. 

 

4.4.8.8 Plans 

Though a representative section of the entire reflected ceiling plan can be found on page 
306 and the task lighting layout on page 307, the full size plans have been folded into the 
back of this report. 
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4.5 Air Distribution Redesign 

The following section discusses the investigation of the existing air distribution system 
and its impact on indoor environmental quality.  A side-wall displacement ventilation 
system was selected to replace the existing unducted Underfloor Air Distribution 
(UFAD) system to improve the indoor environment for the building occupants by 
minimizing distribution of dust and contaminants that may collect in the open plenum 
space. 

 

4.5.1 Process 

Calculate cooling loads and required ventilation rates for the spaces within a typical 
office floor of The New York Times Building 

Select and size Side-Wall Diffusers 

Locate diffusers within the space 

Size ductwork for within the floor plenum space 

 

4.5.2 Existing Underfloor Air Distribution (UFAD) System 

In the New York Times Building, heating, cooling and ventilation is achieved through an 
air distribution system.  The floors occupied by The New York Times utilize an under 
floor air distribution (UFAD) system.  A traditional overhead ducted system was 
implemented on the Forest City Ratner floors.  Fresh air is brought in through outdoor air 
units in the two mechanical penthouses on the 28th and 51st floors, and then distributed 
throughout the building.   Outdoor air is centrally dehumidified so the floor by floor air 
handlers can operate with dry coils.  This minimizes both maintenance costs and long-
term microbial growth on the coils.   

The underfloor plenum for each floor is served by a base building air handling unit which 
has multiple zones of control and an overall capacity of 29, 500 CFM.  The outdoor 
ventilation air is supplied through a variable air volume box terminal unit, which is fed 
from the main outdoor air handling units on the 28th and 51st floors.  The typical VAV 
box terminal unit has a capacity of a 4000 CFM.   

Static pressure sensors in the plan East and plan West air highways ensure that the base 
building air handling unit maintains a constant static pressure of 0.1” WG.  In each 
control zone there are multiple control dampers in the air highway discharging supply air 
to the under floor plenums.  These dampers are controlled in unison to maintain an under 
floor static pressure of 0.05” WG in each zone. A temperature sensor in each zone will 
override the pressure control loop to maintain an appropriate temperature in the space. 

A temperature sensor located in the fan coil discharge modulates the chilled water 
cooling coil control valve in order to maintain a constant discharge temperature of 60°F 
to the space during cooling mode.  In heating mode, if the space temperature drops below 
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the occupied set point of 70°F the perimeter fan powered boxes with heating coils will 
start and supply 84°F air to the space. 

A carbon dioxide sensor located in the return air stream monitors CO2 levels.  If the CO2 
level increases to 1000 PPM, the minimum outside air dampers will be opened to 100%. 
If the CO2 levels continue to rise, the mixed air control loop will be overridden and the 
maximum outdoor air damper will be modulated open. 

Swirl diffusers were installed to provide occupant control, while in high occupancy 
spaces air flows through perforated floor tiles. 

The under floor air distribution system used in The New York Times Building provides 
certain advantages and disadvantages.  A thorough literature review helped identify some 
of these and also dictate a potential alternative design.  Also, the design intent and 
objectives of the owner were taken into account during this evaluation. 

 

4.5.3 Design Objectives 

In the original design, several objectives and requirements were major driving factors in 
the selection of a UFAD system for the New York Times Building. 

1) High-profile sustainability - The potential for energy savings and improved IAQ with 
less mixing than an overhead system.   

2) Cost-effectiveness - Choosing an un-ducted system provides a lower first cost by 
eliminating significant amount of ductwork.   

3) Raised floor - Desire to accommodate telecommunication cables as well as provide 
flexibility in the space with the ability to rearrange diffusers as the need of the 
occupants changes. 

These design objectives were given consideration in the evaluation of the existing system 
and proposed displacement ventilation system. 

 

4.5.4 Literature Review  

4.5.4.1 Comparison of UFAD and  DV systems 

The existing UFAD system leaves room for two significant areas of improvement.  
Firstly, while utilizing less mixing than a typical overhead system, a displacement 
ventilation system will supply air at a lower velocity and take advantage of the natural 
thermal plumes creating by internal heat gains within the space to draw cool supply air 
upwards and stratify.  The open office plan is partitioned causing some mixing. The 
partitions can block the flow of the floor diffusers from evenly distributing across the 
floor plate and stratifying.  The proposed ducted Displacement Ventilation (DV) system 
resolves this issue. 

The second issue with the original UFAD design using an unducted plenum to supply air.  
This can instigate several problems. One potential problem is the possibility of air 
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leakage resulting in system efficiency losses and increased utility costs. Additionally, 
over time, the air quality can degrade due to neglected cleaning and maintenance.  

 Figure 123 - Side-wall Diffuser Airflow Path Source (Halton shows a typical air flow 
path for a DV diffuser. Figure 124 - Temperature Profile Comparison shows the 
improved stratification with DV.  This stratification minimizes mixing of fresh supply air 
with stale room air.  This leads to cleaner air supplied to each occupant, and ultimately an 
improved indoor environment. 

 

Figure 123 - Side-wall Diffuser Airflow Path Source (Halton) 
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Figure 124 - Temperature Profile Comparison Source: Halton.com 
 

4.5.5 Design of Displacement Ventilation System  

4.5.5.1 Assumptions 

Space cooling is coupled with supply ventilation air and therefore, the ducted 
displacement ventilation system is sized to meet the minimum ventilation requirements 
and the space cooling loads calculated using the design procedure outlined in Section 
4.5.5.3, where supplemental spreadsheet calculations are additionally used to apply load 
factors associated with the proposed displacement ventilation system.  Table 63- 
Displacement Diffuser Schedule for Typical Office Floor provides specification data for 
the proposed system.  

The space heating system was not drastically modified and is provided by perimeter 
recirculation fan power boxes. Steam heating coils in the perimeter units as well as floor 
air handling units are supplied with purchased steam. The mechanical system 
modifications will not significantly impact the size, layout or operation of the heating 
system. 
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4.5.5.2 Diffuser Location 

In the proposed design, side-wall displacement ventilation diffusers are located adjacent 
to the columns in the open floor plan to integrate seamlessly with the interior structure 
and architecture.  An individual diffuser is located in each enclosed office and conference 
room. Duct sizes and diffuser locations are provided in Figure 126- Duct Sizing and 
Diffuser Layout. 

 

4.5.5.3 Design Procedure 

Results from the IES<VE> simulation provided individual cooling loads for each zone in 
the typical office plan. The loads, organized by type, and load factors for displacement 
ventilation, as determined by ASHRAE, are listed in Table 62 - Cooling Load Categories 
and DV Load Factors. These load factors are applied to their specified load type. 

