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EXECUTIVE SUMMARY 
 
The following proposal is intended to provide an overview of the four analytical phases of IPD/BIM Team 2 senior thesis 
project for the New York Times Building. Overall, the group chose to follow a strategy emphasizing the reduction of 
dependency on grid-based energy sources and more efficient systems design as determined by performance, initial cost, life 
cycle cost, and constructability.  
Each of the four phases were chosen for the fact that they require the analysis of more than one team member and allow the 
team members to further experiment with the Integrated Project Delivery portion of the IPD/ BIM thesis. However, some 
team members have certain requirements that are required by their department- these goals are outlined in the section labeled 
Individual Team Member Goals. 
 
PHASE I: FAÇADE REDESIGN 
 
The current configuration of the façade will be compared with a new shading system to determine the most optimal 
configuration for both daylight utilization and solar shading. A series of passive, active, and glazing reduction strategies will 
be investigated in which the goal of the redesign will be to optimize thermal loads on the building, while maintaining the 
architectural vision and owner requirements. This phase requires the participation of all team members. 
 
PHASE II: COGENERATION PLANT REDESIGN 
 
As currently designed, the cogeneration plant is capable of offsetting a small portion of the required demand load. Gas 
turbine, internal combustion, microturbine, and fuel cell systems will be investigated with respect to total production of 
energy versus life cycle cost, initial cost, and utility consumption. This phase requires the participation of all team members. 
 
PHASE III: STRUCTURAL ALTERNATIVES 
 
An alternative steel braced-frame lateral system with one outrigger level is proposed after the research performed by the 
structural team member during Technical Report 3, thus creating a penthouse level for high-end tenants. The structural team 
member will also concentrate on a redesign of the system that will effectively eliminate the need for the exposed X-braces as 
a method of controlling drift. The construction management team member will investigate the schedule and cost changes 
resulting from eliminating this element, and the mechanical team member will investigate the implications of relocating one 
of the main mechanical floors. 
 
The progressive collapse resistance of the structure will also be analyzed, paying special attention to the twenty-foot 
cantilevers.  Changes in member sizes and connections will be recommended based on findings. 
 
PHASE IV: ALTERNATIVE DISTRIBUTION SYSTEMS 
 
This analysis will target the specifics of the electrical and air distribution systems in the New York Times spaces and whether 
or not alternative systems are more or as effective with respect to energy efficiency, constructability, and first and lifecycle 
costs. 
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TEAM VISION 
 
 
The overall intent of the Team II analysis is to optimize building performance while preserving owner requirements and 
architectural vision.  The Team II Redesign Analyses will focus on four key areas of study: facade, cogeneration, distribution 
systems, and the possible creation of a rentable penthouse for high-end tenants via new structural systems.  
The optimization of building performance will be evaluated by comparing the alternative's first cost, life-cycle cost, 
maintenance considerations, and occupant flexibility individually within each of the four key areas of analysis. 
 
 

PROJECT INTRODUCTION 
 

The New York Times Building is a 52-story glass and steel structure designed to reinforce the values of the Times Company 
and its culture of transparency.  Located at 620 Eighth Ave. between 40th and 41st streets in Times Square, the building 
utilizes water-white windows from floor to ceiling, exposed steel columns, and accents of red and gold making it a fitting 
home for a 21st-century media company.  Architect Renzo Piano working with FXFOWLE Architects incorporate many 
themes into the architecture.  The themes included are volume, views, light, respect for context, and relationship to the street 
to provide a design that is open and inviting.  This also presents occupants with a sense of the city around them. 
 
The New York Times Building is co-owned by The New York Times Company and developer Forest City Ratner 
Companies.  It houses the New York Times Company on floors 2-27, and many private companies on floors 1, 29-50, and 52.  
Floors 28 and 51 are co-owned mechanical spaces, and the first floor is co-owned retail space. 
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FAÇADE REDESIGN 
 

 
Following the completion of the technical assignments, it was determined that redesigning the façade could improve the 
performance of the New York Times Building in a manner which is aligned with our team goals.  The façade redesign will 
focus on strategies for efficient daylighting and optimizing the dynamic thermal skin loads.  The team decided to focus on 
three main areas: passive analysis with respect to shading and thermal mitigation strategies, active shading systems analysis, 
and an analysis focusing on reducing overall glazing surface area.  
 

LIGHTING AND ELECTRICAL 
 
With respect to the façade redesign analysis, lighting and electrical analysis will be¬ focused on three prime areas: Passive 
analysis, Active Analysis, and Glazing Reduction Analysis 
  

Passive Analysis  

A daylighting analysis on a typical office floor will be performed, which will assess the possibility of replacing the existing 
glazing with several proposed arrangements of fritted glass. This will be accomplished using the analytical programs AGI 
and Daysim. Using this information, establishing the resulting daylighting factors (increased from existing conditions, 
ideally) in conjunction with the mechanical team member will be necessary to ensure a positive change in energy savings. 
 

Active Analysis 

The feasibility of replacing the existing rod-based passive design system for daylighting control with an active louver system 
to better control daylight and heat gain will be analyzed.  The study will look at different sizes, angles, and shapes of blades 
that will increase daylight penetration, reduce direct daylight and glare, and increase the view out of and into the building 
while still maintaining the core principles of transparency put in place by the architect and owner. This redesign will be 
considered successful if the daylighting factor of the office is increased, direct glare is able to be decreased, as well as 
obtaining positive effects on energy savings while working with the mechanical engineering team member. 
 

Reduction in Glazing   

The mechanical and lighting and electrical team members will work together to ensure that there is no loss in daylight 
penetration into the space or loss of visibility out of the building while a balance of clear glazing and non glazing area is 
determined. Ideally, this will increase energy savings, not diminish from the daylight penetration into the space, and at the 
same time not reduce the views out of and into the building. 
 
 

MECHANICAL  
 

The mechanical team member will work closely with other team members during the Façade Analysis phase, particularly the 
lighting and electrical and CM team members.  The façade redesign phase was chosen by the group to be first because of the 
impact any changes to the building envelope may have on energy consumption and structural loads. 
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Passive and Active Analysis 

An energy modeling program can be used for the analysis of shading effectiveness.  A comparison between the ceramic rod 
baseline and the newly proposed system will be investigated with respect to monthly solar gain savings.  The façade redesign 
will be evaluated based on the cost effectiveness and payback period compared to that of the baseline facade. 
 

Reduction in Glazing 

An energy modeling program will be used to find an optimal window to wall ratio with respect to: heat loss, solar gain, 
daylighting and architectural vision. Reducing the glazing will have dramatic impacts on the building’s energy profile, but no 
redesign can be implemented if it does not meet all other project goals. 
 

STRUCTURAL  
 

The structural team member will primarily ensure that any possible changes to loads are properly addressed by the building 
structure. Changes to the facade weight will have to be investigated for possible increases of wall loads; this, in turn, might 
necessitate a change in the support system for the facade.  The impact the new shading device has on the wind loads will also 
be considered, since the shape of the device and the amount of wind deflected to the facade will change. In addition, the 
structural team member will have to consider out-of-plane forces and in-plane story drifts in the façade redesign. 
 

A reduction in glazing will lead to a change in the facade dead load.  This dead load will have to be applied to the supporting 
beams and columns for strength and serviceability analysis.  
 

CONSTRUCTION MANAGEMENT 
 
Any changes to the façade will need to be examined with respect to initial cost, life cycle cost, potential maintenance issues, 
and construction time/ methodology. It is important to note that if one system does in fact cost more initially, it may still be 
economically viable if the payback period falls within a certain amount of time. Given the occupancy duration of the previous 
building, a payback period of under 100 years is seen as a positive. 
It is also important to maintain the initial vision of transparency from both the architect and building owner. While it is quite 
possible to redesign a façade to perform better with respect to energy and daylighting, it will certainly be more of a challenge 
to achieve those ends while still maintaining an aspect of transparency. 
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COGENERATION PLANT REDESIGN 
 

The cogeneration plant existed for the purpose of providing an uninterrupted power supply to the data center if the power grid 
were to go down.  If the cogeneration plant were to run at full output continuously, it would only provide a portion of the 
total electricity consumed by the New York Times Building.  In addition, a utility investigation revealed that purchased steam 
and electricity was very expensive.  The team would like to upgrade the cogeneration plant to at least provide all of the New 
York Times Building's heating requirements by evaluating the feasibility of alternative systems sucha s Fuel Cells, 
Microturbines, Internal Combustion, and Gas Turbine systems.  Not only will the cogeneration plant save the New York 
Times Building on operating costs, it will also consume less primary energy compared to a seperate heat and power 
arrangement.  
 

LIGHTING AND ELECTRICAL 
 
The lighting and electrical analysis of the cogeneration plant will revolve around investigations of Prime Mover Systems and 
total system energy outputs. 
 

Prime Mover 

A comparison of the different electrical load outputs provided by different generator systems will be performed.  
Opportunities to find a chance for energy savings in implementing load shedding during peak hours will be investigated-
overall success will be measured by savings in total energy usage and cost with the combination of savings in steam 
purchasing that the mechanical tea member will be investigating. 
 

System Outputs 

For the study of the systems outputs, the key focus will be on computing both the maximum and minimum loads of the 
building. Attempts will be made to compare the resulting costs and savings by comparing multiple generators. Working with 
the construction management team member, success for this study will be measured with respect to their initial and lifecycle 
costs.  
 

MECHANICAL  
 
Using the seasonal energy profiles, an optimal prime mover can be found based on thermal efficiency and operational 
characteristics.  Case studies and manufacturer's data can be used to select the best prime mover and configuration 
(centralized vs. decentralized) with respect to primary energy use and owner requirements.  
 
An energy modeling program can be used to compare the two cases of sizing the CHP plant for heating only and heating and 
electric demand.  The alternatives must be evaluated over the lifetime of the building and with respect to each related  
building system. 
 

STRUCTURAL  
 
The primary role of the structural engineering team member during this phase is to support the other team members in 
ensuring that the additional loads created by equipment changes are properly mitigated by the structural system, specifically 
concentrating on the podium roof and mechanical floor framing.  
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CONSTRUCTION MANAGEMENT 
 
The primary focus of the construction management team member (as well as the prime CM MAE investigation) will be with 
respect to the production of on-site steam. 
 
Heat is a byproduct of the cogeneration plant equipment and is used to create steam to heat the building. However, the 
amount of steam produced is far less than the amount of steam required to heat the building. Based on a presentation by the 
New York Times design team and owner, a significant amount of steam is purchased from local utility Consolidated Edison 
to account for this difference.  
 
By producing more steam on site, it is possible to reduce the dependency on purchased steam. This could have two very 
important consequences- a significant reduction in annual utility expenses, and a further reduction in dependence on the local 
utility grid. 
 
Based on the types of cogeneration plant equipment chosen by the design engineering team members, an analysis on different 
manufacturers of similar equipment type will be conducted. Most MEP equipment is very long lead-time, and larger 
equipment can take a long time to transport from the manufacturing facility to the job site. The manufacturer that provides 
the best combination of lowest first cost and highest equipment efficiency, shortest lead-time and ease of installation, and the 
closest distance to the jobsite and its ease of transportation.  These will provide the highest benefit to life cycle cost, schedule 
reduction or maintenance, and lowest carbon footprint, respectively. 
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STRUCTURAL SYSTEM ALTERNATIVES 
 
An alternative steel braced-frame lateral system with one outrigger level is proposed after the research performed by the 
structural team member during Technical Report 3. Due to the high cost of the architecturally exposed X-braces and their 
connections, the structural team member will concentrate on a redesign of the system that will effectively eliminate the need 
for these braces as a method of controlling drift. The construction management team member will investigate the schedule 
and cost changes resulting from eliminating this element.  
 

 
LIGHTING AND ELECTRICAL 
 

The lighting and electrical team member will utilize the time during this phase to refine analysis from the previous two 
phases and begin work on the fourth phase while continuing work on individual lighting thesis requirements. 

 
MECHANICAL  
 

This phase will be primarily driven by structural and construction management team members. Two major problems present 
themselves in this phase. First, based on the decisions made by the structural engineering team member, it will be necessary 
to evaluate the relocation of the mechanical room. Second, should the structural engineer be able to change any floor to floor 
heights, this would dictate the exact sizing of the alternative distribution system outlined in Analysis IV. 

 

STRUCTURAL  
 

Please refer to the Structural Engineering portion of the Individual Team Member Goals portion of the report for a more 
complete analysis proposal for this portion. 

 

CONSTRUCTION MANAGEMENT 
 
Based on the lateral system analysis completed by structural team members, it is known that eliminating the exterior cross 
bracing is potentially feasible with a redesign of the system. The prestressed cross bracing members of the lateral system are 
connected to the rest of the structure through a knuckle connection. In order to successfully analyze and ultimately make a 
value engineering suggestion, several important points must be considered. Foremost, the knuckle connections and cross 
bracing were partially chosen based on architectural appearance. It will be important to consider the architectural impact of 
removing these members.  

Second, these cross bracing members originally served to control building drift due to wind as a serviceability concern. Since 
multiple changes are being made to the structural system by other team members, it is important to ensure that these changes 
eliminate the need for this cross bracing system to be in place and serve a structural purpose. In other words, it is imperative 
that building drifts are controlled by different structural elements in place with respect to the lateral system so that the 
original aesthetic scheme envisioned by the client and architect remains consistent. 
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After selecting an alternative structural connection based on the criteria mentioned above, it will be necessary to document 
what the new construction procedure is in comparison to the old knuckle connection, noting any increase in cost or schedule 
time due to changes in construction methods, local labor requirements, or material lead times.  
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ALTERNATIVE DISTRIBUTION SYSTEMS 
 

Bus ducts provide electrical service distribution for the upper rentable floors, while copper conductors in conduit are used for 
the New York Times spaces. The usage of copper conductors in conduit can have many challenges with respect to 
constructability, particularly when it is spanning over twenty-five floors. 

By switching to a bus duct system for electrical risers, it is quite possible to significantly reduce the amount of labor involved 
in constructing the electrical distribution system. It is possible that this could lead to schedule savings, overall project cost 
savings, and reduce conductor material consumption. 

With respect to the mechanical system distribution, underfloor air distribution (UFAD) systems provide energy savings in 
almost every category except fan energy and are praised for the flexibility it provides for the owner.  However, these 
marginal benefits do not outweigh the leading arguments against UFAD systems.  These systems inefficiently use plenum 
space and in some cases, are harder to control than a more common variable air volume (VAV) system.  This inefficiency 
could be translated into an increase in rentable space to the owner.  The most significant pitfall of UFAD systems is the long-
term depreciation of indoor air quality.  The New York Times Building and similar high-rise office buildings could be in use 
for over a century.  Dust and other pollutants will inevitably migrate into the underfloor plenum.  This issue will be 
compounded when the building experiences moisture control problems due to inevitable equipment failure or occupant 
activity.  

With these considerations, our design team will remove the UFAD system and use a uniform overhead ducted system 
throughout the building.  Our team will explore two alternatives: traditional variable air volume and dedicated outdoor air 
systems with decoupled heating and cooling.  These alternatives will be evaluated based on first cost, life-cycle cost, 
maintenance considerations and occupant flexibility.  The analysis must focus on each system's performance with respect to 
the building as a whole.  The system will be chosen based on energy modeling and a thorough cost and owner requirement 
investigation with the entire design team.  

 

LIGHTING AND ELECTRICAL 
 

The Electrical team member will assist the construction team member’s economic and constructability analysis by providing 
engineering calculations to ensure that the proposed distribution systems are capable of handling the building electrical loads. 

The primary investigation will consist of performing calculations (including short ciruit analysis)  allowing an  evaluation 
between different electrical distribution systems such as bus duct verses conduit based distribution systems and, aluminum 
verses copper conductors.. 

 

MECHANICAL 
 

Considering the background information on the UFAD system, VAV versus a dedicated outdoor air system (DOAS) will be 
evaluated. The success of each of these systems will be evaluated through a comparison in first cost, life-cycle cost, 
maintenance considerations and occupant comfort and flexibility with respect to the existing system configuration.  
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STRUCTURAL 
 
Structural engineering team member work in this phase will primarily consist of ensuring that loads imposed by different 
systems are properly mitigated by the structural system. The impact these distribution systems will have on dead loads to 
floors and transferred to foundations and the possible creation of floors or structural space will also be considered. 

 

CONSTRUCTION MANAGEMENT 
 
The New York Times Company was initially skeptical over the concept of a bus duct, and felt that after consulting with their 
facility management group that the more traditional wire in conduit method was more reliable than a bus duct system. If it is 
determined that a bus duct system is more economical and less of a burden on the schedule, further research will be 
conducted investigating the lifespan and ease of replacement on the two distribution methods to provide the owner with a 
more complete set of information.  

In order for a successful analysis to take place, the approximate cost of the existing electrical system needs to be compared to 
that of a proposed bus-duct based riser system. Pricing on bus duct riser equipment will also need to be obtained from 
manufacturers as well as any relevant construction costs and issues prevalent with this type of system. 
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INDIVIDUAL TEAM MEMBER GOALS 
 

In addition to basic IPD/BIM requirements, each team member will also be bound to complete a certain series of tasks related 
to their specific option as required by their advisor. 

 

LIGHTING AND ELECTRICAL STUDIES 
 

The lighting and electrical thesis will consist of several additional aspects not covered under the group based IPD/ BIM 
Thesis. Several key spaces will be analyzed for lighting design as well as electrical implications of from cogeneration and 
distributions system changes. 

Lighting Analysis 

1. Lobby:  

Taking into account the comments provided by the professionals at Lutron, electrical team member will complete 
the redesign of the lobby to successfully create a design that will meet initial design consideration while meeting 
code lighting level and other requirements of the Lighting Hand book. 

2. Offices: 

The main office floor lighting will be redesigned as initially proposed in technical report 3.  Meeting personal design 
considerations, professionals’ comments, as well as IES suggested lighting levels will measure success in this space.  
A major focus will be on the facade redesign with the rest of my design group. A large portion of time will be put 
towards the integrated design of the facade for this space. 

 

Industry Feedback from Lutron Presentation 

Sandra Stashik (GWA Lighting, Philadelphia, PA) 

1. General: 

a. How was BIM different? 

b. Use of photos / graphics 

c. Overall very nice 

2. Lobby: 

a. Good breakup of the space 

b. Good Schemes – overwhelming in section – try RCP view 

3. Café: 

a. Good Model 

b. Careful with sketches – non uniform appeared uniform 

c. Good concepts 
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4. Office: 

a. Good introduction and explanation of thought process 

b. Good to come to a conclusion and choose one of the designs 

c. Good Daylighting analysis, issues, and graphics 

 

5. Façade: 

a. Confusion as of location of fixtures add plan view to help 

 
Helen Diemer (The Lighting Practice, Philadelphia, PA) 
 

1. General: 

b. Careful with colors on slide, contrast and such 

c. Good descriptions of design criteria 

2. Lobby: 

a. Cones of light hard to understand; show what light does more than where it comes from. 

Emphasize the surfaces it lights 

 

3. Façade: 

a. Articulate purpose for minimizing skyglow 

b. Sustainable focus, where you will get the best impression 

c. Could use a bit further explanation 

d. Bottom of the building would be blocked in by other buildings so find a place to make the best 

impression at that level. 

 

Electrical Analysis 

 

1.   Cogeneration System Analysis: 

Coordinating with the mechanical team member will be a main focus of the electrical study.  The resulting changes 
will require new equipment and possible layout changes, as well as sizing or feeders and comparing results to 
NEC2009 and IBC regulations. 

2. Electrical Distribution System:  

Short circuit analysis will take place from the main distribution board 3 to the series of panels located on floors 7, 8, 
and 9.  This will also be the run where considerations of replacing the current conductors and conduit with bus duct 
will be taken into account. This will be done in coordination with the CM team member to ensure cost savings in 
time, initial cost, and constructability.  A secondary study investigating the feasibility of replacing the same set of 
conductors with aluminum will also be conducted, also in coordination. A comparison between all 3 systems will 
then be performed, taking into account meeting any and all NEC requirements first and then savings in initial cost 
and installation.  
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MECHANICAL  
 

In the façade redesign phase, the interoperability between Revit and various energy modeling programs such as Trane Trace 
and IES will be investigated and documented. The façade design alternatives will be modeled in Revit and should provide a 
suitable platform for compatible energy modeling programs. In previous experiences, there have been several barriers to 
accomplishing a successful workflow in this area.  Furthermore, the “out of the box” compatibility of a Revit file exported 
into an energy modeling program will be evaluated for time spend resolving errors and the accuracy of the energy results. 

In the alternative distribution systems phase, a thorough reproduction of a typical floor's mechanical systems will be created 
in Revit MEP to evaluate the program's usability.  Several comments in industry have been that Revit Architecture is well 
developed and is a significant tool in the BIM and IPD process, but Revit MEP is severely lacking with respect to its library 
and ability to perform engineering calculations. 

Both of these individual goals are based upon the overbearing project goals and schedule of Team II.  However, the four 
phases do not contain equal amounts of work for each discipline.  The individual goals of the mechanical team member will 
be fluid and they may work ahead or go back to revisit certain tasks as they see fit throughout the semester. 

 

STRUCTURAL 
 

Background 

The New York Times Building structure is comprised of a composite steel and metal deck gravity system with a braced-
frame core lateral system.  Two-story outriggers located on both the 28th and 51st floors supplement the lateral stiffness of 
the frames.  These floors house the mechanical equipment that supplies the tower.  To further control drift and display the 
structural transparency of the building, pre-tensioned rods were added to the exterior of the building.  

  

Existing Structure 

The foundation of the New York Times Headquarters combines typical spread footings with caissons to achieve its maximum 
axial capacity.  The tower and podium mostly bear on 20 tons per square foot rock; in this area, 6,000-psi spread footings 
were used under each column.  At the southeast corner of the tower, 24-inch diameter concrete-filled caissons were used 
since the rock only has 8 tons per square foot capacity.    The structural engineers did not disclose the depth of the caissons; it 
is only known that they extend until they reach rock with a bearing capacity of 20 tons per square foot or greater. 

The New York City Subway passes below Eighth Avenue to the west and 41st Street to the north of the New York Times 
Building. However, this is not a major site restriction since the transit system is not directly beneath the structure. 

The floor system is a steel composite system with a typical bay size of 30’-0”x 40’-0”, with 2½” normal weight concrete on 
3” metal deck.  Typical beam sizes are W18x35 with a 10’-0” typical spacing, bearing on W18x40 girders.  The girders frame 
into the various built-up columns, box columns along the exterior and built-up non-box columns in the core.  Framing of the 
core consists of W12 and HSS shapes framing into W14 and W16 shapes, which bear on W33 girders.  Framing layouts for 
each floor of the tower are typical as shown in Fig. 1. 
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Figure 1: Typical Framing Layouts 



IPD/ BIM THESIS: TEAM II                                                                                PROPOSAL 
  

 
THE NEW YORK TIMES BUILDING                                                                INDIVIDUAL GOALS |  15 
BONFANTI | CLARKE | COX | WIACEK   

The 30” by 30” box columns, exposed at the exterior corners of the tower, consist of two 30-inch long flange plates and two 
web plates inset three inches from the exterior of the column on either side.  Each web and flange plate decreases in thickness 
up the building to adjust to the loads at each level.  The yield strength of the plates also varies with tower height, from 50 ksi 
on the lower floors to 42 ksi on the upper floors.  Interior columns are a combination of built-up sections and rolled shapes.  
Column locations stay consistent throughout the height of the building, spaced with the grid at 30 feet in one direction and 40 
feet in the other. Every column is engaged in the lateral system via connections to bracing and outriggers. 

The main lateral force resisting system for the tower of the New York Times Building consists of a centralized steel braced 
frame core with single-diagonal outriggers on the two mechanical floors (Levels 28 and 51) to engage the exterior columns.  
The structural core consists of single diagonal bracing in the North-South direction between grids 4 and 5, concentric chevron 
bracing in both the North-South and East-West directions, and eccentric chevron bracing in the North-South direction 
between grids 5 and 6.  These braced frames surround the elevator shafts, MEP shafts, and stairwells. At this time, the 
member sizes of the braces have not been disclosed. The core configuration remains consistent from the ground level to the 
27th floor, but one line of North-South bracing drops out above this level for the remaining height of the building. The 
structural engineers also utilized pre-tensioned steel rod X-braces to control drift while preventing the need for larger 
members. Typical bracing layouts for the tower are shown in Figures 2 through 4. 
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Figure 2: Lateral Layout, Floors 1-27 Figure 3: Lateral Layout, Floors 29-50 

Figure 4: Lateral Layout, Mechanical Floors 28 & 51 
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Problem Statement 

In the existing structure, the two-story outriggers on the 51st floor share space with the mechanical equipment.  This space 
has the potential to bring in more revenue to the owner as a rentable penthouse floor.  In addition, the exposed pre-tensioned 
X-braces on the exterior add extra cost to the system with their detailed connections.  After investigating an alternate lateral 
system that eliminates the top floor outriggers and the exterior braces, I found that this system is a feasible alternative and is 
worth further consideration.   

The New York Times Building structure was also designed with some attention paid to the effects of a blast, but it was not 
analyzed according to code regulations that took effect after September 11th.  I would like to analyze the structure’s 
compliance with up-to-date progressive collapse guidelines. 

 
Proposed Solution 

The alternate steel braced-frame system analyzed in Tech 3 will be used as a basis for an optimized and reconfigured lateral 
system.  A single outrigger and mechanical floor will be investigated, and the location of this level will be optimized 
according to which location provides the lowest drift and period.  In addition, a belt truss will be considered, if necessary, to 
enhance the performance of this system.  ETABS will be used as part of the MAE requirements to analyze the lateral system 
and optimize the layout and configuration of frames in the core, in accordance with 13th Edition AISC Steel Construction 
Manual and using IBC 2009 and ASCE 7-05 loads.  Rigid diaphragms will be used to model floors, and column and beam 
members will be modeled in three dimensions to include the effects of flexure, shear, axial, and panel-zone deformations in 
all directions, as learned in the Computer Modeling of Building Structures masters class.  Inherent and accidental torsion and 
P-Delta effects will be also included in the analysis.  Plans will be reviewed frequently to ensure the new bracing layout does 
not conflict with any openings.  In the later stages of the analysis, a Revit model of the building will ideally be used to 
double-check these layouts. 

To evaluate the new, optimized location of the outriggers, it will also be necessary to look at the viability of moving the 
mechanical equipment to the roof and outrigger floor.  The existing mechanical floors in the tower are not necessarily 
organized according to the floors they service; this will make it easier to rearrange the lateral system and possibly allow for a 
more consolidated mechanical layout.  The members on the roof will also be analyzed for an increase in loads. 

Progressive collapse resistance will be analyzed according to the 2009 Department of Defense Unified Facility Criteria 
Alternate Path Method, using the 2003 GSA Progressive Collapse Analysis and Design Guidelines, ASCE 7-05, and the New 
York Building Code regulations.  Key members will be designed to comply with these regulations and provide redundancy to 
the structure.  In addition, special attention will be paid to the twenty-foot cantilevers on either side of the building.  These 
are potential weak points, as they are not supported by gravity columns at the ground level.  Beam and connection 
alternatives will be recommended for better progressive collapse resistance if the existing system is not sufficient. 

Finally, foundations will have to be analyzed for changes in loading according to the combined IPD/BIM proposal.  Changes 
in dead loads will affect individual floor framing, as well as have an impact on seismic calculations.  These factors will all be 
accounted for in the final report. 

 

Structural Solution Method 

The general IPD/BIM Timeline will be followed as a basis for the semester schedule.  A more specific task sequence is 
outlined below for Phase III, the bulk of the structural proposal. 

1. Reconfiguration & Optimization of Lateral System 

a. Model braced-frames in ETABS and determine most efficient layout 

b. Check layout for compatibility with floor plans and stacking diagrams 

c. Optimize sizes of frame members 

d. Evaluate impact on other systems using BIM 
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2. Analysis of Structure for Progressive Collapse Resistance 

a. Research code requirements and Alternate Path Method 

b. Apply method to structure, looking at key members 

c. Analyze cantilever for tie forces 

d. Update sizes of members to reflect analysis 

e. Design connections for updated loads 

3. Impact of IPD Developments on Structure 

a. Phase I: Façade gravity and lateral load updates 

b. Phase II: Cogeneration gravity load updates and vibrational check 

c. Phase IV: Distribution coordination with lateral system 

  

CONSTRUCTION MANAGEMENT 
 

From interactions with team members to date, it is becoming more apparent that the construction management team member 
will play more of a construction agent/ project architect role in addition to providing constructability, cost, and scheduling 
advice. An organized management plan and workflow will be required once the interdisciplinary teams formally begin to 
work together on a daily basis. 
 
Several interdisciplinary team management strategies are currently coming to prominence in the industry. Two schools of 
thought will need to be evaluated and compared prior to the beginning of next semester: The BIM Project Execution 
Planning Guide created by the CIC research group at Penn State, and the Integrative Design Guide to Green Building by the 
consultancy 7group. 
 
One school of thought with respect to the integrative design process is to work independently by discipline and then 
collaborate with other disciplines at predetermined points in the project timeline. Given the. An alternative phase-based 
approach to analyzing the NYT building will be a taken with respect to group workflow.  
 
Several theories regarding the management and structure of the decision making/ analysis process of integrated design teams 
using BIM have come into prominence. Both the BIM Project Execution Planning Guide and portions of the Integrative 
Design Guide to Green Building suggest that the various design and construction disciplines work together semi-
independently on the building as a whole and gradually begin to work more cohesively as the project progresses, 
coordinating each of their individual work with one another at established collaboration points. Due to the scale of many 
projects, the fact that in many cases the design and construction disciplines can be located very far away from one another, 
and that many individual (discipline specific) firms are highly dependent on the design/ performance of their system, the 
gradual cohesion of teams over time is a logical approach. 
 
However, the configuration of the BIM Thesis teams is remarkably different. All of the design and construction team 
members are in one location- this allows for a slightly different approach to the integrated design process. Due to the 
background of architectural engineering students, it is quite possible that any student in an interdisciplinary team is capable 
of engaging in an informed design or construction discussion regarding an area of specialty outside of their own. 
Based on this, it is possible that an integrated, sequential task-based problem solving method can be used. In this problem 
solving method, all interdisciplinary team members work on the same problem at the same time and strive to reach a common 
goal identified by the group. Ideally, the varied specialties and backgrounds of the team members will lead to different 
perspectives in solving the problem as a team, and this will ultimately lead to a solution that benefits all parties. For example: 
The team agrees as a whole that the cogeneration plant in a current design is not as optimized as it could be and evaluates 
changes to the system, receiving input from all team members in the initial design process. 
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In contrast, the traditional approach would be for each team member to have their own personal, discipline driven goals and 
merely interact with other team members as their own goals required the input of someone with a different specialization. For 
example, a mechanical student realizing that the cogeneration plant is undersized, increases the size of the equipment and 
then notifies the structural student that the loads have increased and the structural system should be changed accordingly. 
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TEAM TIMETABLE 
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WEIGHT MATRIX 
 

The following are targets for the total amount of work time that each team member will put into each phase. Also included is 
an approximate breakdown of how much time will be spent on each phase. 
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PHASE SUMMARY  

 

The redesign for the facade had a major focus on controlling and possibly eliminating direct sunlight penetration for as much 
of the year as possible, while increasing the ability of the occupants to see out and downward.  Exterior blades provide the 
best results based on these criteria.   The redesign was able to fully block sun penetration on the south and east facades during 
the hours of 11:00 A.M. to 1:00 P.M. all year, which helps reduce the cooling load for the building.  With this new blade 
system, their spacing increases the view out to the horizon by about 50% and the view downward toward the street by about 
75%. This is possible because of precisely angled blades at the base of the glazing arranged so that the blade length does not 
obstruct the view.  This facade not only increases the transparency of the building from the inside out, it also allows for 
clearer views into the building from across the New York City skyline and also looking up from street level. 

In order to reduce the life-cycle costs of the building, an effective redesign of the facade needed to include improved thermal 
and moisture control characteristics. A facade study was conducted which focused on the effects of changing the wall 
assembly. The building enclosure analysis tool Heat Air and Moisture Toolbox (HAM) was used to evaluate U-values and 
moisture penetration of the baseline facade and the redesigned facade. This was followed by a comprehensive energy 
simulation in Trane TRACE and a secondary analysis in Integrated Environmental Solutions (IES). These analyses provided 
critical information for all subsequent phases. An evaluation of the interoperability of these energy modeling programs with 
Revit will be included in this Phase. This evaluation will be conducted for the purpose of finding the limitations of BIM 
technologies in an integrated project delivery workflow.  This interoperability analysis can be found in Appendix I.C. 

For the structural aspect of Phase I, the new façade system weights and sizes were analyzed for compliance with the existing 
supports.  The new bladed shading system had a lower weight than the ceramic rods, allowing the existing connection and 
support system to be used.  Mullions between glazing panels were designed to account for the new IGU selection, taking into 
consideration the components and cladding wind load and the existing mullion and panel dimensions. 

The assembly process for the redesigned and existing curtain wall system was kept as similar as possible to the original 
system excepting an investigation into the change in panel size; panels were proposed to be doubled in width to reduce the 
total number of panels by approximately half. The total cost of the existing system is approximately $83.5 million. The 
redesigned system came to a cost of approximately $120 million, likely due to the selection of high energy performance 
glazing materials and spandrel panels. The life cycle cost of the redesigned façade will be examined in conjunction with 
Phase II: Cogeneration Plant redesign 
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EXISTING DOUBLE-SKIN FAÇADE SYSTEM 
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EXISTING DAYLIGHTING SYSTEM 
 
While it provides an interesting architectural aesthetic to the façade, the existing ceramic rod system is also used to control 
direct daylight penetration into the space.  Figure 1 shows a cross section of the façade and Figure 1.1 shows a photo from the 
interior of the New York Times Building.  Along with controlling penetration, it provides an interesting dynamic lighting 
effect over the course of the day as the rods cast striped shadows on the interior blinds used to complement the rod system 
(Figure 2).  However, the presence of these stripes could potentially cause an uncomfortable lighting situation for the 
occupants of desks along the windows (Figure 3).  Based on models created and calculations performed, it was discovered 
that the rod system was able to optimally block direct sun penetration only on the southern facing façade, from April to 
August between 11 A.M. and 1 P.M.  According to FXFOWLE, this existing design results in a reduction of the cooling load 
which only accounts for a 1% reduction in the total annual energy consumption. 

 

 

 
                       Figure 1 

 

 
Figure 1.1 

 

 

 

Figure 2 
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Figure 3 

 
 
EXISTING ELECTRIC LIGHTING 
 
The existing electrical lighting design uses T5 linear fluorescent luminaires to provide 50 footcandles at desk level, three feet 
above the floor.  The Lutron Quantum lighting control system utilizes DALI control to individually dim fixtures to 
compensate for varying daylight levels in the office (Figure 4).  The existing lighting uses 624 luminaires, custom 
Zumtobel’s TechZone fixtures with a recessed louver and light chamber containing two 33 watt T5 lamps.  The system uses a 
277 volt electrical system, creating a total floor load of 20,592 watts, not including any task or cove lighting.  The fixture is 
made up of two 2’ sections with a 4” space between them for either a sprinkler head or daylighting sensor (Figure 5) and a 2” 
space at each end to allow for return air through the plenum.  Each luminaire has the ability to dim to ten percent of its 
original output, allowing for increased energy savings during daytime hours.  This same fixture is used throughout the floor 
plan to maintain consistency (Figure 6) in addition to a cove fixture around the perimeter of the building used to emphasize 
the transparency of the building at night.  The cove lighting consists of seventy eight 40 watt T5 lamps, which are custom 
cove fixtures.  Using Daylight autonomy analysis from Daysim, an estimated daylight savings with dimming was performed 
with a designed illuminance target of 450 lux with dimming ballasts.  The rod system was determined to save 62.53% on 
lighting energy (See Chart 1). 
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Figure 4 

 

Figure 5 
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Figure 6 
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Chart 1 

DAYLIGHTING STUDY 
 
A daylighting study was performed to assess the building and site orientation with regard to solar positioning.  The New 
York Times Building sits between West 40th and West 41st streets at 8th Avenue in New York City.  The city grid is at a 20 
degree angle rotated clockwise off of magnetic north.  The declination of magnetic north to polar north is an additional 16 
degrees, making the building’s total rotation negative 36 degrees.  Using the building modeling tool Ecotect to overlay the 
solar path of the sun on the building (Figure 7), it was found that solar shading will be needed on all four sides of the 
building. The northern and western facing facades will have sun penetration at the early and late hours in the day for almost 
the entire year.  For this report, the southern facing façade refers to the façade facing in the south western direction and such 
that it relates to Figure 7.  The use of an external blade system along with internal shades could be used to help with morning 
and late afternoon hours where sun angles are at their lowest and can cause direct and disabling glare within the building. 
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Figure 7 
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BASELINE FAÇADE ENERGY ANALYSIS 
GLAZING PROPERTIES 

As previously stated, the vision of the architect was to create a highly transparent façade. To achieve this, the existing glazing 
consists of ultra clear, low-iron glass from the glazing manufacturer Saint-Gobain Glass. According to the manufacturer, two 
different lites of glass were combined to achieve the transparency that the New York Times Building required. The outermost 
pane was a monolithic lite of “Diamant” ultra-clear, low-iron glass coated with an anti-reflective metallic oxide. The 
innermost pane was a laminated lite to improve the thermal properties of the glazing unit. It consists of the Planitherm 
substrate sandwiched between two lites of “Diamant” glass. The resulting glazing unit has a very high overall visible light 
transmittance of 96%, with a visible light reflectance of about 1%. The overall U-value of the glazing assembly is 0.625 
[Btu/ft2-F]. 