 

Table 62 - Cooling Load Categories and DV Load Factors 

 

 

Required air flow rate for cooling is determined by the equation 

Vh = (0.295Qoe + 0.132Ql + 0.185 Qex) / (ΔThf*ρ*Cp) 

Required air flow rate for fresh air using ASHRAE defined values for ventilation 
effectiveness by the equation 

Voz = Vr = Vbz/E = (RpPz+RAAz)/Ez 

The greater of the two ventilation rates are chosen for required airflow 

V= max {Vf,Vh} 

The airflow requirements are divided by the number of diffusers in the space 

 

4.5.5.4 Diffuser Selection 

A Price-HVAC Floor Mounted Three-Way Diffuser was selected for its performance 
characteristics to meet the required loads of the space. Table 63- Displacement Diffuser 
Schedule for Typical Office Floor summarizes the selected diffusers for a typical office 
floor. 
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Figure 125 - Three Way Side-Wall Displacement Diffuser - DF-3 Series (Price HVAC) 
    

Table 63- Displacement Diffuser Schedule for Typical Office Floor 

 

4.5.5.5 Duct Design  

The required ductwork was sized and laid out in Revit MEP to check for clash detection.  The 
Equal Friction Method, along with required space supply air, was used to size the ductwork with a 
pressure of 0.2 inWater.  Figure 126- Duct Sizing and Diffuser Layout provides the new layout 
and ductwork sizes. 
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Figure 126- Duct Sizing and Diffuser Layout 
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5 CONCLUSIONS 
5.1 Core 

The lateral system was changed from a braced frame system to concrete shear walls with 
coupling beams.  This was changed in order to eliminate the out riggers, thermal trusses, 
and x-bracing to increase transparency of the building.  From this analysis, it was 
determined that the base shears were 3,968 kips and 3,278 kips in the west-east and 
north-south directions respectively.  The periods of vibrations were determined to be 6.46 
seconds and 6.64 seconds in the west-east and north-south directions respectively.  It was 
also determined that the total building drift is H/690 and the acceleration is 14.6 milli-g's.  
From these results, the system was deemed acceptable. 

Due to the necessary structural space within the core, the mechanical and electrical 
systems were affected.  In order to make room for this added structure, the electrical 
feeders were switched from conduit to bus duct.  These feeders were also relocated from 
a chase along the elevator core into the electrical rooms.  This reduced the access space, 
but increased the cost by approximately $500,000.00 for aluminum bus duct.  By 
switching to bus duct, future capacity is allotted for.  Mechanical duct work was also 
rerouted due to the increased structural space requirements.  Due to 3-D modeling of 
these systems, early detection of possible problems were found.  This has the potential to 
decrease the coordination problems within the field. 

In response to the structural changes, the architectural layouts of the spaces within the 
core also needed to be changed.  The main room changes were within the electrical and 
emergency stairwell areas.  In addition to moving The New York Times distribution, the 
bus duct for the Forest City Ratner Companies was also changed.  The analysis of these 
spaces showed that proper access to the areas could be maintained or improved even with 
the additional space requirements of the structural system.  Even with the increased 
structural requirements, transparency through the building was maintained by protecting 
the circulation space within the core. 

Comparing the original steel core to the proposed concrete core resulted in a cost savings 
of approximately $20,000,000.00 for only the immediately affected steel members 
replaced by the proposed structural core redesign.  These savings were achieved by using 
the original model and proposed systems within the Building Information Model for 
material take-offs.  This information was applied to cost data obtained from R.S. Means 
Construction Data 2009.  The schedule and general conditions implications resulted in 
the addition of approximately $3,060,000.00.  This cost increase was the result of 
temporary heating requirements as well as requiring the cranes on site two months earlier 
than the original construction schedule.   The overall cost savings from this analysis 
resulted in approximately $16,500,000.00. 

After completing the analysis of the proposed core changes, the redesign would be a valid 
change because it would maintain structural and architectural integrity while decreasing 
cost.  Overall the use of IPD/BIM strategies was successful in completing this analysis. 
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5.2 Envelope 

The existing curtain wall system was changed from a single façade layer with a ceramic 
rod shading system to a dynamic curtain wall system incorporating motorized louvered 
shades and operable windows.  The new design was modeled in AutoDesk Revit using 
nested families and parametric parameters to accurately depict the way in which the 
facade would work.  The proposed redesign allows for improved occupant comfort with 
respect to daylight and improved upon the architectural desire for transparency.  All 
direct sun will be reflected while allowing maximum indirect light into the space.  This 
allows for increased lighting energy savings, because the shades will not have to close as 
often as the existing system.  The daylighting study resulted in a 72% reduction in 
lighting energy use within the first two rows of lighting around the entire floor plan.  This 
proposed redesign created a cost savings of $56,280 per year for the entire building.  A 
redesign of the exterior lighting design was also completed.  This redesign incorporated 
LED fixtures, which saved approximately 10,000 watts per side of the building.  These 
savings resulted in a cost savings of $17,520 per year from the original design, assuming 
8 hours of use per night. 

The BIM model was utilized to investigate interoperability with energy analysis software.  
IES<VE> successfully imported geometries from Revit and was used to analysis the 
performance of the existing and proposed glazing, proposed shading and reduced lighting 
power densities within the office. An energy analysis resulted in a reduction of building 
ambient loads translating to an estimated annual cost savings of $45,136.09. 

Hybrid Ventilation was investigated as a possible design solution for the New York 
Times Building to reduced energy usage and costs, as well as increase the sustainability 
profile of the building.  Two analysis methods were utilized including a single-zone 
model to estimate feasibility, and IES<VE> Macroflo. Additionally, a control sequence 
was developed to allow the operation of the windows to respond to environmental and 
space conditions.  The analysis concluded the addition of 18 operable window curtain 
wall panels on office floors 22-50, excluding floor 28. Natural ventilation would cut 
energy usage by 35% resulting in an annual energy savings of $145,419. 

Using the data generated from the original and new Revit envelope models, an additional 
cost of applying louvers was found to be approximately $8,400,000.00.  When applied to 
the cooling load savings generated by the louvers, a payback period of 14 years was 
achieved.  A study into incorporating photovoltaics into the facade was completed 
simultaneously.  The study was completed in Ecotect and analyzed in Excel.  The 
analysis showed that incorporating a photovoltaic system into parts of the west and south 
facades would add approximately $2,500,000 to the cost of the facade.  This addition 
showed a payback of approximately 25 years.  Finally, the incorporation of operable 
windows cost an additional $2,500,000.00.  A payback period of 15 years was found 
when analyzed for additional cooling load savings on top of the savings due to the 
louvers. 

After completing the analysis of the proposed envelope changes, the redesign would be a 
valid change because it would maximize energy savings and maintain the architectural 
integrity but the cost will increase.  This increase was deemed to be allowable when the 
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payback periods were analyzed to be shorter than the original design.  Overall the use of 
IPD/BIM strategies was successful in completing this analysis. 

 

5.3 Tenant 

Using Integrated Project Delivery and Building Information Modeling, the layout of 
tenant spaces changed.  This change is a result of enclosing the exposed steel within the 
interior of the building.  This resulted in an increase of rentable area averaging 
approximately 2,000 square feet per floor.  When the increased area was applied to New 
York City leasing costs for Class A offices, an average revenue increase of approximately 
$1,275,000.00 per floor per year was achieved or a total of $28,200,000.00 per year for 
the Forest City Ratner Companies' spaces. 

It was determined that the redesigned floor system resulted in a total structural depth 
increase of 3/4" and an increase cost of $1.58 per square foot.  In addition, the goal of 
reduction of structural members per bay was not met due to vibrations.  This new system 
met acceleration limits when subjected to walking excitation loads.  The floor framing 
system was decreased by 7.5 psf and all columns were disengaged from the lateral 
system.  This change decreased column sizes.  Built-up columns were required in the 
cantilever bays in order to keep with the Architect's vision of no columns at the 
storefront, however they are not as large as the existing columns.  Structural connection 
designs were driven by constructability. 

A redesign of the interior lighting was done because of the architectural floor plan 
change.  The proposed design changed incorporated task lighting into the design.  The 
existing system uses 1.1 Watts per square foot.  The proposed redesign would use .469 
Watts per square foot.  If these savings were applied to the entire building at 12 hours of 
use per day, the resulting energy savings would be approximately $462,200.00 per year. 

A ducted side-wall displacement ventilation system was selected to replace the existing 
unducted Underfloor Air Distribution (UFAD) system to improve the indoor environment 
for the building occupants by minimizing distribution of dust and contaminants that may 
collect in the open plenum space. The system was sized utilizing load factors determined 
by ASHRAE, and a 3D model was created in Revit MEP to ensure space requirements 
were met with the raised floor system. 

After completing the analysis of the proposed tenant changes, the redesign would be a 
valid change because it would maximize energy savings, maintain the architectural 
integrity, and decrease cost.  Overall the use of IPD/BIM strategies was successful in 
completing this analysis. 
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5.4 IPD/BIM Lessons Learned 

The Integrated Project Delivery and Building Information Modeling approach allowed 
for accurate visualization of a 3D model.  It allowed the design team to identify any 
potential system clashes.  In addition, the Revit model aided in structural takeoffs for the 
building weight, seismic loading, and cost data.  Interoperability between software 
allowed for improved information flow.  The workflow between the BIM model and the 
energy analysis software also allowed for optimized system performance. 

At times, interoperability between software was time consuming and did not result in 
improved information flow.  The structural analysis software RAM did not have the 
proper plug-in with Revit on a 64 bit computer and the ETABs model was not deemed 
complex enough to best utilize the plug-in with Revit.  While the gbXML file format for 
energy performance modeling was successful, it required more time consuming and 
detailed model creation.  In addition BIM requires intensive computing capabilities which 
can cause multiple software failure due to lack of computing capacity. 
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7 APPENDIX  
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7.1.1 Architectural Existing Conditions 

 

 

Figure 127:Exterior X-bracing 
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Figure 128: Exterior view of NY Times HQ 
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7.1.2 Structural Existing Conditions 
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Figure 129: Typical Floor Plan

 
Figure 130: Typical Core N/S Core Bracing Elevation  

 

 
Figure 131: Typical Core E/W Core Bracing Elevation  

 

 

Figure 132: Typical E/W Outrigger Section (28th Floor) 
 

 

Figure 133: Typical N/S Outrigger Section (28th Floor) 
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Figure 134: Outrigger bracing on mechanical floor, courtesy of Thornton Tomasetti  
 

 

Figure 135: Core bracing during construction, courtesy of Thornton Tomasetti 
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Figure 136: 1st-27th Floor Mechanical Floor Framing Plan 
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Figure 137:29th-51st Floor Mechanical Floor Framing Plan 
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7.1.3 Construction Management Existing Conditions  
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Figure 138: Detailed Project Schedule 
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Figure 139: Cost Estimation
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Figure 140: R.S. Means Cost Data 
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`
Figure 141: Site Layout 
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Figure 142: Google Maps Images 
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Figure 143: Site Utilization Plans 
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Figure 144: Detailed Structural Estimate 
Quantity             LineNumber             Description             Crew             Daily 

Output             
Labor 
Hours             

Unit             Material             Labor             Equipment             Total             Ext. Mat.             Ext. Labor             Ext. Equip.             Ext. Total    Mat. O&P    Labor O&P    Equip. O&P    Total O&P           Ext. Mat. O&P    Ext. Labor O&P    Ext. Equip. O&P    Ext. Total O&P             Labor Type    

0 051223750010 STRUCTURAL STEEL MEMBERS -$         -$      -$         -$         -$                -$             -$           -$                -$           -$          -$           -$         -$                -$                 -$                            -$                STD

41.33 051223750720

Structural steel member, 100-ton 
project, 1 to 2 story building, W10x26, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 600 0.093 L.F. 44.51$      5.75$     3.20$        53.46$      1,839.60$        237.65$        132.26$      2,209.50$        48.65$        9.84$        3.52$         62.01$      2,010.70$        406.69$            145.48$                      2,562.87$        STD

18.29 051223751500

Structural steel member, 100-ton 
project, 1 to 2 story building, W12x26, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 880 0.064 L.F. 44.51$      3.92$     2.18$        50.61$      814.09$          71.70$          39.87$       925.66$          48.65$        6.71$        2.40$         57.76$      889.81$          122.73$            43.90$                        1,056.43$        STD

37.72 051223752100

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x30, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 900 0.062 L.F. 51.23$      3.84$     2.13$        57.20$      1,932.40$        144.84$        80.34$       2,157.58$        56.41$        6.56$        2.35$         65.32$      2,127.79$        247.44$            88.64$                        2,463.87$        STD

57 051223752320

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x43, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 810 0.069 L.F. 73.49$      4.26$     2.37$        80.12$      4,188.93$        242.82$        135.09$      4,566.84$        80.73$        7.29$        2.60$         90.62$      4,601.61$        415.53$            148.20$                      5,165.34$        STD

179.26 051223752380

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x90, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 740 0.076 L.F. 154.22$    4.67$     2.59$        161.48$    27,645.48$      837.14$        464.28$      28,946.90$      168.71$      8.00$        2.85$         179.56$    30,242.95$      1,434.08$         510.89$                      32,187.93$      STD

151.18 051223752500

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x120, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 720 0.078 L.F. 204.93$    4.80$     2.67$        212.40$    30,981.32$      725.66$        403.65$      32,110.63$      225.63$      8.21$        2.93$         236.77$    34,110.74$      1,241.19$         442.96$                      35,794.89$      STD

398.86 051223752700

Structural steel member, 100-ton 
project, 1 to 2 story building, W16x26, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 1000 0.056 L.F. 44.51$      3.46$     1.92$        49.89$      17,753.26$      1,380.06$     765.81$      19,899.13$      48.65$        5.90$        2.12$         56.67$      19,404.54$      2,353.27$         845.58$                      22,603.40$      STD

114.96 051223752900

Structural steel member, 100-ton 
project, 1 to 2 story building, W16x31, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 900 0.062 L.F. 52.79$      3.84$     2.13$        58.76$      6,068.74$        441.45$        244.86$      6,755.05$        58.48$        6.56$        2.35$         67.39$      6,722.86$        754.14$            270.16$                      7,747.15$        STD

2310.15 051223753300

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x35, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 960 0.083 L.F. 60.03$      5.20$     2.15$        67.38$      138,678.30$    12,012.78$    4,966.82$   155,657.91$    65.72$        8.99$        2.37$         77.08$      151,823.06$    20,768.25$        5,475.06$                    178,066.36$    STD