 

SPANDREL PROPERTIES 

The spandrel portion of the façade uses cavity wall construction. The outermost layer is a 3/16” thickness aluminum panel 
followed by an air space of approximately 1/2”. On the inner side of the air gap, a vapor barrier is affixed to 2 1/2” rigid 
insulation. There is no “finish” on the inner layer because it is exposed to only the plenum. The resulting cavity wall has an 
overall U-value of 0.0874 [Btu/ft2-F] and a peak condensation rate of 37 [grains H2O/ft2 per day]. The spandrel U-value and 
condensation rate was calculated using the Heat, Air, and Moisture Toolbox (HAM) program. See Appendix I.A for the 
complete wall analysis in HAM. 

 

SHADING AND WALL DIMENSIONS 

The existing façade uses 1 5/8” horizontal ceramic rods as external shading devices. On a typical floor, there are 20 rods 
which shade the floor-to-floor glazing. This corresponds to an effective shaded glazing area of 32.5” of the 10’-6” total 
glazing height. The under-floor air distribution in the original design requires a large plenum in the interstitial space. The 
total height of the raised floor, structure, and lighting cove clearance is 3’-3”. For a complete wall section, see Appendix I.B. 

 
ENERGY ANALYSIS 

The baseline façade for the New York Times Building was evaluated for a number of criteria. The energy analysis was 
performed using two separate energy modeling programs: Trane TRACE and Integrated Environmental Solutions (IES) 
Virtual Environment (VE). Generally, TRACE uses the Total Equivalent Temperature Difference Time Averaged (TETD-
TA1) method for cooling calculations and Fourier’s Law of conduction (UATD) for heating calculations. IES uses the 
ASHRAE Heat Balance method for both cooling and heating calculations. The table below summarizes the results of the 
modeling. For detailed reports, see Appendix I.C. 

 Trane TRACE Results IES VE Results 
Peak Cooling Load [Btu/h] 843,642 824,700 
Peak Heating Load [Btu/h] 460,150 536,200 

Cooling Energy Density [Btu/hr-ft^2] 39.7 34.0 
Heating Energy Density [Btu/hr-ft^2] 63.0 26.0 

Total Source Energy [kBtu/yr] 3,750,464 Not Calculated 
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METHODOLOGY AND ASSUMPTIONS 

The analysis performed in TRACE is the primary energy modeling study. The energy modeling in IES is a secondary study 
and was primarily performed for the evaluation of the software interoperability in the IPD/BIM environment. This 
primary/secondary scheme was chosen because energy modeling in subsequent project phases would be done in TRACE. 

Below is a list of the general assumptions made for both energy models: 

• Only the 8th floor of the building was modeled. This was considered a typical floor for the rest of the building. 
• Construction: 

o All U-values are modeled in accordance with the selected material unless otherwise noted. 
o The roof and floor were modeled with extremely low U-values so that conduction through these surfaces 

would be negligible. 
o Passive solar shading devices of the correct type could not be modeled in TRACE.  As a result, the height 

of the glazing had to be adjusted to reflect the effective shading of the rods/blades on the glass.  Also, the 
U-value for the spandrel was weighted so that this reduction of sunlit glass was accounted for in the 
conduction calculations. 

o The shading devices were more accurately modeled in IES because the program allowed the user to 
describe the shade’s transparency in 15 degree increments along the vertical direction. 

• Internal loads: 
o Lighting:  1.1 [W/SF] 
o Plug loads:  0.5 [W/SF] for majority of spaces. 
o Electrical/Telecom loads:  Estimated 500 [W] per room. 
o Mechanical loads:  Estimated 1000 [W] per room. 
o Occupant density approximate to those prescribed by ASHRAE Std. 62.1 – 2007. 

 Sensible load:  250 [Btu/h per occupant] 
 Latent load:  200 [Btu/h per occupant] 

• Mechanical systems: 
o Schedule:  The mechanical system was scheduled to run between the hours of 6AM and 12AM (100% 

utilization). 
o Distribution system: 

 Ceiling supply and return. 
 The core was modeled as a VAV system with reheat. 
 The perimeter was modeled as a VAV system with reheat and perimeter heating. 

o Plants (for TRACE only): 
 Water-cooled electric chiller (Default) 
 Natural gas fired boiler (Default) 

o Setpoints: 
 Cooling:  75 [deg F] 
 Heating:  70 [deg F] 
 Max relative humidity:  50% 
 Min relative humidity:  20% 

 

 



IPD/ BIM THESIS: TEAM II     PHASE I: FAÇADE REDESIGN 
 

 
THE NEW YORK TIMES BUILDING    EXISTING SYSTEM: LOADS AND CONNECTIONS  |  32 
BONFANTI | CLARKE | COX | WIACEK   

EXISTING FAÇADE CONNECTION 
 
The existing façade system, including the ceramic tube shading system and glazing, was estimated to weigh 25 pounds per 
square foot by the structural design team.  The support for the shading system consists of C-shaped members bolted through 
each flange to vertical elements in two places per unitized panel, as shown in Figure 8.  This arrangement allows for 
tolerances during assembly while still maintaining the vertical support during installation.  These C-shaped members connect 
to a built-up beam that runs horizontally along the exterior at each floor level, in front of the spandrel panel.  Members 
connected to the girders at each bay pass through the façade to carry the built-up beam on the exterior. 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 8 
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ASSEMBLY OF EXISTING FACADE 

 
OVERVIEW 

The existing double-skin façade system for the tower portion of the New York Times Building is comprised of a series of 
unitized panels. Each panel contains both parts of the double-skin façade: an inner panel consisting of glazing, mullions, and 
mounting hardware for both the shading system and the entire panel itself, and the outer shading system consisting of ceramic 
rods and their mounting hardware. 

Benson Industries, LLC was the prime curtain wall consultant and contractor for the double skin façade of the New York 
Times Building. Benson’s New York City office was responsible for all of the design consulting and contracting for the New 
York Times office, while their assembly facility in Oregon was responsible for assembling all of the unitized panels. 

The New York Times Company opted to use Benson Industries, LLC after having a competition between four large curtain 
wall consultants/contractors to see which could create the most efficient solution for the proposed system. While Benson 
Industries’ assembly facility is located in Oregon, the New York Times Company felt that Benson Industries’ controlled-
environment facility offered the best opportunity for a high level of quality control that justified the additional shipping costs 
compared to a local consultant or contractor. 

 

OFF-SITE ASSEMBLY PROCESS 

Each unitized double-skin façade panel consists of many individual parts: glazing panels, spandrel panels, mullions, ceramic 
rods, and mounting hardware for both the shading system and the entire unitized panel. All of these parts were integrated into 
a unitized panel of dimensions 5’ x 13’- 4”.  

Using both the RS Means Labor Output Values and the original project schedule dates, the following information was 
determined for the off-site assembly of the existing facade: 

 

 Unitized Panels Workdays to Complete 
   

Typical Tower Floor 76 6.5 

Entire Building 3952 356 
 

Off-site assembly began on the panels 287 calendar days prior to the installation of the first curtain wall panel, and according 
to the actual project schedule was not on the critical path. The panels were shipped from Oregon to New York City over a 
period of 322 calendar days that were staggered with on-site construction. 
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ON-SITE ASSEMBLY PROCESS 

Based on conversations with Jim Faust, an industry consultant and project superintendant from Turner Construction in the 
New York City area for 35 years, curtain panels of this size were not likely to have been put into place with a tower crane. 
Since only two tower cranes were located on site, scheduling anywhere from 1000-2000 additional picks with the crane 
operator would have been a source of catastrophic project delays.  

For this reason, it is assumed that the core and shell CM (Amec) placed several stores of curtain wall panels on every floor 
that were subsequently installed by use of a swing-stage scaffolding system. Based on site planning drawings, it is assumed 
that these panels were unloaded into the central courtyard through an opening in the south face of the building and delivered 
to their proper floor via a material hoist. 

 

By knowing the total number of panels per floor and the total amount of workdays allotted to install them, it is possible to 
determine the approximate work rates of the crews installing the panels on-site. All values below are with respect to the 
tower portion only. 

 

Hourly Work Output Daily Work Output 
(panels/day) 

Days per floor 
completion 

Total curtain wall 
erection time 

(Days) 
    

1.9 Panels/ Hour 15.2 5 260 

 
Each double-skin façade panel is lifted into place and secured by tradesmen inside the building and on the swing-stage 
scaffolding (the exact number is dictated by local union regulations and is unknown at this time). Each panel is then secured 
into place with a system of bolts to secure the panel to the floor slab. 
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COST OF EXISTING SYSTEM 

METHODOLOGY 

The cost of the existing façade system was obtained using a combination of Revit and typical Excel calculations using cost 
information obtained from contractor interviews. Benson Industries provided a base cost of $144 per square foot of façade 
area plus $20 per ceramic rod (includes mounting hardware for each rod). A brief summary of the full takeoff is included in 
the table below. The cost for a typical floor is the total building curtain wall cost divided by the total amount of floors in the 
building- it is very likely that the cost per floor is slightly higher than it was in actuality due to the inclusion of podium 
curtain wall area, but the cost for the building as a whole is accurate according to Revit takeoffs. 

 

 Façade area 
(SF) 

Average Façade 
Unit Cost 

($/ SF) 

Rods 
(ea.) 

Rod Unit Cost 
($/ rod) 

Total Cost 
($) 

      
Typical Tower Floor 10,678 $144 14510 20 1,606,293 
Entire Building 555,236 $144 754,510 20 83,527,260 
 

The prices given by Benson are all inclusive- materials, labor, shipping to New York City from Oregon, and installation are 
all included in the cost. Equipment rental and crew costs are not included in this estimate, but they are accounted for in the 
general conditions estimate provided in CM Technical Assignment Two. 

This general assembly-level estimate was as accurate as could be calculated from the information given by New York Times 
project team members- this baseline cost will be used for comparison with the redesigned double-skin façade system. 
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REDESIGNED DOUBLE-SKIN FAÇADE SYSTEM AND OFFICE 

LIGHTING
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REDESIGNED DAYLIGHTING SYSTEM 

The south-facing façade and office area was used to create an initial design.  Multiple designs were analyzed at different 
angles and blade spacing, based on the design criteria of no direct light penetration during high noon hours, which is when 
the most heat gain would occur.  Using Ecotect, which has a sunray tracing program, an angle of 17 degree tilt for the blades 
was found to be optimal to meet the criteria for a passive blade system.  However, these results would only be optimal for the 
southern- and eastern-facing facades.  For the northern and western sides, the blades would need to be rotated at a 30 degree 
angle, which reduces the view out of the building for occupants.   Thus, the façade designed for the south side would be used 
in addition to an interior shading device.  Shading devices that are controlled by the Lutron Quantum control system will be 
used to minimize direct glare from early and late hours when the sun is low in the sky. 

A major goal of the façade redesign was to decrease the amount of direct sunlight penetration into the space while increasing 
the view from the inside out, all while increasing the building’s overall transparency.  A bladed system was proposed as an 
alternative to increase the projected area in order to block lower-angled sun rays.  NACO 25E blades, 10” long by 1.57” high, 
were selected for the analysis (See Appendix I.D).  The blades were spaced at 9” apart to allow for half the number of blades 
as ceramic rods (Figure 1).  This spacing allows for a less obstructed view of the city outside and an increased area to block 
the direct rays of the sun (Figures 2 and 3).  To increase the view downwards towards the city and streets below, the bottom 
section of blades are tilted at angles so that a six foot occupant standing at the window is able to look down at a 70 degree 
angle with a 5.25” viewing window (Figure 5) increasing viewing area out by about 50%.  With the rod system, the same 
occupant can only see down at a 50 degree angle with only about ½” of viewing area (Figure 4).  Increasing the ability of the 
occupant to see out increases the interior transparency as well as giving people outside the ability to see into the building 
when looking up. 

 
Figure 1: CAD 
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      Figure 2: Rods                                                                                 Figure 3: Blades 

 

 

Figure 4: Rods                                                                                         Figure 5: Blades 

After comparing the resulting daylight autonomies of the existing and new design using the Daysim computer program, a 
simple comparison of overall daylight autonomy of the floor plan (see Figures 6 and 7) was done.  This comparison involves 
a difference in daylight performance of the existing rod system versus that of the redesigned bladed system.  The information 
will be used later in designing the office lighting to help find potential energy savings using daylighting controls with 
switching or dimming.  

Overall, the new system provides the occupants with a space that is more transparent to the outside while reducing cooling 
loads for a savings in the cooling load for the building.  The values represented in this report are based on a passive system, 
which means the blades do not move to adjust for the sun’s change in altitude.  However, the active blade system would 
allow the blades to rotate in order to block lower sun angles and lessen direct glare from early and late hour sun penetration.  
While also decreasing the direct sun, the blades can help reflect daylight deeper into the space, providing a balance of 
reduced heating load and increased daylighting.  The blade system would work with the lighting system and the HVAC 
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system to maximize energy savings as well as provide the occupants with optimal working conditions of increased natural 
lighting and decreased direct sun penetration. 

The change of the façade provided the building with a new look.  The lighting redesign for the façade had two key design 
criteria in mind: to minimize skyglow and light trespass and to help emphasize the architecture and highlight the blade 
system.  To achieve this, a variety of optically controlled LED fixtures were used.  The Philip’s Color Kinetics iW Reach 
Powercore was found to provide the options the design required.  The fixture angles range from 8 to 63 degrees; fixtures were 
arranged in a way such that the further reaching luminaries are pointing towards the center of the façade, minimizing the 
trespass of the light off the façade.  This design achieved 5 lux (0.5 footcandles) at the top of the building, similar to the 
existing design, while at the bottom kept the maximum below 50 lux (5 footcandles). 
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The unique facade provided the building with a changing look based on the standpoint of a pedestrian at the building base to 
an observer across the Hudson looking at the New York Skyline.  From the ground, the pedestrian is treated to a towering 
building reaching high into the sky while the blades reflect the light back to the ground allowing for even the highest point of 
the building to be seen (Figure 7).  From across the Hudson River, the observer would view a building that appears to be 
disappearing into the skyline, with a wavy pattern of the blades providing an interesting effect of the façade (Figure 8).  The 
façade lighting design utilizes the following fixtures.   

The advantage of the iW Reach Power Core is that it can utilize two different focused sets of LED boards in one fixture, thus 
reducing the number of fixtures required and decreasing installation time and material cost.  The resulting electrical load is 
4,750 watts per side.  See Appendix I.E for cut sheets of Luminares and required accessories. 

   

Figure 7: Pedestrian View 
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Figure 8 – Distant View 
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REDESIGNED OFFICE LIGHTING 
GOALS AND CRITERIA 

For the redesign of the open office lighting, design considerations were based on suggestions in the 9th Edition IESNA 
Lighting Handbook.  Assuming the open office will have intermittent to intensive computer use and should allow for 
flexibility in the floor layout, the suggested horizontal illuminance in the IES handbook is 300 lux for intensive computer use 
and 500 for intermittent use.  Also, as part of any open office, there are walkways used for circulation space within the area.  
The IES suggested illuminance of 50 lux for circulation will be met if the open office meets its level of 300 lux.  However, in 
this instance, 300 lux will also be applied to the circulation area so that the employees of the New York Times will be able to 
walk around while reading.  Thus, a design that will be able to meet the 500 lux level but be flexible enough to provide 300 
lux will require controls that implement switching or dimming.  The private offices on the floor plan will use the same 
fixtures as the open office to keep consistency throughout the space.  The suggested levels for private offices in the IES 
handbook are 500 lux.  Task lighting will also be provided at each desk in the open and private offices, allowing for 
additional light in that area if needed.  

Keeping a linear, open feel within the space was an important goal of the architect, and a linear fluorescent fixture that can be 
run continuously throughout the space would help maintain openness while at the same time providing even illumination 
across the work plane.  It is also suggested in Chapter 11-8 of the IES handbook that contrast ratios should be no greater then 
4:1, with 2:1 being more desirable.  For this same reason, it is necessary to attempt to light interior walls at higher levels to 
help create a balance between the interior spaces and the outside sunlight during the daytime, since the floor to ceiling 
glazing encompasses the entire office.  Also, meeting a power density of less than 1.1 watts per square foot to meet ASHRAE 
90.1 will be an important design consideration, also resulting in linear fluorescent leading to the most likely candidate for the 
lighting system.  AGI will be used to run the analysis of the office to meet these requirements.  

Other goals included using fewer fixtures to decrease installation time, minimizing the number of lamps for easier 
maintenance, and also reduce the duration of the commissioning process for the Lutron Quantom Lighting control system, 
which requires that each luminare is individually set up with the system for system-wide control. 

 
MODEL SETUP AND ANALYSIS 

Reflectances of 90%, 50%, and 30% for the ceiling, walls, and floor, respectively, will be used.  The glazing that was chosen 
as a result of the mechanical systems analysis will be used; it has a transmittance value of 74%.  AutoCAD 2010 was used 
with a floor plan exported from Revit as an underlay to create the office in a 3D environment.  Stairs and partitioned rooms 
were removed from half of the AGI model and the entire Daysim model to decrease calculation times and to provide base 
design results that could be applied to any floor prior to adding partitions, desks, and other extras on that floor.  To help 
create a better idea of scale within the office model used in AGI, desks, people, and book shelves were entered in half of the 
building, while the other half contained calculation grids.  Since the floor plan is 100% symmetrical, calculations are only 
needed on one side while the other can be used for higher quality renderings for visualization of the space.  Once the office 
was imported into the model, a visual inspection of the floor plan and the location of the private offices and long linear walls 
gave interesting existing linear feel to the floor plan.  It was decided that rotation of the luminares 90 degrees to run parallel 
to the walls would help emphasize the lines of the space, while at the same time provide the possibility to provide adequate 
lighting onto the walls where contrast balance with the outside will take place.  
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Other Assumptions:  

Luminare BF1 LLD2 LDD3 RSDD4 Total LLF 
Recessed 
Bivergence 

1.00 1.00 .94 .96 .90 

Recessed BASYS 1.00 1.00 .94 .96 .90 
1  From Lutron Ecosystem ballast cut sheet 
2 Mean Lamp Lumens used for calculations 
3 Category IV – Very Clean 
4 RCR = 1.51, Direct, Very Clean, 20% DD 

 

Using the lines of the private offices as a basis for spacing luminaries, a feeling of linearity is maintained in the space while 
still meeting the design criteria.  Separate calculation areas were used for the private office area as well as the area 
surrounding the office cubicles as to check for numbers to meet both open office criteria as well as circulation area criteria.  
The linear fluorescent fixture used is a Zumtobel Bivergence louvered fixture.  The fixture will utilize a 35 watt T5 lamp and 
Lutron Ecosystem Electronic, DALI utilizing ballast consuming a total of 41.6 watts each.  For use in distinguishing the 
circulation areas a separate down light, a Zumtobel BASYS 4” down light, with 13 watt triple tube CFL dimmed using a 
similar Ecosystem DALI ballast, will be used.  See Appendix I.F for cut sheets. 
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RESULTS 

Using AGI32 software, the final layout provides the office with the following numbers and layout: 

                           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These results show that the redesigned lighting performs to the desired suggested criteria.  (Note: the conversion from FC to 
lux is roughly a 10x multiplier.)  Though the 500 lux suggested criteria was not fully met, it has been suggested in an 
interview with the designers of the existing lighting design that upon post-installation interviews with the occupants, it was 
found that 500 lux is not needed for most day to day activity in the office, thus a 450 lux average will suffice and the added 
use of task lighting will make up for any individuals who require the additional lighting.  The reduction of the number of 
fixtures by 68% will help lead to a reduction in the installation and commissioning time.  The placement of the line of 
fixtures within the cove is placed in such a way that the mechanical returns along the cove wall are not illuminated thus 
drawing the eye of an occupant or an observer from the outside towards the return grills rather to the fixture its self or the 
room below.  To see a wiring diagram for the design, please refer to Appendix I.G.   

Going back to the previous section and using the values of daylight autonomy, we can now find an estimated energy savings 
based on switching or dimming.  Daylight autonomy is able to represent potential energy saving.  Placing the critical point at 

Figure 9 – AGI32 Analysis
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the lowest daylight autonomy point (in this case it will be located on the eastern side) provides the worst case scenario for 
potential energy savings from dimming will provide data to which system will save the most energy with respect to lighting 
controls (See Figures 10 and 11). 

To make the decision between switching and dimming, an energy study was performed.  First, a comparison was done for the 
possibility of switching controls and the resulting energy savings was found.   For the design, 500 lux will be used at the 
target illuminance, but others were found to show what would happen as the desired target illuminance was changed.   

 

Figure 10 - With Rods                                                                                  Figure 11 - With Blades 

 

Critical Point 
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Looking at the results in Chart 1, it can be assumed that if switching was used as an energy savings tactic, with the 
implementation of the blade system, there is a possibility for a 50% savings in energy use for the typical floor plan versus 
that of the 45% savings with the rod system at the same illuminance level.  Looking at the results of using a dimming control 
system in Chart 2, the new blade system and lighting design would have an estimated savings of 76.14% on lighting energy 
versus the previously found savings of 62.53% (See “Existing Daylighting Design” Chart 1).  This result reinforces the 
previous decision to use dimming ballasts in the design.   

Looking at the combination of a new façade and changing the lighting system, the design has led to a better daylighting 
design, which has decreased the lighting load by an additional 13.61%* and the overall mechanical load by 23.25% (see 
“Baseline Façade Energy Analysis” and “Redesign Façade Energy Analysis” sections) while still providing a comfortable 
working environment for its occupants (See Figures 12 and 13).  For the sake of time and regulations to AGI32, space detail 
(i.e. less detailed desks, mullions, people) was minimized to allow for smaller mesh sizes to get more accurate and slightly 
better quality renders of the space. 

*The analysis for the daylight autonomies did not use any type of alternative shading device, strictly relying on the façade 
rod or blade shading abilities.  If shading devices were to be implemented, it was realized that there would be a decrease in 
daylight autonomies for each scenario, therefore only a percentage difference will be used to compare the results.  With the 
shading system implemented with each scenario and the better control of direct glare by the bladed system, there is a 
potential that an even higher savings percentage could be achieved.  Also, the application of an active shading system on the 
exterior would lead to much more control of daylight and direct glare situations; however, this type of iterative analysis is 
outside the time allotment and scope of this report. 

 

Chart 1 - Switching 
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Chart 2 - Dimming 
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Figure 12 

 

Figure 13 
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REDESIGNED FAÇADE ENERGY ANALYSIS 
GLAZING PROPERTIES 

An important goal of the façade redesign was to preserve Renzo Piano’s architectural vision of transparency. As per the 
daylighting study, it was found that the thermal performance of the façade could be enhanced without significantly affecting 
the architectural vision. Alternative glazing manufacturers were found that were comparable to the original design. The new 
glazing was very similar to the original glazing in that it consisted of one outer lite, an air gap, and a dual lite laminate layer. 
The new glazing type has a low-E coating, increased thermal properties, and a reduced visible light transparency. The 
resulting glazing unit has an overall visible light transmittance of 74%. The overall U-value of the glazing assembly is 0.28 
[Btu/ft2-F]. 

 
SPANDREL PROPERTIES 

The spandrel portion of the façade was redesigned for enhanced thermal and moisture characteristics. Instead of using a 
cavity wall system, the redesign uses a barrier wall. The primary component of the barrier wall system is the insulated metal 
wall panel. The appearance of the wall is the same compared to the baseline wall, but the insulation is bonded to the back of 
the metal panel. The outermost layer is a 22 gauge aluminum panel backed with 3.5” rigid insulation. Affixed to the backside 
of the rigid insulation is a vapor barrier. Similar to the baseline wall, there is no “finish” on the inner layer because it is 
exposed to only the plenum. The redesigned barrier wall improved the overall U-value to 0.067 [Btu/ft2-F] and the peak 
condensation rate to < 2 [grains H2O/ft2 per day]. The spandrel U-value and condensation rate was calculated using the 
program “Heat, Air, and Moisture Toolbox (HAM)”. See Appendix I.A for the complete wall analysis in HAM. The redesign 
of the façade to a barrier wall system will improve the constructability of the wall because there are fewer pieces to assemble. 

 
SHADING AND WALL DIMENSIONS 

The redesigned shading scheme can be found in detail in the “Redesigned Daylighting System” section. The effect of the new 
bladed shading system is an increased effective shading area compared to the baseline ceramic rods. The exact amount of 
shading depends on the time of day and season, but the intent was to reduce the overall solar load. The blades were 
positioned so that on the south façade, the effective un-shaded glazing area is 8” for the summer solstice and 2’-8” for the 
winter solstice. The floor to ceiling height was increased to 9’-11” and the total glazing height was increased to 10’-10”. The 
total height of the raised floor, structure, and lighting cove clearance is 2’-9”. For a complete wall section, see Appendix I.B. 

 
ENERGY ANALYSIS 

The redesigned façade for the New York Times Building was evaluated for a number of criteria. The energy analysis was 
performed using two separate energy modeling programs; Trane TRACE and Integrated Environmental Solutions (IES) 
Virtual Environment (VE). Generally, TRACE uses the Total Equivalent Temperature Difference Time Averaged (TETD-
TA1) method for cooling calculations and Fourier’s Law of conduction (UATD) for heating calculations. IES uses the 
ASHRAE Heat Balance method for both cooling and heating calculations. The table below summarizes the results of the 
modeling. Detailed energy modeling reports can be found in Appendix C. The modeling assumptions are fundamentally the 
same as the existing facade. 
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 Trane TRACE Results IES VE Results 
Peak Cooling Load [Btu/h] 544,623 479,900 
Peak Heating Load [Btu/h] 364,238 454,100 

Cooling Energy Density [Btu/hr-ft^2] 25.7 20.0 
Heating Energy Density [Btu/hr-ft^2] 30.6 19.0 

Total Source Energy [kBtu/yr] 2,878,147 Not Calculated 
 
COMPARISON OF EXISTING AND REDESIGN 

The results generated by the two energy modeling programs showed that a correlation could be made between the changes to 
the façade and significant annual energy savings. A surprising outcome was the large amount of energy reduction from the 
envelope loads alone. Another interesting finding that is not directly apparent from the output reports was the large amount of 
heat required to humidify the building. The original energy model created by the mechanical team did not include 
humidification. This particular model included humidification because it was originally required by the owner. The heating 
load on the coil due to humidification was approximately half of the total coil load. 

Select reports from the TRACE and IES output files are included in Appendix I.C. There are a few points to note when 
comparing the reports generated by both TRACE and IES. First, the TRACE reports were better organized and more 
comprehensive than the IES reports. Also, one report’s values were not consistently higher or lower than the other’s report. 
This indicates that there is no correlation to determine if one calculation method is under or over-sizing the system. 

 



IPD/ BIM THESIS: TEAM II     PHASE I: FAÇADE REDESIGN 
 

 
THE NEW YORK TIMES BUILDING         REDESIGNED SYSTEM: INTERIOR WALL  |  51 
BONFANTI | CLARKE | COX | WIACEK   

ENERGY MODELING INTEROPERABILITY ANALYSIS 

OVERVIEW 

In the construction industry, there has always been the need to streamline the process of building a building. In recent history, 
tools have been created which assist design professionals with complex and time consuming calculations or designs. 
However, each discipline has their own set of independent programs which rarely operate in conjunction with other 
programs. Recent advances in software and the persistent need to streamline the construction process have lead to the 
development of Building Information Modeling (BIM). Furthermore, the industry is slowly recognizing the benefits of and 
adopting an integrated design process to more efficiently deliver a high quality building to the client. These two factors 
convey the need of all building design programs to have a certain degree of interoperability. This evaluation will focus on the 
experience and  interoperability of energy modeling programs and Revit. 

At the heart of this exchange of information between these two types of programs is the GBXML file. These files allow basic 
information such as building geometry, site location, room names and sizes, etc. to be exported from a building information 
model (in this case Revit) into a universal file type. This information is often very tedious and time consuming to manually 
enter into the energy modeling program. If this transaction is successful, the energy modeling program will be automatically 
updated with crucial and building-specific information. This GBXML import has the potential to cut the work of the operator 
in half (depending on the size of the project). 

 

TRANE TRACE 

TRACE and other similar manufacturer based energy modeling programs have been the choice energy simulation tool for 
thousands of HVAC specialists for many years. It is a powerful tool for selecting and sizing mechanical equipment for 
buildings of any type. For any one building, there are seemingly endless combinations of equipment and calculation methods 
to work with. In an attempt to reduce the amount of manual inputs the operator must perform, TRACE has adopted the use of 
GBXML files. 

Despite the group’s best efforts to make the GBXML file work with TRACE, the import was not possible.  Even after 
simplifying the geometry in Revit and removing the passive shading devices, TRACE would not run the simulation with the 
imported GBXML file. During the creation of the GBXML file in Revit, there were no detectable errors. The TRACE model 
failed because when the analysis was run, the program encountered an error and had to be shut down. This of course did not 
allow the user to pin-point an error to correct it. In the interest of time, the decision was made to manually input everything 
into TRACE. 

 

INTEGRATED ENVIRONMENTAL SOLUTIONS (IES) VIRTUAL ENVIRONMENT 

IES is a software package which assists designers with building performance modeling. Unlike TRACE, the program does 
not just perform energy modeling, it can perform many other functions such as sustainability compliance, lighting analysis 
and airflow CFD analysis to name a few. For the purpose of this report, the energy modeling aspect is the only part of the 
program which was evaluated. 

To begin, the user has a tremendous advantage over programs such as TRACE because the IES interface includes a 3-D 
model viewer to verify geometries and other important dependencies. Within Revit, IES provides a plug-in version of Virtual 
Environment so that the GBXML file can be error-checked and room properties can be added which are used for later energy 
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analysis. Once the GBXML file was created, it worked almost flawlessly with IES and an energy simulation could be 
performed. The only piece of the Revit model which would not import properly was the passive shading devices. The IES 
interface also has a library of built-in materials and mechanical systems which rival the selection found in TRACE. 

 

CONCLUSIONS AND RECOMMENDATIONS 

The account described above reflects the opinion of one design team’s experience with software used for a particular project. 
It is very possible that another team can have a very different experience using the same method under different 
circumstances.  

Furthermore, it is believed that TRACE has inherent problems with large GBXML files. If Trane made their product more 
conducive to BIM and the integrated design process, it would be more accessible to a wider range of designers in industry. 

It was found that IES is a great product for integration with BIM. The energy modeling component may be less technical than 
programs dedicated to energy modeling, but it will save the designer a lot of time from a process which has a lot of operator 
error. Furthermore, a design team which truly seeks an integrated design process should consider using IES as a design 
standard. Once the GBXML file is created from Revit or a similar program, it can be used within IES for dozens of analyses 
all the way from conceptual design to construction documents. 
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REDESIGNED INTERIOR CURTAIN WALL 

OPTICAL AND THERMAL ANALYSIS OF SELECTED GLAZING 

The glazing selection process found that “Oldcastle Glass” was the preferred manufacturer for the type of glazing required.  
An insulated glazing unit was selected which was similar to that of the original design.  The outboard lite is a ¼” ply of low-
E glass followed by a ½” air gap. The inner layer is a 9/16” laminate with two ¼” lites mounted to a substrate. The visible 
light transmission has reduced from the original 96% to 74%.  This reduction in transparency is unlikely to adversely affect 
Renzo Piano’s architectural vision. The selected glazing is on the high-end of typical transparencies for this building type and 
it still uses clear glass. The overall U-value for the glazing is 0.28 [Btu/ft2-F]. The shading coefficient for the redesigned 
glazing has improved dramatically. The baseline shading coefficient was 0.73 compared to 0.46 for the redesigned glazing. 

 

STRUCTURAL ANALYSIS OF SELECTED GLAZING 

After considering the thermal and optical implications of the glazing selection, the glazing was then analyzed structurally for 
wind and seismic induced pressures. Information regarding the blast resistance of the current structural system was retained 
for security reasons by the New York Times Company and not available for comparison with the blast resistance of the 
glazing. However, the glazing should be sized to mitigate blast loadings of similar intensity to those that the structural system 
is designed to resist. For the purpose of this analysis, blast design was neglected but would typically be included in a 
thorough design and analysis of the glazing. 

In the instance of lateral pressures and seismic induced pressures, the glazing was designed to resist breakage and fallout as 
dictated by ASTM1300-04, Design of Window Glass for Lateral Pressures (Minor & Norville), and Design of Architectural 
Glazing to Resist Earthquakes (Behr). If the blast resistance of the structural system was disclosed, Blast-Resistant Glazing 
Design (Norville & Conrath) would have been used to select an appropriate glazing system based on ordnance size and 
standoff distance. 

In order to minimize changes to construction methods, schedule, and cost, overall dimensions of glazing panels were kept 
consistent with that of the existing system (3048mm x 1524mm). The redesigned glazing unit is an insulating glass unit with 
one 6mm thick fully-tempered monolithic outboard lite, a 12mm air space, and one 6mm thick two-ply laminated heat 
strengthened glass inboard lite (two 3mm thick plys and one UVB interlayer). This configuration allowed the glazing to 
significantly exceed the components and cladding load obtained from ASCE 7 when following the glazing design process 
specified in ASTM 1300-04 (shown in Figure 14 below). 
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Figure 14- Lateral pressure calculations on glazing units 

When calculating seismic pressures, an interstory drift of 2.0% was used along with 13mm edge clearances as shown in Fig. 
5 below. The glass manufacturer (PPG) was not able to immediately provide the results of the AAMA 501.6-01 test to obtain 
∆fallout. In the meantime, value of ∆fallout = 77mm was used as a minimum condition for allowing the glazing unit to pass. If the 
actual tested number is below this, the glazing unit will fail based on its geometric configuration and allowable story drift.  

Seismic Induced Pressures

Story Height (mm) Story Drift (%) V. Edge Clearance (mm) H. Edge Clearance (mm) Importance Dp ∆fallout 1.25*I*Dp Dclear 1.25*Dp
3048 2.00% 13 13 1 60.96 77 76.2 78 76.2

∆fallout ≥ 1.25*I*Dp Pass
or ∆fallout ≥ .5" Pass

Dclear ≥ 1.25*Dp Pass For Seismic‐Induced Pressures

Figure 15- Seismic pressure calculations on glazing units. 

  

Lite Glazing Type Glazing Height (mm) Glazing Width (mm) Area (mm2) AR Thickness (mm) GTF LS Short LS Long NFL  (kPa) LR Short (kPa) LR Long (kPa)
1 MO FT 3048 1524 4645152 2 6.00 4 2 1.2 1.05 8.4 5.04
2 LG HS 3048 1524 4645152 2 6.00 2 2 5.96 1.05 4.2 12.516

ASCE 7
Wind Load Controlling LR (kPa) Comp./ Cladding Load (kPa) Lite 1 DL (kPa) Lite 2 DL (kPa) Least Dim. (mm) LS Check Lite 1 Short Lite 1 Long Lite 2 Short Lite 2 Long

4.2 2.459 0.14 0.22 1524 LS Necessary 8.22 4.7403352 4.02 12.4556648

Short Long
Check: Lite 1 Pass Pass

Lite 2 Pass Pass For Lateral Pressures

Manufacturer Provided

Manufacturer

ASTM E 1300‐04 Provided

Floor(s)
Lateral Pressures

Load Sharing
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SELECTION OF SPANDREL PANELS 

The original design of the spandrel consisted of a curtain wall system. The group decided that a barrier wall system would be 
appropriate to accomplish the goals of the redesign. The original spandrel protected the building from thermal and moisture 
considerations, but to improve the life-cycle costs of the building, the façade needed to be enhanced. The amount of rigid 
insulation was increased to improve the thermal performance of the spandrel. To improve the constructability of the spandrel 
panel, the rigid insulation was formed onto the metal panel to create a single component. The combination of an increased 
layer of insulation and tighter fitting joints also minimizes the moisture penetration. 

 
MULLION SIZING 

Mullions were sized based on the maximum components and cladding wind pressure calculated per Method 2, Section 
6.5.12.4.2 of ASCE 7-05.  Calculations performed were taken from Chapter 3 of An Introduction to the Design of Curtain 
Walls, Aluminum Windows, Glass Walls, Skylights and Canopies by Dr. Wilson Zhou.  The existing exterior mullion 
dimensions of 5-¼”x2-½” obtained from Revit were used as a basis for the mullion resizing; through calculation, it was 
determined that the new mullion thickness within unitized panels should be a maximum of 7/8” at the top of the building and 
½” at the base of the building, with deflection the controlling factor.  At the split mullion between unitized panels, the 
thickness will likely have to increase to a maximum of 1” to accommodate the moment based on each half’s moment of 
inertia.  A typical hand calculation of mullion size can be found in Appendix I.F along with the components and cladding 
wind pressures.  
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REDESIGNED FAÇADE CONNECTION 
 

The redesigned double skin façade system was determined to have a total weight slightly lower than that of the existing 
system, at approximately 18 pounds per square foot.  As a result, it was assumed that the supports of the existing system 
could be used for the redesigned system as well.  The built-up beam is most likely oversized for this new load, but its exterior 
dimensions will not be changed in order to conform to the existing architectural aesthetic.   

The vertical supporting elements on either side of the panels of the new shading system must change according to typical 
connection details in the shading manufacturer’s brochure; the geometry of the blades requires a slight increase in the depth 
of the vertical elements to accommodate the blades and provide a uniform horizontal line between unitized panels.  To ensure 
that large breaks would not be visible between these panels, the thermal expansion of the aluminum blades was calculated 
based on a 120 degree Fahrenheit temperature differential.  For each panel, the blades were found to expand horizontally a 
maximum of ¼”; with construction tolerances being around 3/8”, the ideal aesthetic can be achieved.   
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ASSEMBLY OF REDESIGNED DOUBLE-SKIN FACADE 

 
OVERVIEW 

The redesigned double-skin façade system was kept as similar as possible to the existing system with respect to the number 
of parts per panel to reduce potential delays in construction completion. There are no additional components required in each 
of the redesigned curtain wall panels, but the blade shading devices were substituted for the ceramic rods. 

While the existing system was unitized into 5’ x 13’- 4” panels, the possibility of increasing the width of the panels to 
10’ x 13’- 4” was initially investigated in order to achieve schedule savings. It was initially theorized that the increase in size 
would require an additional crew to set each panel, but the fact that each crew would be working for half of the time that they 
were originally scheduled for would create a break-even financial situation while reducing construction time by half. 

After interviewing the design/build curtain wall contractor about the proposed redesign, it was determined that the increase in 
size would not require any additional crewmen to set each panel- this could potentially reduce labor costs by 50% in addition 
to the 50% reduction in schedule. However, the increased width of the panels would have made it impossible to hoist into 
position given the equipment and space limitations used in the New York Times Project. Given this information, the initial 
panel width of 5' was kept. 

 

OFF-SITE ASSEMBLY PROCESS 

The off-site assembly process is nearly identical to that of the existing system. The same amount of crews will be required to 
fabricate each unitized panel; the costs for each of these crew types and their overall work output were determined by using 
RS Means Costworks, a web-based version of the RS Means estimating series.  

RS Means does not contain information on assembling a rod-based shading system or double-skin façade- for the purposes of 
this analysis it is assumed that it was similar to the redesigned blade-based system. The durations for off-site fabrication are 
shown below. 

 

Material 
Area per 

Floor 
(SF) 

Installation Rate 
(Area/ day) No. of Crews Time Per Floor 

(Days) 

Total Building 
Fabrication 

(Days) 
      

Glazing + Mullions 10,540 180 9 6.5 338 
Spandrel panels 4,215 120 6 5.85 304 

Blades + Support 565 35 3 5.38 279 
 

The total amount of time to complete a given floor is controlled by the crews fabricating the glazing and mullion system for 
the inner façade. In actuality, the spandrel panels and glazing are going to be installed simultaneously; however, RS means 
separates glazing and mullion systems from spandrel panels for the purpose of cost estimation. It is also very likely that the 
blades and accompanying support system would be fabricated separately and then joined to the completed glazing panel/ 
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spandrel panel/ mullion system. For these two reasons, it can be assumed that the panels for each floor can be created in 6.5 
working days each for a total of 338 working days for the entire building façade. 

 

ON-SITE ASSEMBLY PROCESS 

The original on-site assembly process is identical to that of the redesigned double-skin façade, outlined below: 

Hourly Work Output Daily Work Output 
(panels/day) 

Days per floor 
completion 

Total curtain wall 
erection time 

(Days) 
    

1.9 Panels/ Hour 15.2 5 260 

  
It is assumed that the assembly process for the redesigned system will not require additional or different equipment for proper 
installation of a unitized blade-based system in comparison to rod-based system.
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COST OF REDESIGNED DOUBLE-SKIN FACADE 

 
METHODOLOGY 

The cost of the redesigned façade system was obtained by using a combination of RS Means Costworks cost data in 
conjunction with quantities obtained from a Revit material takeoff for a typical floor. Once the cost for a typical floor was 
obtained, it was multiplied by 56 to account (approximately) for the 52 typical tower floors, two double height mechanical 
spaces, and podium level. 

The estimate of the original double-skin façade system was not broken down into material, off-site fabrication labor, 
shipping, and site installation costs because the initial cost data was obtained as a rough square foot and assembly. The 
following estimate takes material and off-site fabrication labor. Shipping information will not be able to be obtained for this 
report, and the site installation costs will be reflected in changes to the general conditions estimate. 

 

MATERIAL COSTS 

Using a RS Means Assembly estimate, it was possible to obtain a much higher degree of accuracy than the original estimate 
since costs could be broken up by system and the opportunity to account for special coatings and glazing configurations. All 
costs were adjusted for the year 2007 in order to account for economic changes- if the same material was bought in the year 
2010, the costs would have been much higher. 

 

Material Cost  (including 10% O+P) 

Material  Area  Unit  $/Unit  Cost 

Glass  10540 SF  26.46 $278,869 
Low E Coating  10540 SF  18 $189,707 
Lamination  10540 SF  7.5 $79,044 
Mullions  11805 SF  13.93 $164,443 
Spandrel Panels  4220 SF  21.52 $90,722 
Blades + Support  565 EA  13.5 $7,627 

Material Total  Floor  $810,414 

Building $45,383,218 
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OFF-SITE FABRICATION LABOR COSTS 

Using a RS Means Assembly estimate, it was possible to obtain a much higher degree of accuracy than the original estimate 
since costs could be broken up by system and the opportunity to account for special coatings and glazing configurations. All 
costs were adjusted for the year 2007 in order to account for economic changes- if the same material was bought in the year 
2010, the costs would have been much higher. RS Means Costworks offers labor and work rates for combined glazing and 
mullion systems and combined blade and support systems, and spandrel panels are considered separately. 

 

Off‐site Assembly Labor 

Material  Area  Unit  $/Unit 
Units Fabr./Day ‐ 

Crew  Crews  Cost 
Glazing + Mullions  10540  SF  11.53  180  9  $1,093,661 
Spandrel Panels  4220  SF  8.16  120  6  $206,401 
Blades + Support  565  EA  25.5  35  3  $43,222 

Floor  Total  $1,343,285

Building  Total  $69,850,848
 

 

 

TOTAL MATERIAL AND FABRICATION COSTS 

 
The following contains a summary of floor by floor and overall building material and labor costs for the redesigned double-
skin façade of The New York Times Building 

  
  
 Material 

($) 
Labor 

($) 
Total Cost 

($) 
    

Typical Tower Floor 810,414 1,343,285 2,153,700 
Entire Building 45,383,218 75,223,990 120,607,208 
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PHASE SUMMARY 

 
According to the mechanical designer Flack and Kurtz, the primary purpose of the existing combined heat and power (CHP) 
plant was to reduce the purchased electricity and carbon footprint for the New York Times Building. The CHP plant also 
acted as a stand-by power source for the data center. For this redesign, the purpose of the CHP plant has shifted from the 
original intent. The new purpose of the CHP plant is to eliminate the need for purchased steam while still providing electrical 
back up to critical areas of the building, with excess electricity going to other building loads. 

A preliminary energy study was performed to find the feasibility of different chiller and CHP plant configurations within the 
newly redesigned façade system. Once an optimal system was chosen, equipment was selected to further refine the predicted 
operating characteristics. This more developed model was used to compare the performance of the redesigned façade and 
CHP plant with the existing New York Times Building. In addition, the redesigned CHP plant was also compared to a 
separate heat and power configuration within the context of the redesigned façade. 

The redesigned CHP plant has roughly twice the generating capacity of the existing plant. This translates into a higher initial 
cost for the owner. This higher initial cost will be justified by developing a payback period through a life-cycle cost analysis. 
This study indicates that the savings incurred by the reduced thermal loads from the façade redesign and elimination of 
purchased steam will provide a reasonable payback period. 

.
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GOALS OF CHP REDESIGN 
 
Combined heat and power plants can be designed to meet a variety of criteria; these were established before beginning 
redesign. After a utility investigation, it was determined that purchased steam was an expensive commodity in New York 
City. First and foremost, the intent of the redesigned CHP plant was to eliminate the need for the New York Times Building 
to purchase steam from the utility under normal operating conditions and investigate options for electrical generation. 

The redesigned CHP plant is roughly twice the size of the existing plant. This extra electrical generating capacity is desirable 
for a number of building operating strategies. When the prime movers (PM) are running, they are inherently generating 
electricity.  This is an immediate reduction in electricity purchased from the utility. During hours when the PMs are operating 
at part load conditions to meet thermal requirements, the building operators have the option to run the PMs at full load to 
generate additional electricity. In addition to meeting thermal and power requirements in the most efficient manner possible, 
this strategy would be economically beneficial during periods of peak utility electrical demand. Furthermore, the New York 
Times Building can participate in electrical demand limiting programs in which utilities grant better rates to consumers who 
reduce their usage in times of peak demand. 

The elimination of purchased steam and the reduction of purchased electricity both contribute to a very important 
characteristic of the redesigned CHP plant. The advantage that every CHP system has compared to a separate heating and 
power strategy is a reduction of primary energy usage. The redesigned plant will have a higher primary fuel utilization 
efficiency than that of the utility. This translates to fewer fossil fuels consumed and fewer emissions produced. 
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PRIME MOVER AND CHILLER PLANT STUDY 
 
METHODOLOGY 

In conjunction with the outputs of a whole building energy simulation (excluding the podium), a preliminary study was 
performed to explore potential PM and chiller plant configurations. The TRACE energy model from Phase I was adapted to 
more accurately display the energy requirements of the entire building. First, the typical floor was multiplied by 48 to 
represent the entire office tower. Additional spaces were included such as building mechanical rooms and the data center. 
The values used for the heating and cooling profiles where generated from typical meteorological data. For each month, 
TRACE finds the heating and cooling loads for every hour out of the typical meteorological day. This produces a wide 
variety of operating conditions so that the performance of each system can be fairly judged. 

Once the heating and cooling loads were assembled, the demand profiles could be analyzed to determine appropriate chiller 
configurations. To efficiently handle the cooling load year-round, the chiller plant was split into three parts.  Figure 1 shows 
the cooling load profile for the New York Times Building. The data center and core office areas require a fairly consistent 
cooling load throughout the year. For this reason, the chiller plant uses a constant volume (CV) chiller to handle the year-
round base cooling load. During the fall and spring seasons, the load begins to form a peak in the afternoon. To accommodate 
this peaking, the CV chiller is used in conjunction with another chiller which is sized to meet the cooling demand for most of 
the months out of the year. This mid-range chiller has a variable frequency drive (VFD) so it can load-follow without running 
excessively. In the summer months, the cooling load peaks fairly high in the afternoon. The final chiller has a VFD and is 
sized for the cooling design day. Once the chiller plant was conceptually planned, types of chillers could then be selected for 
each operating range. Table 1 gives a summary of all tested alternatives. 
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The selection of the PMs was similar to that of the chiller plant. The one important difference was that the heating profile for 
the building was dependent on the type of chiller selected. For example, the selection of an absorption chiller would increase 
the heat demand when cooling was required. For this reason, the selection of the PMs was not as straightforward as the 
selection of the chiller plants. Figure 2 shows the heating demand for an alternative with one CV absorption chiller and two 
VFD steam-driven compressor chillers. 

In most cases, each alternative's heating profile includes features which are well matched to the operating characteristics of a 
certain type of PM. For example, the area on the figure marked "Region 1" has a fairly consistent base heating load 
throughout the entire year. A gas turbine (GT) would be well suited in this area because this type of equipment should not be 
operated at part-load conditions. "Region 2" has a highly variable profile throughout the year, but the heating demand would 
be in this region for the majority of the time. An internal combustion (IC) engine would be appropriate for this region 
because of its good performance at part-load conditions. "Region 3" represents the area of the highest heating demand, but it 
is also the least likely region in which the heating demand will fall. This area would be best suited for an auxiliary boiler, 
steam generator, or another IC engine which can efficiently load-follow. It is a good strategy to assign a variable speed PM to 
follow the highest loads because these high loads do not occur often enough to justify using a larger, more efficient constant 
volume PM such as a GT. Not every load profile looked like Figure 2, but a similar PM selection process was performed for 
each chiller plant alternative. Table 1 gives a summary of all tested alternatives. 
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 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Chiller Plant 

Low range CV Electric Absorption 
(1-stage) 

Absorption 
(2-stage) 

Absorption 
(2-stage) 

Absorption 
(2-stage) 

Mid range VFD Electric Absorption 
(1-stage) 

Absorption 
(2-stage) 

Steam Comp. 
(2-stage) Electric 

High range VFD Electric Electric Electric Steam Comp. 
(2-stage) Electric 

Prime Movers 

Low range IC Engine 
(VFD) 

Gas Turbine 
(CV) 

Gas Turbine 
(CV) 

Gas Turbine 
(CV) 

IC Engine 
(VFD) 

Mid range Gas Turbine 
(CV) Steam 

Generator 
(VFD) 

IC Engine 
(VFD) 

Gas Turbine 
(CV) 

Gas Turbine 
(CV) 

High range IC Engine 
(VFD) 

Steam Gen. 
(VFD) 

Steam Gen. 
(VFD) 

IC Engine 
(VFD) 

 

PLANT STUDY MODELING ASSUMPTIONS 

The assumptions for the whole building energy model are the same for that of the typical floor unless otherwise noted. The 
modeling assumptions for the typical floor can be found in the Phase I report. 

• The base energy model which was adapted for the whole building was developed from the redesigned façade model. 
• Total building area (without podium):  1,091,648 [SF] 
• Electrical loads: 

o Lighting:  1.1 [W/SF] 
o Plug loads:  0.5 [W/SF] 
o Mechanical and misc. loads (except chiller):  1.0 [W/SF] 
o Electrical profile was weighted throughout a 24 hour day, with its peak usage from 8 AM to 6 PM. 

• Data center 
o Electrical loads:  150 [W/SF] x 8000 [SF] = 1,200,000 [W]. 
o Cooling loads:  Approx. 400 tons. 
o Mechanical system:  VAV computer room unit. 
o Data center is operating at full load continuously. 

• Chiller plant 
o Established full-load and part-load COP for each piece of equipment from TRACE equipment libraries. 
o Modeled part-load total chiller plant COP by weighting the COPs of all active chillers for that hour. 

• Prime movers 
o Established full-load and part-load heat rates and electrical efficiency for each piece of equipment from 

Department of Energy PM guidelines. 
o Modeled part-load prime mover heat rate and electrical efficiency by weighting the values of all active 

PM's for that hour. 
• Energy calculations 

o Natural gas has a 100% fuel utilization on-site (not thermal efficiency in equipment). 
o Electric purchased from the grid has a total efficiency of 35%. 
o Pollution rates for prime movers and purchased electricity are taken from EIA guidelines. 

Table 1:  Chiller and CHP Plant Alternatives 
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PLANT STUDY RESULTS 

The overall efficiency of each plant alternative is best represented by the primary fuel utilization efficiency (PFUE). This 
number represents the ratio between the useful energy output and the total primary energy usage. A higher PFUE indicates a 
more efficient usage of primary energy. A summary of the results from the preliminary plant alternative study are shown in 
Table 2. A more detailed annual primary energy use profile is shown for each plant alternative in Appendix II.C. This study 
indicates that Alternative 3 has the highest overall efficiency while Alternative 1 is the least efficient. Furthermore, 
Alternative 4 has the lowest operating cost, while Alternative 1 has the highest. 

 
 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Annual Primary Energy Used [MMBtu/yr] 444,224 546,834 446,416 516,813 424,050 
Primary Fuel Utilization Efficiency 0.362 0.455 0.458 0.395 0.442 

Emissions [lbs CO2e/yr] 74,126,978 72,880,358 62,906,626 68,864,354 62,767,763 
Annual Operating Costs [$/yr] 10,133,170 8,155,927 7,459,702 7,704,658 7,794,157 

 

 Table 2:  Chiller and CHP Plant Simulation Results
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REDESIGNED CHP PLANT STUDY 
 
EQUIPMENT SELECTION METHODOLOGY 

The preliminary chiller and CHP plant study was performed to select the desired operating characteristics of the redesigned 
mechanical and electrical systems. Ultimately, Alternative 5 was chosen as the final chiller and CHP plant configuration for 
its overall efficiency and low operating cost. Eliminating the need for purchased steam was the primary goal, but this could 
have been easily achieved by steam generators alone. Prime movers with electric generation were selected for the final 
system because they involved a more integrated solution.  These prime movers allow the New York Times Building to 
implement load shedding strategies for lower purchased electricity rates. The final reason for choosing Alternative 5 was the 
selection of more common equipment. The steam driven compressor chillers in Alternative 4 were only found to be made by 
one manufacturer (York). Common equipment was selected in order to make building operation as easy as possible for the 
owner. Tables 3 through 5 show general information about the major equipment selected for the redesigned chiller and CHP 
plant. Select manufacturer catalogs are included in Appendix II.B. 

 

Table 3:  Absorption Chiller Schedule 

Model Quantity Size 
[Tons] 

Full-load 
COP 

Chilled Water Condenser Water Generator Steam 

°F (In/Out) Flow 
[gpm] °F (In/Out) Flow 

[gpm] [psig] Flow 
[lbs/h] 

Trane ABTF-1050 1 1,058 1.21 54/44 2,106 85/93 3,780 120 10,294 
 

Table 4:  Electric Chiller Schedule 

Model Quantity Size [Tons] Full-load 
COP 

Chilled Water Condenser Water 
°F (In/Out) Flow [gpm] °F (In/Out) Flow [gpm] 

Trane CVHF-1300 1 1,300 ~6.1 54/44 2,026 85/100 2,600 
Trane CDHF-2170 2 (Stand-by) 2,170 ~6.1 54/44 3,382 85/100 4,340 

 

Table 5:  Prime Mover Schedule 

Model Quantity Heat Rate 
[Btu/kWh] 

Power 
Output 
[kW] 

Electrical 
Efficiency 

[%] 
Recoverable Heat Rate [Btu/kWh] 

Solar Saturn 20 1 13,906 1,185 25 8,975 
Caterpillar G3516 2 10,593 1,040 32 5,234 
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SYSTEM OPERATION 

The following description is for the operation of the building as it was modeled in the detailed energy model. When the 
distribution systems are specified in Phase IV, the system operation may change slightly. Figure 3 highlights the operation of 
the redesigned chiller plant for the New York Times Building. Conforming with the preliminary plant study, the building has 
a consistent base load year-round due to data center and core office cooling requirements. In addition, for five months out of 
the typical year, the cooling load is rarely greater than 1,000 tons. For this reason, the absorption chiller was sized for 1,058 
tons so that it could run close to full-load consistently throughout the entire year. The electrical portion of the chiller plant is 
sized with a 1/3 – 2/3 configuration. The 1/3 chiller (1,300 tons) will operate more often than the 2/3 chiller (2,170 tons) so 
that the overall chiller plant efficiency will be higher when considering a yearly average. There will be (2) 2,170 ton chillers 
installed for stand-by considerations. The chilled water plant serves the cooling coils in each floor-by-floor air handler 
(AHU) and well as the outdoor air units (OAU) on the 28th floor and tower roof. 
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  Figure 3: Chilled Water and Condenser Water Flow Diagram 
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Refer to Figure 4 for a flow schematic of the proposed CHP plant. Under normal operating conditions, the CHP plant 
operates to meet the heating requirements of the New York Times Building. The GT was sized so that when the absorption 
chiller is running (nearly the entire year), the full heat requirements are satisfied by the turbine’s recoverable heat output. 
When the demand for heat increases above the GT’s output, the two IC engines are staged to meet the remaining heating 
load. In the rare case that the heating load cannot be matched with the three PMs, a back-up steam generator has the ability to 
meet the remaining load. 

Through the use of a heat recovery steam generator (HRSG), the GT exclusively produces high pressure steam (HPS) at 150 
[psig]. The IC engines have a lower recoverable heat rate, so they only produce heating hot water (HW) through both water 
jacket and exhaust heat recovery systems. In the case when the IC engines are not running and there is a demand for HW, the 
HPS system can produce HW through the use of a heat exchanger. When the building has an abundance of HW and a 
shortage of steam, a heat exchanger is used for preheat of steam condensate for the HRSG. 

The only two loads within the HPS system are the absorption chiller and hot water production via the heat exchanger. To 
serve the rest of the building’s heating loads, the steam’s pressure must be reduced for safe distribution. To accomplish this, a 
study was performed to determine whether a steam turbine could be used instead of using a pressure reducing valve. The 
study concluded that the potential electrical generation for the amount of steam converted was not adequate to justify a 
reasonable payback period for the owner. The pressure reducing valve makes 20 [psig] low pressure steam (LPS) which is 
required for the heating loads within the rest of the building. 
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Figure 4: CHP Plant Flow Diagram 
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A continuation of the heating system from the CHP plant can be found in Figure 5. The LPS system only serves the preheat 
and humidification loads in the OUAs on the 28th floor and tower roof. The HW system similarly only has two heating loads 
(other than steam condensate preheat). HW is required for domestic hot water heating and the zone-by-zone VAV reheat 
coils. 
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  Figure 5: Steam and Heating Hot Water Flow Diagram 
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DETAILED MODELING ASSUMPTIONS 

A more detailed energy study was conducted to compare the proposed redesign to the performance of the existing building as 
well as the redesigned façade utilizing separate heat and power (SHP). The redesigned CHP and SHP cases apply the same 
heating and cooling load profiles that were used in the preliminary plant study. The whole building load profiles for the 
existing building were generated from TRACE with the same method used to create the whole building load profiles for the 
redesigned façade. 

• Chiller plants 
o Modeled part-load total chiller plant COP by weighting the COPs of all active chillers for that hour. 
o CHP and SHP 

 In both cases, the actual performance characteristics of the selected chillers were used. 
o Existing 

 Established full-load and part-load COP for each piece of equipment from TRACE equipment 
libraries. 

• Prime movers 
o Modeled part-load prime mover heat rate and electrical efficiency by weighting the values of all active 

PM's for that hour. 
o CHP 

 The actual performance characteristics of the selected PMs were used. 
o SHP 

 No PMs were used in this analysis. 
o Existing 

 The actual performance characteristics of the existing PMs were used (according to manufacturer). 
• Energy utilization 

o All heating loads for the SHP option were met by the use of purchased steam. 
o Any heating loads not met by the PMs in the existing option were made-up by purchased steam. 
o Natural gas has a 100% fuel utilization on-site (not thermal efficiency in equipment). 
o Electric purchased from the grid has a total efficiency of 35%. 
o Domestic hot water load of 1.0 [gal/person per day]. 

• Emissions and Economics 
o Pollution rates for prime movers and purchased electricity are taken from EIA guidelines. 
o There are negligible emissions due to the use of purchased steam because the utility is a cogeneration 

facility. Any steam purchased is considered a by-product of the purchased electricity. 
o Energy rates come from the utility investigation in the mechanical Technical Report 1 and are given below. 

 
Utility Yearly [$/Unit] Reference 

Natural Gas 1.392 [$/100 ft^3] New York State Public Service Commission 

Electric 0.249 [$/kWh] New York State Public Service Commission 

Purchased Steam 18.36 [$/1000 lbs] Consolidated Edison 
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DETAILED ENERGY SIMULATION RESULTS 

The redesigned CHP plant outperformed the existing CHP plant and the SHP system in many categories. Table 6 shows that 
the CHP redesign has a significantly reduced operating cost compared to the other systems. The redesigned CHP plant saves 
an estimated $2,157,548 in energy costs compared to the existing New York Times Building. The savings compared to the 
SHP configuration were even greater with an annual energy cost reduction of $3,289,930. 
 

Table 6: Average Daily Operating Costs [$] 
 CHP Existing SHP Redesign CHP Redesign 

January 31,850 33,646 21,130 
February 33,944 34,343 20,528 

March 30,380 32,706 21,510 
April 26,699 31,173 23,143 
May 27,950 32,028 24,918 
June 30,648 33,861 26,623 
July 34,073 35,981 28,747 

August 31,923 34,687 27,424 
September 29,744 33,396 26,122 

October 26,357 31,337 23,939 
November 26,155 31,165 23,259 
December 30,417 32,908 21,444 

    
Annual Total 10,949,147 12,081,529 8,791,599 

 
According to Table 7, the least efficient system according to the annual primary fuel utilization efficiency (PFUE) was the 
existing CHP system. The fact that the PFUE for the SHP configuration is higher than the existing CHP system indicates that 
the façade redesign had a larger impact on overall energy use than the CHP plant redesign. The combination of the façade 
and CHP redesign did, however, produce the highest PFUE of all three options. 
 

Table 7: Average Monthly and Annual PFUE 
 CHP Existing SHP Redesign CHP Redesign 

January 0.533 0.493 0.508 
February 0.557 0.513 0.522 

March 0.524 0.483 0.499 
April 0.468 0.455 0.479 
May 0.386 0.439 0.463 
June 0.377 0.431 0.461 
July 0.375 0.425 0.455 

August 0.376 0.432 0.461 
September 0.379 0.434 0.463 

October 0.414 0.449 0.473 
November 0.453 0.454 0.477 
December 0.523 0.486 0.501 

    
Annual Total 0.447 0.458 0.480 
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The emissions data contained in Table 8 indicate that both CHP options had lower carbon dioxide production rates. 
Interestingly, there was a tradeoff in NOx and SOx emissions between the CHP and SHP configurations. This difference is 
due to the type of fuel used, specifically natural gas for CHP and mostly coal for SHP. The PMs in the CHP options produce 
more NOx per unit of natural gas burned because these engines operate at high flame temperatures. The coal used to generate 
electricity in the SHP option is less pure and less energy-dense than natural gas. For this reason, more SOx is produced per 
unit of fuel burned.  More detailed results of this study are included in Appendix II.C. 
 

Table 8: Annual Emissions Data 
 CHP Existing SHP Redesign CHP Redesign 
[lbs CO2/yr] 67,562,895 84,787,465 63,443,589 
[lbs NOx/yr] 497,038 135,807 292,978 
[lbs SOx/yr] 285,510 333,528 210,681 
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INTERDISCIPLINARY COORDINATION 
 
PODIUM FRAMING REDESIGN 

With an increase in size of the cogeneration plant on the podium roof, it was necessary to recalculate the loads applied to the 
roof members.  For the analysis, the overall size, positioning, and total weight of each piece of mechanical equipment was 
considered in relation to the planning of the roof.  The existing location of this equipment is at the end of the podium farthest 

away from the tower, as shown in Figure 6.  
This prevents unnecessary noise and vibrations 
from impacting the structure and occupants of 
the tower. 

The gravity members were analyzed in RAM 
Structural System to ensure the mechanical 
equipment could still be effectively supported.  
Not surprisingly, it was determined that the 
existing W21x44 beams (31 studs and 1” 
camber) framing into W30x132 girders (45 
studs) were no longer effective to support the 
new dead loads applied to the structure, as 
shown in Figure 7; the white highlighted beams 
all failed AISC LRFD criteria for bending 

and/or deflection.  A new area of 1140 square feet was required to support 
the equipment, as opposed to the old area of approximately 800 square feet, 
because of the increase in equipment size.  The old and new systems were 
both assumed to be supported on housekeeping pads that distribute an area 
load from the equipment to the structure. 

The affected gravity framing members were redesigned using RAM 
Structural System according to the new mechanical area.  Dead, live, snow, 
and mechanical loads applied to the roof can be seen in Table 9; 
mechanical loads were applied specifically to the areas of relocated 
cogeneration equipment.  After analyzing the structure for the new loads, it 
was determined that the average beam needed to be increased to W24x62 
with a camber of 1.5” and approximately 40 studs, and that the girders 
could remain as W30x132.  These new beam sizes can be seen in Figure 8.  
Although the load on the columns increases due to the new framing and 
mechanical equipment, columns were not checked at these locations 
because their sizes are unknown.  In addition, foundation loads would also 
be affected.  The total weight increase from the existing system is 
approximately 70 kilopounds, which is a significant value and should be 
considered further if the system were to be implemented. 

 

 

Figure 6: Aerial view of podium showing mechanical equipment location 

Figure 7: RAM Output for existing framing check 
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Figure 8: RAM Output for new podium framing 

Table 9: New loads for podium roof 

Roof dead load ‐ 
mech. spaces 160 psf
12" composite slab 130 psf
Roofing 10 psf
Framing 15 psf
MEP general area 15 psf

Roof live load 20 psf

Snow load 35 psf

Mechanical wt. 325 psf
4 x chillers 322 psf
3 x cogen 294 psf
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CONSTRUCTABILITY 

Several key constructability challenges arose due to the reconfiguration of the cogeneration plant and chiller systems, largely 
revolving around their final placement in the building. A significant amount of site logistics information was not known, so 
several assumptions were made in order to perform an analysis; most notably, based on preliminary analysis of the 
construction schedule provided by Amec, it can be assumed that no portions of the tower will have been constructed at the 
time of cogeneration/ chiller placement. Second, it is assumed that the crawler cranes used in this portion of construction 
would have been in use for the erection of the podium structure before and after the placement of the cogeneration and chiller 
plant equipment. 

The cogeneration plant equipment is located on the roof of the podium and farthest away from the tower portion of the site. 
The chiller equipment is located in the central green atria portion of the New York Times building. Both of these locations 
are shown above in Figure 6. 

At the time of podium and cogeneration plant construction in the original project schedule, tower cranes have not yet been 
erected. It is very unlikely that two tower cranes would have been erected near the five-story podium for its construction, 
broken down, and then re-erected for the construction of the tower.  Despite lacking detailed information on the site logistics 
of the project, it was possible to determine one solution to lifting the heavy mechanical equipment into place as detailed in 
Table 10. 

 

 

 

Based on these factors, a Manitowoc Crawler Crane (Model 16000) with a heavy lift main boom with luffing jib in 
conjunction with a 1,320,000 pound Carbody Counterweight would be sufficient for equipment placement purposes. The 
controlling condition in selecting this crawler crane was lifting the 23,215 pound gas turbine engine into place at a distance of 
180 feet and elevation of 80 feet.  According to the load tables shown in Appendix II.D, this crane is capable of meeting these 
conditions if a 137 foot heavy lifting boom angled at 87 degrees with a 196 foot luffing jib is used. The cogeneration 
equipment (internal combustion engine and gas turbine engine) would be lifted into place using both the main boom and 
luffing jib, while the chillers being lowered into the basement would only require the use of the main boom. For more 
information regarding the actual site logistics used on the project, please refer to Appendix II.E. 

 

Item Shipping Weight 
(lb) 

Elevation 
(ft) 

Horizontal Distance from Crane 
(ft) 

Absorption Chiller 59,800 -16 40 

Electric Chiller (Single Compressor) 37,701 -16 40 

Electric Chiller   (Dual Compressor) 78,890 -16 40 

Internal Combustion Engine 20,560 80 180 

Gas Turbine Engine 23,215 80 180 

Table 10: Weights and Locations of Mechanical Equipment 
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SCHEDULE 

The amount of time required to install the cogeneration and chiller plant equipment will be purely a function of how many 
pieces of equipment there are. Had there been tower cranes on the site, weekend work would have been required to keep the 
plants’ construction on track.  Since the tower portion is not yet erected, weekend work is not required as originally 
anticipated. 

Based on conversations with industry experts, it takes much more time to lift equipment of this size into place; approximately 
two pieces of equipment per day can be placed on average with a standard crew (steamfitter foreman, steamfitter, steamfitter 
apprentice, crane operator, crane oiler, and a skilled worker). It is assumed that after placing the equipment, a different crew 
will continue to set up the equipment and install the necessary connections. 

There were a total of eight pieces of equipment in the original design, while there are only seven in the redesigned version.  
This accounts for a savings of one half day of working time, but would likely not account for much cost savings for several 
reasons. First, crane equipment of this size is rented on a daily basis and the saved half of a workday would be used for 
positioning it for future lifts for podium construction. In the case of the installation crews themselves, the steamfitting crew 
would likely assist other steamfitting crews in the setup of the equipment. 

Based on an analysis of load capacity tables for smaller cranes, the same size crane would have been required to lift the 
existing cogeneration plant equipment as in the redesign. No significant schedule savings come from this redesign, but the 
same schedule can be maintained without any increase in general conditions cost.  

 

RS Means 
Crew Personnel Quantity Daily Rate 

($/ day) 
Work Rate 

(Equip/ day) 
Days 

Worked Total Cost 

Q-7 Steamfitter Foreman 1 $550.00 2 4 $2,200.00 

 Steamfitter 2 $1,088.00 2 4 $4,352.00 

 Steamfitter Apprentice 1 $434.80 2 4 $1,739.20 

   
B-21C Crane Operator 1 $318.40 2 4 $1,273.60 

 Crane Oiler 1 $408.80 2 4 $1,635.20 

 Skilled Worker 1 $473.20 2 4 $1,892.80 

Total 7 $3,273.20 4 $13,092.80
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ECONOMIC ANALYSIS 

 
UTILITY COST ANALYSIS 

When obtaining utility rates for the State of New York, the process is slightly different than that of other states. The New 
York energy market was deregulated in March of 1996 and subsequently created two important components for the industry- 
energy distributors and energy suppliers. Energy distributors are responsible for the construction and maintenance of energy 
distribution systems, whereas energy suppliers are responsible for providing the energy source itself. 

Consolidated Edison (ConEd) is responsible for distributing utilities to the New York Times Building, but the exact energy 
supplier is unknown. It is very likely that the New York Times’ facility management team were able to negotiate special rates 
for energy distribution system usage while at the same time optimizing their selection of an energy supplier. For the life cycle 
cost analysis of this phase, the utility rates obtained from previous mechanical analysis were used and are shown below. It 
should be noted that the real cost of electricity depends on many factors involving rate structures and time of day. Due to a 
lack of information provided from both the New York Times Company and ConEd, the electricity rate is considered to be 
constant. 

 

Utility Annual [$/Unit] Source 

Natural Gas 1.392 [$/100 ft^3] NY State Public Service Commission 

Electric 0.249 [$/kWh] NY State Public Service Commission 

Steam 18.36 [$/1,000 lbs] Consolidated Edison 

Water 2.31 [$/748 gallons] New York City Water Board 

 

  



IPD/ BIM THESIS: TEAM II        PHASE II: COGENERATION PLANT REDESIGN 
 

 
THE NEW YORK TIMES BUILDING                                             ECONOMIC ANALYSIS |  83 
BONFANTI | CLARKE | COX | WIACEK   

NORMAL OPERATING COSTS 

The redesigned CHP plant operates to meet the prescribed heating requirements under normal operating conditions. Any 
electricity produced helps the New York Times Building to reduce the amount of purchased electricity, which in turn reduces 
operating costs. Electricity generated by the existing CHP plant costs an average of 0.15 [$/kWh], while the redesigned CHP 
plant requires about 0.19 [$/kWh]. Figures 9-12 show the seasonal energy costs for all three cases. (Note: Winter = 
December, January, February; Spring = March, April, May; Summer = June, July, August; Fall = September, October, 
November.) 
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ELECTRICAL LOAD CONTROL STRATEGIES 

As a secondary function, the CHP plant could be operated in conjunction with an electrical load shedding strategy. The total 
installed generation capacity of all the PMs is 3,265 [kW]. The New York Times Building’s calculated peak electrical 
demand for the redesign, calculated in the "Detailed Energy Simulation Results," is around 7,394 [kW]. A recommended 
strategy for a demand limiting program would be to sequence the PMs in a manner that would cap the allowable electricity 
purchased from the utility. This strategy is shown in Figure 13 which shows the goal of Maximum peak demand limiting.  
Figure 14 shows the application of this system for the NTY building and its results.  The purchased electricity is capped at 
4,129 [kW], which is simply the peak load minus the installed generation capacity. The building operators have the capability 
to cut the peak power demand approximately in half, which would drastically reduce the electrical demand charges billed by 
the utility.  Synchronization equipment is used to ensure that all 3 generators are on phase with each other as well as the 
utility.  The equipment that will be used is the Zenith Energy Commander by GE (See Appendix XX for more information).  
The system would be connected similar to that in Figure 15, where generators are hooked into the synchronization gear as 
well as the utility, then when peak demand is near, the synchronizing gear disconnects certain loads from utility power and 
puts them on generated power, this is known as paralleling with utility. 

 

Figure 13 
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Figure 14 

 

 

Figure 15 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

E
le

ct
ri

c 
D

em
an

d 
[k

W
]

Hour

Peak Load Shedding Strategy

Electric Demand Purchased Electricity

When demand is below purchase cap, 
PMs follow heating load. 

When demand is above 
purchase cap, PMs follow 
electrical load to maintain 

purchase cap.

Purchase Cap set 
at 4,129 [kW] 



IPD/ BIM THESIS: TEAM II        PHASE II: COGENERATION PLANT REDESIGN 
 

 
THE NEW YORK TIMES BUILDING                                             ECONOMIC ANALYSIS |  88 
BONFANTI | CLARKE | COX | WIACEK   

Although the CHP plant is not sized to meet the full electrical load, there are periods of the day and parts of the year when the 
plant has more generating capacity than is required by the building load. Some utilities have programs which allow customers 
with excess generating capacity to sell electricity back to the grid in times of peak utility demand. ConEd has a similar 
program which is called the "Critical Peak Rebate Program." This program qualifies customers with lean burning generating 
equipment to act as an emergency back-up for the utility to prevent brownouts and blackouts. The redesigned CHP plant is 
qualified to meet a portion of the load for a localized area in what the program calls a "non-peak emergency event." ConEd 
will pay the New York Times Building for every kilowatt provided in the two highest hours in which emergency load relief is 
provided. The rate the utility agrees to pay the customer is $1.50 per kW during the load relief period. This program only 
pays the customer in the rare case that emergency load relief is required and the CHP plant has extra generating capacity.   
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LIFE CYCLE COST ANALYSIS 

 
Determining the overall life cycle cost of the improvements suggested in Phase II is much more complex than it would seem 
at first glance. The owners of the building are expected to occupy it in excess of 100 years; in this time, many fluctuations in 
the energy market are likely to occur that make determining the life cycle cost of the equipment extremely difficult.  

For these reasons, calculating the payback period of the equipment was deemed much more practical. 

 

Equipment Cost  Labor Cost  Annual Operating Cost 

CHP Baseline  $3,673,500.00  $114,750.00  $10,983,700.00 
CHP Redesign  $6,708,800.00  $255,000.00  $8,773,200.00 

Annual Savings  $2,210,500.00
Payback of Redesign  3.15 Years 

 

After 3.15 years, any cost savings generated by the CHP equipment can be fully realized by the owners of the New York 
Times Building. 

 

CHP OPERATION SAVINGS AND IMPLICATIONS ON BANK LOAN RATES 

 
Moneylenders working in the real estate market are beginning to recognize the value of regular energy savings. In many 
cases, if a proposed design will consistently save on operating costs and is viewed as a sustainable feature, the lender will 
offer a reduction in the total number of payments or additional funds to the borrower. 