364.18 051223753500

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x40, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 960 0.083 L.F. 68.31$      5.20$     2.15$        75.66$      24,877.14$      1,893.74$     782.99$      27,553.86$      75.04$        8.99$        2.37$         86.40$      27,328.07$      3,273.98$         863.11$                      31,465.15$      STD

280 051223753700

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x50, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 912 0.088 L.F. 85.39$      5.48$     2.27$        93.14$      23,909.20$      1,534.40$     635.60$      26,079.20$      94.19$        9.49$        2.49$         106.17$    26,373.20$      2,657.20$         697.20$                      29,727.60$      STD

120 051223753920

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x65, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 900 0.089 L.F. 110.75$    5.55$     2.29$        118.59$    13,290.00$      666.00$        274.80$      14,230.80$      122.13$      9.63$        2.52$         134.28$    14,655.60$      1,155.60$         302.40$                      16,113.60$      STD

160 051223753940

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x76, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 900 0.089 L.F. 129.38$    5.55$     2.29$        137.22$    20,700.80$      888.00$        366.40$      21,955.20$      142.83$      9.63$        2.52$         154.98$    22,852.80$      1,540.80$         403.20$                      24,796.80$      STD

174.12 051223753980

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x106, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 900 0.089 L.F. 181.13$    5.55$     2.29$        188.97$    31,538.36$      966.37$        398.73$      32,903.46$      198.72$      9.63$        2.52$         210.87$    34,601.13$      1,676.78$         438.78$                      36,716.68$      STD

260 051223754300

Structural steel member, 100-ton 
project, 1 to 2 story building, W21x50, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1064 0.075 L.F. 85.39$      4.70$     1.94$        92.03$      22,201.40$      1,222.00$     504.40$      23,927.80$      94.19$        8.14$        2.14$         104.47$    24,489.40$      2,116.40$         556.40$                      27,162.20$      STD

60 051223754760

Structural steel member, 100-ton 
project, 1 to 2 story building, W21x101, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1000 0.08 L.F. 172.85$    5.00$     2.07$        179.92$    10,371.00$      300.00$        124.20$      10,795.20$      189.41$      8.64$        2.27$         200.32$    11,364.60$      518.40$            136.20$                      12,019.20$      STD

225 051223755500

Structural steel member, 100-ton 
project, 1 to 2 story building, W24x76, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1110 0.072 L.F. 129.38$    4.50$     1.86$        135.74$    29,110.50$      1,012.50$     418.50$      30,541.50$      142.83$      7.79$        2.05$         152.67$    32,136.75$      1,752.75$         461.25$                      34,350.75$      STD

60 051223756900

Structural steel member, 100-ton 
project, 1 to 2 story building, W33x130, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1134 0.071 L.F. 222.53$    4.40$     1.82$        228.75$    13,351.80$      264.00$        109.20$      13,725.00$      244.26$      7.65$        2.01$         253.92$    14,655.60$      459.00$            120.60$                      15,235.20$      STD

60 051223757100

Structural steel member, 100-ton 
project, 1 to 2 story building, W33x141, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1134 0.071 L.F. 241.16$    4.40$     1.82$        247.38$    14,469.60$      264.00$        109.20$      14,842.80$      264.96$      7.65$        2.01$         274.62$    15,897.60$      459.00$            120.60$                      16,477.20$      STD

673.67 051223750120

Structural steel member, 100-ton 
project, 1 to 2 story building, W4x13, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 600 0.093 L.F. 25.88$      5.75$     3.20$        34.83$      17,434.58$      3,873.60$     2,155.74$   23,463.93$      27.95$        9.84$        3.52$         41.31$      18,829.08$      6,628.91$         2,371.32$                    27,829.31$      STD

887.43 051223751300

Structural steel member, 100-ton 
project, 1 to 2 story building, W12x19, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 880 0.064 L.F. 37.78$      3.92$     2.18$        43.88$      33,527.11$      3,478.73$     1,934.60$   38,940.43$      41.40$        6.71$        2.40$         50.51$      36,739.60$      5,954.66$         2,129.83$                    44,824.09$      STD
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951.23 051223751900

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x22, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 990 0.057 L.F. 44.51$      3.48$     1.94$        49.93$      42,339.25$      3,310.28$     1,845.39$   47,494.91$      48.65$        5.96$        2.13$         56.74$      46,277.34$      5,669.33$         2,026.12$                    53,972.79$      STD

30 051223752340

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x48, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 800 0.07 L.F. 90.56$      4.32$     2.40$        97.28$      2,716.80$        129.60$        72.00$       2,918.40$        99.36$        7.36$        2.63$         109.35$    2,980.80$        220.80$            78.90$                        3,280.50$        STD

70.47 051223752380

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x82, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 740 0.076 L.F. 154.22$    4.67$     2.59$        161.48$    10,867.88$      329.09$        182.52$      11,379.50$      168.71$      8.00$        2.85$         179.56$    11,888.99$      563.76$            200.84$                      12,653.59$      STD

134.38 051223752500

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x109, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 720 0.078 L.F. 204.93$    4.80$     2.67$        212.40$    27,538.49$      645.02$        358.79$      28,542.31$      225.63$      8.21$        2.93$         236.77$    30,320.16$      1,103.26$         393.73$                      31,817.15$      STD

260 051223753100

Structural steel member, 100-ton 
project, 1 to 2 story building, W16x36, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E2 800 0.07 L.F. 68.31$      4.32$     2.40$        75.03$      17,760.60$      1,123.20$     624.00$      19,507.80$      75.04$        7.36$        2.63$         85.03$      19,510.40$      1,913.60$         683.80$                      22,107.80$      STD

120 051223753920

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x60, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 900 0.089 L.F. 110.75$    5.55$     2.29$        118.59$    13,290.00$      666.00$        274.80$      14,230.80$      122.13$      9.63$        2.52$         134.28$    14,655.60$      1,155.60$         302.40$                      16,113.60$      STD

72.49 051223753940

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x71, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 900 0.089 L.F. 129.38$    5.55$     2.29$        137.22$    9,378.76$        402.32$        166.00$      9,947.08$        142.83$      9.63$        2.52$         154.98$    10,353.75$      698.08$            182.67$                      11,234.50$      STD

122.12 051223754500

Structural steel member, 100-ton 
project, 1 to 2 story building, W21x57, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1036 0.077 L.F. 105.57$    4.83$     1.99$        112.39$    12,892.21$      589.84$        243.02$      13,725.07$      116.96$      8.35$        2.19$         127.50$    14,283.16$      1,019.70$         267.44$                      15,570.30$      STD

78 051223754780

Structural steel member, 100-ton 
project, 1 to 2 story building, W21x132, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1000 0.08 L.F. 208.04$    5.00$     2.07$        215.11$    16,227.12$      390.00$        161.46$      16,778.58$      228.74$      8.64$        2.27$         239.65$    17,841.72$      673.92$            177.06$                      18,692.70$      STD