The following table outlines several different outcomes of increased initial loan value or reduction in total number of 
payments based on interest rate. A loan value (at present value) of $1.041 billion repaid over 25 years was assumed; this 
amount will cover the increased first cost of the redesigned façade and CHP plant equipment in addition to the rest of the 
existing-design building features. Since cost savings due to utility consumption vary from month to month, for ease of 
comparison it is also assumed that loan payments are made annually since annual energy savings values are known. Lastly, it 
is assumed that the New York Times Company and Forest City Ratner Companies are taking out a single loan that they will 
each repay according to their own financial agreements. 
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Interest 
Rate 

Number of 
Annual 

Payments 

Present Value of 
Loan 

Current Annual 
Payment 

Future Value of Loan 
at End of Loan Period

Annual Savings 
Applied to 
Payments 

Potential PV w/ 
savings applied to 

payment 

Potential NP 
w/ savings 
applied to 
payment 

0.015 25 $1,041,000,000.00 ($50,242,255.52) ($1,256,056,387.88) ($2,210,500.00) $1,086,800,700.55 23.74 

0.02 25 $1,041,000,000.00 ($53,320,476.39) ($1,333,011,909.81) ($2,210,500.00) $1,084,156,600.53 23.73 

0.025 25 $1,041,000,000.00 ($56,501,233.81) ($1,412,530,845.22) ($2,210,500.00) $1,081,727,084.08 23.72 

0.03 25 $1,041,000,000.00 ($59,782,413.75) ($1,494,560,343.79) ($2,210,500.00) $1,079,491,762.97 23.71 

0.035 25 $1,041,000,000.00 ($63,161,670.86) ($1,579,041,771.57) ($2,210,500.00) $1,077,432,388.01 23.69 

0.04 25 $1,041,000,000.00 ($66,636,453.26) ($1,665,911,331.52) ($2,210,500.00) $1,075,532,607.72 23.67 

0.045 25 $1,041,000,000.00 ($70,204,028.19) ($1,755,100,704.71) ($2,210,500.00) $1,073,777,755.91 23.65 

0.05 25 $1,041,000,000.00 ($73,861,508.05) ($1,846,537,701.21) ($2,210,500.00) $1,072,154,664.46 23.63 

 

When the annual savings of approximately $2,210,500.00 from improved CHP performance are applied towards loan 
repayments, it could either allow the borrower to obtain an extra $38.5 million at the beginning of the project for initial 
investment, or reduce the total loan payback period by approximately 1.3 years. 
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CONCLUSIONS 

 
The results of the preliminary chiller and CHP plant study concluded that the optimal configuration of the chiller plant was a 
constant volume absorption chiller with two larger variable speed electric chillers. The study also concluded that a gas 
turbine and two staged internal combustion engines would be an effective method for meeting the entire heating demand. 
Equipment was selected to model the actual operating characteristics of the major mechanical and electric systems. A 
detailed energy simulation compared the redesigned CHP plant with two other building cases. The results of this analysis 
showed that the redesigned CHP plant reduced the operating costs from the existing CHP plant by 20% and from the SHP 
option in the redesigned façade by 27%. These reduced operating costs allow the system to have a very appealing pay-back 
period for the owner. The results of this project phase will be addressed in greater detail in the structural redesign (Phase III) 
and the specific heating and cooling loads and their influence on the distribution systems in Phase IV. 

A study of the gravity framing on the podium roof was performed to ensure the equipment could be carried by the existing 
structural system.  It was found that several beam members in the general area of the equipment needed to be increased in 
size to accommodate the added gravity loads, from W21x44 to W24x68. 
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PHASE SUMMARY 
 
 
The structural redesign phase began with a few interdisciplinary goals.  Since the cogeneration plant was upsized to create 
more energy on-site, the up-front project cost was increased significantly.  A lateral redesign was proposed in order to create 
two additional rentable levels, including a penthouse for high-end tenants, by eliminating the 51st story outrigger system.  
This would effectively bring in more revenue for the New York Times.  However, eliminating this outrigger raised a few 
issues, including the thermal movement of the exposed box columns and the relocation of the mechanical units contained 
within the 51st floor.  The best solution to control this thermal movement was found to be relocating the belt truss to the roof 
of the structure, where it will be covered by the façade shading system. 
 
To create more symmetry in the structure, the layout of the concentric chevron braced frames in the North-South and East-
West directions was reconfigured in order to create more symmetry in the structure.  Moment frames were added to two bays 
adjacent to the core to replace an East-West braced frame, allowing for a savings of 3.5% of the total structural steel weight.  
Due to the high cost of the architecturally exposed X-braces and their connections, the system was also redesigned to 
eliminate the need for these braces as a method of controlling drift.  An ETABS model was used to analyze the lateral system 
and meet specified drift requirements of H/450 and period requirements of 6.75 seconds in the North-South and 6.25 seconds 
in the East-West.  All requirements were met with the redesigned system, and the goals of the proposal were met. 
 
The progressive collapse resistance of the structure was also analyzed according to the 2003 General Services Administration 
Progressive Collapse Analysis and Design Guidelines.  A base assumption of the removal of a reentrant corner column was 
made for simplification after a blast threat study was performed to determine the locations with the most threat potential, 
assuming the New York Times Building is classified as a “high profile” structure.  The linear-static and nonlinear-static finite 
element procedures were both performed to compare their results; required member sizes were then found for each of the 
procedures.  Surprisingly, the linear-static procedure yielded much smaller required member sizes than the nonlinear-static 
procedure.  For the nonlinear-static procedure, the required plastic moments of the beams below the 37th floor were so large 
that there are no available rolled shapes with enough capacity.  However, this could be due to the virtual work method 
employed for the nonlinear analysis, which only considered the bay with the removed column.  An ETABS model was 
utilized for the linear-elastic analysis, which took into account the adjacent frames.   
 
The GSA guidelines were then compared to the 2009 Department of Defense Unified Facilities Criteria.  It was determined 
that the Department of Defense standards are a bit more in-depth since they consider factors dependent on individual 
members.  In addition, the load combination employed by the DoD method gives a slightly higher force value, which is 
expected to yield somewhat larger members. 
 
Although a redesign of the system to mitigate the risk of progressive collapse was originally proposed, it was determined that 
a redesign based on analysis results would not be a viable option in terms of cost.  The increase in required steel and new 
moment connections prove that this analysis is not effective for tall buildings.  For a real structure, a nonlinear dynamic 
procedure should be employed to create efficiency and take into account all contributing members in the structural system. 
 
Since the existing 51st mechanical and outrigger level is now occupied by two floors including a penthouse space, the 
mechanical equipment on this level was relocated to the roof.  Since the mechanical areas in the New York Times Building 
are under-utilized, moving the equipment to the roof did not pose too many challenges. 
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INTRODUCTION 
 
The 52-story New York Times Headquarters Building is located on Eighth Avenue between 41st and 42nd Streets.  Home to 
the New York Times newsroom, 26 floors of Times administrative offices, and several law firms, it was intended to be a 
flagship building promoting sustainability, lightness, and transparency.  The architectural façade reflects the ever-changing 
environment surrounding the building, an appropriate acknowledgement of the heart of New York City.  Thornton Tomasetti 
worked closely with architect Renzo Piano to create a building that displayed not only transparency in the media, but also 
structural transparency.  For this reason, exterior columns, X-bracing, and beams were shifted outside of the façade, and the 
visual appearance of these elements and connections was given special attention. 

 
 

 

Figure 1: Typical tower framing plan 
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The office floors are intended to be open plans, with minimal disturbance from columns and other structural elements.  For 
this reason, two-story outriggers were used at mechanical levels (floors 28 and 51) to engage exterior columns in the lateral 
system and increase stiffness.  Story heights average approximately 13’-9”, and floor-to-ceiling heights are approximately 
10’-9” due to the 16” allowance for an under-floor air distribution system and 20” structural depth.  A typical structural floor 
plan can be seen in Figure 1. 
 
For the Integrated Project Delivery and Building Information Modeling thesis project, a few changes were made to the 
existing layout.  The under-floor mechanical system was replaced by a ducted system, reducing the total plenum depth and 
allowing for deeper structural members.  Because of this, the lateral force resisting system in the building was able to 
incorporate moment frames for added stiffness.  In addition, the mechanical and outrigger space on the 51st floor was 
replaced with two more rentable floors.  This created a penthouse level for high-end tenants, and could potentially bring in 
more revenue to the New York Times.  The exterior X-braces on the structure were also eliminated to save money for use 
elsewhere. 
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CODES AND REFERENCES 

 
ORIGINAL DESIGN CODES 
 

National Model Code:   
• 1968 Building Code of the City of New York 

 
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, 1998 
• National Building Code of Canada, 1995 
• Uniform Building Code, 1997 
• ACI 318-95, Manual of Concrete Practice, American Concrete Institute 

 
DESIGN DEFLECTION CRITERIA 
 

Lateral Deflections: 
• Total building sway deflection for 10-year wind loading is limited to H/450. 
• Seismic deflection as per ASCE 7-05. 

 
 Thermal Deflections: 

• The shortening and elongating effects due to temperature changes are designed to L/300. 
• At this point in time additional gravity and lateral deflections were not disclosed. 

 
THESIS DESIGN CODES 
 

National Model Code: 
• 2006 International Building Code 

 
Structural Standards: 

• ASCE 7-05, Minimum Design Loads for Buildings and Other Structures 
• ASCE 41-06, Seismic Rehabilitation of Existing Buildings 

 
Structural Design Codes: 

• AISC, Steel Construction Manual 13th Edition  
• 2009 Department of Defense Unified Facilities Criteria 4-023-03, Design of Buildings to Resist 

Progressive Collapse 
• 2003 General Services Administration Progressive Collapse Analysis and Design Guidelines 

 
OTHER REFERENCES 
 

• Fintel, Mark and Khan, Fazlur. “Thermal effects of column exposure in high-rise structures.” Building 
Research.  September-October 1967. Pages 6-12. 

• Seigel, L.G. “Water-filled tubular steel columns- fire protection without a coating.”  Civil Engineering. 
September 1967.  Pages 65-67. 

• “U.S. Steel headquarters building.” Civil Engineering- ASCE. April 1970. Pages 58-63. 
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MATERIAL STRENGTHS 

 
Structural Steel: 
Wide Flange Shapes....................................................................................................................ASTM A572 or A992, Grade 50 
Built-Up Sections...................................................................................................................ASTM A572, Grade 50 & Grade 42 
HSS Shapes..................................................................................................................................................ASTM A500 Grade B 
Diagonal & X-Braced Rod........................................................................................................................ASTM A572, Grade 65 
Connection Plates.........................................................................................................................................................ASTM A36 
 
Concrete: 
Caissons.....................................................................................................................................................................f’c = 6000 psi 
Spread Footings.........................................................................................................................................................f’c = 6000 psi 
Slabs on Deck NWC …….........................................................................................................................................f’c = 4000 psi 
 
Metal Decking: 
3” Composite Deck........................................................................................................................................................Fy = 40 ksi 
 
 
The designer did not disclose shear stud, weld, bolt, and reinforcement strengths. 
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Figure 2:  Foundation layout 

Key: 
1.  Assumed Caisson Location 
2.  Assumed Spread Footing Location 
3.  Subway 

2 1 

3 
BACKGROUND 

EXISTING STRUCTURAL SYSTEM 
 
Foundation 
 
The foundation of the New York Times Headquarters combines 
typical spread footings with caissons to achieve its maximum axial 
capacity.  Below the building's 16-foot cellar, the tower and podium 
mostly bear on 20 tons per square foot rock; in this area, indicated on 
Figure 2 in green, 6,000-psi spread footings were used under each 
column (dimensions of footings not disclosed by the design team).  
However, at the southeast corner of the tower, the rock only has 8 
tons per square foot capacity.  At the seven columns that fall within 
this area, indicated in orange on Figure 2, 24-inch diameter concrete-
filled steel caissons were used to transfer loads to the rock below. 
Each caisson was designed to support a load of 2,400 kips with 
6,000 psi concrete.  The structural engineers did not disclose the 
depth of the caissons; it is only known that they extend until they 
reach rock with a bearing capacity of 20 tons per square foot or 
greater. 
 
The New York City Subway passes below Eighth Avenue to the west 
and 41st Street to the north of the New York Times Building. However, 
this is not a major site restriction since the transit system is not directly 
beneath the structure. 
 
Floor System 
  
The floor system is a steel composite system with a typical bay size of 30’-0”x 40’-0”, with 2 ½” normal weight concrete on 
3” metal deck.  Typical beam sizes are W18x35 with a 10’-0” typical spacing, bearing on W18x40 girders.  The girders frame 
into the various built-up columns, box columns along the exterior and built-up non-box columns in the core.  Framing of the 
core consists of W14 and W16 shapes for beams, which bear on W33 girders. 
 
In the New York Times spaces, the structural steel is 16 inches below the 
finished floor to accommodate the under-floor air distribution plenum.  Because 
the façade is transparent and office spaces are visible from the exterior, the 
architect wanted members passing through to the outside to line up with the 
perceived floors.  To align the girder with the office floor level and not the level 
of the structure, engineers created a “dog leg” at the end of the girders on these 
floors.  Figure 3 depicts the dog leg during construction; an aluminum spandrel 
was used to mask the location of the girder, as shown in Figure 4.  The top of 
steel of the girder is at the bottom of the spandrel in the figure, and the spandrel 
covers up the plenum.  

Figure 3: 'Dog-leg' beam connection 
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Columns 
 
The 30” by 30” box columns (Figure 5), exposed at the exterior corners of the tower, as seen in Figure 4, consist of two 30-
inch wide flange plates and two web plates inset three inches from the exterior of the column on either side.  Each web plate 
decreases in thickness from 7 inches at the bottom of the building to adjust to the loads at each level.  The flange plates 
decrease thickness from 4 inches to conform to the “lightness” of the architecture with an increase in elevation.  Although the 
yield strength of the plates also varies with tower height, the strength was assumed to be a uniform 50 ksi for calculations.  
Interior columns are a combination of built-up sections and rolled shapes.  Column locations stay consistent throughout the 
height of the building, spaced with the grid at 30 feet in one direction and 40 feet in the other. Most of the columns are 
engaged in the lateral system via connections to bracing and outriggers; this system is described in more detail in the lateral 
system section. 
 
  

Figure 5: 'Dog-leg' beam connection Figure 4: Box Column 



IPD/ BIM THESIS: TEAM II                                PHASE III: STRUCTURAL REDESIGN 
  

 
THE NEW YORK TIMES BUILDING          EXISTING SYSTEM: BACKGROUND |  99 
BONFANTI | CLARKE | COX | WIACEK   

Existing 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 without belt trusses on the two mechanical floors (Levels 28 
and 51) to engage the exterior columns. The structural core consists of 
single diagonal bracing in the North-South direction between grids 4 
and 5, concentric chevron bracing in both the North-South and East-
West directions, and eccentric chevron bracing in the North-South 
direction between grids 5 and 6 (Figure 6 & 7).  These braced frames 
surround the elevator shafts, MEP shafts, and stairwells. At this time, 
the member sizes of the braces have not been disclosed. The core 
configuration remains consistent from the ground level to the 27th floor 
as shown in Figure 7 on the next page. But above the 28th floor, some 
elevators were no longer required due to capacity. In order to optimize 
the rentable space on the upper levels of the tower, the number of 
bracing lines in the North-South direction was reduced from two to one 
(Figure 7). Please refer to Figures 10 and 11 to view the typical core 
bracing elevations. 
 
The outriggers on the mechanical floors consist of single diagonal 
braces extending from the core bracing to the exterior columns at grids 
3, 4, 5, and 6 on either side of the core (seen in Figure 9). The outrigger 
system was designed to increase the efficiency and redundancy of the 
tower by engaging the perimeter columns in the lateral system.  
 
During the design of the tower, the engineers at Thornton Tomasetti 
sized the members of the main lateral force resisting system merely 
for strength. In order to increase stiffness and meet drift and 
deflection criteria, the structural engineers utilized the double story 
steel rod X-braces instead of increasing the member sizes of the main 
lateral force resisting system.  These X-brace locations can be seen in 
Figures 6-9. The high strength steel rods transition from 2.5" to 4" in 
diameter and were prestressed to 210 kips, according to Thornton 
Tomasetti. This induced tensile load prevents the need for large 
compression members that would not conform to the architectural 
vision of the exterior.  
 
Although the X-braces reduced the need for an overall member size 
increase, the lateral system still did not completely conform to the 
deflection criterion. Therefore, some of the 30” by 30” base columns 
were designed as built-up solid sections that reduced the building drift 
caused by the building overturning moment.  After combining these 
solid base columns and the X-braces with the main lateral force 
resisting system, the calculated deflection of the tower due to wind 
was H/450 with a 10 year return period and a building acceleration of 
less than 0.025g for non-hurricane winds.  
 
According to information obtained from the structural engineer, the 
podium of the New York Times Building was designed with a separate 
lateral system. Though the owner did not disclose information about the podium, it is known that the lateral system is 
comprised of concrete shear walls.  The podium was not considered in this analysis. 
 

Figure 6: Typical Lateral System (Floors 1-27) 

Figure 7: Typical Lateral System (Floors 29-50) 
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Figure 8: Mechanical Levels 28 & 51 

KEY: 

Figure 9: Exposed X-braced rods 
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Figure 12: Typical Core N-S Bracing Elevation 

Figure 13: Typical Core E-W Bracing Elevation 

Figure 11: Typical N-S Outrigger Elevation 

Figure 10: Typical E-W Outrigger Elevation 
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GOALS OF STRUCTURAL REDESIGN 

 
STRUCTURAL PROBLEM STATEMENT 
 
After investigating the lateral system of the New York Times Building in previous technical assignments, it was found that 
there was potential to eliminate the outrigger on the top level of the building in favor of a rentable penthouse suite.  The 
structural aspect of this final report will simulate that the owner would like to add a penthouse floor, and will study the option 
of redesigning the lateral system to accommodate a single outrigger floor on the 28th level.  This option will eliminate the use 
of the exterior cross-braced rods in the lateral system and will require a complete redesign of the lateral system. 
 
In addition, the progressive collapse resistance of the structure will be analyzed for compliance with current Department of 
Defense and General Services Administration guidelines.  Since the New York Times Building is a high profile structure and 
located in New York City, there is the potential for a security threat in the form of a blast that could severely affect its 
structural integrity.  It is known that blast resistance and progressive collapse had been taken into consideration in the 
existing design; however, new codes have been developed since the initial design of the structure that could have an impact 
on the code compliance of its threat resistance.  
 
SOLUTION 
 
To accommodate a single outrigger level to supplement the lateral force resisting system, the chevron braced frame members 
will likely have to increase in size to meet lateral drift requirements.  To add stiffness to the lateral system, moment frames 
will possibly be added in bays adjacent to the existing braced frames, and the number of frames in each direction may be 
increased as necessary.  It is also necessary to investigate the thermal effects on the columns of removing the top-level 
outrigger, and a solution to this potential movement will be developed.  A lateral model will be created in ETABS to analyze 
the structure, using rigid and semi-rigid diaphragms for the floor plates.  Column and beam members will be modeled in three 
dimensions to include the effects of flexure, shear, axial, and panel-zone deformations in all directions, as learned in the 
Computer Modeling of Building Structures masters class.  Inherent and accidental torsion as well as P-Delta effects will be 
included in the analysis.  
 
To analyze the structure for progressive collapse, a study will first be done to determine which column location within the 
structure was most susceptible to a threat large enough to cause column removal.  Due to the wide range of blast loading 
possibilities, a base assumption of a removed column due to any blast will be made.   This at-risk column location will then 
be analyzed according to the GSA Guidelines for Progressive Collapse, using the Linear- and Nonlinear-Static Methods.  The 
linear method sets maximum ratios for demand to ultimate shear and flexural resistance, while the nonlinear method utilizes a 
plastic hinge analysis of frames adjacent to a removed column.  In addition, a finite-element model will be created in ETABS 
to determine the linear-elastic response of the structure due to a removed column, following the guidelines in the GSA 
document for the linear-static procedure.  The GSA and Department of Defense Unified Facilities Criteria: Design of 
Buildings to Resist Progressive Collapse standards will be used as a basis for the model, in addition to following modeling 
recommendations from Chapter 5 of ASCE 41.  These methods will then be compared and discussed. 
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LATERAL SYSTEM ANALYSIS 

 
LOADS 
 
Gravity loads were based off of those determined in the first technical report; however, the seismic weight was updated to 
include the change in weight of the braces with an increase in height of the building.  Weights were determined by taking an 
average value at each of eight vertical building segments, roughly 6 stories each, and assigned to each story accordingly.  
These gravity loads can be found in Table 1 and as the seismic weights in Table 6 of Appendix 3.A. 

 
The lateral loads applied to the structure at each level are resisted by 
moment frames and steel braced frames connected to a rigid diaphragm 
that distributes the loads to each bay.  The columns then carry these 
vertically down to the foundations, where the loads are dissipated by the 
soil or carried by the rock below.   
 
Wind loads as determined in the first technical report were not utilized 
for this analysis in light of new base shears from a wind tunnel study 
provided by Thornton Tomasetti.  The ASCE 7-05 wind loads and 
updated wind loads are shown in Table 2; wind tunnel testing loads were 
lower than those determined by the code, and were multiplied by an 
importance factor of 1.15.  Cases 1, 2, 3 and 4 from ASCE were 
considered in this analysis.  The Case 1 wind condition yielded the 
highest drifts and load effects in both directions; these are explained in 
more detail under the analysis results below. 
 
Seismic calculations were updated after the first technical report based on 
the actual periods of 6.75 and 6.25 seconds and the difference in floor 

self-weight.  These updates led to a slight decrease in the lateral seismic forces applied to the structure at the center of mass; 
these forces are tabulated below in Table 3.  When analyzed, the combination 1.2D + 1.0E + 1.0L was used, since it would 
likely have the greatest combined impact on the structure in terms of seismic lateral forces and gravity loads.  However, the 
forces due to wind were much greater than the seismic forces, so seismic forces will not control the size of the members. 
 
 

Table 1: Gravity Loads 

Dead Loads 93‐100 psf
2.5" slab on 3" metal deck 53 psf
Ceiling 5 psf
MEP systems 20 psf
Structure 15‐22 psf

Façade load 25 psf

Live Loads 70 psf
Open office 50 psf
Partitions 20 psf

Gravity Loads for Analysis
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Table 2: Lateral wind force comparison 

level force (k)
Roof 89.36
52 79.32
51 80.16
50 68.92
49 66.99
48 64.40
47 61.86
46 59.37
45 56.93
44 54.55
43 53.05
42 50.73
41 48.46
40 46.24
39 44.07
38 41.96
37 40.53
36 38.49
35 36.50
34 34.56
33 32.68
32 30.85
31 29.52
30 27.77
29 26.07
28 26.53
27 21.40
26 19.72
25 18.58
24 17.18
23 15.84
22 14.55
21 13.32
20 12.15
19 11.19
18 10.11
17 9.08
16 8.10
15 7.18
14 6.28
13 5.70
12 4.83
11 4.12
10 3.47
9 2.87
8 2.33
7 1.85
6 1.44
5 1.07
4 0.75
3 0.48
2 0.25

base shear 1504 k

SEISMIC LATERAL FORCES

level E/W N/S E/W N/S
Roof 676 674 159 164
51 284 224 134 138
50 193 152 123 100
49 188 148 84 68
48 187 147 81 66
47 187 147 81 66
46 186 146 81 66
45 185 146 81 66
44 185 145 80 65
43 184 145 80 65
42 183 144 80 65
41 182 143 79 65
40 182 143 79 64
39 181 142 79 64
38 180 142 78 64
37 179 141 78 63
36 179 140 78 63
35 178 140 77 63
34 177 139 77 63
33 176 138 77 62
32 175 138 76 62
31 174 137 76 62
30 173 136 76 61
29 259 203 75 61
28 262 205 112 91
27 175 137 114 92
26 169 132 76 61
25 168 131 73 59
24 167 130 73 59
23 165 129 72 58
22 164 129 72 58
21 163 128 71 58
20 162 127 71 57
19 161 126 70 57
18 159 124 70 56
17 158 123 69 56
16 157 122 68 55
15 149 116 68 55
14 154 120 64 52
13 159 124 67 54
12 150 117 69 55
11 149 116 65 52
10 147 114 64 52
9 145 112 64 51
8 142 111 63 50
7 140 109 62 50
6 137 106 61 49
5 137 106 60 48
4 142 110 59 48
3 143 110 62 49
2 181 125 62 49

base shear 9336 7438 3968 3278

LATERAL WIND FORCE COMPARISON
ASCE 7‐05 lateral forces (k) wind tunnel lateral forces (k)

Table 3: Seismic forces 
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LATERAL SYSTEM LAYOUT STUDY 
 
 
The lateral force resisting system was redesigned to accommodate a single outrigger level to replace an outrigger level at both 
the 28th and 51st floors and to eliminate the exterior X-braces that control drift in the existing lateral system.  Eliminating the 
top outrigger presented some challenges, including removing the members that controlled differential movement of the 
exposed columns due to thermal effects, reducing the overall stiffness of the lateral system, and causing the mechanical 
equipment to be relocated.  However, removing this mechanical and outrigger level creates two penthouse floors for high-end 
tenants, increasing the amount of revenue brought in by the owner.  Criteria for comparing the new system with the original 
system included drift limits of H/450 due to wind (obtained from Thornton Tomasetti), 0.025hsx due to seismic, and a target 
period of 6.75 seconds in the North-South direction and of 6.25 seconds in the East-West direction.  These targets were 
obtained from those values representative of the existing system. 
 
First, an optimization study was done to determine whether moving the outrigger system from the 28th floor would provide 
any advantages in terms of stiffness.  Separate lateral models of the existing system were created in ETABS, placing the 
outrigger at various levels, including the 25th, 28th, 32nd, and 36th floors, to evaluate these preliminary locations’ impacts on 
the period and drift of the structure.  It was found that relocating the outriggers to a higher floor slightly increased the period 
and drift of the building, since the attached columns effectively become longer and more slender.  In addition, relocating the 
outriggers to a significantly lower floor also slightly increased the period and drift, since the outriggers only benefit the levels 
below by reducing drift.  Since moving the system one or two floors did not yield results much different from those at the 28th 
level, relocation was ruled out as a more efficient option. 
 
Instead, to add stiffness to the lateral system, several bracing layouts with moment frames in adjacent bays were investigated.  
Figures 14 and 15 depict the first option, with moment frames in purple, except at the 28th floor, where outriggers replace 
moment frames.  Bracing is in red, with three lines in the East-West direction, and two in the North-South below the 28th 
floor and one above.  This option was ruled out based on the interaction between this system and the new ducted mechanical 
system; adding moment frames in both directions would limit 

Figure 15: Lateral layout: Option 1 below 28th floor Figure 14: Lateral layout: Option 1 above 28th floor 
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the locations of large duct runs and excessive material 
would have to be used to work around the system.  The 
alternative, punching through the beams of the moment 
frames, is also far from ideal.  In addition, the moment 
frames at grids B and D are not able to continue up past 
the outrigger level, and would have to be moved out of 
plane from the North-South system to connect to a 
column, decreasing the stiffness of the system. 
                 
 
Figure 16 depicts the second option, with moment frames 
and outriggers (purple) kept only in the East-West 
direction.  Both lines of North-South bracing continue the 
whole way up the structure, unlike in the existing system.  
The extra bracing adds stiffness to the system in this 
direction, since moment frames did not prove to be a 
viable option.  However, more steel is being added to the 
lateral system without any members being eliminated, 
which would result in a higher overall cost with an 
increase in structural weight.  Therefore, this option does 
not seem viable for future study. 
 
The third option, shown in Figures 17 and 18, eliminates 
one line of East-West bracing and adds moment frames 
(purple) only to the floors above the outrigger in the East-
West direction.   The two lines of North-South bracing  
are continued above the outrigger level instead of adding 
moment frames in this direction.  This option eliminates 
some steel, but adds it back in other places, and would 

likely yield total steel closest to that of the existing system.  Since the moment frames had a greater impact on the stiffness at 
higher floors, they were eliminated from lower floors to save steel.  It also makes the lateral system completely symmetrical 
in both directions, effectively removing any inherent torsional forces from the system.   This option seems like the most ideal 
of the three that were investigated, and will be analyzed further as an alternate to the existing system 
 
         
For the final solution, moment frames were added on either side of the braced frames above the outrigger level in the East-
West direction, as shown in purple in Figures 17 and 18.  The number of frames in the North-South direction was increased 
from one to two to create symmetry, reduce inherent torsional forces, and eliminate the large bracing members.  Figures 19 
and 20 show the elevations of a typical bracing line in the North-South and East-West directions, respectively.

Figure 16: Lateral layout: Option 2 
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Figure 18: Lateral layout: Option 3 below 28th floor 

Figure 17: Lateral layout: Option 3 above 28th floor 
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Figure 20: North-South bracing Figure 19: East-West bracing 
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LATERAL FORCE RESISTING SYSTEM ANALYSIS 
 
A lateral model was created in ETABS (Figure 21) to analyze 
the structure, with rigid diaphragms used to model all floor 
plates except at the outrigger levels, where semi-rigid 
diaphragms were used to represent the actual floor stiffness 
based on its elements instead of an axially-rigid diaphragm.  This 
way, the model can simulate much more accurately the effect of 
the outriggers.  Column and beam members were modeled in 
three dimensions to include the effects of flexure, shear, axial, 
and panel-zone deformations in all directions.  Panel zone 
modifiers were applied at the moment frame locations, and P-
Delta effects were included in the analysis.  Accidental torsion 
was included in the analysis through the 5% multiplier in 
ETABS; since the lateral system is symmetrical in both 
directions, the center of rigidity, center of pressure, and center of 
mass are in the same position, and inherent torsion did not apply. 
 
Existing column sizes were kept the same throughout this 
analysis; although the weight of the structure decreased slightly, 
it was not a large enough change to require a redesign of the 
members.  These sizes can be viewed in Table 10 of Appendix 
3.B.  A column interaction check was performed in Excel for a 
member in each direction; this can be found in Table 8 of 
Appendix 3.A.  All columns were okay for the LRFD 
combination of 1.2D + 1.6W +1.0L + 0.5Lr.  In addition, beams 
not contributing to the moment frames were modeled with the 
same member size as in the existing system to allow for as close 
a performance comparison as possible. 
 
Wind was found to be the controlling lateral force over seismic, 
with larger lateral loads at each level induced by the Case 1 
loading condition in both the North-South and East-West 
directions; these values can be seen in Table 2.  An Excel 
spreadsheet was developed, as shown in Table 9 of Appendix 
3.A, to estimate the size of the bracing members based on 
strength to resist calculated wind loads; an LRFD combination of 
1.2D + 1.6W +1.0L + 0.5Lr and importance factor of 1.15 were 
applied to the base shear in each direction.  Base shear values 
were obtained from Thornton Tomasetti and distributed by 
factors along the height of the building.  After the brace member 
sizes based on strength were found, they were modeled in 
ETABS to determine whether the sizes were also acceptable for 
the drift and period requirements specified above.  From there, 
members were further optimized to meet these requirements; by 
comparing the sizes in Tables 9 and 11 in Appendix 3.A and 3.B, 
it can be seen that all members needed to be increased in size 
from their strength values. 
 
Table 11 of Appendix 3.B shows the lateral sizes of the existing 
and new systems; existing bracing members range from W14x68 
to W14x455.  The new system’s braces range from W14x53 to 
W14x176; they can be smaller because of the stiffness contribution of the moment frames.  Brace sizes were determined 
through ETABS iterations and comparisons to the initial design criteria.  Each moment frame beam was designed as 
W30x132 in order to successfully control wind drifts and lower the periods to their required levels; iterations were performed 
after an initial estimate was made based on member flexural strength to reach this final section.  A similar design approach 

Figure 21: ETABS finite element lateral model 
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was taken for the outrigger members that attach to the exterior columns; they were sized initially based on an estimate of their 
existing section depth of about 2 feet (as built-up members).  However, a slightly smaller section of W14x342 was required 
based on strength checks in the redesigned system.  The total structural weight of each system was calculated, and the new 
system was found to be 3.5% lighter than the existing, at 21.2 pounds per square foot versus 21.9 pounds per square foot 
existing.  
 
The final lateral design had a period of 6.69 seconds in the East-West direction and 6.26 seconds in the North-South direction 
with the torsional period of 4.39 seconds.  Drifts due to wind were slightly under a maximum of 19.9 inches (H/450) required 
by Thornton Tomasetti; in the East-West direction, drift due to wind was17.9 inches, and in the North-South direction, drift 
was 13.4 inches.  ASCE 7-05 commentary permits the wind forces to be reduced using the combination 1.0D + 0.5L + 0.7W.  
Drifts due to seismic forces were tabulated in Excel and checked against Δa = 0.015*hsx; the story drifts from ETABS were 
adjusted for the actual periods as well as for the response modification factor of 3.25 and the importance factor of 1.25.  
Every story drift was below the maximum, and the total building drifts in both directions, 12.9 in the East-West and 11.9 in 
the North-South, were also well under the overall drift limit of H/450 =19.9 inches, as shown in Table 7 of Appendix 3.A. 
 
Overturning calculations were performed for both directions of the building, as shown in Figure 27 of Appendix 3.B, since 
the total weight of the structural system decreased slightly.  The weight of the building still proved to be more than sufficient 
to prevent overturning of the structure; the overturning force was approximately 1/3 less than that of the resisting building 
weight.  The reduced weight of the structure also potentially has an effect on the size of the foundations; however, the owner 
has not disclosed detailed information on foundation sizes, capacities, or geotechnical data, so a redesign for comparison 
could not be performed. 
 
The architectural impact of the extra line of North-South bracing on the upper floors was also considered; although it creates 
a wall where there previously could have been open space, the layout is no different than the lower New York Times floors.  
In addition, a wall in the East-West direction was eliminated, allowing for more flexibility in that direction to make up for the 
constraints in the North-South.  The cost differences of these systems can be found in the construction section of this report.   
 
 
THERMAL MOVEMENT STUDY 
 
The thermal effects on the exposed columns of removing the top-level outrigger were investigated, since this outrigger and 
truss system controlled thermal shortening and lengthening of the columns.  By eliminating this system at the 51st story, 
length changes due to thermal fluctuations are no longer controlled and can cause serious problems with the structure.  

According to Mark Fintel and Fazlur Khan, these 
length changes are cumulative, building up to a large 
change at the top of a structure (1967).  With an 
assumed temperature change of 120 degrees 
Fahrenheit between the inside and outside, based on 
assumptions made by the design team, the columns 
can shorten or lengthen  

Δ = 0.00000645 in/in-°F * (12in * 357.5’) * 
120°F = 3.32 inches  
over half the height of the building.  This assumes 
that the outriggers at the 28th floor control the 
movement of the lower half.  If the columns 
lengthened or shortened 3.32 inches between the 28th 
floor and the roof, this could cause substantial 
“racking of floor slabs and consequently a distortion 
of partitions” (Fintel & Khan 1967).  This distortion 
due to thermal movement can be seen in Figure 22; 
there is a subsequent rotation at the corner of the 
partition, causing separation from the wall and 
ceiling, which could be damaging to interiors. 
 
In addition to thermal shortening and lengthening, 

Figure 22: Partition displacement due to thermal movement of 
columns 
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another issue caused by weather-exposed columns is the effect of the temperature gradient through their width (Fintel & 
Kahn 1967).  This can cause bowing of the members, as one side may shorten or lengthen more than the other due to the 
temperature change.  However, Fintel and Kahn claim that bowing is typically controlled by the column’s connections to the 
rest of the structural frame.  They also state that a relative movement of approximately ¾ inches over 36 feet of height should 
not cause stress issues “requiring special structural details” (1967). 
 
One option for controlling differential movement is to heat or cool the 
columns based on the exterior temperature, similar to the system 
implemented in the United States Steel Building in Pittsburgh, 
Pennsylvania (Seigel 1967).  Water is pumped through the hollow 
columns in the US Steel Building, but the water serves a different 
purpose: fire protection.  The water was intended to regulate the 
temperature of the columns under extreme heat, since the column steel 
was exposed to the environment, but this system could also be used in 
general to control temperature differentials (Seigel 1967).  Since the 
exposed columns of the New York Times Building are built-up box 
columns, there is space for pipes to be installed within the steel plates 
to control temperature change of the exterior structural members.  
However, this would require constant monitoring to heat and cool a 
large amount of water depending on the ambient temperature, and 
would lead to additional energy consumption. 
 
A second option is to place a truss on the roof of the building, 
connecting the exposed columns between grid 1 and grid 8.  The 
outrigger system of the existing structure includes a belt truss 
connected to the exterior columns to restrain potential movement; the 
United States Steel Building in Pittsburgh has a similar “hat” framing 
structure to control movements, shown in Figure 23 (Civil Engineering 
1970).  This truss could be covered by the exterior shading system, 
invisible from below, and could be very similar in size as the removed 
belt truss system at the top floor of the existing structure.  This system 
seems like a more viable solution, and since the steel would only serve 
the purpose of serviceability, it would not need to be fireproofed. 
 

Figure 23: Hat truss on US Steel Building 
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PROGRESSIVE COLLAPSE ANALYSIS 
 
PROGRESSIVE COLLAPSE MITIGATION THEORY 
 
Progressive collapse has long been a concern in engineering, but is less common today due to the inherent redundancy of 
modern structural systems.  However, large sections of some buildings are still susceptible to collapse, as demonstrated by 
the 1995 Alfred P. Murrah building failure in Oklahoma City.  Although blast loads initiated the failure, “the majority of the 
168 fatalities were due to the partial collapse of the structure” (DoD 2009).  Now, due to a heightened awareness for attacks 
in the United States, guidelines are being followed in designing prevention systems for new government buildings, and these 
methods can also be applied to other high-occupancy or high-risk structures. 
 
The General Services Administration Progressive Collapse Analysis Design Guidelines take a “threat independent” approach 
to limit the potential for progressive collapse; this means that they do not consider different types of blasts and other threats 
that could lead to the removal of a column or wall section.  It also does not assume that the result of any type of threat is 
column or wall removal; this simulation is only used as a “load initiator.”  The correct way to execute this removal for the 
analysis is to remove the clear span between floors, as seen in Figure 24 below (GSA Figure 5.7 2003). 
 