120 051223757900

Structural steel member, 100-ton 
project, 1 to 2 story building, W33x221, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1125 0.071 L.F. 393.30$    4.45$     1.84$        399.59$    47,196.00$      534.00$        220.80$      47,950.80$      434.70$      7.72$        2.02$         444.44$    52,164.00$      926.40$            242.40$                      53,332.80$      STD

53.7 051223756100

Structural steel member, 100-ton 
project, 1 to 2 story building, TT14x99, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1200 0.067 L.F. 168.71$    4.16$     1.72$        174.59$    9,059.73$        223.39$        92.36$       9,375.48$        186.30$      7.22$        1.90$         195.42$    10,004.31$      387.71$            102.03$                      10,494.05$      STD

123.34 051223756900

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x132, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1134 0.071 L.F. 222.53$    4.40$     1.82$        228.75$    27,446.85$      542.70$        224.48$      28,214.03$      244.26$      7.65$        2.01$         253.92$    30,127.03$      943.55$            247.91$                      31,318.49$      STD

22.74 051223757920

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x257, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1035 0.077 L.F. 445.05$    4.83$     1.99$        451.87$    10,120.44$      109.83$        45.25$       10,275.52$      491.63$      8.35$        2.19$         502.17$    11,179.67$      189.88$            49.80$                        11,419.35$      STD

101.25 051223758100

Structural steel member, 100-ton 
project, 1 to 2 story building, W14x283, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    52,396.88$      489.04$        201.49$      53,087.40$      569.25$      8.35$        2.19$         579.79$    57,636.56$      845.44$            221.74$                      58,703.74$      STD

398.55 051223750360

Structural steel member, 100-ton 
project, 1 to 2 story building, 
HSS6x4x3/8, A992 steel, shop 
fabricated, incl shop primer, bolted 
connections E2 550 0.102 L.F. 40.88$      6.27$     3.49$        50.64$      16,292.72$      2,498.91$     1,390.94$   20,182.57$      45.02$        10.76$       3.83$         59.61$      17,942.72$      4,288.40$         1,526.45$                    23,757.57$      STD

56.5 051223756900

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x130, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1134 0.071 L.F. 222.53$    4.40$     1.82$        228.75$    12,572.95$      248.60$        102.83$      12,924.38$      244.26$      7.65$        2.01$         253.92$    13,800.69$      432.23$            113.57$                      14,346.48$      STD

123 051223757100

Structural steel member, 100-ton 
project, 1 to 2 story building, W18x143, 
A992 steel, shop fabricated, incl shop 
primer, bolted connections E5 1134 0.071 L.F. 222.53$    4.40$     1.82$        228.75$    27,371.19$      541.20$        223.86$      28,136.25$      244.26$      7.65$        2.01$         253.92$    30,043.98$      940.95$            247.23$                      31,232.16$      STD

0 032200000000 Welded Wire Fabric Reinforcing -$         -$      -$         -$         -$                -$             -$           -$                -$           -$          -$           -$         -$                -$                 -$                            -$                STD

2244 032205500300

Welded wire fabric, sheets, 6 x 6 - 
W2.9 x W2.9 (6 x 6) 42 lb. per C.S.F., 
A185 2 Rodm 29 0.552 C.S.F. 34.68$      46.72$   -$         81.40$      77,821.92$      104,839.68$  -$           182,661.60$    38.41$        76.28$       -$           114.69$    86,192.04$      171,172.32$      -$                            257,364.36$    STD

0 033105350010
NORMAL WEIGHT CONCRETE, 
READY MIX -$         -$      -$         -$         -$                -$             -$           -$                -$           -$          -$           -$         -$                -$                 -$                            -$                STD

255 033105350300

Structural concrete, ready mix, normal 
weight, 4000 PSI, includes local 
aggregate, sand, Portland cement and 
water, delivered, excludes all additives 
and treatments C.Y. 115.33$    -$      -$         115.33$    29,409.15$      -$             -$           29,409.15$      126.21$      -$          -$           126.21$    32,183.55$      -$                 -$                            32,183.55$      STD
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0 053113500010 FLOOR DECKING -$         -$      -$         -$         -$                -$             -$           -$                -$           -$          -$           -$         -$                -$                 -$                            -$                STD

22440 053113505400
Metal decking, steel, non-cellular, 
composite, galvanized, 2" D, 18 ga E4 3380 0.009 C.Y. 3.83$       0.60$     0.04$        4.47$       85,945.20$      13,464.00$    897.60$      100,306.80$    4.21$          1.06$        0.04$         5.31$       94,472.40$      23,786.40$        897.60$                      119,156.40$    STD

Total             1,033,327.75$ 163,534.14$  22,374.93$ 1,219,236.81$ 1,135,716.36$ 272,868.13$      24,533.45$                  1,003,182.53$ 
 $2,222,419.34 

Quantity             LineNumber             Description             Crew             Daily 
Output             

Labor 
Hours             

Unit             Material             Labor             Equipment             Total             Ext. Mat.             Ext. Labor             Ext. Equip.             Ext. Total    Mat. O&P    Labor O&P    Equip. O&P    Total O&P           Ext. Mat. O&P    Ext. Labor O&P    Ext. Equip. O&P    Ext. Total O&P             Notes             

110 051223400672 C-Channel-Column: C10X33 E3 36 0.667 L.F. 10.71$      43.19$   4.11$        58.01$      1,178.10$        4,750.90$     452.10$      6,381.10$        11.80$        76.46$       4.52$         92.78$      1,298.00$        8,410.60$         497.20$                      30,617.40$      X3
27.5 051223757920 W-Wide Flange-Column: W14X257 E5 1035 0.077 L.F. 445.05$    4.83$     1.99$        451.87$    12,238.88$      132.83$        54.73$       12,426.43$      491.63$      8.35$        2.19$         502.17$    13,519.83$      229.63$            60.23$                        13,809.68$      X1
110 051223758100 FB-Flanged Box-Column: FB30X1116 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    56,925.00$      531.30$        218.90$      57,675.20$      569.25$      8.35$        2.19$         579.79$    62,617.50$      918.50$            240.90$                      235,974.53$    X3.7
55 051223758100 BU-Built Up-Column: W23X1168 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    28,462.50$      265.65$        109.45$      28,837.60$      569.25$      8.35$        2.19$         579.79$    31,308.75$      459.25$            120.45$                      123,408.30$    X3.87

27.5 051223758100 BU-Built Up-Column: W22X1032 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    14,231.25$      132.83$        54.73$       14,418.80$      569.25$      8.35$        2.19$         579.79$    15,654.38$      229.63$            60.23$                        54,210.38$      X3.4
13.75 051223758100 BU-Built Up-Column: W24X985 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    7,115.63$        66.41$          27.36$       7,209.40$        569.25$      8.35$        2.19$         579.79$    7,827.19$        114.81$            30.11$                        25,989.08$      X3.26
13.75 051223758100 BU-Built Up-Column: W23X729 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    7,115.63$        66.41$          27.36$       7,209.40$        569.25$      8.35$        2.19$         579.79$    7,827.19$        114.81$            30.11$                        19,133.06$      X2.4

55 051223758100 BU-Built Up-Column: W29X2063 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    28,462.50$      265.65$        109.45$      28,837.60$      569.25$      8.35$        2.19$         579.79$    31,308.75$      459.25$            120.45$                      216,841.46$    X6.8
27.5 051223758100 BU-Built Up-Column: W25X1401 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    14,231.25$      132.83$        54.73$       14,418.80$      569.25$      8.35$        2.19$         579.79$    15,654.38$      229.63$            60.23$                        73,981.23$      X4.64
55 051223758100 W-Wide Flange-Column: W14X665 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    28,462.50$      265.65$        109.45$      28,837.60$      569.25$      8.35$        2.19$         579.79$    31,308.75$      459.25$            120.45$                      70,154.59$      X2.2
55 051223758100 W-Wide Flange-Column: W14X730 E5 1035 0.077 L.F. 517.50$    4.83$     1.99$        524.32$    28,462.50$      265.65$        109.45$      28,837.60$      569.25$      8.35$        2.19$         579.79$    31,308.75$      459.25$            120.45$                      76,532.28$      X2.4

Total             226,885.74$    6,876.11$     1,327.71$   235,089.53$    249,633.47$    12,084.61$        1,460.81$                    940,651.99$    

 $3,163,071.33 TOTAL

 $         177,131,994.66 BLDG TOTAL
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Figure 145: General Conditions Estimate 
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7.2 Structural 
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Table 64: Main Wind Force Resisting System Design Variables 
 

 

Table 65: East/West Wind Pressure Coefficients 
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Table 66: North/South Wind Pressure Coefficients 
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Figure 146: Gust Factor 
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Table 67: Calculated Wind Pressures for MWFRS Part A 
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Table 68: Calculated Wind Pressures for MWFRS Part B 
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Table 69: Calculated Wind Forces on Tower for MWFRS Part A 
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Table 70: Calculated Wind Forces on Tower for MWFRS Part B 
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Table 71: Proportioned Wind Forces Part A 
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Table 72: Proportioned Wind Forces Part B 
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The follow structural weights were taking from the Revit model and include only the tower.  The total weight per floor is divided by the square footage of the floor which is equal to 25888.55 square 
feet.  The gravity mass/area was calculated to be used in the ETABs model to calculate the period of vibration of the structure. 

 

 

Figure 147: Structural Tower Weight Take-offs, Part A  
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Figure 148: Structural Tower Weight Take-offs, Part B 
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Table 73: Site and Soil Classification 

 
 

Table 74: Spectral Response Acceleration 
 

 
Table 75: North-South Base Shear Calculations  

Table 76: West-East Direction Base Shear Calculations 
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Table 77: North-South & West-East Seismic Forces, Part A  
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Table 78: North-South & West-East Seismic Forces, Part B 
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Figure 149: SW1 Y-direction hand calculations 
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Figure 150: SW1 Y-direction hand calculations 
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Figure 151: SW1 X-direction hand calculations 
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Figure 152: SW1 X-direction hand calculations 
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Figure 153: SW2 Y-direction hand calculations 
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Figure 154: SW2 Y-direction hand calculations 
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Figure 155: SW2 Y-direction hand calculations 
 

 

Figure 156: Unfactored Axial Shear Wall Loads 
 

 

Figure 157: Factored inputted into PCA Column 
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Figure 158: PCA Column Output for SW1 
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Figure 159: PCA Column Output for SW1 
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Figure 160: PCA Column Output for SW1 
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Figure 161: SW1 P-M Diagram 
 

 

Figure 162: SW1 P-M Diagram 
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Figure 163: SW1 P-M Diagram 
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Figure 164: SW1 Axial Loads due to Gravity 
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Figure 165: Coupling Beam Design Hand calculations 
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Figure 166: Coupling Beam Design Hand calculations 
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Figure 167: Coupling Beam Design Hand calculations 
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Figure 168: Coupling Beam Design Hand calculations 
 

 

Figure 169:Coupling Beam Design Hand calculations 
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Figure 170: Coupling Beam Design Hand calculations 
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

269 | P a g e  
 

 

Figure 171: Coupling Beam Design Hand calculations 
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Figure 172: Coupling Beam Design Hand calculations 
 

 

Figure 173: Coupling Beam Design Hand calculations 
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Figure 174: Coupling Beam Design Hand calculations 
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Figure 175: Coupling Beam Design Hand calculations 
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Figure 176: Coupling Beam Design Hand calculations 
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Figure 177: Building Acceleration Hand calculations 
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Figure 178: Potential Gravity System Matrix 
 

 

Figure 179: Reduced Potential Gravity System Matrix 
  

 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

276 | P a g e  
 

 

Figure 180: EPICORE 4.5 Composite Beam Design and Vibration Analysis 
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Figure 181: EPICORE 4.5 Composite Beam Design and Vibration Analysis 
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Figure 182: EPICORE 4.5 Composite Beam Design and Vibration Analysis 
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Figure 183: EPICORE 3.5 Composite Beam Design and Vibration Analysis 
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Figure 184: EPICORE 3.5 Composite Beam Design and Vibration Analysis 
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Figure 185: EPICORE 3.5 Composite Beam Design and Vibration Analysis 
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Figure 186: Existing Composite Beam Design and Vibration Analysis 
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Figure 187: Existing Composite Beam Design and Vibration Analysis 
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Figure 188:Existing Composite Beam Design and Vibration Analysis 
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Figure 189: Final Composite Beam Design and Vibration Analysis 
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Figure 190: Final Composite Beam Design and Vibration Analysis 
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Figure 191: Final Composite Beam Design and Vibration Analysis 
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Figure 192: Gravity Column Loads 
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Figure 193: RAM output for Column C2.5 @ 51-52 
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Figure 194:RAM output for Column C2.5 @ 1-2 
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Figure 195: Built-Up Section Properties 
 

 

Figure 196: BU24x987 Stress Checks at Ground Floor 
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Figure 197: RAM output of BU24X987 @ Ground Floor 
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Figure 198: Concrete to Steel Connection Design 
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Figure 199: Concrete to Steel Connection Design 
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Figure 200:Beam to Girder Shear Connection 
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Figure 201: Girder to Column Flange Shear Connection 
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Figure 202: Girder to Column Web Shear Connection 
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Figure 203: Girder to Column Web Shear Connection 
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Figure 204: Girder to Column Flange Moment Connection 
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Figure 205: Girder to Column Flange Moment Connection 
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Figure 206: Girder to Column Flange Moment Connection 
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Figure 207: Girder to Column Flange Moment Connection 
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7.3 Lighting/Electrical 
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LUMINAIRE SCHEDULE 
FIXTURE 
TAG 

DESCRIPTION HOUSING/TRIM/ 
COLOR/HOUSING 

VOLTAGE TOTAL 
FIXTURE 
WATTAGE 

MANUFACTURE 
SEE NOTE 1 

CATALOG  LAMPS BALLAST/ 
XMFR/TYPE 

MOUNTING 
TYPE 

MAXIMUM 
FIXTURE 
DEPTH 

GENERAL 
LOCATION 

REMARKS 
N
O
. 