 
 
 
 
Typically, the linear procedures for analysis of structures are confined to buildings less than 10 stories, rendering this 
procedure less than ideal for the 52-story New York Times Building.  However, an iteration of this linear-static finite element 
analysis was performed anyway as a basis of comparison for the progressive collapse study, even though potential non-linear 
effects of the high-rise structure were ignored.  The linear-static procedure entails creating a finite-element model and 
applying a load equivalent to 2(DL + 0.25LL), cumulatively, at each floor above the removed column. 
 
The shear and moment effects in the beams are then compared to their plastic moment capacity, making sure the ratio of 
demand to ultimate force (Demand-Capacity Ratio) is less than the prescribed limits contained within the document.  The 
procedure for this analysis can be seen below in Figure 25, from GSA 2003.  If no DCR values are exceeded, the structure 

Figure 24: Proper column removal per GSA 2003 Progressive Collapse Guidelines 
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has a low potential for progressive collapse.  However, if the DCR values continue to be exceeded outside of the adjacent 
bays, the structure has a high potential for progressive collapse. 

 
 
 
 
After this study is completed, a nonlinear-static analysis can be performed to assess plastic hinge formation.  Virtual work 
can be used to do this by hand, or a nonlinear-static finite element model can be created.  This model entails applying 
nonlinear moment hinges to all restrained connections in the model, and assigning to these hinges the plastic moment 
capacities and acceptable rotations for the member.  This way, members can be increased in size to reach an acceptable level 
of plastic moment capacity. 
 
 
 

Figure 25: GSA 2003 Progressive Collapse Linear Elastic Static Procedure 
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BLAST THREAT STUDY 
 
Different blast threat scenarios were studied to determine which case would lead to 
the greatest potential failure of the structure due to progressive collapse.  Due to the 
wide range of blast loading possibilities, a base assumption of a removed column 
due to any blast was made; this assumption is in accordance with the GSA’s 2003 
Progressive Collapse Analysis Design Guide.  According to the Department of 
Defense, there are a few main areas that are at the highest risk for a potential attack: 
attached or basement parking structures, sidewalks, and publicly accessible spaces in 
the building (2009).  Since the New York Times Building has no public access to its 
basement level, and no parking structure, the most unrestricted location for a blast 
damage to originate was assumed to be near the public café area on the ground floor 
that sits along 8th Avenue in New York City.  This café is adjacent to a large column 
at a re-entrant corner that supports an area of 2825 square feet per floor.  The re-
entrant corner was also selected because it had the greatest effective area framing 
into it, and the column is exposed on the exterior of the building.  Of course, there is 
no way to predict whether or not this column is most susceptible, or that any other 
column would be more susceptible.  However, for the sake of scope, this column 
will be analyzed as the origination of a progressive collapse mechanism. 
 
 
STATIC ANALYSES 
 
The column removal scenario was then analyzed according to the 2003 General 
Services Administration Progressive Collapse Analysis Design Guidelines using the 
Linear-Elastic and Nonlinear-Elastic Methods.  The linear-elastic method utilizes a 
two-dimensional finite element model in ETABS to determine the response of the 
structure due to a removed column.  All beam members were assumed to be rigidly 
connected to the columns, and member sizes were taken from a typical floor of the 
New York Times Building.  The GSA factored load was applied as a point load at 
every floor above the removed column.  The induced moments and shears in 
adjacent members were then tabulated in Excel, and Demand Capacity Ratios were 
calculated based on the plastic moment of each member and compared to the 
minimum acceptable values.  Since members are required to be redesigned to meet 
the DCR values, the first time through the procedure was enough to prove that 
redesign was necessary; all members failed the flexural check and some failed the 
shear check, and redistribution of loads was not performed.  For each failed member, 
the required plastic moments of the beams above the removed column were found, 
and members were upsized using the 13th Edition Steel Manual.  These sizes and 
calculations are available in Table 12 of Appendix C.3.  The member sizes in the 
frame were all increased significantly to the point where cost would lead designers 
to question upsizing as a viable option.  This indicates that a linear-static analysis of 
the New York Times building is not the end-all solution; loads likely redistribute out 
to other frames as they move up the structure, but this method does not take that into 
account.  Figure 26 shows the deformation of the structure due to the removal of the 
reentrant corner column. 
 
The nonlinear-elastic method was performed by hand using a virtual work analysis 
(Figures 28 & 29 and Table 14, Appendix C.3).  The resisting frame was analyzed 
for plastic hinge formation on the beams at their supports, and values were obtained 
for the maximum allowable downward force.  At 154.1 kips per floor, this force was 
much less than the actual 397.8 kip force acting on the frame.  Consequently, it was 
necessary to redesign the system based on calculated required plastic moments.  A 
spreadsheet was developed to simplify the process, but below the 37th floor, the 
plastic moments required are larger than any rolled shape in the AISC manual, as Figure 26: Deformation due to 

column removal at grid B 
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shown in Table 13 of Appendix C.3.  Built-up members would have to be designed to provide this moment, but the cost and 
logistical implications of this redesign prove that it is not a viable option.  The mass of the sections is exponentially greater 
than that required for the gravity system, and the increased cost of rigid connections to carry this type of load would be much 
larger than those of the existing system.  This analysis also does not consider the contribution of any members other than 
those in this particular frame; in a real life situation, the load would likely be distributed to many more surrounding members.  
In addition, the virtual work method does not allow for a check of rotations, which is an essential part of the nonlinear 
dynamic procedure.  A nonlinear-elastic model can also be developed in ETABS, applying nonlinear hinges to resisting beam 
members with defined rotational and moment constraints.  However, this was not included in the scope of the structural thesis 
analysis. 
 
It was somewhat surprising that the linear-elastic model yielded such small members compared with the nonlinear-elastic 
analysis; however, this could be due to the use of virtual work and the redistribution of loads provided by the adjacent bays in 
the ETABS model.   
 
The third, nonlinear dynamic procedure utilizes a load combination of 1.0D + 0.5L, half of that required for the static 
procedures.  This considers the in- and out-of-plane member characteristics and load redistributions as a function of time, and 
it should be considered in further detail in a complete analysis of the building structure.  However, it is also not contained 
within the scope of this report. 
 
The Department of Defense’s Anti-Terrorism Standards for Progressive Collapse Resistant Structures Linear Static and 
Nonlinear Static Procedures were also considered as a comparison to the GSA procedures.  For these analyses, a finite 
element model must be created following modeling criteria and procedures discussed in Chapter 5 of ASCE 41.  There is no 
allowance for a two-dimensional or hand analysis to be performed, and the load combination required is Ω(1.2D + 0.5L), 
with the Ω increase factor depending on the element in question.  This amounts to a slightly higher applied load, as Ω is 
typically very close to 2 (DoD 2009).  In addition, these guidelines require that each primary member be labeled as either 
force- or deformation-controlled based on its failure mode.  Then, a model containing all primary elements is developed and 
results are compared using an LRFD-like method, i.e. φQ ≥ Qu, based on either force or deformation, instead of to a Demand-
Capacity Ratio.  A time-dependent loading is also applied to the structure for the nonlinear procedure to simulate the loading 
condition during a progressive collapse scenario.  Rotations from ASCE 41 are used to determine the adequacy of flexural 
members (DoD 2009).  Overall, the guidelines seem similar, with a few more multipliers, which were assumed to produce 
more refined results. 
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MASTER OF ARCHITECTURAL ENGINEERING INTEGRATION 
 
The Master of Architectural Engineering requirements for the structural senior thesis were met by integrating and further 
exploring knowledge obtained in many master’s courses.  Progressive collapse of building structures was discussed in the 
Failures and Forensics course as a problem affecting buildings with too little redundancy; it was demonstrated that this type 
of structural design could lead to disastrous results in the presence of an abnormal loading condition.  This course facilitated 
an interest in this type of domino-effect collapse that was explored further within the structural thesis.  In addition, 
knowledge of ETABS obtained in the Computer Modeling of Building Structures course was used extensively for all lateral 
and gravity models and analyses completed for the structural thesis.  These methods are explained thoroughly within their 
respective sections.  A thermal study was also completed as a mini-depth to cover all bases concerning the lateral system 
redesign.  References used for each of these studies can be found in the reference section of the report. 
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MECHANICAL ROOM RELOCATION 
 
To optimize the building’s use of enclosed floor space, the existing mechanical room on the 51st floor will be moved to a 
penthouse on the tower’s roof.  In most cases, the mechanical floors in the existing New York Times Building were 
underutilized in terms of floor space.  These low space requirements allowed for the 51st floor mechanical room to be easily 
relocated to the roof.  The existing equipment space requirements according to the design drawings are given below.  These 
areas include the clearance requirements for the equipment and also apply a 50% area allowance for connections to piping 
and ductwork. 

EQUIPMENT SPACE REQUIREMENTS FOR THE EXISTING 51st MECHANICAL FLOOR 
Equipment  Quantity  Total Area (sf) 

Domestic hot water pumps  3 14
Fire protection pump  1 7
Condensate pumps  2 48

Heating hot water pumps  2 24
Expansion tanks  2 20

Condensate cooler  1 16
Heat exchangers  2 32

Elevator shaft exhaust fan  2 24
General exhaust fan  1 12
Smoke purge fan  1 40
Outdoor air units  2 784

 
Subtotal 1,021

Total (including 50% distribution) 1,532
 

 
The existing roof had a few large items which took up a large portion of the area.  Four 10,000 gallon water tanks were used 
for domestic water and fire protection, 2,000 gallons and 7,500 gallons respectively.  Six cooling towers and a platform for 
which façade maintenance is performed surrounded the mast in the center of the floor plate.  In addition to these items, a five 
foot setback from the exterior walls was taken from the available open roof area for aesthetic purposes. T he relocated 
equipment fit well within the available space and the details are included below.  In addition, the relocated equipment will be 
placed within an insulated penthouse and equipped with unit heaters for freeze protection. 

 

Equipment  Quantity  Total Area (sf) 
Total available roof area (with 5’ setback)  ‐ 18,060

10,000 gallon domestic water tanks  4 420
Cooling towers  6 1,456

Façade maintenance platform  1 2,408
Relocated equipment  ‐ 1,532

   
Remaining roof area  ‐ 12,224

Table 4: Mechanical equipment area 

Table 5: Relocated mechanical areas 
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CONCLUSIONS 
The goals of the structural redesign phase included creating a penthouse level for high-end tenants to bring in revenue, and 
eliminating the need for the expensive architecturally-exposed X-braces.  This required an overall increase in stiffness of the 
rest of the lateral system.  In addition, one braced frame in the East-West direction was replaced with moment frames 
adjacent to the other two East-West braced frames on the floors above the 27th mechanical floor.  To create complete 
symmetry within the system, the two North-South braced frames were continued up the entire height of the structure with 
smaller bracing members.  Overall, 3.5% of the structural weight was saved through the redesign of the system.  This new 
system also met the criteria set up in the beginning for drift and periods, with the maximum wind drift at 17.9 inches (under 
the required 19.9 inches) and a period of 6.70 seconds in the North-South and 6.26 seconds in the East-West direction.   
 
Although the removal of the outrigger on the 51st floor also eliminated the possibility of a mechanical space at that level, the 
equipment was able to be relocated to the roof without a problem.  A study was done to determine the amount of space 
currently occupied by the mechanical equipment at the 51st floor; this area was compared to the total area available on the 
roof, which came out to be more than enough to allow relocation.  There are also no height restrictions on the roof, so the 
move did not create any other issues. 
 
Thermal movement of the exterior exposed columns was also considered, since the primary form of restraint was removed to 
create a penthouse floor.  It was determined that the optimal solution would be to add a truss to the roof, spanning between 
the exterior columns, in order to control the lengthening and shortening of these columns relative to the interior. 
 
The progressive collapse resistance of the structure was also analyzed according to the 2003 General Services Administration 
Progressive Collapse Analysis and Design Guidelines.  The New York Times Building was assumed to be a “high profile” 
structure, and a column at a reentrant corner was removed to initiate the progressive collapse loading condition.  This column 
was selected because it has exterior accessibility and supports the greatest total area of the exterior columns, although it is 
recognized that no one can predict a blast threat.  The GSA linear-static and nonlinear-static finite element procedures were 
both performed and proved that the building is not inherently progressive collapse resistant.  Members were redesigned based 
on the ratio of the demand to capacities of the members.  The linear-static procedure yielded much smaller required member 
sizes than the nonlinear-static procedure, but this is potentially due to the use of a virtual work analysis in replace of a 
nonlinear finite element model.  It was determined that a redesign of the entire building to mitigate progressive collapse 
would not be a viable option, due to the large size of upsized members and moment connections required. 
 
The 2009 Department of Defense Unified Facilities Criteria: Design of Buildings for Progressive Collapse was also studied 
thoroughly and compared to the GSA method.  These standards consider more parameters based on the individual beam, 
column, and connection elements, which possibly makes this analysis more accurate.  In addition, the load applied to the 
structure with this method has a larger dead load factor.  Instead of the DCR ratios, the DoD method utilizes an LRFD-like 
comparison for each member.  
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PHASE SUMMARY 

 
Phase IV: Distribution Systems and Coordination is the final phase of the analysis of the New York Times Building and 
consists of three distinct parts. First, several significant changes were made to mechanical and electrical systems in Phase II. 
In this phase, alternative means of distribution for these new mechanical and electrical systems were investigated with respect 
to both performance and cost. 

Next, in this phase the results of the design decisions made in Phases I-III are brought together and coordinated with one 
another using BIM-related software such as Autodesk Navisworks. It is important to note that the analysis and design that 
took place in the first three phases were constantly coordinated across all disciplines due to the heavy focus on integrated 
project delivery methods. BIM software was merely used as a tool to either affirm or refute the design choices made in earlier 
phases. 

After coordinating any design conflicts, the possibility of reducing critical path schedule time through the usage of 4D 
modeling and short interval production scheduling (SIPS) techniques will be analyzed for a typical floor. The results of the 
schedule changes will then be compared to the existing building with respect to a typical floor and with respect to the New 
York Times Building as a whole. 
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ELECTRICAL SYSTEMS DISTRIBUTION 
While investigating different possibilities for electrical distribution, an analysis of the option to change the existing feeder 
system in the New York Times portion of the building to an aluminum conductor, copper bus duct, or aluminum bus duct 
was performed.  The analysis is done from the existing distribution panels in the basement to the 38th floor as designed in the 
existing system.  The existing copper installation uses nine runs of four sets of 500 mcm copper cables within 3-1/2” conduit.  
Assumptions were made for the equivalent load from all nine sets of feeders supplying the floors.  The use of 500 mcm cable 
as the existing cable provides an idea of the load per set.  With the allowable load of 320 amperes per cable, it was assumed 
that a 300 ampere breaker would be used.  This 300 ampere load was multiplied by a 0.8 factor to allow for the overdesign of 
the conductors per NEC 2008 Section 215.2.A.1, and provided a 240A load potential for each set.  This, multiplied by the 
nine sets of feeders, results in a full load of 2160 amperes per side of the building. 

For estimating the lengths of each run, a basement height of 15 feet, basement horizontal run of 70 feet, basement ceiling to 
lobby height of 35 feet, floor to floor height of 13’-9” for the office floors, and an additional five feet per termination is 
added for installation.  For cost analysis, the 2007 RS Means cost based on 10% overhead and 10% profit were used with 
materials and labor added together.  This information yields the following results for each analysis. 

 

1 Comes from drawing IE.5100 

2 To find equivalent Aluminum size, table 310.169 in the 2008 National Electric Code (NEC) is used.  500 60oC cable can 
accommodate 320 amperes; the equivalent size in Aluminum is 750 mcm. 

3 Existing installation used 3-1/2” conduit; from drawing IE.5100 

4 Table C.1 in the NEC 2008 was used to find what size conduit for four (4) 750mcm cables. 

 

 

 

Conductors: 
 

Units  Mat + Lab  With O & P* 

  
Copper  500mcm  1  L.F.  $17.07  $19.99 

   Aluminum  750mcm  2  L.F.  $8.01  $10.18 
Conduit:             
   EMT  3‐1/2"  3 for copper L.F.  $22.30  $28.06 
   EMT  4"  4         For Aluminum L.F.  $24.98  $31.61 
Bus Duct:             
   Copper  2500A  L.F.  $835.52  $980.79 
   2500A ‐ Elbow  Ea.  $3,434.67  $4,054.37 
   2500A ‐ Cable Tap Box  Ea.  $5,127.94  $6,279.75 
   Aluminum  2500A  L.F.  $721.66  $827.70 
   2500A ‐ Elbow  Ea.  $3,462.02  $4,081.72 
      2500A ‐ Cable Tap Box  Ea.  $4,662.30  $5,639.63 
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500mcm ‐  Copper Conductors ‐ Existing Conditions 
 

From 
DP to 

Floor __ 

Length + 
5'per 

termination 

3‐1/2" ‐ Conduit 

Price  Length  Number  Total  Price  Length  Total 

4  $19.99  175  205  4  $16,421.79  $28.06  175  $4,921.02
7  $19.99  217  247  4  $19,750.12  $28.06  217  $6,089.02
10  $19.99  259  289  4  $23,078.46  $28.06  259  $7,257.02
13  $19.99  300  330  4  $26,406.79  $28.06  300  $8,425.02
16  $19.99  342  372  4  $29,735.13  $28.06  342  $9,593.01
19  $19.99  384  414  4  $33,063.46  $28.06  384  $10,761.01
22  $19.99  425  455  4  $36,391.80  $28.06  425  $11,929.01
25  $19.99  467  497  4  $39,720.13  $28.06  467  $13,097.01
28  $19.99  508  538  4  $43,048.47  $28.06  508  $14,265.00

TOTALS: $267,616.13  $86,337.11
Price per side  $353,953.24 

Price Both sides  $707,906.48 
 

 

750mcm ‐ Aluminum Conductors 
 

From 
DP to 

Floor __ 
Length + 5'per 
termination(6) 

3‐1/2" ‐ Conduit 

Price  Length  Number  Total  Price  Length  Total 
4  $10.18  175  205  4  $8,362.87 $28.06  175  $4,921.02 
7  $10.18  217  247  4  $10,057.84 $28.06  217  $6,089.02 
10  $10.18  259  289  4  $11,752.81 $28.06  259  $7,257.02 
13  $10.18  300  330  4  $13,447.78 $28.06  300  $8,425.02 
16  $10.18  342  372  4  $15,142.75 $28.06  342  $9,593.01 
19  $10.18  384  414  4  $16,837.72 $28.06  384  $10,761.01 
22  $10.18  425  455  4  $18,532.69 $28.06  425  $11,929.01 
25  $10.18  467  497  4  $20,227.66 $28.06  467  $13,097.01 
28  $10.18  508  538  4  $21,922.63 $28.06  508  $14,265.00 

TOTALS:  $136,284.75 $86,337.11 
Price per side  $222,621.86 

Price Both sides  $445,243.73 
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2500A ‐ Copper Bus Duct 

From DP to 
Floor __  Price  Units Length  Number  Total 

28  Bus  $980.79  LF  508  1  $498,609.12
Elbows / Up / Downs  $4,054.37  EA  ‐  5  $20,271.85

Taps  $6,279.75  EA  ‐  28  $175,833.00
Sub Total:  $694,713.97

Price per side $694,713.97 
Price Both sides $1,389,427.93 

 

 

 

2500A ‐ Aluminum Bus Duct 

From DP to 
Floor __  Price  Units Length  Number  Total 

28  Bus  $827.70  LF  508  1  $420,781.99
Elbows / Up / Downs  $4,081.72  EA  ‐  5  $20,408.60

Taps  $5,639.63  EA  ‐  28  $157,909.64
Sub Total:  $599,100.23

Price per side $599,100.23 
Price Both Sides  $1,198,200.46 

 
 
 

 

Results: 

Existing:  $707,906.48 
Aluminum Alternate:  $445,243.73 
Copper Bus:  $1,389,427.93
Aluminum Bus:  $1,198,200.46

 

As shown by the results, changing the risers from conductor in conduit to bus duct almost doubles the cost of the existing 
system.  However, the change from copper to aluminum conductors shows a savings of $262,662.75.  Economically, 
aluminum would be a better alternate for the existing system.  However, aluminum is vulnerable to expansion and contraction 
as it heats up when current begins to pass through the cable.  This movement could have adverse effects on connections by 
potentially pulling the cable out from a termination, causing damage and loss of power.  With this in mind, the existing 
system is a better overall choice. 

For this same run, a short circuit analysis was performed.  The importance of a short circuit analysis is to find the potential 
energy available at any point, should there be a major failure of any device at any point on the circuit.  This energy value 
helps size and determine the type of breakers, panel boards, and other critical equipment.  The higher the short circuit rating, 
the more potential energy available at the fault, thus the equipment must be designed to resist the massive energy release of 
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the fault. This could cause equipment to break or fall if improperly sized resulting in even more damage.  The energy flows 
from the distribution panel to the 28th floor into the lighting panel, and then goes into a 75kW transformer which ends in a 
208Y/120 volt general electrical load panel.  An Excel spreadsheet was created and used for this analysis. Please refer to 
Appendix IV.C for analysis and results. 

A circuit breaker coordination study was also done for this run.  The importance of this study is to ensure that if a fault occurs 
at any point along the branch circuit or anywhere along the load path, the nearest breaker reacts first in opening the circuit 
path.  If not done properly circuits that are not on the affected circuit may be shut off.  For this particular coordination, the 
following breakers were used: 1) 300A breaker in the distribution panel, 2) 150A breaker in the lighting panel LP-8-1 on the 
28th floor, and 3) 20A breaker leading to a lighting circuit.  For the results of this coordination and the timing curves, please 
refer to Appendix IV.A.  The results indicate a potential issue if a large fault occurs, which may trip both the 20A and the 
150A breakers depending on the amount of current drawn by the fault and also the duration of the fault.  An alternate 20A 
breaker may be needed.  For a specification sheet of the panel board that will be used in a standard electrical closet, please 
refer to Appendix IV.B.  The LP-8-1 panel was redesigned after the lighting redesign for the 8th floor.  The new loads applied 
to this panel are as follows: 

 

PANELBOARD SIZING WORKSHEET 
  

Panel Tag--------------------------> LP-8-1 Panel Location: 8th Floor Electrical (1) 
 Nominal Phase to Neutral Voltage-------> 277 Phase: 3   
Nominal Phase to Phase Voltage--------> 480 Wires: 4   

  
Po
s 

Ph
. Load Type 

Cat
. Location Load 

Unit
s I. PF Watts VA Remarks 

1 A Lighting 3 SW 2695 w 0.95 2695 2837   
2 A Lighting 3 S 2268 w 0.95 2268 2387   
3 B Lighting 3 SE 2895 w 0.95 2895 3047   
4 B Lighting 3 NW 2895 w 0.95 2895 3047   
5 C Lighting 3 N 2268 w 0.95 2268 2387   
6 C Lighting 3 NE 2695 w 0.95 2695 2837   
7 A SPARE 9   0 w 1.00 0 0   
8 A SPARE 9   0 w 1.00 0 0   
9 B SPARE 9   0 w 1.00 0 0   

10 B SPARE 9   0 w 1.00 0 0   
11 C SPARE 9   0 w   0 0   
12 C SPARE 9   0 w   0 0   
13 A SPACE     0 w   0 0   
14 A Subfeed 9   40000 w 1.00 40000 40000   
15 B SPACE       w   0 0   
16 B Subfeed 9   40000 w 1.00 40000 40000   
17 C SPACE       w   0 0   
18 C Subfeed 9   40000 w 1.00 40000 40000   

PANEL TOTAL 135.7 136.5 Amps= 164.3
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PHASE LOADING           kW kVA % Amps
PHASE TOTAL A         45.0 45.2 33% 163.3
PHASE TOTAL B         45.8 46.1 34% 166.4
PHASE TOTAL C         45.0 45.2 33% 163.3

  
LOAD CATAGORIES   Connected   Demand     Ver. 1.04 

    kW kVA DF kW kVA PF     
1 receptacles   0.0 0.0   0.0 0.0       
2 computers   0.0 0.0   0.0 0.0       

3 
fluorescent 

lighting   15.7 16.5   15.7 16.5 0.95     
4 HID lighting   0.0 0.0   0.0 0.0       

5 
incandescent 

lighting   0.0 0.0   0.0 0.0       
6 HVAC fans   0.0 0.0   0.0 0.0       
7 heating   0.0 0.0   0.0 0.0       

8 
kitchen 

equipment   0.0 0.0   0.0 0.0       
9 unassigned   120.0 120.0   120.0 120.0 1.00     
Total Demand Loads         135.7 136.5       

Spare Capacity   20%     27.1 27.3       
Total Design Loads         162.9 163.9 0.99 Amps= 197.2

 

These loads result in a panel board schedule as follows: 
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MECHANICAL DISTRIBUTION 
GENERAL SELECTION 

The conclusion of the air distribution study performed by the mechanical team was that although underfloor air distribution 
(UFAD) systems are appealing to owners, they have significant life-cycle performance issues which must not be overlooked. 
Further research by the design team has led to the conclusion that the UFAD system will be removed in favor of another 
means of air distribution. Citing an article published by the Testing Adjusting and Balancing Bureau, UFAD is a system with 
much potential, but more work needs to be done to perfect the actual implementation. Common pitfalls in UFAD systems 
include indoor air quality issues, water collection causing structural failure when sprinklers are activated, and most 
commonly thermal comfort issues stemming from under- or over-pressurization. UFAD may be an attractive system in the 
design stages, but experience proves that there are many conflicts which need to be resolved. 

Upon removal of the existing UFAD system as the primary means of air distribution, it was determined that a raised floor 
system would be an economical solution to meet the owner’s requirements of having a flexible floor plan. The new proposed 
raised floor would be 6 inches in height and provide convenient access to electrical, telecom and other utilities. The original 
proposal for the mechanical distribution system redesign was to compare an overhead ducted variable air volume (VAV) 
system with a dedicated outdoor air system (DOAS) utilizing active chilled beams (ACB).  However, it was found that it 
would not be practical to implement the all-air VAV option due to new space requirements for the structural redesign 
established in Phase III. The issue was that the main corridor through which all ductwork needed to pass was surrounded by 
stairwells and elevator shafts. The floor layout required two large ducts (approximately 24” by 80” each) to pass through a 
30’ beam. The team was not satisfied with this amount of structural penetration to be required on each floor. Figure 1 below 
depicts a recreation of the circumstance which caused the elimination of the VAV option. 

 

 
Figure 1: Beam and duct clash in core corridor 
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NEW SCOPE FOR REDESIGN 

The proposal for redesigning the New York Times Building indicated that both alternative systems would be evaluated based 
on first cost, life-cycle cost, maintenance considerations and occupant flexibility. Since only one system could actually be 
implemented, no comparison between the two systems was performed. Instead, the DOAS with ACBs option was researched 
concerning all of the above criteria. An energy model in TRACE was created for the typical floor, but it was only used for the 
purpose of sizing the floor-by-floor components and does not reflect the performance of the system in the building as a 
whole. 

 

CRITERIA FOR DOAS WITH ACBS REDESIGN 

Other than the obvious plenum space restrictions, DOAS was implemented with ACBs for two other reasons; demand 
controlled ventilation (DCV) was assumed to be necessary in the redesign because this technology was included in the 
existing HVAC system. DCV pairs very well with DOAS, because both systems seek to only use as much ventilation air as 
the real-time building conditions dictate. More on the implementation of DCV in the redesigned system is included later in 
this report. Secondly, DOAS with ACBs was chosen because the additional mechanical room space requirements were not an 
issue; the existing mechanical rooms were underutilized. 

Research suggests that DOAS in an office building is best implemented when the ventilation and heating/cooling 
requirements are decoupled. ASHRAE Std. 62.1 provides criteria for ventilation air requirements of typical occupancy types. 
Oftentimes, the amount of ventilation air alone is not enough to meet the thermal requirements of the space. Traditional all-
air HVAC systems have an outdoor air percentage of around 20% to 40% of total air volume, which is more than enough air 
to effectively manage the temperature of the space. 

The goal of a DOAS system with decoupled heating and cooling is to remove all latent loads by the use of an outdoor air 
unit, and then deliver the dry ventilation air into the space for further sensible load removal. A major design consideration is 
to ensure that the dew point is low enough so that condensation will never occur on the terminal units (in the case of this 
design, the terminal units are the ACBs). If the dew point is reached, water damage and long-term indoor air quality issues 
may arise. For this reason, latent loads must be precisely managed by reducing infiltration and monitoring humidity within 
the space. Research conducted by Dr. Stanley Mumma indicates that a dew point of 45ºF is the recommended benchmark to 
maintain year-round humidity control. In addition, compliance with ASHRAE Std. 55 can be achieved under summer 
conditions with a supply air temperature of no higher than 55ºF. As long as the system and building operators are proactive 
about moisture control, this system should cause no significant long-term maintenance issues that are out of the ordinary for 
all mechanical systems. 

Some additional considerations for ACBs add a new layer of complexity to the mechanical system. The reduced quantity of 
air being delivered to the space requires better air mixing properties of the terminal unit. An active chilled beam design guide 
published in the ASHRAE Journal suggests that mixing ratios (discharge air to primary air) of up to 6:1 can be achieved. The 
redesign specifies a lower value of 5:1 for acoustic reasons. To ensure the proper mixing ratio is met, the static pressure at the 
terminal unit must be fairly high. For proper air induction, a value of 0.8 in. wg will be maintained at the terminal unit. 
According to ASHRAE Std. 55, occupants can tolerate higher air velocities is the discharge air temperature is closer to the 
space condition. For this reason, a discharge air temperature for the cooling mode of 64-66ºF at 30 [fpm] should be 
maintained. To ensure that the dew point is never met within the space, the temperature of the chilled water running through 
the ACB must be lowered. The design guide suggests raising the chilled water supply temperature to 57-61ºF.  Instead of 
raising the chiller plant setpoints, a tempered chilled water loop for each floor will maintain the proper coil temperature. 
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SYSTEM SELECTION 

Figure 2 below depicts the general zoning scheme for a typical office floor. The redesigned mechanical system will mostly be 
comprised of chilled beams, using TROX as the basis of design (included in Appendix IV.D). Perimeter zones will be heated 
by finned tube radiators concealed within the raised floor. Perimeter finned tube was chosen so that when a floor has a 
heating request in the unoccupied mode, the OAU serving half the building does not need to turn on. The perimeter finned 
tube also modulates to meet heating demand under normal operation conditions. Any miscellaneous zones that have high 
heating loads, such as telecommunications and electric rooms, are served by fan coil units.  The typical floor plan was 
divided into quadrants, the purpose of which will be discussed in the next section. 

 

SYSTEM COST ESTIMATE 

The following table represents a general cost estimate for the total cost of installing the DOAS/ ACB mechanical system. All 
cost data was obtained from RS Means Costworks (Online Database) 

Material  Quantity  Unit  Unit Cost  Cost Per Floor  Cost for NYT Spaces 
Ductwork and Connections  11,400  lb  $0.76  $8,664.00  $242,592.00
Chilled Beams  161  EA  $800.00  $128,800.00  $3,606,400.00
VAV Box and Connections  44  EA  $18.00  $792.00  $22,176.00
Outdoor Air Units  2  EA  $26,100.00  ‐  $52,200.00

Labor  Quantity  Unit  Unit Cost  Cost Per Floor  Cost for NYT Spaces 
Ductwork and Connections  11,400  lb  $8.86  $101,004.00  $2,828,112.00
Chilled Beams  161  EA  $217.00  $34,937.00  $978,236.00
VAV Box and Connections  44  EA  $57.33  $2,522.52  $70,630.56
Outdoor Air Units  2  EA  8778  ‐  $17,556.00

     

Total: $276,719.52  $7,800,346.56
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Figure 2: Mechanical zoning plan 
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SYSTEM OPERATION 

The airflow diagram below depicts a general schematic for the operation of the redesigned mechanical system. The hydronic 
and CHP diagrams from Phase II have been revised to reflect the new requirements of the DOAS with ACB system and are 
included in Appendix IV.E. The air states were based on design guidelines obtained from research and psychometric 
calculations. These calculations can be found in Appendix IV.F. The general operating characteristics for the system are as 
follows: 

• Outdoor Air Unit 
o The purpose of the steam preheat coil is for freeze protection of the energy wheel. 
o The OAU supply fan is sized according to ASHRAE Std. 62.1 OA requirements for a total of 25 floors 

using a diversity factor of 0.8. 
 Supply fan size: 55,000 [CFM] 

o The energy wheel rotates between the two airstreams with an effectiveness of 0.64. 
 This effectiveness was calculated based on uneven flow due to building pressurization. 

o The steam humidifier operates in the winter when space humidity ratio is below 0.006 [lb H2O/lb DA]. 
o The cooling coil modulates to meet the required supply air dew point temperature. 

• Floor-by-floor 
o The supply fan for each floor is sized to meet the ASHRAE Std. 62.1 minimum ventilation requirements 

plus an additional 30%. This amounts to a 2,500 [CFM] supply fan. 
o A TRACE model of a typical floor was created to size the peak terminal unit cooling load. The zone-by-

zone chilled beams were sized using this criteria. 
o The tempered chilled water loop consists of a constant volume pump and a heat exchanger connected to the 

building chilled water loop. A three-way valve regulates the flow through the heat exchanger to meet the 
tempered chilled water setpoint. 

o The zone thermostat controls the amount of tempered chilled water flowing through the chilled beams. The 
thermostat can also reset the supply air temperature if all zones are not requiring terminal cooling. 

o The occupancy sensor is to be installed in all single-zone rooms. The occupancy sensor will allow the VAV 
box to reset back to the ASHRAE Std. 62.1 specified room area ventilation requirement instead of the total 
ventilation requirement. 

o A CO2 sensor is installed in the return duct of every floor quadrant to reset the floor-by-floor supply fan if 
the minimum CO2 concentration is met. 

o A relative humidity sensor is installed within the breathing zone of each floor quadrant. If the space 
condition is reaching the dew point on the coils, the temperature of the tempered chilled water is reset. 
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Figure 3: Air flow diagram 
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TEAM WORKFLOW FOR COORDINATION PHASE 
 

OVERVIEW 
It is extremely important to note one key point about Phase IV: Systems Coordination: this phase was not the first time any 
interdisciplinary coordination was performed.  Due to the heavy focus on Integrated Project Delivery, large and medium scale 
coordination took place across all disciplines on a near-daily basis throughout each of the first three project phases. The 
purpose of Phase IV: Systems Coordination was to focus exclusively on smaller-scale details- more specifically, the precise 
placement of building technical systems and their relationship to each other and the architecture of the New York Times 
Building. 

At the beginning of Phase IV: Systems coordination, every other phase had been completed in its entirety. Aside from 
architecture, the work of design disciplines had been completed in specialized design software tailored to each specific 
discipline. There are two negative aspects of this workflow. First, excepting ETABS and RAM Structural System, many of 
these specialized software suites do not readily export their proprietary file formats into one that is utilized by BIM software. 
Secondly, as in the case of Trane TRACE, three dimensional modeling is not always considered by discipline specific 
software packages- some are used purely for calculation purposes and require separate modeling software. Autodesk Revit 
was chosen to be the primary modeling software for coordination, and one key feature, called Worksets, greatly increased 
interdisciplinary productivity. 

 
BACKGROUND INFORMATION: WORKSETS 
The chief feature of Autodesk Revit that allowed for interdisciplinary collaboration was the use of worksets. In many design 
firms that house multiple disciplines, a file management system is often in place that allows a group or a single individual to 
access a central database and “check out" a drawing for their own personal use, preventing others from accessing it until it is 
returned to the database. In an interdisciplinary design firm utilizing standard CAD files, most utilize a system of external file 
references and layers that allow them to have access to constantly-updated work of other disciplines and select which 
information they want to see at any given time, respectively. 

Worksets in Autodesk Revit give design team members the ability to incorporate the functions of file withdrawal, the ability 
to reference the work of others, the ability to selectively view only information that is relevant to them, and the ability to have 
real-time updates from the work of other project team members.  

Worksets are able to be defined in any way the user chooses; for the purposes of this analysis, each workset was defined very 
similarly to how layers are defined for a typical CAD drawing in an interdisciplinary design firm. Workset groups were 
created on a discipline by discipline basis (through naming designation) and then further categorized in greater detail (e.g.- 
specific equipment or fixtures) through the use of individual worksets. Figure 4 shows an open workset window. 
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The file structure of a project utilizing a workset method is vastly different than a project in a standard CAD format. When 
working on a project utilizing a standard CAD program, a large number of files are generated in order to communicate 
different aspects of the building. For instance, each floor is likely to be drafted architecturally, and then every other design 
discipline will reference this in their own system-specific drawings. When working with worksets, one central file exists and 
one local copy of the central file is created for each user.  

In most cases, a user will only have access to their own local file. This local file essentially serves as a viewport into the 
central file; from the local file, a user can select which worksets from the central file they want to view, and which they want 
to have editing rights to by opening or setting the workset as editable, as shown in Figure 4 above. It is important to note that 
multiple project team members are able to open the same workset to view it for reference purposes, whereas only one user at 
a time can edit any given workset. Each workset that is being edited will display which user currently has editing rights 
(ownership) of the file, as indicated by the user "CJW5027" in Figure 4. 

After opening the appropriate worksets from the central file for reference and selecting which worksets require editing 
permissions, a user then selects which editable workset they wish to work on.  This is a direct analogy to choosing which 
specific layer to work on in a standard CAD file. Within an active workset, new elements can be added to that workset and 
existing elements can be modified. 