TYPE 

R1 FOUR FOOT 28 WATT T5 
LUMINAIRE WITH DALI 
BALLAST, 
CONTINUOUSLY 
EXTRUDED METAL 
HOUSING WITH SATINE 
LENS. 

WHITE 277V 32.6W SELUX M1B0-1T5-SD-
SG-004-WH-
277-TB-DMA 

1 F28T5 ECOSYSTEM RECESSED 6" OPEN OFFICE - 

R2 8" SQUARE WALL 
WASHER, WITH METAL 
HALIDE LAMPING AND 
POWDER COATED  
STEEL HOUSING 

SILVER 277V 48W ZUMTOBEL 2LS1W-
1H39T45G85-
U-FF-SRM 

1 39WT4 DALI RECESSED 7" CIRCULATIO
N SPACE 

- 

R2E 8" SQUARE WALL 
WASHER, WITH METAL 
HALIDE LAMPING, 
QUARTZ RESTRIKE AND 
POWDER COATED  
STEEL HOUSING 

SILVER 277V 48W ZUMTOBEL 2LS1W-
1H39T45G85-
U-FF-SRM-Q 

1 39WT4 DALI RECESSED 7" CIRCULATIO
N SPACE 

- 

R3 8" SQUARE 
DOWNLIGHT, WITH 
METAL HALIDE 
LAMPING AND POWDER 
COATED  STEEL 
HOUSING 

SILVER 277V 48W ZUMTOBEL 2LS1D-
1H39T45G85-
U-FF-SRM 

1 39WT4 DALI RECESSED 7" CIRCULATIO
N SPACE 

- 

R3E 8" SQUARE 
DOWNLIGHT, WITH 
METAL HALIDE 
LAMPING, QUARTZ 
RESTRIKE AND 
POWDER COATED  
STEEL HOUSING 

SILVER 277V 48W ZUMTOBEL 2LS1D-
1H39T45G85-
U-FF-SRM-Q 

1 39WT4 DALI RECESSED 7" CIRCULATIO
N SPACE 

- 

T1 6 WATT LED TASK 
LIGHT, LOW PROFILE 
ALUMINUM FIXTURE 
WITH DESK MOUNTING 
AND LINE SWITCH 
ACCESSORIES 

SILVER 120V 21W/3UNITS 
60W/10UNIT
S 

FINELITE DL-6W-S LED 3500K PS-21W UNDER 
CABINET 

.8" TASK LIGHT - 

B1 EXTERIOR IN GROUND 
LED UPLIGHT WITH 
CORROSION-RESISTANT 
CAST ALUMINUM, 
DOUBLE POWDER-
COATED, 
REPLACEABLE LED 
MODULE 

SILVER 277V 32W ERCO 33665000 LED 5500K INTEGRAL 
DRIVER 

- - BUILDING 
MOUNTED 

- 
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Table 79:  Luminaire Schedule 
 

 

 

LUMINAIRE SCHEDULE CONTINUED 
FIXTURE 
TAG 

DESCRIPTION HOUSING/TRIM/ 
COLOR/HOUSING 

VOLTAGE TOTAL 
FIXTURE 
WATTAGE 

MANUFACTURE 
SEE NOTE 1 

CATALOG  LAMPS BALLAST/ 
XMFR/TYPE 

MOUNTING 
TYPE 

MAXIMUM 
FIXTURE 
DEPTH 

GENERAL 
LOCATION NO. TYPE 

B2 EXTERIOR SPOT 
CORROSION-
RESISTANT CAST 
ALUMINUM, 
DOUBLE POWDER-
COATED, LED 
LUMINAIRE WITH 
STEEL MOUNTING 
BRACKET FOR +-90 
DEGREE TILT, 
REPLACEABLE LED 
MODULE 

SILVER 277V 51W ERCO 34249000 LED 5500K INTEGRAL 
DRIVER  

- - BUILDING 
MOUNTED 

B3 EXTERIOR WIDE 
FLOOD CORROSION-
RESISTANT CAST 
ALUMINUM, 
DOUBLE POWDER-
COATED, LED 
LUMINAIRE WITH 
STEEL MOUNTING 
BRACKET FOR +-90 
DEGREE TILT, 
REPLACEABLE LED 
MODULE 

SILVER 277V 51W ERCO 34253000 LED 5500K INTEGRAL 
DRIVER  

- - BUILDING 
MOUNTED 

B4 EXTERIOR FLOOD 
CORROSION-
RESISTANT CAST 
ALUMINUM, 
DOUBLE POWDER-
COATED, LED 
LUMINAIRE WITH 
STEEL MOUNTING 
BRACKET FOR +-90 
DEGREE TILT, 
REPLACEABLE LED 
MODULE 

SILVER 277V 51W ERCO 34251000 LED 5500K INTEGRAL 
DRIVER  

- - BUILDING 
MOUNTED 

B5 EXTERIOR AREA 
CAST ALUMINUM 
LED LUMINAIRE 
WITH POWDER 
COAT FINISH 
RESISTANT TO 
CORROSION, 
CUSTOM MOUNTING 

SILVER 277V 50W BETALED ARE-EDG-2SB-
DA-02-C-UL-SV-
60K 

LED 4300K INTEGRAL 
DRIVER  

- - BUILDING 
MOUNTED 

Table 80:  Luminaire Schedule Continued 
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Figure 208:  South Open Office Reflected Ceiling Plan 
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Figure 209:  South Open Office Task Lighting 
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  Figure 210:  Example Luminaire Detail for Interior Calculation
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Figure 211:  Exterior Lighting Plan 
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Figure 212:  Entrance Lighting Plan 
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Figure 213:  Exterior Lighting Elevation E-301 
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Figure 214:  Exterior Lighting Elevation E-302 
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

313 | P a g e  
 

 

  Figure 215:  Example Luminaire Details in AGI for Exterior Calculation
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Figure 216:  Luminaire R1 Specification Sheet 
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Figure 217:  Luminaire R1 Specification Sheet Continued 
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Figure 218:  Luminaires R2, R2E, R3, and R3E Specification Sheet 
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Figure 219:  Luminaire T1 Specification Sheet 
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  Figure 220:  Luminaire T1 Specification Sheet Continued 
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  Figure 221:  Luminaire T1 Specification Sheet Continued 
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  Figure 222:  Luminaire T1 Specification Sheet Continued 
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Figure 223:  Luminaire B1 Specification Sheet 
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Figure 224:  Luminaire B1 Specification Sheet Continued 
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Figure 225:  Luminiare B1 Specification Sheet Continued 
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Figure 226:  Luminaire B4 Specification Sheet 
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Figure 227:  Luminaire B4 Specification Sheet Continued 
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Figure 228:  Luminaire B4 Specification Sheet Continued 
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Figure 229:  Luminaire B2 Specification Sheet 
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Figure 230:  Luminaire B2 Specification Sheet Continued 
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Figure 231:  Luminaire B2 Specification Sheet Continued 
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Figure 232:  Luminaire B3 Specification Sheet 
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Figure 233:  Luminaire B3 Specification Sheet Continued 
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Figure 234:  Luminaire B3 Specification Sheet Continued 
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Figure 235:  Luminaire B5 Specification Sheet 
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Figure 236:  Luminaire B5 Specification Sheet Continued 
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Figure 237:  Metal Halide Ballast for Luminaires R2, R2E, R3, and R3E 
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Figure 238:  Ballast Specification Sheet for Luminaire R1 
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Figure 239:  Ballast Specification Sheet for Luminaire R1 Continued 
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Figure 240:  Ballast Specification Sheet for Luminaire R1 Continued 
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Figure 241:  Lamp Specification Sheet for Luminaire R1 
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Figure 242:  Lamp Specification Sheet for Luminaires R2, R2E, R3, and R3E 
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Figure 243:  Existing Conduit Cost Spread Sheet for Electrical Room Feeders 
 