Figure 4: Shows a combination of worksets that are opened (viewable) and not editable (checked out), worksets that are 
editable by user CJW5027 but not opened, worksets that are opened but not editable, and worksets that are both checked out 
and editable. 
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TEAM COLLABORATION PROCESS 

 

TASK FOCUSED VS. DISCIPLINE FOCUSED 

In a typical design-bid-build delivery method, there are usually separate discipline-based firms (or departments within a firm) 
that work more or less independently from one another and coordinate at specific meeting times.  Documents typically flow 
very linearly from one discipline to another, with each one adding to the design in succession and avoiding conflicts with the 
disciplines ahead of them. 

Even if all of the disciplines are within the same firm, the integration between disciplines will not be as effective as if it had 
been a true integrated design project. Many systems have symbiotic relationships with one another and addressing them as a 
whole rather than how it impacts one particular discipline will be exponentially more effective for the building as a whole in 
comparison to standard design methods. 

Information obtained from the book of the integrative design consultancy 7group, titled The Integrative Design Guide to 
Green Building, was instrumental in designing the workflow and overall team collaboration process. In essence, the total 
project was divided into different successive phases (similar to bid packages on a fast-track design/build project) in which 
each discipline could offer design and construction feedback.  In theory, if each phase is integrated across multiple 
disciplines, the entire project will be much more integrated upon completion.  

This work pattern also has the inherent advantage of allowing for constant coordination across the design and construction 
periods of building construction. If one discipline intends to utilize a certain system, it is nearly guaranteed that other 
disciplines affected by this decision will be able to offer critical design feedback much earlier in the design phase and resolve 
any potential conflicts. In some cases, it is even possible for multiple designers to amplify the positive effects of another 
discipline by selecting systems that have more symbiotic relationships with one another. 

In this configuration, leaders are more likely to emerge naturally based on experience in any given area, yet still allow for 
others to voice their opinions and expertise on any design phase. The fluid nature of leadership in a true integrated design 
project helps keep interpersonal tensions to a minimum and can increase overall team productivity. 

 



IPD/ BIM THESIS: TEAM II        PHASE IV: DISTRIBUTION SYSTEMS AND COORDINATION 
 

 
THE NEW YORK TIMES BUILDING             COORDINATION RESULTS  |  135 
BONFANTI | CLARKE | COX | WIACEK   

COORDINATION RESULTS 

 

OVERVIEW 
The coordination process of the team was streamlined significantly due to the focus on integrated design from the outset of 
the project. Constant communication across multiple media allowed most coordination issues to be resolved well in advance 
of the systems coordination phase. 

Due to difficulty in obtaining accurate information from the core and shell contractor (Amec), the coordination process 
focused entirely on the interior fit out phase (Turner portion) of the project. One typical New York Times floor was to be 
modeled and analyzed in BIM-related software to investigate interdisciplinary conflicts and potential resolutions. Choosing 
to model one floor allowed for all major changes to be represented, while still having an appropriate baseline to compare to in 
the existing design. 

 

CLASH DETECTION 
The results of the first Navisworks clash detection analysis for the proposed redesign are shown Figure 6. Above all else, it is 
important to note that there were zero clashes between a very large number of major system elements. This can be attributed 
to the heavy focus on Integrated Project Delivery from the early stages of the project- any potential coordination issues were 
known and solved well in advance of them becoming a major conflict, and well in advance of final design integration. 

Every redesigned system was included in the clash detection model; however, several items were omitted from the analysis 
that would have been included in a model intended for construction. Most notably, sprinkler heads and lines, plumbing lines, 
and electrical conduit have been omitted.  However, if these systems had been integrated into the coordination model, it is 
safe to assume that there would have been minimal coordination issues due to a large amount of open plenum space. In most 
cases there will be approximately 9" to 11" of open plenum space to run overhead plumbing and sprinkler lines. The 
electrical conduit is run through a raised access floor with 6" of plenum space- it is assumed that this is more than sufficient 
for the distribution purposes of any one floor. 

Several important parameters used in the clash detection process are shown in Figure 6- Type, Tolerance, Found, and Left/ 
Right were the most relevant factors to this analysis. A "Hard" clash type refers to the situation in which two objects 
physically occupy the same space. This can be changed to "Clearance" or "Duplicates" to signify when two objects do not 
intersect physically but do come within a specified radius or are identical geometry overlaid on top of one another, 
respectively. A tolerance of zero indicates that any physical infraction will be labeled as a clash by the analysis program. The 
Found number indicates how many clashes were found in the analysis. The Left and Right panes indicate which systems are 
being checked for clashes; the systems in the Left pane are being examined for clashes with systems in the Right pane. In this 
particular case, clashes between the structural system and itself were not analyzed because meeting points between structural 
elements currently register as hard clashes. 
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Figure 6: Navisworks clash detection 
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TRADE FLOW AND SCHEDULE ANALYSES 
After finishing physical and sequential coordination processes, analysis of the 4D construction model allowed led to the 
creation of six distinct assembly zones as shown in Figure 7. These zones were intended to stagger the trades as closely as 
possible in a manner very similar to a Short Interval Production Schedule (SIPS) by dividing the work into equal portions. 
Each trade is intended to enter the next zone as the trade in front of them completes work. 

 
 

Excepting the crews installing ductwork and chilled beams, each trade was assumed to have the same daily output work rate 
as in the construction of the existing building. In the case of the sheet metal contractors, two crews were necessary in order to 
cut back on a very high schedule time (40 days based on RS Means daily output of 285 pounds of sheet metal installed/ day); 
two crews were also required for the installation of the chilled beams (160 units total at 6 units per day per crew, 13.3 days 
total). 

 
SCHEDULE REDUCTIONS AS A RESULT OF ANALYSIS 
In the case of the original interior fit out, the schedule was controlled by the placement of the UFAD mechanical components, 
as shown in Appendix IV.G. While this system may have streamlined the coordination process in the original design, the 
system was also a significant barrier to tightly coordinating trades in a short interval production style schedule. 

Figure 7: Six construction zones for the short interval production schedule 
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In the redesigned dedicated outdoor air system with active chilled beams, the schedule was still controlled by the installation 
of the mechanical system. However, due to the simplicity of the overhead system, trades could be sequenced much closer 
together in a near SIPS-style pattern. This resulted in a savings of 6.33 days per floor on the interior fit out portion of 
construction- applied to all of the NYT spaces, this will reduce the total fit out time (and allow sooner owner occupancy) by 
178 days total. 

Total Interior Fit Out Time (Days) 

 Typical Floor Schedule Savings in NYT Spaces 
   

Existing Building 77 0 
   

Redesigned Building 70.67 177.27 

 

For more detailed schedule information on the interior fit out spaces, please refer to Appendix IV.H. 
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CONCLUSIONS 

Changing the risers from conductor in conduit to bus duct almost doubles the cost of the existing system.  However, when 
considering aluminum conductors there is a potential savings of $262,662.75. Unfortunately, aluminum is vulnerable to 
expansion and contraction as it heats up when current begins to pass through the cable- this movement could have adverse 
effects on connections by potentially pulling the cable out from a termination, causing damage and loss of power.  Based on 
these factors, the existing conductor in conduit design is a more economically and technically viable solution. 

Due to space limitations, the only proposed system that would work within the redesigned building was the dedicated outdoor 
air system with active chilled beams. The redesigned system is more complex than the UFAD or ducted VAV systems, but it 
provides superior comfort throughout the year. Even though a whole building energy model was not created for the DOAS 
with ACBs option, a previous energy study conducted by the mechanical team indicated that this system has lower operating 
cost and energy use compared to the baseline system. 

Based on the results of the 3D coordination analysis analyzed with BIM-related software, the integrated project delivery 
focus was very successful having preemptively eliminated clashes between any major building system. By using the 
integrated model for a typical floor, a SIPS technique was used to reduce the completion time per floor by almost 7 days, 
accounting for a reduction in 177 days of interior fit out time. 
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SUMMARY OF ANALYSES 
 
PHASE I: FACADE REDESIGN 

 Increased potential energy savings from dimming while decreasing overall energy load 
 Reduced number of fixtures required per floor by approximately 50% 
 Minimized direct solar glare 
 Maintained architectural and owner vision of building transparency 
 Reduced the annual energy consumption by 23% 

 
PHASE II: COGENERATION PLANT REDESIGN 

 Devised a method for building operators to implement a cap on purchased peak electrical demand 
 Increased the installed electric generating capacity from 1,400 kW to 3,265 kW 
 Reduced the annual building operating costs by 20% compared to the existing CHP system 

 
PHASE III: LATERAL SYSTEM REDESIGN 

 Redesigned moment and braced frame lateral system eliminates inherent torsion and reduces required steel 
by 3.5% while maintaining Thornton Tomasetti's performance requirements 

 Removed outrigger at 51st floor to create two additional rentable floors (including a penthouse) to bring in 
additional revenue 

 Analyzed building for progressive collapse resistance; analysis indicates it is not currently resistant 
according to GSA and DoD standards, but increasing sizes based on static methods does not seem to be a 
cost effective option 

 
PHASE IV: DISTRIBUTION SYSTEM AND COORDINATION 

 Concluded that bus ducts were not a cost effective replacement for wire in conduit 
 Replaced existing UFAD system with a more simple raised floor for utility access 
 Chose DOAS with ACBs because of reduced space requirements and superior thermal comfort 
 Focused on team IPD to allow for constant coordination; zero system clashes were found on the first clash 

detection analysis 
 Achieved a 177 day schedule reduction for the interior fit out portion of the project- 3D coordination model 

allowed for the creation of 4D models that ultimately aided in utilizing SIPS techniques 
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SUMMARY OF FINANCES 
The costs shown below only reflect those of systems that have been suggested for implementation based on 
technical analysis. Negative numbers reflect an increased cost, whereas positive numbers represent a savings. 

 

Phase I: Façade Redesign*     

 Material Labor Typical Floor Cost Total Building Cost 

Existing Façade $810,414 $45,383,218 $1,606,293 $83,527,260 
Redesigned Façade $1,343,285 $75,223,990 $2,153,700 $120,607,208 

 
Difference -$532,871 -$29,840,772 -$547,407 -$37,079,948 

 
Phase II: Cogeneration Plant Redesign 

 Equipment Cost Labor Annual Operating Costs Payback Period 

Existing CHP Plant $3,673,500.00 $114,750.00 $10,983,700.00 - 

Redesigned CHP Plant $6,708,800.00 $255,000.00 $8,773,200.00 3.15 Years 

Difference -$3,035,300.00 -$140,250.00 $2,210,500.00 
 

* Additional first costs do have a significant impact on energy savings, which are reflected in the annual operating costs shown in Phase II. 

 
The rise in first costs coupled with the large annual savings can have significant impacts on loan repayment, as 
shown below: 
 

Interest 
Rate 

Number of 
Annual 

Payments 

Present Value of 
Loan 

Current Annual 
Payment 

Future Value of 
Loan at End of Loan 

Period 

Annual Savings 
Applied to 
Payments 

Potential PV of 
Loan w/ savings 

applied to payments

Potential 
NP w/ 

savings 
applied to 
payment 

0.015 25 $1,041,000,000.00 ($50,242,255.52) ($1,256,056,387.88) ($2,210,500.00) $1,086,800,700.55 23.74 

0.02 25 $1,041,000,000.00 ($53,320,476.39) ($1,333,011,909.81) ($2,210,500.00) $1,084,156,600.53 23.73 

0.025 25 $1,041,000,000.00 ($56,501,233.81) ($1,412,530,845.22) ($2,210,500.00) $1,081,727,084.08 23.72 

0.03 25 $1,041,000,000.00 ($59,782,413.75) ($1,494,560,343.79) ($2,210,500.00) $1,079,491,762.97 23.71 

0.035 25 $1,041,000,000.00 ($63,161,670.86) ($1,579,041,771.57) ($2,210,500.00) $1,077,432,388.01 23.69 

0.04 25 $1,041,000,000.00 ($66,636,453.26) ($1,665,911,331.52) ($2,210,500.00) $1,075,532,607.72 23.67 

0.045 25 $1,041,000,000.00 ($70,204,028.19) ($1,755,100,704.71) ($2,210,500.00) $1,073,777,755.91 23.65 

0.05 25 $1,041,000,000.00 ($73,861,508.05) ($1,846,537,701.21) ($2,210,500.00) $1,072,154,664.46 23.63 
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APPENDIX I.A:  HEAT AIR AND MOISTURE (HAM) WALL 

REPORTS
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APPENDIX I.B:  WALL SECTIONS
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APPENDIX I.C:  ENERGY MODELING REPORTS 
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Trane TRACE Results Summary 
Baseline Redesign Percent Reduction [%] 

Envelope Loads 
Cooling Coil Peak [Btu/h] 447,375 182,861 59.1 
Heating Coil Peak [Btu/h] 321,391 182,164 43.3 

Internal Loads 
Cooling Coil Peak [Btu/h] 194,499 194,499 NA 
Heating Coil Peak [Btu/h] 0 0 NA 

Total Loads 
Cooling Coil Peak [Btu/h] 843,642 544,623 35.4 
Heating Coil Peak [Btu/h] 460,150 364,238 20.8 

Energy Density 
Cooling Density [Btu/hr-ft^2] 39.7 25.7 35.3 
Heating Density [Btu/hr-ft^2] 51.9 30.6 41.1 

Energy Consumption 
Electrical Consumption [kWh] 281,009 230,785 17.9 
Natural Gas Consumption [kBtu] 829,277 489,163 41.0 
Total Building Energy [kBtu/yr] 1,788,361 1,276,830 28.6 
Total Source Energy [kBtu/yr] 3,750,464 2,878,147 23.3 

 

IES Results Summary 
Baseline Redesign Percent Reduction [%] 

Cooling Peak Load [Btu/h] 824,700 479,900 41.8 
Heating Peak Load [Btu/h] 536,200 454,100 15.3 

Cooling Density [Btu/hr-ft^2] 34.0 20.0 41.2 
Heating Density [Btu/hr-ft^2] 26.0 19.0 26.9 
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iW Reach Powercore
8° Spread Lens
Intelligent white LED floodlight for signature façades and structures

Date: ______________________________ Type: __________________________

Firm Name: _______________________________________________________

Project: __________________________________________________________

iW® Reach Powercore, the intelligent white 
light version of our flagship, high-performance 
exterior architectural floodlight, is the first LED 
fixture powerful enough to brilliantly illuminate 
large architectural façades with washes of white 
light in color temperatures ranging from a warm 
2700 K to a cool 6500 K. iW Reach Powercore 
combines all the benefits of LED-based lighting 
in an elegant fixture specifically designed for 
large-scale installations, such as commercial 
skyscrapers, casinos, large retail exteriors, bridges, 
piers, public monuments, and themed attractions. 
With significantly more lumen output than any 
other competitive fixture and unprecedented light 
projection of over 800 ft (243.8 m), this powerful 
fixture represents the next generation in exterior 
illumination. 

•	 Integrates Powercore® technology — 
Powercore technology rapidly, efficiently, and 
accurately controls power output to iW 
Reach Powercore fixtures directly from line 
voltage. The Philips iW Data Enabler merges 
line voltage with control data and delivers 
them to the fixture over a single standard 
wire, dramatically simplifying installation and 
lowering total system cost. 

•		 Unparalleled light output — With an output 
of over 10,000 lumens and light projection of 
over 800 ft (243.8 m), iW Reach Powercore is 
the first fixture to offer legitimate LED-based, 
color-controllable white light illumination of 
large-scale structures and objects.

•	 Wide range of color temperature and 
brightness — Channels of warm white and 
cool white LEDs produce color temperatures 
ranging from 2700 K to 6500 K. Fixture 
brightness can be adjusted while varying or 
maintaining constant color temperature. 

•	 Versatile optics — Exchangeable spread lenses 
of 8°, 13°, 23°, 40°, 63°, and an asymmetric 
5° x 17° support a variety of photometric 
distributions for a multitude of applications, 
including spotlighting, wall grazing, and 

	

asymmetric wall washing. Bezel and gasket ship 
with spread lenses for easy user installation.

•		 Simple fixture positioning — Rugged, slim-
profile mounting bracket allows simple 
positioning and fixture rotation through a full 
360°. Side locking bolts reliably secure fixture 
with standard wrench.

•	 Universal power input range — iW Reach 
Powercore accepts a universal power input 
range of 100 to 240 VAC, allowing simple, 
location-independent installation. 

For detailed product information, please refer to 
the iW Reach Powercore Product Guide at www.
colorkinetics.com/ls/intelliwhite/iwreach/

Ø.53 in
(13 mm) 4X

3 in
(76 mm)

6 in
(152 mm)

3.5 in
(89 mm)

1.5 in
(38 mm)

27.25 in
(692 mm)

Ø1.05 in
(27 mm)

13.6 in
(345 mm)

28.9 in
(734 mm)

4.8 in
(122 mm)

20.5 in
(521 mm)

18 in
(457 mm)

5 in
(127 mm)

12 in
(305 mm)



Philips Color Kinetics
3 Burlington Woods Drive
Burlington, Massachusetts 01803 USA
Tel 888.385.5742
Tel 617.423.9999
Fax 617.423.9998
www.colorkinetics.com

Copyright © 2009 Philips Solid-State Lighting Solutions, Inc.  All rights reserved. 
Chromacore, Chromasic, CK, the CK logo, Color Kinetics, the Color Kinetics logo, ColorBlast, 
ColorBlaze, ColorBurst, ColorGraze, ColorPlay, ColorReach, DIMand, EssentialWhite, eW, iColor,  
iColor Cove, IntelliWhite, iW, iPlayer, Light Without Limits, Optibin, and Powercore are either 
registered trademarks or trademarks of Philips Solid-State Lighting Solutions, Inc. in the United 
States and/or other countries. All other brand or product names are trademarks or registered 
trademarks of their respective owners. Due to continuous improvements and innovations, 
specif ications may change without notice.

DAS-000030-02 R01 08-09

For lux multiply fc by 10.7

Specifications 
Due to continuous improvements and innovations, specifications may change without notice.

iW Reach Powercore fixtures are part 
of a complete line-voltage system which 
includes fixtures and:

•	One or more iW Data Enablers.

•	One Leader Cable to connect each 
fixture to a junction box or iW Data 
Enabler.

•	4-conductor copper wire to connect 
fixtures in series or in parallel. 

•	 iW Scene Controller (up to four per 
single run of iW Data Enablers).

For detailed product information, please refer 
to the iW Reach Powercore Product Guide 
at www.colorkinetics.com/ls/intelliwhite/
iwreach/

† Lumen measurement complies with IES LM-79-08
‡ See iW Reach Powercore Product Guide for specific applications
*	These figures, provided as a guideline, are accurate for this configuration only.  Changing the configuration 
	  can affect the fixture run lengths.

Item Specification Details

Output

Beam Angle 8° / 13° / 23° / 40° / 63° spread lenses, 
5° x 17° asymmetric spread lens

Lumens† 4,902 (8° spread lens, half unit)

Color Temperature 2700 K – 6500 K

Efficacy (lm/W) 39.2 (8° spread lens, half unit)

CRI 68.5

Mixing Distance 50 ft (15.2 m) to uniform light

Lumen Maintenance‡ 70,000 hours L70 @ 25° C    37,000 hours L70 @ 50° C  
90,000 hours L50 @ 25° C    68,000 hours L50 @ 50° C 

Electrical

Input Voltage 100 – 240 VAC, auto-switching, 50 / 60 Hz

Power Consumption 250 W maximum at full output, steady state (full unit)

Power Factor .981 (8° spread lens, half unit)

Physical

Dimensions 
(Height x Width x Depth) 20.5 x 28.9 x 4.8 in  (521 x 734 x 122 mm)

Weight 75 lb (34 kg)

Effective Projected Area 
(EPA) 0.42 m2

Housing Die-cast aluminium, powder-coated finish

Lens Tempered glass

Fixture Connections 6 ft (1.8 m) unified power / data cable

Operating Temperature -40° – 122° F  (-40° – 50° C) Operating 
-4° – 122° F  (-20° – 50° C) Startup

Humidity 0 – 95%, non-condensing

Fixture Run Lengths 
Per iW Data Enabler*

5 @ 110 VAC
6 @ 120 VAC
11 @ 220 VAC
12 @ 240 VAC

Configuration: 
20 A circuit, standard 6 ft (1.8 m) Leader 
Cables, 5 ft (1.5 m) jumper cables

Certification 
and Safety

Certification UL / cUL, FCC Class A, CE

LED Class Class 2 LED product

Environment Dry / Damp / Wet Location, IP66

23°

40°

63°

13°

8°

17 º

5°

Half

Full

8° Spread Lens
Photometrics

Without spread lens, half unit

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

20993 fc

5248 fc

2333 fc

1312 fc

840 fc

583 fc

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

�� Vert. Spread: 5.4º
�� Horiz. Spread: 5.4º

Polar Candela Distribution

Illuminance at Distance

579 ft (176.5 m)  
1 fc maximum distance 

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
335892
40839
1558
475
315
201

0
0
0
0
0

335892
41410
1571
482
304
148

0
0
0
0
0

335892
40649
1556
463
275
158

0
0
0
0
0

335892
40264
1565
472
270
165

0
0
0
0
0

335892
40961
1586
492
320
208

0
0
0
0
0

Cd: 0

56,000

112,000

168,000

224,000

280,000

336,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Power Consumption 125 W
Lumens 5,406
Efficacy 43.2 lm / W 

Polar Candela Distribution

Illuminance at Distance

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
148168
44700
1284
452
294
134

9
2
0
0
0

148168
49240
2059
566
273
146
40
6
0
0
0

148168
52562
4818
749
317
179
74
18
0
0
0

148168
54461
15513
1525
409
224
108
40
9
0
0

148168
46114
1410
474
241
143
16
1
0
0
0

Cd: 0

24,833

49,667

74,500

99,300

124,167

149,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

9261 fc

2315 fc

1029 fc

579 fc

370 fc

257 fc

0.5 ft

1.1 ft

1.6 ft

2.1 ft

2.7 ft

3.2 ft

0.6 ft

1.2 ft

1.7 ft

2.3 ft

2.9 ft

3.5 ft

�� Vert. Spread: 7.6º
�� Horiz. Spread: 8.3º

385 ft (117.3 m) 
1 fc maximum distance 

Power Consumption 125 W
Lumens 4,902
Efficacy 39.2 lm / W 

Item Type Item Number Philips 12NC

iW Reach Powercore 
Includes 6 ft (1.8 m) leader cable

UL / cUL  
and CE / PSE 523-000045-00 910503700625

Replacement Leader Cable 
6 ft (1.8 m)

UL / cUL 108-000043-02 910503700453

CE / PSE 108-000043-03 910503700454

iW Reach Powercore  
Spread Lens with bezel

13° 120-000068-00 910503700506

23° 120-000068-01 910503700507

40° 120-000068-02 910503700508

63° 120-000068-03 910503700509

5° x 17° 120-000068-04 910503700510

8° 120-000068-05 910503700511

iW Data Enabler UL / cUL 506-000001-00 910503700190

iW Data Enabler / Data Enabler Aux 
For CE / PSE installations only 506-000001-01 910503700791

iW Scene Controller 503-000001-00 910503700189
 Use Item Number when ordering in North America.

Fixtures and Accessories



iW Reach Powercore
13° Spread Lens
Intelligent white LED floodlight for signature façades and structures

Date: ______________________________ Type: __________________________

Firm Name: _______________________________________________________

Project: __________________________________________________________

iW® Reach Powercore, the intelligent white 
light version of our flagship, high-performance 
exterior architectural floodlight, is the first LED 
fixture powerful enough to brilliantly illuminate 
large architectural façades with washes of white 
light in color temperatures ranging from a warm 
2700 K to a cool 6500 K. iW Reach Powercore 
combines all the benefits of LED-based lighting 
in an elegant fixture specifically designed for 
large-scale installations, such as commercial 
skyscrapers, casinos, large retail exteriors, bridges, 
piers, public monuments, and themed attractions. 
With significantly more lumen output than any 
other competitive fixture and unprecedented light 
projection of over 800 ft (243.8 m), this powerful 
fixture represents the next generation in exterior 
illumination. 

•	 Integrates Powercore® technology — 
Powercore technology rapidly, efficiently, and 
accurately controls power output to iW 
Reach Powercore fixtures directly from line 
voltage. The Philips iW Data Enabler merges 
line voltage with control data and delivers 
them to the fixture over a single standard 
wire, dramatically simplifying installation and 
lowering total system cost. 

•		 Unparalleled light output — With an output 
of over 10,000 lumens and light projection of 
over 800 ft (243.8 m), iW Reach Powercore is 
the first fixture to offer legitimate LED-based, 
color-controllable white light illumination of 
large-scale structures and objects.

•	 Wide range of color temperature and 
brightness — Channels of warm white and 
cool white LEDs produce color temperatures 
ranging from 2700 K to 6500 K. Fixture 
brightness can be adjusted while varying or 
maintaining constant color temperature. 

•	 Versatile optics — Exchangeable spread lenses 
of 8°, 13°, 23°, 40°, 63°, and an asymmetric 
5° x 17° support a variety of photometric 
distributions for a multitude of applications, 
including spotlighting, wall grazing, and 

	

asymmetric wall washing. Bezel and gasket ship 
with spread lenses for easy user installation.

•		 Simple fixture positioning — Rugged, slim-
profile mounting bracket allows simple 
positioning and fixture rotation through a full 
360°. Side locking bolts reliably secure fixture 
with standard wrench.

•	 Universal power input range — iW Reach 
Powercore accepts a universal power input 
range of 100 to 240 VAC, allowing simple, 
location-independent installation. 

For detailed product information, please refer to 
the iW Reach Powercore Product Guide at www.
colorkinetics.com/ls/intelliwhite/iwreach/

Ø.53 in
(13 mm) 4X

3 in
(76 mm)

6 in
(152 mm)

3.5 in
(89 mm)

1.5 in
(38 mm)

27.25 in
(692 mm)

Ø1.05 in
(27 mm)

13.6 in
(345 mm)

28.9 in
(734 mm)

4.8 in
(122 mm)

20.5 in
(521 mm)

18 in
(457 mm)

5 in
(127 mm)

12 in
(305 mm)



Philips Color Kinetics
3 Burlington Woods Drive
Burlington, Massachusetts 01803 USA
Tel 888.385.5742
Tel 617.423.9999
Fax 617.423.9998
www.colorkinetics.com

Copyright © 2009 Philips Solid-State Lighting Solutions, Inc.  All rights reserved. 
Chromacore, Chromasic, CK, the CK logo, Color Kinetics, the Color Kinetics logo, ColorBlast, 
ColorBlaze, ColorBurst, ColorGraze, ColorPlay, ColorReach, DIMand, EssentialWhite, eW, iColor,  
iColor Cove, IntelliWhite, iW, iPlayer, Light Without Limits, Optibin, and Powercore are either 
registered trademarks or trademarks of Philips Solid-State Lighting Solutions, Inc. in the United 
States and/or other countries. All other brand or product names are trademarks or registered 
trademarks of their respective owners. Due to continuous improvements and innovations, 
specif ications may change without notice.

DAS-000030-03 R01 08-09

For lux multiply fc by 10.7

Specifications 
Due to continuous improvements and innovations, specifications may change without notice.

iW Reach Powercore fixtures are part 
of a complete line-voltage system which 
includes fixtures and:

•	One or more iW Data Enablers.

•	One Leader Cable to connect each 
fixture to a junction box or iW Data 
Enabler.

•	4-conductor copper wire to connect 
fixtures in series or in parallel. 

•	 iW Scene Controller (up to four per 
single run of iW Data Enablers).

For detailed product information, please refer 
to the iW Reach Powercore Product Guide 
at www.colorkinetics.com/ls/intelliwhite/
iwreach/

† Lumen measurement complies with IES LM-79-08
‡ See iW Reach Powercore Product Guide for specific applications
*	These figures, provided as a guideline, are accurate for this configuration only.  Changing the configuration 
	  can affect the fixture run lengths.

Item Specification Details

Output

Beam Angle 8° / 13° / 23° / 40° / 63° spread lenses, 
5° x 17° asymmetric spread lens

Lumens† 4,873 (13° spread lens, half unit)

Color Temperature 2700 K – 6500 K

Efficacy (lm/W) 38.9 (13° spread lens, half unit)

CRI 68.5

Mixing Distance 50 ft (15.2 m) to uniform light

Lumen Maintenance‡ 70,000 hours L70 @ 25° C    37,000 hours L70 @ 50° C  
90,000 hours L50 @ 25° C    68,000 hours L50 @ 50° C 

Electrical

Input Voltage 100 – 240 VAC, auto-switching, 50 / 60 Hz

Power Consumption 250 W maximum at full output, steady state (full unit)

Power Factor .981 (13° spread lens, half unit)

Physical

Dimensions 
(Height x Width x Depth) 20.5 x 28.9 x 4.8 in  (521 x 734 x 122 mm)

Weight 75 lb (34 kg)

Effective Projected Area 
(EPA) 0.42 m2

Housing Die-cast aluminium, powder-coated finish

Lens Tempered glass

Fixture Connections 6 ft (1.8 m) unified power / data cable

Operating Temperature -40° – 122° F  (-40° – 50° C) Operating 
-4° – 122° F  (-20° – 50° C) Startup

Humidity 0 – 95%, non-condensing

Fixture Run Lengths 
Per iW Data Enabler*

5 @ 110 VAC
6 @ 120 VAC
11 @ 220 VAC
12 @ 240 VAC

Configuration: 
20 A circuit, standard 6 ft (1.8 m) Leader 
Cables, 5 ft (1.5 m) jumper cables

Certification 
and Safety

Certification UL / cUL, FCC Class A, CE

LED Class Class 2 LED product

Environment Dry / Damp / Wet Location, IP66

23°

40°

63°

13°

8°

17 º

5°

Half

Full

13° Spread Lens
Photometrics

Without spread lens, half unit

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

20993 fc

5248 fc

2333 fc

1312 fc

840 fc

583 fc

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

�� Vert. Spread: 5.4º
�� Horiz. Spread: 5.4º

Polar Candela Distribution

Illuminance at Distance

579 ft (176.5 m)  
1 fc maximum distance 

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
335892
40839
1558
475
315
201

0
0
0
0
0

335892
41410
1571
482
304
148

0
0
0
0
0

335892
40649
1556
463
275
158

0
0
0
0
0

335892
40264
1565
472
270
165

0
0
0
0
0

335892
40961
1586
492
320
208

0
0
0
0
0

Cd: 0

56,000

112,000

168,000

224,000

280,000

336,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Polar Candela Distribution

Illuminance at Distance

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
67171
42926
3400
624
284
151
42
6
0
0
0

67171
43006
3317
624
297
152
40
7
0
0
0

67171
42931
3282
628
315
179
48
8
0
0
0

67171
43002
3269
622
312
179
48
11
0
0
0

67171
43031
3373
618
281
149
40
6
0
0
0

Cd: 0

11,333

22,667

34,000

45,333

56,667

68,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

4198 fc

1050 fc

466 fc

262 fc

168 fc

117 fc

0.9 ft

1.8 ft

2.7 ft

3.6 ft

4.5 ft

5.3 ft

0.9 ft

1.8 ft

2.7 ft

3.6 ft

4.5 ft

5.3 ft

�� Vert. Spread: 12.7º
�� Horiz. Spread: 12.7º

259 ft (78.9 m) 
1 fc maximum distance 

Power Consumption 125 W
Lumens 4,873 
Efficacy 38.9 lm / W 

Item Type Item Number Philips 12NC

iW Reach Powercore 
Includes 6 ft (1.8 m) leader cable

UL / cUL  
and CE / PSE 523-000045-00 910503700625

Replacement Leader Cable 
6 ft (1.8 m)

UL / cUL 108-000043-02 910503700453

CE / PSE 108-000043-03 910503700454

iW Reach Powercore  
Spread Lens with bezel

13° 120-000068-00 910503700506

23° 120-000068-01 910503700507

40° 120-000068-02 910503700508

63° 120-000068-03 910503700509

5° x 17° 120-000068-04 910503700510

8° 120-000068-05 910503700511

iW Data Enabler UL / cUL 506-000001-00 910503700190

iW Data Enabler / Data Enabler Aux 
For CE / PSE installations only 506-000001-01 910503700791

iW Scene Controller 503-000001-00 910503700189
 Use Item Number when ordering in North America.

Fixtures and Accessories

Power Consumption 125 W
Lumens 5,406
Efficacy 43.2 lm / W 



Date: ______________________________ Type: __________________________

Firm Name: _______________________________________________________

Project: __________________________________________________________

iW Reach Powercore
23° Spread Lens
Intelligent white LED floodlight for signature façades and structures

iW® Reach Powercore, the intelligent white 
light version of our flagship, high-performance 
exterior architectural floodlight, is the first LED 
fixture powerful enough to brilliantly illuminate 
large architectural façades with washes of white 
light in color temperatures ranging from a warm 
2700 K to a cool 6500 K. iW Reach Powercore 
combines all the benefits of LED-based lighting 
in an elegant fixture specifically designed for 
large-scale installations, such as commercial 
skyscrapers, casinos, large retail exteriors, bridges, 
piers, public monuments, and themed attractions. 
With significantly more lumen output than any 
other competitive fixture and unprecedented light 
projection of over 800 ft (243.8 m), this powerful 
fixture represents the next generation in exterior 
illumination. 

•	 Integrates Powercore® technology — 
Powercore technology rapidly, efficiently, and 
accurately controls power output to iW 
Reach Powercore fixtures directly from line 
voltage. The Philips iW Data Enabler merges 
line voltage with control data and delivers 
them to the fixture over a single standard 
wire, dramatically simplifying installation and 
lowering total system cost. 

•		 Unparalleled light output — With an output 
of over 10,000 lumens and light projection of 
over 800 ft (243.8 m), iW Reach Powercore is 
the first fixture to offer legitimate LED-based, 
color-controllable white light illumination of 
large-scale structures and objects.

•	 Wide range of color temperature and 
brightness — Channels of warm white and 
cool white LEDs produce color temperatures 
ranging from 2700 K to 6500 K. Fixture 
brightness can be adjusted while varying or 
maintaining constant color temperature. 

•	 Versatile optics — Exchangeable spread lenses 
of 8°, 13°, 23°, 40°, 63°, and an asymmetric 
5° x 17° support a variety of photometric 
distributions for a multitude of applications, 
including spotlighting, wall grazing, and 

	

asymmetric wall washing. Bezel and gasket ship 
with spread lenses for easy user installation.

•		 Simple fixture positioning — Rugged, slim-
profile mounting bracket allows simple 
positioning and fixture rotation through a full 
360°. Side locking bolts reliably secure fixture 
with standard wrench.

•	 Universal power input range — iW Reach 
Powercore accepts a universal power input 
range of 100 to 240 VAC, allowing simple, 
location-independent installation. 

For detailed product information, please refer to 
the iW Reach Powercore Product Guide at www.
colorkinetics.com/ls/intelliwhite/iwreach/
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3 in
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6 in
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3.5 in
(89 mm)
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(38 mm)
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Ø1.05 in
(27 mm)
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(734 mm)
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DAS-000030-04 R01 08-09

For lux multiply fc by 10.7

Specifications 
Due to continuous improvements and innovations, specifications may change without notice.

iW Reach Powercore fixtures are part 
of a complete line-voltage system which 
includes fixtures and:

•	One or more iW Data Enablers.

•	One Leader Cable to connect each 
fixture to a junction box or iW Data 
Enabler.

•	4-conductor copper wire to connect 
fixtures in series or in parallel. 

•	 iW Scene Controller (up to four per 
single run of iW Data Enablers).

For detailed product information, please refer 
to the iW Reach Powercore Product Guide 
at www.colorkinetics.com/ls/intelliwhite/
iwreach/

† Lumen measurement complies with IES LM-79-08
‡ See iW Reach Powercore Product Guide for specific applications
*	These figures, provided as a guideline, are accurate for this configuration only.  Changing the configuration 
	  can affect the fixture run lengths.

Item Specification Details

Output

Beam Angle 8° / 13° / 23° / 40° / 63° spread lenses, 
5° x 17° asymmetric spread lens

Lumens† 4,766 (23° spread lens, half unit)

Color Temperature 2700 K – 6500 K

Efficacy (lm/W) 38.1 (23° spread lens, half unit)

CRI 68.5

Mixing Distance 50 ft (15.2 m) to uniform light

Lumen Maintenance‡ 70,000 hours L70 @ 25° C    37,000 hours L70 @ 50° C  
90,000 hours L50 @ 25° C    68,000 hours L50 @ 50° C 

Electrical

Input Voltage 100 – 240 VAC, auto-switching, 50 / 60 Hz

Power Consumption 250 W maximum at full output, steady state (full unit)

Power Factor .981 (23° spread lens, half unit)

Physical

Dimensions 
(Height x Width x Depth) 20.5 x 28.9 x 4.8 in  (521 x 734 x 122 mm)

Weight 75 lb (34 kg)

Effective Projected Area 
(EPA) 0.42 m2

Housing Die-cast aluminium, powder-coated finish

Lens Tempered glass

Fixture Connections 6 ft (1.8 m) unified power / data cable

Operating Temperature -40° – 122° F  (-40° – 50° C) Operating 
-4° – 122° F  (-20° – 50° C) Startup

Humidity 0 – 95%, non-condensing

Fixture Run Lengths 
Per iW Data Enabler*

5 @ 110 VAC
6 @ 120 VAC
11 @ 220 VAC
12 @ 240 VAC

Configuration: 
20 A circuit, standard 6 ft (1.8 m) Leader 
Cables, 5 ft (1.5 m) jumper cables

Certification 
and Safety

Certification UL / cUL, FCC Class A, CE

LED Class Class 2 LED product

Environment Dry / Damp / Wet Location, IP66

23° Spread Lens
Photometrics

Without spread lens, half unit

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

20993 fc

5248 fc

2333 fc

1312 fc

840 fc

583 fc

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

�� Vert. Spread: 5.4º
�� Horiz. Spread: 5.4º

Polar Candela Distribution

Illuminance at Distance

579 ft (176.5 m)  
1 fc maximum distance 

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
335892
40839
1558
475
315
201

0
0
0
0
0

335892
41410
1571
482
304
148

0
0
0
0
0

335892
40649
1556
463
275
158

0
0
0
0
0

335892
40264
1565
472
270
165

0
0
0
0
0

335892
40961
1586
492
320
208

0
0
0
0
0

Cd: 0

56,000

112,000

168,000

224,000

280,000

336,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Polar Candela Distribution

Illuminance at Distance

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
21368
18824
7159
1426
353
161
77
27
0
0
0

21368
18849
7165
1403
360
168
79
28
2
0
0

21368
18826
7166
1404
368
182
91
34
4
0
0

21368
18871
7187
1411
368
183
92
35
5
0
0

21368
18854
7155
1415
352
161
77
27
0
0
0

Cd: 0

3,667

7,333

11,000

14,667

18,333

22,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

1336 fc

334 fc

148 fc

83 fc

53 fc

37 fc

1.7 ft

3.4 ft

5.0 ft

6.7 ft

8.4 ft

10.1 ft

1.7 ft

3.4 ft

5.0 ft

6.7 ft

8.4 ft

10.1 ft

�� Vert. Spread: 23.7º
�� Horiz. Spread: 23.8º

146 ft (44.5 m)  
1 fc maximum distance 

Power Consumption 125 W
Lumens 4,766
Efficacy 38.1 lm / W 

Item Type Item Number Philips 12NC

iW Reach Powercore 
Includes 6 ft (1.8 m) leader cable

UL / cUL  
and CE / PSE 523-000045-00 910503700625

Replacement Leader Cable 
6 ft (1.8 m)

UL / cUL 108-000043-02 910503700453

CE / PSE 108-000043-03 910503700454

iW Reach Powercore  
Spread Lens with bezel

13° 120-000068-00 910503700506

23° 120-000068-01 910503700507

40° 120-000068-02 910503700508

63° 120-000068-03 910503700509

5° x 17° 120-000068-04 910503700510

8° 120-000068-05 910503700511

iW Data Enabler UL / cUL 506-000001-00 910503700190

iW Data Enabler / Data Enabler Aux 
For CE / PSE installations only 506-000001-01 910503700791

iW Scene Controller 503-000001-00 910503700189
 Use Item Number when ordering in North America.

Fixtures and Accessories

23°

40°

63°

13°

8°

17 º

5°

Half

Full

Power Consumption 125 W
Lumens 5,406
Efficacy 43.2 lm / W 



iW Reach Powercore
40° Spread Lens
Intelligent white LED floodlight for signature façades and structures

Date: ______________________________ Type: __________________________

Firm Name: _______________________________________________________

Project: __________________________________________________________

iW® Reach Powercore, the intelligent white 
light version of our flagship, high-performance 
exterior architectural floodlight, is the first LED 
fixture powerful enough to brilliantly illuminate 
large architectural façades with washes of white 
light in color temperatures ranging from a warm 
2700 K to a cool 6500 K. iW Reach Powercore 
combines all the benefits of LED-based lighting 
in an elegant fixture specifically designed for 
large-scale installations, such as commercial 
skyscrapers, casinos, large retail exteriors, bridges, 
piers, public monuments, and themed attractions. 
With significantly more lumen output than any 
other competitive fixture and unprecedented light 
projection of over 800 ft (243.8 m), this powerful 
fixture represents the next generation in exterior 
illumination. 

•	 Integrates Powercore® technology — 
Powercore technology rapidly, efficiently, and 
accurately controls power output to iW 
Reach Powercore fixtures directly from line 
voltage. The Philips iW Data Enabler merges 
line voltage with control data and delivers 
them to the fixture over a single standard 
wire, dramatically simplifying installation and 
lowering total system cost. 

•		 Unparalleled light output — With an output 
of over 10,000 lumens and light projection of 
over 800 ft (243.8 m), iW Reach Powercore is 
the first fixture to offer legitimate LED-based, 
color-controllable white light illumination of 
large-scale structures and objects.

•	 Wide range of color temperature and 
brightness — Channels of warm white and 
cool white LEDs produce color temperatures 
ranging from 2700 K to 6500 K. Fixture 
brightness can be adjusted while varying or 
maintaining constant color temperature. 

•	 Versatile optics — Exchangeable spread lenses 
of 8°, 13°, 23°, 40°, 63°, and an asymmetric 
5° x 17° support a variety of photometric 
distributions for a multitude of applications, 
including spotlighting, wall grazing, and 

	

asymmetric wall washing. Bezel and gasket ship 
with spread lenses for easy user installation.

•		 Simple fixture positioning — Rugged, slim-
profile mounting bracket allows simple 
positioning and fixture rotation through a full 
360°. Side locking bolts reliably secure fixture 
with standard wrench.

•	 Universal power input range — iW Reach 
Powercore accepts a universal power input 
range of 100 to 240 VAC, allowing simple, 
location-independent installation. 

For detailed product information, please refer to 
the iW Reach Powercore Product Guide at www.
colorkinetics.com/ls/intelliwhite/iwreach/

Ø.53 in
(13 mm) 4X

3 in
(76 mm)

6 in
(152 mm)

3.5 in
(89 mm)

1.5 in
(38 mm)

27.25 in
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Ø1.05 in
(27 mm)

13.6 in
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28.9 in
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4.8 in
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5 in
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12 in
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For lux multiply fc by 10.7

Specifications 
Due to continuous improvements and innovations, specifications may change without notice.

iW Reach Powercore fixtures are part 
of a complete line-voltage system which 
includes fixtures and:

•	One or more iW Data Enablers.

•	One Leader Cable to connect each 
fixture to a junction box or iW Data 
Enabler.

•	4-conductor copper wire to connect 
fixtures in series or in parallel. 

•	 iW Scene Controller (up to four per 
single run of iW Data Enablers).

For detailed product information, please refer 
to the iW Reach Powercore Product Guide 
at www.colorkinetics.com/ls/intelliwhite/
iwreach/

† Lumen measurement complies with IES LM-79-08
‡ See iW Reach Powercore Product Guide for specific applications
*	These figures, provided as a guideline, are accurate for this configuration only.  Changing the configuration 
	  can affect the fixture run lengths.

Item Specification Details

Output

Beam Angle 8° / 13° / 23° / 40° / 63° spread lenses, 
5° x 17° asymmetric spread lens

Lumens† 4,692 (40° spread lens, half unit)

Color Temperature 2700 K – 6500 K

Efficacy (lm/W) 37.5 (40° spread lens, half unit)

CRI 68.5

Mixing Distance 50 ft (15.2 m) to uniform light

Lumen Maintenance‡ 70,000 hours L70 @ 25° C    37,000 hours L70 @ 50° C  
90,000 hours L50 @ 25° C    68,000 hours L50 @ 50° C 

Electrical

Input Voltage 100 – 240 VAC, auto-switching, 50 / 60 Hz

Power Consumption 250 W maximum at full output, steady state (full unit)

Power Factor .981 (40° spread lens, half unit)

Physical

Dimensions 
(Height x Width x Depth) 20.5 x 28.9 x 4.8 in  (521 x 734 x 122 mm)

Weight 75 lb (34 kg)

Effective Projected Area 
(EPA) 0.42 m2

Housing Die-cast aluminium, powder-coated finish

Lens Tempered glass

Fixture Connections 6 ft (1.8 m) unified power / data cable

Operating Temperature -40° – 122° F  (-40° – 50° C) Operating 
-4° – 122° F  (-20° – 50° C) Startup

Humidity 0 – 95%, non-condensing

Fixture Run Lengths 
Per iW Data Enabler*

5 @ 110 VAC
6 @ 120 VAC
11 @ 220 VAC
12 @ 240 VAC

Configuration: 
20 A circuit, standard 6 ft (1.8 m) Leader 
Cables, 5 ft (1.5 m) jumper cables

Certification 
and Safety

Certification UL / cUL, FCC Class A, CE

LED Class Class 2 LED product

Environment Dry / Damp / Wet Location, IP66

40° Spread Lens
Photometrics

Without spread lens, half unit

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

20993 fc

5248 fc

2333 fc

1312 fc

840 fc

583 fc

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

�� Vert. Spread: 5.4º
�� Horiz. Spread: 5.4º

Polar Candela Distribution

Illuminance at Distance

579 ft (176.5 m)  
1 fc maximum distance 

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
335892
40839
1558
475
315
201

0
0
0
0
0

335892
41410
1571
482
304
148

0
0
0
0
0

335892
40649
1556
463
275
158

0
0
0
0
0

335892
40264
1565
472
270
165

0
0
0
0
0

335892
40961
1586
492
320
208

0
0
0
0
0

Cd: 0

56,000

112,000

168,000

224,000

280,000

336,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Polar Candela Distribution

Illuminance at Distance

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
6833
6541
5057
3024
1300
408
144
67
17
0
0

6833
6544
5016
2946
1251
399
148
69
23
0
0

6833
6525
4974
2895
1222
403
158
77
27
0
0

6833
6537
4972
2887
1216
405
160
80
30
0
0

6833
6548
5049
3002
1285
403
144
67
18
0
0

Cd: 0

1,150

2,300

3,450

4,600

5,750

6.900
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

427 fc

107 fc

47 fc

27 fc

17 fc

12 fc

3.4 ft

6.8 ft

10.2 ft

13.6 ft

17.0 ft

20.4 ft

3.3 ft

6.6 ft

9.9 ft

13.2 ft

16.5 ft

19.8 ft

�� Vert. Spread: 46.2º
�� Horiz. Spread: 44.9º

82.5 ft (25.1 m) 
1 fc maximum distance 

Power Consumption 125 W
Lumens 4,692 
Efficacy 37.5 lm / W 

Item Type Item Number Philips 12NC

iW Reach Powercore 
Includes 6 ft (1.8 m) leader cable

UL / cUL  
and CE / PSE 523-000045-00 910503700625

Replacement Leader Cable 
6 ft (1.8 m)

UL / cUL 108-000043-02 910503700453

CE / PSE 108-000043-03 910503700454

iW Reach Powercore  
Spread Lens with bezel

13° 120-000068-00 910503700506

23° 120-000068-01 910503700507

40° 120-000068-02 910503700508

63° 120-000068-03 910503700509

5° x 17° 120-000068-04 910503700510

8° 120-000068-05 910503700511

iW Data Enabler UL / cUL 506-000001-00 910503700190

iW Data Enabler / Data Enabler Aux 
For CE / PSE installations only 506-000001-01 910503700791

iW Scene Controller 503-000001-00 910503700189
 Use Item Number when ordering in North America.

Fixtures and Accessories

23°

40°

63°

13°

8°

17 º

5°

Half

Full

Power Consumption 125 W
Lumens 5,406
Efficacy 43.2 lm / W 



Date: ______________________________ Type: __________________________

Firm Name: _______________________________________________________

Project: __________________________________________________________

iW Reach Powercore
63° Spread Lens
Intelligent white LED floodlight for signature façades and structures

iW® Reach Powercore, the intelligent white 
light version of our flagship, high-performance 
exterior architectural floodlight, is the first LED 
fixture powerful enough to brilliantly illuminate 
large architectural façades with washes of white 
light in color temperatures ranging from a warm 
2700 K to a cool 6500 K. iW Reach Powercore 
combines all the benefits of LED-based lighting 
in an elegant fixture specifically designed for 
large-scale installations, such as commercial 
skyscrapers, casinos, large retail exteriors, bridges, 
piers, public monuments, and themed attractions. 
With significantly more lumen output than any 
other competitive fixture and unprecedented light 
projection of over 800 ft (243.8 m), this powerful 
fixture represents the next generation in exterior 
illumination. 

•	 Integrates Powercore® technology — 
Powercore technology rapidly, efficiently, and 
accurately controls power output to iW 
Reach Powercore fixtures directly from line 
voltage. The Philips iW Data Enabler merges 
line voltage with control data and delivers 
them to the fixture over a single standard 
wire, dramatically simplifying installation and 
lowering total system cost. 

•		 Unparalleled light output — With an output 
of over 10,000 lumens and light projection of 
over 800 ft (243.8 m), iW Reach Powercore is 
the first fixture to offer legitimate LED-based, 
color-controllable white light illumination of 
large-scale structures and objects.

•	 Wide range of color temperature and 
brightness — Channels of warm white and 
cool white LEDs produce color temperatures 
ranging from 2700 K to 6500 K. Fixture 
brightness can be adjusted while varying or 
maintaining constant color temperature. 

•	 Versatile optics — Exchangeable spread lenses 
of 8°, 13°, 23°, 40°, 63°, and an asymmetric 
5° x 17° support a variety of photometric 
distributions for a multitude of applications, 
including spotlighting, wall grazing, and 

	

asymmetric wall washing. Bezel and gasket ship 
with spread lenses for easy user installation.

•		 Simple fixture positioning — Rugged, slim-
profile mounting bracket allows simple 
positioning and fixture rotation through a full 
360°. Side locking bolts reliably secure fixture 
with standard wrench.

•	 Universal power input range — iW Reach 
Powercore accepts a universal power input 
range of 100 to 240 VAC, allowing simple, 
location-independent installation. 

For detailed product information, please refer to 
the iW Reach Powercore Product Guide at www.
colorkinetics.com/ls/intelliwhite/iwreach/

Ø.53 in
(13 mm) 4X

3 in
(76 mm)

6 in
(152 mm)

3.5 in
(89 mm)

1.5 in
(38 mm)

27.25 in
(692 mm)

Ø1.05 in
(27 mm)

13.6 in
(345 mm)

28.9 in
(734 mm)

4.8 in
(122 mm)

20.5 in
(521 mm)

18 in
(457 mm)

5 in
(127 mm)

12 in
(305 mm)
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DAS-000030-06 R01 08-09

For lux multiply fc by 10.7

Specifications 
Due to continuous improvements and innovations, specifications may change without notice.

iW Reach Powercore fixtures are part 
of a complete line-voltage system which 
includes fixtures and:

•	One or more iW Data Enablers.

•	One Leader Cable to connect each 
fixture to a junction box or iW Data 
Enabler.

•	4-conductor copper wire to connect 
fixtures in series or in parallel. 

•	 iW Scene Controller (up to four per 
single run of iW Data Enablers).

For detailed product information, please refer 
to the iW Reach Powercore Product Guide 
at www.colorkinetics.com/ls/intelliwhite/
iwreach/

† Lumen measurement complies with IES LM-79-08
‡ See iW Reach Powercore Product Guide for specific applications
*	These figures, provided as a guideline, are accurate for this configuration only.  Changing the configuration 
	  can affect the fixture run lengths.

Item Specification Details

Output

Beam Angle 8° / 13° / 23° / 40° / 63° spread lenses, 
5° x 17° asymmetric spread lens

Lumens† 4.626 (63° spread lens, half unit)

Color Temperature 2700 K – 6500 K

Efficacy (lm/W) 37.0 (63° spread lens, half unit)

CRI 68.5

Mixing Distance 50 ft (15.2 m) to uniform light

Lumen Maintenance‡ 70,000 hours L70 @ 25° C    37,000 hours L70 @ 50° C  
90,000 hours L50 @ 25° C    68,000 hours L50 @ 50° C 

Electrical

Input Voltage 100 – 240 VAC, auto-switching, 50 / 60 Hz

Power Consumption 250 W maximum at full output, steady state (full unit)

Power Factor .981 (63° spread lens, half unit)

Physical

Dimensions 
(Height x Width x Depth) 20.5 x 28.9 x 4.8 in  (521 x 734 x 122 mm)

Weight 75 lb (34 kg)

Effective Projected Area 
(EPA) 0.42 m2

Housing Die-cast aluminium, powder-coated finish

Lens Tempered glass

Fixture Connections 6 ft (1.8 m) unified power / data cable

Operating Temperature -40° – 122° F  (-40° – 50° C) Operating 
-4° – 122° F  (-20° – 50° C) Startup

Humidity 0 – 95%, non-condensing

Fixture Run Lengths 
Per iW Data Enabler*

5 @ 110 VAC
6 @ 120 VAC
11 @ 220 VAC
12 @ 240 VAC

Configuration: 
20 A circuit, standard 6 ft (1.8 m) Leader 
Cables, 5 ft (1.5 m) jumper cables

Certification 
and Safety

Certification UL / cUL, FCC Class A, CE

LED Class Class 2 LED product

Environment Dry / Damp / Wet Location, IP66

63° Spread Lens
Photometrics

Without spread lens, half unit

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

20993 fc

5248 fc

2333 fc

1312 fc

840 fc

583 fc

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

0.4 ft

0.8 ft

1.1 ft

1.5 ft

1.9 ft

2.3 ft

�� Vert. Spread: 5.4º
�� Horiz. Spread: 5.4º

Polar Candela Distribution

Illuminance at Distance

579 ft (176.5 m)  
1 fc maximum distance 

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
335892
40839
1558
475
315
201

0
0
0
0
0

335892
41410
1571
482
304
148

0
0
0
0
0

335892
40649
1556
463
275
158

0
0
0
0
0

335892
40264
1565
472
270
165

0
0
0
0
0

335892
40961
1586
492
320
208

0
0
0
0
0

Cd: 0

56,000

112,000

168,000

224,000

280,000

336,000
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Polar Candela Distribution

Illuminance at Distance

Candela Table

0
5

15
25
35
45
55
65
75
85
90

       0            22.5         44            67.5          90
3807
3696
3103
2393
1610
881
366
130
35
0
0

3807
3700
3114
2413
1649
923
398
145
44
0
0

3807
3697
3117
2425
1668
948
420
161
53
0
0

3807
3705
3129
2438
1679
959
429
166
56
1
0

3807
3700
3109
2400
1623
895
375
133
37
0
0

Cd: 0

650

1,300

1,950

2,600

3,250

3,900
VA: 0º 10º 20º 30º 40º

90º

80º

70º

60º

50º

� - 0º H  � - 90º H

Center Beam fc Beam Width

4.0 ft

8.0 ft

12.0 ft

16.0 ft

20.0 ft

24.0 ft

238 fc

59 fc

26 fc

15 fc

10 fc

7 fc

4.9 ft

9.7 ft

14.6 ft

19.4 ft

24.3 ft

29.2 ft

5.0 ft

10.0 ft

15.0 ft

20.0 ft

25.0 ft

30.1 ft

�� Vert. Spread: 62.6º
�� Horiz. Spread: 64.1º

61.7 ft (18.8 m) 
1 fc maximum distance 

Power Consumption 125 W
Lumens 4,626
Efficacy 37.0 lm / W 

Item Type Item Number Philips 12NC

iW Reach Powercore 
Includes 6 ft (1.8 m) leader cable

UL / cUL  
and CE / PSE 523-000045-00 910503700625

Replacement Leader Cable 
6 ft (1.8 m)

UL / cUL 108-000043-02 910503700453

CE / PSE 108-000043-03 910503700454

iW Reach Powercore  
Spread Lens with bezel

13° 120-000068-00 910503700506

23° 120-000068-01 910503700507

40° 120-000068-02 910503700508

63° 120-000068-03 910503700509

5° x 17° 120-000068-04 910503700510

8° 120-000068-05 910503700511

iW Data Enabler UL / cUL 506-000001-00 910503700190

iW Data Enabler / Data Enabler Aux 
For CE / PSE installations only 506-000001-01 910503700791

iW Scene Controller 503-000001-00 910503700189
 Use Item Number when ordering in North America.

Fixtures and Accessories

23°

40°

63°

13°

8°

17 º

5°

Half

Full

Power Consumption 125 W
Lumens 5,406
Efficacy 43.2 lm / W 



Date: ______________________________ Type: __________________________

Firm Name: _______________________________________________________

Project: __________________________________________________________

iW Data Enabler 
Data formatting and power for IntelliWhite series fixtures 

iW® Data Enabler is a data formatting power / data 
supply designed for IntelliWhite® series LED lighting 
fixtures employing Powercore® technology from 
Philips Color Kinetics.

Engineered for use in zone control network 
configurations, iW Data Enabler is compatible 
iW Scene Controller.

iW Data Enabler accommodates input voltages 
ranging from 100 VAC to 240 VAC where the 
maximum connected base load does not exceed 
20 Amps.

Featuring a NEMA 4 (IP66) enclosure, iW Data 
Enabler installs in dry, damp, and wet locations.

Multiple conduit entries accommodate 3/4 in  
(19 mm) NPT conduit.

IntelliWhite series fixtures employing Powercore 
technology from Philips Color Kinetics — intelligent 
white light fixtures with onboard power processing 
technology

Compatible Fixtures

D iW Data Enabler wiring diagrams are 
available online at www.colorkinetics.com/
support/wiring/

100 – 240 VAC

100 – 240 VAC

iW Scene
Controller

iW
Data Enabler

D For device mounting details, refer 
to the Installation Instructions included 
in the product packaging, or download 
documentation from www.colorkinetics.
com/ls/pds/iwdataenabler/

D To calculate the number of fixtures 
your specific installation can support, 
download the Configuration Calculator 
from www.colorkinetics.com/support/
install_tool/



Philips Color Kinetics
3 Burlington Woods Drive
Burlington, Massachusetts 01803 USA
Tel 888.385.5742
Tel 617.423.9999
Fax 617.423.9998
www.colorkinetics.com

Copyright © 2009 Philips Solid-State Lighting Solutions, Inc.  All rights reserved. 
Chromacore, Chromasic, CK, the CK logo, Color Kinetics, the Color Kinetics logo, ColorBlast, 
ColorBlaze, ColorBurst, ColorGraze, ColorPlay, ColorReach, DIMand, EssentialWhite, eW, iColor,  
iColor Cove, IntelliWhite, iW, iPlayer, Light Without Limits, Optibin, and Powercore are either 
registered trademarks or trademarks of Philips Solid-State Lighting Solutions, Inc. in the United 
States and/or other countries. All other brand or product names are trademarks or registered 
trademarks of their respective owners. Due to continuous improvements and innovations, 
specif ications may change without notice.

DAS-000055-01 R00 12-09

Specifications 
Due to continuous improvements and innovations, specif ications may change without notice.

Ordering Information

 Use Item Number when ordering in North America.

Item Included Components Item Number Philips 12NC

iW Data Enabler

iW Data Enabler with cover 
and attaching screws, gasket, 
(4) NPT threaded seal plugs, 
and Installation Instructions

506-000001-00 910503700190

iW Scene Controller

iW Scene Controller with 
leader cable, standard 
single-gang wall box, (2) self-
threading flathead screws, 
and Decora® style faceplate

503-000001-00 910503700189

¾ in
(19 mm)

NPT
59/64 in

3.5 in
(89 mm)

9.7 in
(246 mm)

3.3 in
(84 mm)

2 in
(51 mm)

Overall Dimensions

Item Specification Details

Electrical

Input Voltage 100 – 240 VAC, auto-switching, 50 / 60 Hz

Maximum Input Current Maximum connected load should not exceed 20 A

Internal Load 10 W

Physical

Dimensions 
(Height x Width x Depth) 3.3 x 3.5 x 9.7 in  (84 x 89 x 246 mm)

Weight 2.5 lb  (1.1 kg)

Construction NEMA 4 enclosure, cast aluminum, with slots for 
surface mounting

Finish Gray matte

Connectors

Data Input 4-wire terminal block controller 
input; RJ-45 connector

Power Input 3-wire terminal block connector

Power / Data Output 4-wire terminal block connector

Operating Temperature -40° – 122° F  (-40° – 50° C)

Humidity 0 – 95%, non-condensing

Cooling Convection

Heat Dissipation 10 W

Data Input Source iW Scene Controller

Certification 
and Safety

Certification UL / cUL, CE, PSE

Environment Dry / Damp / Wet Location, IP66

0.8 in
(20 mm)

0.5 in
(13 mm)

Mounting Slots

1.75 in
(44 mm)

9.25 in
(235 mm)

0.22 in
(6 mm)

Mounting Dimensions

Data Input / Output 
(from or to the next 
iW Data Enabler)

iW Scene 
Controller  

Input

Power Input

Power /  
Data Output  
(to fixtures)

Zone Set  
Switch

iW Data Enabler uses a zone set switch to 
assign zone control settings. For complete 
iW Data Enabler configuration instructions, 
refer to the Addressing and Configuration Guide 
available online at www.colorkinetics.com/
support/addressing/
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RB-16

Recessed Fluorescent
One or Two Lamp
T5, T5 HO, T8 

Recessed
Bivergence®

Applications: The Bivergence fixture is a 
high performance recessed mounted fixture 
guaranteeing photometric accuracy and high 
efficiency. The superior louver design provides
maximum visual comfort through perfect control
of glare and veiling reflections. The Bivergence
range provides high performance lighting for 
such critical environments as VDT-intensive 
office spaces, retail spaces, laboratories and 
open plan offices. 

3. Lamping - One or two 28W T5
(4'), 35W T5 (5'), 54W T5 HO (4'),
32W T8 (4') or 40W T8 (5'), or one
80W T5 HO (5'), fluorescent
lamps, supplied by others. Access
to lamps is from below the fixture
after the removal of the louver.

4. Ballast - Universal voltage
electronic 120/277V ballast is
mounted in housing of luminaire.

5. Louvers - Matte silver or specular
anodized aluminum. Louver blades
are 1 7/16" deep and 2 1/2" on 

center. The 4' unit has a total of
18 cells, and the 5' unit has a
total of 23 cells. Louver is held by
internal spring clips and can be
suspended from one side for
maintenance.

6. Mounting - Fixtures for
mounting in lay-in ceilings. Depth
of housing is 4 7/8". Electrical
access plate in housing top.
Fixtures can mounted in 
continuous run.

7. Stand-by Battery Pack -
Integral stand-by battery pack for 

one lamp operation with integral
test switch. Light and test switch
located on wireway cover.

8. Weight - 16.0 lbs. 

� Fixture/Ceiling Type � Louver        � Length       � Lamping � Voltage � Options

Type:

Project:

ORDERING NOTE: Specify fixture/ceiling type, louver, length, lamping, voltage and options.

IBEW Union Made
In a continuing effort to offer the best 
product possible we reserve the right to
change, without notice, specifications or
materials. Technical specification sheets
that appear on www.zumtobel.us are the
most recent version and supersede all
other versions that exist in any other
printed or electronic form.

RB_

RBU Recessed Bivergence, 
15/16" Lay-In, Flush
9/16" Slot-Grid, Flush
9/16" Lay-In, Tegular

RBF Recessed Bivergence, 
9/16" Lay-In, Flush

See page R-16A for TechZone and
common ceiling mounting details

64 6" x 4'

65 6" x 5'

WF  Whip Flex 3/8" x 6' 
14/3 AWG

WN_* Whip Flex 3/8" x 6' 
14/3 AWG (NYC)

EM1_* Standby Battery Pack 
for 1-Lamp Operation

SS Separate Switching 
(consult factory)

F  Fusing
AR  Air Return
CP  Chicago Plenum

1285 (1) 28W T5
1545 (1) 54W T5 HO
2285 (2) 28W T5
1328 (1) 32W T8
2328 (2) 32W T8
2545 (2) 54W T5 HO
1355 (1) 35W T5
2355 (2) 35W T5
1805 (1) 80W T5 HO
1408 (1) 40W T8
2408 (2) 40W T8

C Matte
DX Specular

6" x 4'
6" x 5'

Meets RP-1-04 for intensive (C 1285 and 1328)
and normal (C 1545, 2285, 2328, 1355, 1805

and 2355) VDT-use offices.

Suitable for damp locations
NYC Approved

LISTED
C USUL®

1. Housing - 20 gauge cold rolled
steel. Fixtures are painted white.

2. Sockets - Bi-pin. Twist lock
lamp installation. 

Armstrong® TechZone™ Compatible

online 
Find it Fast 288

* Indicate 120V (1) or 277V (2). Some lamp types may not be available. 
Consult factory for availability.

15/16"
48" – 60"

47 25/32"  –  59 25/32"

46 31/32"  –  58 31/32"

2 17/32"

4 15/16"

5 1/4"
6"

4 15/16"

5 1/4"
6"

1 1/2"

End View – (1) Lamp T5 Fixture End View – (2) Lamp T5 Fixture Side View – (2) Lamp T5 Fixture     NOTE: (2) Lamp T8 positioned side by side.

Zumtobel Lighting Inc. ©2009
3300 Route 9W • Highland, NY 12528-2630
www.zumtobel.us
TEL (845) 691-6262 • (800) 932-0633 • FAX (845) 691-6289
10/27/09

U Universal 120/277V
347 347V (consult factory for 

availability; not available 
with EM, dimming)

DA_* Dimming, Analog (0-10V)
DD_* Dimming, DALI 

(consult factory)
DE_* Dimming, Lutron ECO-10™

DH_* Dimming, Lutron Hi-Lume®

DSC_*Dimming, Lutron EcoSystem
Control Fixture

DSN_*Dimming, Lutron EcoSystem
Non-control Fixture

See page R-16A for TechZone and common ceiling mounting details

1 1/2"

15/16"
4 7/8"

5 11/16"
4 7/8"

5 11/16"

ECO-10 and EcoSystem are trademarks of Lutron
Electronics Co., Inc.   HiLume is a registered trademark
of Lutron Electronics Co., Inc.

www.zumtobel.us
http://www.zumtobel.us/PDB?lang=EN&gid=11476&iso2=US
http://www.zumtobel.us/PDB?lang=EN&gid=11476&iso2=US
http://www.zumtobel.us/PDB?lang=EN&gid=11476&iso2=US


Zumtobel Lighting Inc. ©2009
3300 Route 9W • Highland, NY 12528-2630
www.zumtobel.us
TEL (845) 691-6262 • (800) 932-0633 • FAX (845) 691-6289
10/27/09

RB-16A

Ceiling Mounting Details

TechZone – 15/16" Square Lay-In
Prelude (15/16" Lay-In Flush)

TechZone – 9/16" Square Tegular
Suprafine (9/16" Lay-In Tegular)

TechZone – 9/16" Square Tegular
Suprafine (9/16" Lay-In Tegular)

TechZone – 9/16" Square Tegular
Interlude (9/16" Slot-Grid)

TechZone – 9/16" Beveled Tegular
Interlude (9/16" Slot-Grid)

5/6"
5/16"

1/8" Bevel

5/16" 5/16"

1/8" Bevel

9/16" Lay-In Flush

www.zumtobel.us
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RB-16B

Photometric Data

RB C 64 1285 (1) 28W T5
6" x 4' RECESSED BIVERGENCE, MATTE SILVER LOUVER

LTL 11046

Total Luminaire Efficiency  64%

0% Uplight 100% Downlight

Spacing Criteria
Lateral Plane 0° 90°

1.2 1.7
TOTAL LAMP LUMENS = 2610
INPUT WATTS = 33

Candela Distribution

0° 45° 90°
0°
5°
15°
25°
35°
45°
55°
65°
75°
85°
90°

682
688
658
585
509
385
208
32
9
1
0

682
709
815
753
559
588
262
36
6
0
0

682
725
862
686
816
562
163
20
4
0
0

65.4
220.9
323.9
401.2
394.3
202.3
40.2
7.0
0.6

Horizontal Angle
Vertical
Angle

Zonal
Lumens

0.0°

22.5°

45.0°

67.5°

90.0°

200

400

600

800

1000

Luminance Data in Candela / Sq. Meter
Average 0° Average 45° Average 90°

45°
55°
65°
75°
85°

4218
2809
587
269
89

6441
3538
660
180
0

6156
2201
367
120
0

Angle in Vertical°

Coefficients of Utilization
Effective Floor Cavity Reflectance = 20%

pcc
pw
0
1
2
3
4
5
6
7
8
9

0.7
76
71
66
62
57
53
49
46
43
40

0.8
0.5
76
69
62
56
51
46
42
38
35
32

0.3
76
67
59
52
46
41
37
33
30
27

0.1
76
65
56
49
43
37
33
30
27
24

0.7
74
70
65
60
56
52
48
45
42
39

0.7
0.5
74
68
61
55
50
45
41
38
35
32

0.3
74
66
58
51
46
41
37
33
30
27

0.1
74
64
56
48
42
37
33
30
27
24

0.5
71
65
59
53
48
44
40
37
34
31

0.5
0.3
71
64
56
50
45
40
36
33
30
27

0.1
71
62
54
47
42
37
33
29
27
24

0.5
68
63
57
52
47
43
39
36
33
30

0.3
0.3
68
61
55
49
44
39
35
32
29
27

0.1
68
60
53
47
41
37
33
29
26
24

RB C 64 1328 (1) 32W T8
6" X 4' RECESSED BIVERGENCE, MATTE SILVER LOUVER

PRORATED FROM LTL 11085

Total Luminaire Efficiency  56%

0% Uplight 100% Downlight

Spacing Criteria
Lateral Plane 0° 90°

1.1 1.4
TOTAL LAMP LUMENS = 2900
INPUT WATTS = 31

Candela Distribution

0° 45° 90°
0°
5°
15°
25°
35°
45°
55°
65°
75°
85°
90°

809
807
754
667
559
416
228
45
11
2
0

809
816
820
843
748
456
156
23
5
1
0

809
819
879
980
696
326
64
12
2
0
0

72.7
232.4
378.8
420.2
326.3
148.0
32.2
6.7
1.2

Horizontal Angle
Vertical
Angle

Zonal
Lumens

0.0°

22.5°

45.0°

67.5°

90.0°

300

600

900

1200

Luminance Data in Candela / Sq. Meter
Average 0° Average 45° Average 90°

45°
55°
65°
75°
85°

4560
3083
823
335
169

4991
2109
429
141
80

3566
859
224
57
0

Angle in Vertical°

Coefficients of Utilization
Effective Floor Cavity Reflectance = 20%

pcc
pw
0
1
2
3
4
5
6
7
8
9

0.7
67
63
59
55
51
48
44
42
39
36

0.8
0.5
67
61
56
50
46
42
38
35
32
30

0.3
67
60
53
47
42
38
34
31
28
26

0.1
67
58
50
44
39
35
31
28
25
23

0.7
66
62
58
54
50
47
43
41
38
36

0.7
0.5
66
60
55
50
45
41
38
35
32
29

0.3
66
58
52
46
41
37
34
31
28
26

0.1
66
57
50
44
39
34
31
28
25
23

0.5
63
58
53
48
44
40
37
34
31
29

0.5
0.3
63
56
50
45
41
37
33
30
28
25

0.1
63
55
49
43
38
34
31
28
25
23

0.5
60
56
51
47
43
39
36
33
31
28

0.3
0.3
60
55
49
44
40
36
33
30
27
25

0.1
60
54
48
42
38
34
30
27
25
23

www.zumtobel.us


® Specif icat ion Submittal Page

Job Name:

Job Number:

Model Numbers:

EcoSystem® Five Control Input Digital Dimming Ballasts

EcoSystem Ballasts   �   08.05.09

EcoSystem Multiple Control Input  
Ballasts

Digital electronic dimming ballasts maximize the 
benefits of a lighting management system. EcoSystem 
Ballasts offer 100% to 10% dimming; ideal for use 
where saving energy, increasing flexibility, and  
maximizing productivity are the goals of the lighting 
design.