 

13.85714286 2 - 4 5 - 7 8 - 10 11 - 13 14 - 16
Length/# Length/# Length/# Length/# Length/#

Conduit 350.8571429 434 517.1429 600.2857 683.4286
Conductor 1403.428571 1736 2068.571 2401.143 2733.714

Total $48,804.23 $0.00 Total $60,369.40 $0.00 Total $71,934.57 $0.00 Total $83,499.74 $0.00 Total $95,064.91 $0.00
G Total G Total G Total G Total G Total

Total Cost $855,584.23

17 - 19 20 - 22 23 - 25 26 - 28
Length/#Mat Cost and Labor Length/#Mat Cost and Labor Length/#Mat Cost and Labor Length/#
766.5714 $53.30 849.7143 $53.30 932.8571 $53.30 1016
3066.286 $21.45 3398.857 $21.45 3731.429 $21.45 4064

Lighting Mechanical Total ######### $0.00 Total $118,195.26 $0.00 Total $129,760.43 $0.00 Total $141,325.60 $0.00
$855,584.23 $344,292.37 G Total ######### G Total $118,195.26 G Total $129,760.43 G Total

Total Cost

Mat Cost and Labor
$53.30
$21.45

$141,325.60

$21.45 $21.45 $21.45 $21.45

Mat Cost and Labor
$53.30

Mat Cost and Labor
$53.30

Mat Cost and Labor
$53.30$53.30

Mat Cost and Labor

$21.45

Mat Cost and Labor
$53.30

$95,064.91

$1,199,876.60

$48,804.23 $60,369.40 $71,934.57 $83,499.74
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Figure 244:  Existing Conduit Cost Spead Sheet for Mechancail Rooms
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Figure 245:  Panelboard EHV-8 (Existing) 
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Figure 246:  Panelboard Worksheet EHV-8 (Existing) 
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Figure 247:  Panelboard EHV-8 (New) 
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Figure 248:  Panelboard Worksheet EHV-8 (New) 
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Figure 249:  Panelboard L-PP-8-1-(C) (Existing) 
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Figure 250:  Panelboard Worksheet L-PP-8-1-(C) (Existing) 
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Figure 251:  Panelboard L-PP-8-1-(C) (New) 
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Figure 252:  Panelboard Worksheet L-PP-8-1-(C) (New) 
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Figure 253:  Panelboard P-8-1 (Existing) 
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Figure 254:  Panelboard Worksheet P-8-1 (Existing) 
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Figure 255:  Panelboard P-8-1 (New) 
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Figure 256:  Panelboard Worksheet P-8-1 (New) 
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Figure 257:  Panelboard P-8-2 (Existing) 
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Figure 258:  Panelboard Worksheet P-8-2 (Existing) 
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Figure 259:  Panelboard P-8-2 (New) 
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Figure 260:  Panelboard Worksheet P-8-2 (New) 
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Figure 261:  Panelboard P-LE-1 (New) 
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Figure 262:  Panelboard Worksheet P-LE-1 (New) 
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Figure 263:  Panelboard PA-PP-1 (New) 
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Figure 264:  Panelboard PA-PP-1 (New) 
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Figure 265:  Feeder Sizing Worksheet 
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Figure 266:  100 Amp Panelboard Specification Sheet 
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Figure 267:  100 Amp Panelboard Specification Sheet Continued 
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Figure 268:  225 Amp Panelboard Specification Sheet 
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Figure 269:  225 Amp Panelboard Specification Sheet Continued 
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Figure 270:  Exterior Lighting Contol Panelboard Specification Sheet 
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Figure 271:  Exterior Lighting Control Panelboard Specfication Sheet Continued 
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Figure 272:  Short Circuit Analysis 
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Figure 273:  Selective Coordination of a 20 amp, a 150 amp, and a 300 amp breaker 
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Figure 274:  Incident Solar Radiation from Ecotect (NW Isometric) 
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Figure 275:  Incident Solar Radiation from Ecotect (SE Isometric) 
 

 

Figure 276:  Incident Solar Radiation Scale from Ecotect 
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Figure 277:  Daylight Autonomy Screen at 0 Lux Target Illuminance 
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Figure 278:  Daylight Autonomy Screen at 57 Lux Target Illuminance 
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Figure 279:  Daylight Autonomy Screen at 114 Lux Target Illuminance 
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Figure 280:  Daylight Autonomy Screen at 171 Lux Target Illuminance 
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Figure 281:  Daylight Autonomy Screen at 228 Lux Target Illuminance 
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Figure 282:  Daylight Autonomy Screen at 285 Lux Target Illuminance 
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Figure 283:  Double Skin Facade Specification Sheet 1 
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Figure 284:  Double Skin Facade Specification Sheet 2 
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Figure 285:  Double Skin Facade Specification Sheet 3 
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Figure 286:  Double Skin Facade Specification Sheet 4 
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7.4 Mechanical 
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Figure 287: DV Diffuser Product Selection 
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Figure 288: DV Diffuser Accessories 
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Figure 289 : Coltlite Operable Window Specifications
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7.5 Construction Management 
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Figure 290: Detailed Schedule - Original
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Figure 291: Detailed Schedule - Core/Corner and Facade Change



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

396 | P a g e  
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

397 | P a g e  
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

398 | P a g e  
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

399 | P a g e  
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

400 | P a g e  
 



THE NEW YORK TIMES BUILDING 
BARBEN | CASEY | DUBOWSKI | MILLER 

 

401 | P a g e  
 

Figure 292: Detailed Original Core Take-off 
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Figure 293: Detailed Concrete Core Take-off 
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Figure 294: Detailed Original Curtain Wall Take-off 
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Figure 295: Detailed Corner Change Curtain Wall Take-off 
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Figure 296: Detailed Core and Corner Change Curtain Wall with Louvers Take-offs 
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Tenant Layout Areas and Detailed Area Schedules 

 

Figure 297: Original Floors: 5-17 
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Figure 298: Original Floors: 18-27 
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Figure 299: Original Floors: 29-38 
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Figure 300: Original Floors: 39-50 
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Figure 301: Core and Corner Change Floors: 5-17 
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Figure 302: Core and Corner Change Floors: 18-27 
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Figure 303: Core and Corner Change Floors: 29-38 
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Figure 304: Core and Corner Change Floors: 39-50 
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Figure 305: Structural Column Schedule 
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Figure 306: Structural Framing Schedule 
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Figure 307: Structural Concrete Composite Slab Take-off 
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