Features

•	Continuous, flicker-free dimming from 100% to 10%
•	Provides power for and responds to one occupancy 

sensor, one photo sensor, and one personal control 
input (infrared receiver or wallstation)

•	Communicates status and sensor inputs over the 
EcoSystem Bus

•	Programmed rapid start design ensures full rated 
lamp life while dimming and cycling

•	Lamps turn on to any dimmed level without flashing to 
full brightness

•	Low harmonic distortion throughout the entire  
dimming range

•	Frequency of operation ensures that ballast does not 
interfere with infrared devices

•	End-of-lamp-life protection circuitry ensures safe  
operation throughout entire lamp life

•	Ultra-quiet operation
•	Nonvolatile memory restores all ballast settings after 

power failure
•	Ballasts maintain consistent light output for linear 

lamp lengths (i.e. 4 ft., 3 ft., 2 ft. have same relative 
output)

•	100% performance tested at factory

EcoSystem case type G

EcoSystem case type J



® Specif icat ion Submittal Page

Job Name:

Job Number:

Model Numbers:

EcoSystem® Five Control Input Digital Dimming Ballasts

EcoSystem Ballasts   �   08.05.09

Specifications

Standards

•	California Energy Commission (CEC) Listed
•	UL Listed (evaluated to the requirements of UL935)
•	CSA certified (evaluated to the requirements of 

C22.2 No. 74)
•	NOM Listed for 32 W T8 Ballasts
•	S Mark Certified
•	Class P thermally protected
•	Meets ANSI C82.11 High Frequency Ballast Standard
•	Meets FCC Part 18 Non-Consumer requirements for 

EMI/RFI emissions
•	Meets ANSI C62.41 Category A surge protection  

standards up to and including 4 kV
•	Manufacturing facilities employ ESD reduction  

practices that comply with the requirements of  
ANSI/ESD S20.20

•	Lutron Quality Systems registered to ISO 9001.2000

Performance

•	�Operating Voltage: 120, 220/240, 277 V  at 50 or  
60 Hz

•	Grounding: ballast and fixture must be grounded for 
proper dimming

•	Dimming Range: 100% to 10% measured relative 
light output

•	Lamp Starting: programmed rapid start
•	Lamp Current Crest Factor: less than 1.7
•	Light Output Variation: Constant ±2% light output for 

line voltage variations of ±10%
•	Lamp Life: Average lamp life meets or exceeds  

specified lamp ratings
•	Power Factor: 0.95 minimum
•	Total Harmonic Distortion (THD): Less than 20%
•	Inaudible in a 27 dBA ambient
•	Maximum Inrush Current: 3 A per ballast at 277 V , 

7A per ballast at 120 V
•	Class 2 Output: +20 V , 50mA maximum (one  

daylight sensor, one keypad and one occupancy  
sensor can be connected)

Environment

•	Minimum lamp starting temperature: 50 °F (10 °C)
•	Relative humidity: less than 90% non-condensing
•	Sound Rating: inaudible in a 27 dB ambient
•	Maximum ballast case temperature: 75 °C (167 °F)

Ballast Wiring & Mounting

•	Ballast is grounded by a mounting screw to the 
fixture

•	Terminal blocks on the ballast accept the following 
wire gauges:

	 Power Wiring, Lamp Wiring, and EcoSystem Bus:
		  only one #18 AWG solid per terminal

Class 2 Sensors:
		  only one #22 AWG solid per terminal
•	Only one wire per terminal
•	Class 2 sensor wiring must be separated from all 

power and Class 1 wiring, consult all applicable  
local and national codes

•	Ballast mounts using two screws (or sheet metal  
feature and one screw) within a fluorescent fixture

•	Wiring from the ballast to lamp sockets shall not  
exceed 7 ft. for T8, T5, and T5HO lamps

•	Wiring from the ballast to lamps sockets shall not 
exceed 3 ft. for T5 Twin Tube lamps

Lamp Seasoning

Refer to lamp manufacturer for lamp seasoning  
requirements prior to dimming
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Job Name:

Job Number:

Model Numbers:

EcoSystem® Five Control Input Digital Dimming Ballasts

EcoSystem Ballasts   �   08.05.09

EcoSystem Ballasts for linear and U bend T8 Lamps

Lamp No. of
Lamps

Model Case
Size

Input
Voltage
(VAC)

Input
Current

(A)

Input
Power

(W)

Ballast
Factor
(BF)

System
Lumens

(lm)

System
Efficacy
(lm/W)

Ballast
Efficacy
Factor

Relative
Efficacy

(RSE)

F32T8
(48 in)

1 EC5 T832 J UNV 1 J 277
240
120

0.11
0.13
0.26

31.6
31.0
31.3

0.85
0.85
0.85

2550
2550
2550

81
82
81

2.69
2.74
2.72

0.86
0.87
0.87

2 EC5 T832 G UNV 2L G 277
240
120

0.22
0.25
0.49

59.6
57.6
58.8

0.85
0.85
0.85

5100
5100
5100

86
89
87

1.43
1.48
1.45

0.91
0.94
0.93

EC5 T832 J UNV 2 J 277
240
120

0.21
0.25
0.49

57.4
59.0
59.1

0.85
0.85
0.85

5100
5100
5100

89
86
86

1.48
1.44
1.44

0.95
0.92
0.92

3 EC5 T832 G UNV 3L G 277
240
120

0.31
0.36
0.72

86.5
84.0
85.9

0.85
0.85
0.85

7650
7650
7650

88
89
89

0.98
1.01
0.99

0.94
0.97
0.95

EC5 T832 G UNV 317L G 277
240
120

0.41
0.47
0.95

105.7
106.5
106.8

1.17
1.17
1.17

10,530
10,530
10,530

100
99
99

1.11
1.10
1.10

1.06
1.05
1.05

F25T8
(36 in)

1 EC5 T825 J UNV 1 J 277
240
120

0.10
0.11
0.23

27.6
27.0
26.9

0.85
0.85
0.85

1828
1828
1828

66
68
68

3.08
3.15
3.16

0.77
0.79
0.79

2 EC5 T825 J UNV 2 J 277
240
120

0.18
0.20
0.41

48.9
49.0
49.0

0.85
0.85
0.85

3665
3665
3665

75
75
75

1.74
1.73
1.73

0.87
0.87
0.87

F17T8
(24 in)

1 EC5 T817 J UNV 1 J 277
240
120

0.08
0.08
0.17

20.6
20.0
20.1

0.85
0.85
0.85

1190
1190
1190

68
60
70

4.13
4.25
4.23

0.70
0.72
0.72

2 EC5 T817 J UNV 2 J 277
240
120

0.13
0.15
0.31

36.2
37.0
37.0

0.85
0.85
0.85

2380
2380
2380

66
64
64

2.35
2.30
2.30

0.80
0.78
0.78
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EcoSystem Ballasts for linear T5 Lamps

Lamp No. of
Lamps

Model Case
Size

Input
Voltage
(VAC)

Input
Current

(A)

Input
Power

(W)

Ballast
Factor
(BF)

System
Lumens

(lm)

System
Efficacy
(lm/W)

Ballast
Efficacy
Factor

Relative
Efficacy

(RSE)

F35T5
(57.1 in)

1 EC5 T535 J UNV 1 J 277
240
120

0.15
0.18
0.35

42.0
42.3
42.2

1.0
1.0
1.0

3650
3650
3650

87
87
87

2.38
2.38
2.38

0.83
0.83
0.83

F28T5
(45.2 in)

1 EC5 T528 J UNV 1 J 277
240
120

0.12
0.14
0.27

32.6
32.9
32.9

1.0
1.0
1.0

2900
2900
2900

89
88
88

3.07
3.04
3.04

0.86
0.85
0.85

2 EC5 T528 J UNV 2 J 277
240
120

0.23
0.27
0.54

64.5
65.0
65.2

1.0
1.0
1.0

5800
5800
5800

90
89
89

1.55
1.54
1.53

0.87
0.86
0.86

F21T5
(33.4 in)

1 EC5 T521 J UNV 1 J 277
240
120

0.09
0.12
0.22

25.8
25.8
25.8

1.0
1.0
1.0

2100
2100
2100

81
81
81

3.88
3.88
3.88

0.81
0.81
0.81

2 EC5 T521 J UNV 2 J 277
240
120

0.17
0.20
0.39

46.0
47.2
47.2

1.0
1.0
1.0

4200
4200
4200

91
89
89

2.17
2.12
2.12

0.91
0.89
0.89

F14T5
(21.6 in)

1 EC5 T514 J UNV 1 J 277
240
120

0.07
0.08
0.16

19.0
19.2
19.2

1.0
1.0
1.0

1350
1350
1350

71
70
70

5.26
5.21
5.21

0.74
0.74
0.74

2 EC5 T514 J UNV 2 J 277
240
120

0.12
0.14
0.28

32.8
33.3
33.3

1.0
1.0
1.0

2700
2700
2700

82
81
81

3.05
3.00
3.00

0.85
0.85
0.85
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EcoSystem Ballasts for linear T5 HO Lamps

Lamp No. of
Lamps

Model Case
Size

Input
Voltage
(VAC)

Input
Current

(A)

Input
Power

(W)

Ballast
Factor
(BF)

System
Lumens

(lm)

System
Efficacy
(lm/W)

Ballast
Efficacy
Factor

Relative
Efficacy

(RSE)

F54T5
(45.2 in) 

1 EC5 T554 J UNV 1 J 277
240
120

0.21
0.24
0.48

56.5
58.0
57.9

1.0
1.0
1.0

5000
5000
5000

88
86
86

1.77
1.73
1.73

0.96
0.93
0.93

2 EC5 T554 J UNV 2 J 277
240
120

0.40
0.52
0.99

110.1
119.0
119.3

1.0
1.0
1.0

10,000
10,000
10,000

91
84
84

0.91
0.84
0.84

0.98
0.91
0.91

F39T5
(33.4 in) 

1 EC5 T539 J UNV 1 J 277
240
120

0.16
0.18
0.37

43.3
44.0
44.0

1.0
1.0
1.0

3500
3500
3500

81
80
80

2.31
2.27
2.27

0.90
0.89
0.89

2 EC5 T539 J UNV 2 J 277
240
120

0.30
0.35
0.70

83.0
84.0
84.3

1.0
1.0
1.0

7000
7000
7000

84
83
83

1.20
1.19
1.19

0.94
0.93
0.93

F24T5
(21.6 in) 

1 EC5 T524 J UNV 1 J 277
240
120

0.11
0.13 
0.24

30.0
28.8
28.8

1.0
1.0
1.0

2000
2000
2000

67
69
69

3.33
3.47
3.47

0.80
0.83
0.83

2 EC5 T524 J UNV 2 J 277
240
120

0.20
0.23
0.45

54.8
54.0
53.9

1.0
1.0
1.0

4000
4000
4000

73
74
74

1.82
1.85
1.86

0.89
0.89
0.89
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EcoSystem Ballasts for T5 Twin Tube Lamps

Lamp No. of
Lamps

Model Case
Size

Input
Voltage
(VAC)

Input
Current

(A)

Input
Power

(W)

Ballast
Factor
(BF)

System
Lumens

(lm)

System
Efficacy
(lm/W)

Ballast
Efficacy
Factor

Relative
Efficacy

(RSE)

FT55
(20.7 in) 

1 EC5 T555 J UNV 1 J 277
240
120

0.20
0.23
0.46

55.4
55.2
55.2

0.9
0.9
0.9

4320
4320
4320

70
70
70

1.62
1.63
1.63

0.89
0.90
0.90

2 EC5 T555 J UNV 2 J 277
240
120

0.40
0.46
0.92

110.8
110.4
110.4

0.9
0.9
0.9

8640
8640
8640

78
78
78

0.81
0.82
0.82

0.99
0.90
0.90

FT50
(22.5 in) 

1 EC5 T550 J UNV 1 J 277
240
120

0.20
0.23
0.45

55.4
54.0
54.0

1.0
1.0
1.0

4000
4000
4000

72
72
74

1.81
1.85
1.85

0.90
0.93
0.93

2 EC5 T550 J UNV 2 J 277
240
120

0.36
0.42
0.84

99.7
100.8
100.8

1.0
1.0
1.0

8000
8000
8000

80
79
79

1.00
0.99
0.99

1.00
0.99
0.99

FT40
(22.5 in) 

1 EC5 T540 J UNV 1 J 277
240
120

0.16
0.18
0.36

44.3
43.2
43.2

1.0
1.0
1.0

3100
3100
3100

70
72
72

2.26
2.31
2.31

0.90
0.93
0.93

2 EC5 T540 J UNV 2 J 277
240
120

0.27
0.32
0.64

74.8
76.8
76.8

1.0
1.0
1.0

6200
6200
6200

83
81
81

1.34
1.30
1.30

1.07
1.04
1.04

3 EC5 T540 G UNV 3L G 277
240
120

0.40
0.47
0.95

111.3
112.4
113.2

1.0
1.0
1.0

9300
9300
9300

84
83
82

0.90
0.89
0.88

1.08
1.07
1.06

FT39
FT36
(15.5 in) 

1 EC5 T536 J UNV 1 J 277
240
120

0.14
0.17
0.33

38.8
39.6
39.6

1.0
1.0
1.0

2850
2850
2850

74
72
72

2.57
2.53
2.53

0.93
0.91
0.91

2 EC5 T536 J UNV 2 J 277
240
120

0.26
0.31
0.61

72.0
73.2
73.2

1.0
1.0
1.0

5700
5700
5700

79
78
78

1.39
1.37
1.37

1.00
0.98
0.98
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G Case Dimensions

A = 9.5 in (241 mm)

B = 8.9 in (226 mm)

C = 7.1 in (180 mm)

D = 1.0 in (25 mm)

E = 2.38 in (60 mm)

G Case

EcoSystem Ballast Case Dimensions

G case ballasts ship with 36 in. leads for lamp connections 
and 18 in. leads for Hot, Neutral, E1 and E2 connections

J Case

J Case Dimensions

A = 18.0 in (457 mm)

B = 17.68 in (449 mm)

C = 6.82 in (173 mm)

D = .394 in (10 mm)

E = 1.0 in (25 mm)

F = 1.18 in (30 mm)

A
B
C D

E

A
B

C D E

F
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EcoSystem Ballast Wiring Diagrams - T8, T5, T5 HO

Wiring to One Lamp (J case shown)

BLU
BLU

RED
RED

Blue

Red

Wiring to Two Lamps (J case shown)

BLU
BLU

RED
RED

YEL
YEL

Blue

Red

Yellow

Wiring to Two Lamps (G case shown)

BLU
BLU

RED
RED

YEL
YEL

N/C
N/C

Blue

Red

Yellow

Wiring to Three Lamps (G case shown)

BLU
BLU

RED
RED

YEL
YEL

B/W
B/W

Blue

Red

Yellow

Striped

NOTICE

•	Maximum ballast to lamp socket lead length is 7 feet (2 m)
•	Wire colors shown are labeled on the ballast, but may vary depending upon fixture construction
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EcoSystem Ballast Wiring Diagrams - T5 Twin-Tube

Wiring to One Lamp

Wiring to Two Lamps

BLU
BLU

RED
RED

NOTICE

•	Maximum ballast to lamp socket lead length is 3 feet (1 m)
•	Wire colors shown are labeled on the ballast, but may vary depending upon fixture construction

BLU
BLU

RED
RED

YEL
YEL

Blue

Red

Yellow

Blue

Red
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EcoSystem Ballast Wiring:  
EcoSystem Bus

EcoSystem Bus Overview

•	The EcoSystem Bus wiring (E1 and E2) connects  
the digital ballasts together to form a lighting control 
system

•	Each EcoSystem Bus supports up to 64 digital  
ballasts, 32 occupant sensors, 8 daylight sensors,  
and 64 wallstations or IR receivers

•	E1 and E2 (EcoSystem bus wires) are polarity  
insensitive and can be wired in any topology

•	An EcoSystem Bus Supply provides power for the 
EcoSystem Bus and supports system programming

•	All EcoSystem Bus programming is completed by  
using the EcoSystem Programmer

EcoSystem Bus Wiring

•	Ballast EcoSystem Bus terminals only accept one  
#18 AWG solid wire

•	Make sure that the supply breaker to the Digital Ballast 
and EcoSystem Bus Supply is OFF when wiring

•	Connect the two conductors to the two Digital Ballast 
terminals E1 and E2 as shown

•	Using two different colors for E1 and E2 will reduce 
confusion when wiring several ballasts together

•	The EcoSystem bus may be wired Class 1 or Class 2. 
Consult applicable electrical codes for proper wiring 
practices

Notes

•	The EcoSystem Bus Supply does not have to be  
located at the end of the Digital Loop

•	E1 and E2 wires are not polarity sensitive
•	EcoSystem Bus length is limited by the wire gauge 

used for E1 and E2 as follows: 

Wire Gauge Bus Length (max)
12 AWG 2200 ft (670 m)

14 AWG 1400 ft (427 m)

16 AWG 900 ft (274 m)

To the EcoSystem 
Bus Supply & up 
to 64 total ballasts

Ballast Terminals

Ballast Terminals

E1
E2

NEU

HOT
DH

277 V~
Class 2

Bus

E1
E2

NEU

HOT
DH

277 V~
Class 2

Bus
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EcoSystem Ballast Wiring:  
Class 2 Sensors

Electrical Contractors and Engineers:

•	Always follow applicable national and local electrical 
code requirements when connecting circuits to  
EcoSystem devices

•	All field installed Class 2 wiring must be separated 
from line voltage wiring by at least 0.25 in. (6.4 mm)

•	Some local electrical codes require Class 2 wiring to 
be separately routed in a metal conduit

•	Ballasts Class 2 Sensor terminals only accept  
22 AWG solid conductors

Lutron Requires:

•	Keep class 1 and class 2 wiring separate.
•	Where separation is not possible, use a 600 V  

insulated cable with an internal shield. Connect the 
shield to ground to provide better noise immunity for 
low voltage circuits

•	Refer to Application note #142 for additional  
information

Fixture Manufacturers:

•	UL 1598 6.17.1 allows:
	 Factory installed power limited wiring and branch 

circuit wiring that come in random contact within 
the luminaire shall have insulation rated for the 
maximum voltage that exists in any of the circuits. 
(EcoSystem ballast circuits require minimum 600 V 
insulated wire)

•	UL 1598 6.17.2.1 requires:
	 Luminaires designed for the field installation of  

power limited circuits shall be provided with a 
means of segregating or separating the field-installed 
power limited circuit wiring from the branch circuit 
wiring within the luminaire (see UL 1598 6.17 for 
details)

Lutron Requires:

•	Keep class 1 and class 2 wiring separate
•	Where separation is not possible, use a 600 V  

insulated cable with an internal shield. Connect the 
shield to ground to provide better noise immunity for 
low voltage circuits
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EcoSystem Ballast Wiring:  
Daylight Sensor

Wiring to a Daylight Sensor

•	Sensor wiring summary:
	

Sensor Wire Ballast Terminal Terminal Color
Red 
Black
White
Yellow

+20 V
Common
IR
Daylight

Red
Black
White
Yellow

•	Make sure that the supply breaker to the Digital  
Ballast is OFF when wiring.

•	Connect the four conductors to the four Digital  
Ballast terminals as shown.

•	Daylight sensor must be placed within 50 feet (15 m) 
of the ballast.

•	Ballast Class 2 terminals only accept one 22 AWG 
solid wire.

Notes

•	Consult the daylight sensor specification sheet to 
properly locate the sensor.

•	Do not place the sensor above pendant fixtures,  
directly below lighting fixtures, or within skylight 
wells.

•	When wiring both a wallstation and daylight sensor 
to one ballast, only connect the IR wire (white) from 
the keypad, cap off the white wire from the daylight 
sensor.

•	All sensor and wallstation wiring is Class 2. Follow all 
applicable national and local codes for proper circuit 
separation and protection.

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

G Case Terminals

J Case Terminals

Daylight Sensor

22 AWG solid only

22 AWG solid only

Daylight Sensor
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EcoSystem Ballast Wiring:  
Occupancy Sensor

Wiring to a Lutron Occupant Sensor (LOS-XX)

•	Sensor wiring summary:

Sensor Wire Ballast Terminal Terminal Color
Red 
Black
Blue

+20 V
Common
Occ

Red
Black
Blue

	
•	Make sure that the supply breaker to the Digital  

Ballast is OFF when wiring
•	Connect the three conductors to the three ballast 

terminals as shown
•	Occupant sensor must be placed within 50 feet (15 m) 

of the ballast
•	Ballast Class 2 terminals only accept one 22 AWG 

solid wire

Notes

•	Occupant sensors from other manufacturers may be 
used with EcoSystem ballasts if the sensor meets the 
following criteria:
Vin = +20 V , current draw less than 35 mA

•	If other manufacturer’s occupant sensors are used 
terminal colors and sensor wire colors may not match

•	All sensor and wallstation wiring is Class 2. Follow all 
applicable national and local codes for proper circuit 
separation and protection.

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

J Case Terminals

22 AWG solid only

Occupant 
Sensor

22 AWG solid only

G Case Terminals

Occupant 
Sensor
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EcoSystem Ballast Wiring Diagrams 
(continued)

Wiring to an IR Receiver and Wallstation

•	Wiring summary:

Sensor Wire Ballast Terminal Terminal Color

Red 
Black
White

+20 V
Common
IR

Red
Black
White

	
•	Make sure that the supply breaker to the Digital  

Ballast is OFF when wiring
•	Connect the three conductors to the three Digital  

Ballast terminals as shown
•	Receiver must be placed within 50 feet (15 m) of the  

ballast
•	Ballast Class 2 terminals only accept one 22 AWG 

solid wire

Notes

•	Only one wallstation or IR receiver can be wired to a 
digital ballast

•	If a daylight sensor and wallstation/IR receiver are 
connected to one ballast, do not connect the  
daylight sensor’s IR output

•	All sensor and wallstation wiring is Class 2. Follow all 
applicable national and local codes for proper circuit 
separation and protection.

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

+20V

Daylight
Occ
IR

Common

C
lass 2 (#22 AW

G
 S

olid)

E2
E1

C
lass 2

B
us

DH
NEU

277 VoltSH

22 AWG solid only

G Case Terminals

IR Receiver

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

J Case Terminals

22 AWG solid only

IR Receiver

Wallstation

Wires to Digital Ballast
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EcoSystem Ballast Wiring:  
Multiple Devices

Multiple Sensors with One Ballast

•	EcoSystem ballasts accept wiring for one daylight  
sensor input, one occupant sensor input and one IR 
input (wallstation or IR receiver)

•	EcoSystem daylight sensors have IR outputs that  
allow the device to operate as a programming port. 
In applications where a daylight sensor and  
wallstation are wired to the same ballast, do not 
connect the white wire of the daylight sensor to  
the ballast. The wallstation operates as the  
programming port through its integral IR receiver

•	Use the chart below as a guide for wiring multiple 
devices to a ballast

How to Use the Chart

Connect a senor to a ballast from the “Devices” column (in bold). Along 
the selected device row, are “Y’s” and “N’s”. Where a “Y” is placed, the 
device at the top of that column can also be connected to the same 
ballast. An “N” indicates no connection allowed.

Devices Daylight 
sensor  

(with IR)

Occupant 
sensor

Wallstation 
or  

IR receiver

Daylight 
Sensor  
(no IR)

Daylight sensor
(with IR) Y N N
Occupant
sensor Y Y Y
Wallstation or
IR Receiver N Y Y
Daylight sensor
(no IR) N Y Y

Example: When a Daylight Sensor with its internal IR are connected to 
a ballast, then only an occupancy sensor can be added for the system 
to properly function.

+2
0V

D
ay

lig
ht

IRC
om

m
on

Class 2
(#22 AWG Solid)

O
cc

J Case Terminals
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EcoSystem Ballast Wiring:  
Line Voltage Dimmers

EcoSystem Ballasts and 3-wire dimmers

•	Lutron 3-wire dimmers only control the ballast they 
are wired to; EcoSystem does not support grouping 
of 3-wire control input.

3-Wire Control Wiring

•	Make sure that the supply breaker to the Digital  
Ballast is OFF when wiring.

•	�Wire as shown

Line input Connects to

Hot Dimmer Black Wire
Neutral Dimmer White Wire

Dimmer wire Connects to
Yellow Ballast Orange (DH)

Red Ballast Black (HOT)

White Ballast White (NEU)

Green Earth Ground

•	EcoSystem ballast line voltage and 3-wire input  
terminals only accept one 18 AWG solid wire.

Emergency and 3-wire

•	EcoSystem ballasts controlled by a wallbox dimmer 
should not be used for emergency/egress lighting 
unless an external emergency ballast is used in the 
fixture. See Lutron Ap. Note #50.

•	EcoSystem ballasts may be used for emergency/
egress lighting when controlled by a Lutron dimming 
panel (GP); where the panel is a dedicated  
emergency panel.

Notice

3-Wire control turns off digital ballasts when the 
control is in the off position. The digital ballast 
inputs: daylight sensor, wallstation, occupant sensor, 
and IR receiver will not function when the digital 
ballast is turned off

E1
E2

NEU

HOT
DH

277 V~
Class 2

Bus

E1
E2

NEU

HOT
DH

277 V~
Class 2

Bus

LUTRON

3-Wire Dimmer
Green

Ground

Red

Yellow

White

Neutral

Hot / Black

W
hi

te

O
ra

ng
e

B
la

ck
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Attention Electricians and  
Fixture Manufacturers

Ballast/Socket Leads

Lead lengths from ballast to socket must not exceed 
7 feet (2 m) for linear lamps (T5, T5HO, T8). Lead 
lengths must not exceed 3 feet (1 m) for T5 twin 
tube lamps.

Lamp Sockets

Lamp sockets as per IEC 60400 are required to  
ensure positive lamp-pin to socket contact.

Mounting for T5 and T5HO Lamps

Mount lamps 3/8 in. ± 1/8 in. away from the  
grounded metal surface.

Mounting for T8 & T5 Twin Tube Lamps

Mount lamps 1/2 in. ± 1/4 in. away from the  
grounded metal surface.

Having a lamp too close to the grounded metal will 
reduce lamp life. Having a fluorescent lamp too far 
away from the grounded metal will make the lamp 
flicker or not turn on at all.

Lamp Seasoning Requirements

Some fluorescent lamp manufacturers recommend 
that new fluorescent lamps be operated at full 
output (“seasoned”) before they can be dimmed,  
to render lamp impurities inert, ensuring proper 
dimming performance and average rated lamp life. 
Please contact your lamp manufacturer for  
seasoning requirements.

Further Information

For further information please visit  
www.lutron.com/ecosystem or contact our 24-hour 
Technical Support Center at 1-800-523-9466



COMPANION DOWNLIGHTS USING SAME SOCKET/WATTAGE

BASYS™

Downlight

Recessed

Horizontal

Square

13W

Non-IC

GX24q-1

online 
Find it Fast

354

4"

TEL (845) 691-6262
(800) 932-0633 
FAX (845) 691-6289

www.zumtobel.us BSA-2

Zumtobel Lighting Inc. ©2010
3300 Route 9W
Highland, NY 12528-2630

1/18/10

OPTICAL SYSTEM

Upper Reflector
Reflector is spun anodized aluminum of high
specularity, vacuum metalized, designed to
provide highest efficiency and effective beam
distribution.

Lower Reflector
Compound parabolic reflector provides optical
and physical 45-degree cutoff. Square extruded
aluminum reflector designed to provide 
precise mitered corners with integral self-trim
providing iridescent-free finish.

Lower Reflector Finishes
Brushed – High specularity finish provides
lower visual luminance providing and up to a
15% increase in overall efficiency over Matte.
Extrusion finish visually accentuates the
square shape.

Matte – Soft, diffused and evenly illuminated 
surface provides a congruous appearance 
between the downlight and the ceiling.

Optional Micro-Pyramidal structure lens provides
innovative cross-patterned layers to provide 
maximum efficiency and cutoff.

VIEWS MECHANICAL                                               ELECTRICAL                                                OPTICAL SYSTEM

TYPE CATALOG NUMBER FIF # SPEC SHEET PAGE 

Vertical Lamp 
Downlight BRS4N3D1V13GX24Q1 353 BSA-1

Lensed Wallwasher BRS4N1W1H13GX24Q1 355 BSA-3

PHOTOMETRICS

REFLECTOR REPORT # %EFF NOTES

Brushed LTL #13015 42.0 % Osram CFT Lamp

Matte LTL #12643-13W 34.4 % Prorated

Housing
Enclosed octagonal housing is of 20-gauge
cold-rolled steel, post-painted in black powder
coat finish to diminish inter-reflected light
within the housing.

Removable top secured with latch pins allows
for ventilation and top housing access. Lamp
module with socket and reflector is removable
for ease of top relamping. 

20-gauge aluminum plaster frame in black
powder coat finish has a fixed throat of 1 5/16" to
accommodate double-thickness plasterboard. 

Rigid mounting brackets provide 4" vertical 
adjustment from inside aperture and plenum
side of housing. Brackets accommodate 1½"
C-Channel, ½" EMT, ¾" lathing channel, and
Caddy 517A, B, and C-Channels for flexibility 
in mounting (mounting bars ordered as an 
optional accessory).

Code Compliance/Listing
UL Listed for Damp Locations. 
Fixtures with standby battery 
packs are rated for Dry Locations

only. Approved for thru wiring. Above ceiling
access not required.

Thru Wire Box
Oversized junction box is 18-gauge steel, 
post powder coat painted in Titan.

Two combination ½" - ¾" knockouts allow
straight through conduit runs, additional six
½" knockouts allow for installation flexibility.
UL Listed for thru wiring (4 in and 4 out at
90°C) and has 7/8" and 1 1/8" knockouts.

Captive swing-open ballast door provides 
access to ballast and thru wire box through
fixture aperture. 

Ballast
Unitized ballast tray can be pulled either
through aperture or back of thru wire box for
replacement and ease of wire connection. 

Electronic 120/277 universal voltage Class P
electronic ballast is thermally-protected, high
power factor, with auto-reset shutdown circuit
for one compact fluorescent lamp.

Socket
Swing-down socket holder allows for ease of re-
lamping by visually aligning the socket base pins. 

4 3/8"
5 11/16"

1 5/16"

6 1/4"

15"

13 9/16"

Ceiling cutout 5 1/4" x 5 1/4"
Weight - 8.5 lbs

FIXTURE                                                    BALLAST/VOLTAGE             DISTRIBUTION       TRIM FINISH        FLANGE           LENS OPTIONS                    OPTIONS

Universal 120V/277V

Dedicated 347V

EM

EH

F

9930

9952

9956

CP

Standby 
Battery Pack - 
Standard Lumen

Standby Battery
Pack - High Lumen

Fusing

2 - 27" C-Channel
mounting bars

2 - 52" C-Channel
mounting bars

2 - 28" 10-gauge,
one-piece universal
mounting bars

Chicago Plenum

MS Medium 
Distribution

CB

CM

WH

Clear 
Brushed
(Semi
Specular)

Clear 
Matte

White 
Matte

N

W

C

Unfinished

White

Custom

BRS4N1D    1H13GX24Q1 MS

DCA

DMP

DOP

Clear Acrylic,
Damp 
Location

Micro-
Pyramidal,
Damp 
Location

Opal, Damp
Location

U

S3

BASYS 
Recessed Square
4" Aperture
Non-IC Downlight

Horizontal, 13W
GX24q-1 Base

In a continuing effort to offer the best product possible
we reserve the right to change, without notice, 
specifications or materials. Technical specification
sheets that appear on www.zumtobel.us are the
most recent version and supersede all other versions
that exist in any other printed or electronic form.

Type:

Project:

Compact
Fluorescent

http://www.zumtobel.us/PDB?lang=EN&gid=12144&iso2=US
http://www.zumtobel.us/PDB?lang=EN&gid=12124&iso2=US
www.zumtobel.us
www.zumtobel.us
http://www.zumtobel.us/PDB?lang=EN&gid=12144&iso2=US
http://www.zumtobel.us/PDB?lang=EN&gid=12144&iso2=US
http://www.zumtobel.us/PDB?lang=EN&gid=12144&iso2=US
http://www.zumtobel.us/PDB?lang=EN&gid=12144&iso2=US
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EcoSystem Digital Ballasts

     EcoSystem compact ballasts provide high-performance 

dimming for any compact fl uorescent application, 

including within an      EcoSystem.      EcoSystem compact 

ballasts offer 100% to 5% dimming, providing both 

energy savings and lighting fl exibility.

Features

• Continuous, fl icker-free dimming from 100% to 5%

• Compatible with EcoSystem Digital Bus control, GRAFIK 

Eye® QS, and Quantum®, allowing for integration into an 

existing/planned EcoSystem

• Supports standard 3-wire line-voltage phase control 

technology

• Programmed rapid start design ensures full-rated lamp 

life while dimming and cycling

• Lamps turn on to any dimmed level without fl ashing to 

full brightness

• Low harmonic distortion throughout the entire 

dimming range

• Frequency of operation ensures that ballast does not 

interfere with infrared devices

• Inrush current limiting circuitry eliminates circuit breaker 

tripping, switch arcing, and relay failure

• Ultra-quiet operation

• Protected from miswires of any input power to control 

lead, or from lamp leads to each other and/or ground

• 100% performance tested at factory

• 5-year limited warranty with Lutron fi eld service 

commissioning (3-year standard warranty) from date 

of purchase.

EcoSystem case type KEcoSystem case type K
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Specifi cations

Standards

• UL Listed (evaluated to the requirements of UL935)

• UL Type 1 Outdoor for damp locations

• CSA Certifi ed (evaluated to the requirements of 

C22.2 No. 74)

• Class P thermally protected

• Meets ANSI C82.11 High Frequency Ballast Standard

• Meets FCC Part 18 Non-Consumer requirements for 

EMI/RFI emissions

• Meets ANSI C62.41 Category A surge protection 

standards up to and including 4 kV

• Manufacturing facilities employ ESD reduction 

practices that comply with the requirements of 

ANSI/ESD S20.20

• Lutron Quality Systems registered to ISO 9001.2000

Performance

•  Operating Voltage: 120, 220/240, 277 V  at 50 or 

60 Hz

• Grounding: ballast and fi xture must be grounded for 

proper dimming

• Dimming Range: 100% to 5% measured relative light 

output

• Lamp Starting: programmed rapid start

• Lamp Current Crest Factor: less than 1.7

• Light Output Variation: Constant ±2% light output for 

line voltage variations of ±10%

• Lamp Life: Average lamp life meets or exceeds 

specifi ed lamp ratings

• Power Factor: 0.95 minimum

• Total Harmonic Distortion (THD): Less than 20%

• Inaudible in a 27 dBA ambient

• Maximum Inrush Current: 3 A per ballast at 277 V , 

7A per ballast at 120 V

• Standby power: Less than 1 W

Environment

• Minimum lamp starting temperature: 50 °F (10 °C)

• Relative humidity: less than 90% non-condensing

• Sound Rating: inaudible in a 27 dB ambient

• Maximum ballast case temperature: 75 °C (167 °F)

Ballast Wiring & Mounting

• Ballast is grounded by the specifi ed terminal or by a 

mounting screw to the fi xture

• Terminal blocks on the ballast accept the following 

wire gauges:

 Power Wiring and EcoSystem Bus:

  only one 18 AWG solid per terminal

 Lamp Wiring:

  only one 18 AWG solid per terminal

• Only one wire per terminal

• Ballast mounts using two mounting tabs or studs 

within a fl uorescent fi xture

• Wiring from the ballast to lamp sockets shall not 

exceed 3 feet for T4 compact lamps

• Ballast does not have sensor terminals

Lamp Seasoning

Refer to lamp manufacturer for lamp seasoning 

requirements prior to dimming
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EcoSystem Compact Fluorescent Ballast Models
Lamp 
Type

Lamp 
Watts

No. of
Lamps

Model Case
Size

Input
Voltage
(VAC)

Input
Current

(A)

Input
Power

(W)

Ballast
Factor
(BF)

System
Lumens

(lm)

System
Effi cacy
(lm/W)

Ballast
Effi cacy
Factor

Relative
Effi cacy

(RSE)

T4 4-Pin 

Quad-

Tube or 

Triple-

Tube

18 W 1 EC3DT418KU1S

(Studded)

EC3DT418KU1

(Non-studded)

K 120 0.180 21.3 0.95 1140 53.5 4.46 0.80

K 220 0.098 21.1 0.95 1140 54.0 4.50 0.81

K 240 0.092 21.4 0.95 1140 53.3 4.44 0.80

K 277 0.080 20.8 0.95 1140 54.8 4.57 0.82

2 EC3DT418KU2S

(Studded)

EC3DT418KU2

(Non-studded)

K 120 0.34 41.1 0.95 2280 55.5 2.31 0.83

K 220 0.18 39.6 0.95 2280 57.6 2.40 0.86

K 240 0.17 39.4 0.95 2280 57.9 2.41 0.87

K 277 0.15 39.9 0.95 2280 57.1 2.38 0.86

26 W 1 EC3DT4MWKU1S 

(Studded)

EC3DT4MWKU1 

(Non-studded)

K 120 0.22 26.4 0.95 1710 64.8 3.60 0.94

K 220 0.12 26.8 0.95 1710 63.9 3.55 0.92

K 240 0.11 26.9 0.95 1710 63.7 3.54 0.92

K 277 0.10 27.0 0.95 1710 63.4 3.52 0.92

2 EC3DT4MWKU2S 

(Studded)

EC3DT4MWKU2 

(Non-studded)

K 120 0.43 51.6 0.95 3420 66.3 1.84 0.96

K 220 0.23 49.9 0.95 3420 68.5 1.90 0.99

K 240 0.21 50.6 0.95 3420 67.5 1.88 0.98

K 277 0.19 51.4 0.95 3420 66.6 1.85 0.96

T4 4-Pin 

Triple-

Tube

32 W 1 EC3DT4MWKU1S 

(Studded)

EC3DT4MWKU1 

(Non-studded)

K 120 0.27 32.4 0.95 2280 70.4 2.93 0.94

K 220 0.14 31.6 0.95 2280 72.1 3.00 0.96

K 240 0.13 31.7 0.95 2280 72.0 3.00 0.96

K 277 0.11 31.7 0.95 2280 71.9 3.00 0.96

2 EC3DT4MWKU2S 

(Studded)

EC3DT4MWKU2 

(Non-studded)

K 120 0.55 66.0 0.95 4560 69.1 1.44 0.92

K 220 0.29 64.5 0.95 4560 70.7 1.47 0.94

K 240 0.26 63.0 0.95 4560 72.3 1.51 0.96

K 277 0.24 65.5 0.95 4560 69.7 1.45 0.93

42 W 1 EC3DT442KU1S 

(Studded)

EC3DT442KU1 

(Non-studded)

K 120 0.36 43.2 0.95 3040 70.4 2.20 0.92

K 220 0.20 42.9 0.95 3040 70.8 2.21 0.93

K 240 0.18 42.7 0.95 3040 71.2 2.23 0.93

K 277 0.15 42.6 0.95 3040 71.3 2.23 0.94

2 EC3DT442KU2S 

(Studded)

EC3DT442KU2 

(Non-studded)

K 120 0.73 87.6 0.95 6080 69.4 1.08 0.91

K 220 0.39 85.9 0.95 6080 70.8 1.11 0.93

K 240 0.35 85.1 0.95 6080 71.5 1.12 0.94

K 277 0.31 85.4 0.95 6080 71.2 1.11 0.93

NOTE: The "S" at the end of the ballast model number indicates a studded option. Remove the "S" for a non-studded ballast.
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EcoSystem Compact Fluorescent Ballast Case Dimensions

A  4.20 in (107 mm)

B  1.00 in (25 mm)

C  3.00 in (76 mm)

D  4.90 in (124 mm)

E  4.60 in (117 mm) 

 (mounting centers)

F  1.42 in (36 mm)

G  1.99 in (51 mm)

H 1.09 in (28 mm)

I 2.00 in (51 mm)

J 1.60 in (41 mm)

A C

E
D

B

F

G

H

I

J

 

A C

E
D

B

F

G

Studded

Non-studded A  4.20 in (107 mm)

B  1.00 in (25 mm)

C  3.00 in (76 mm)

D  4.90 in (124 mm)

E  4.60 in (117 mm) 

 (mounting centers)

F  1.42 in (36 mm)

G  1.99 in (51 mm)

NOTE: Studded version does not have side connectors.

8-32 Threaded Stud

0.29 in (.736 mm)
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Wiring Diagrams

One Compact Fluorescent Lamp

1  Wire colors shown are for Lutron controls and ballasts only. Dimming control wires may not match ballast wire colors.
2 Ballast is grounded via the case or terminal.

  Note: For T4 compact lamps, maximum lamp-to-ballast wire length is 3 feet (1 m) to guarantee proper performance.

Two Compact Fluorescent Lamps

Black (Switched Hot)1

Neutral 

Red

Red

Blue

Blue

4-pin 

Lamp 

Holder

Ground2

EcoSystem 

Compact

Black (Switched Hot)1

Neutral 
Ground2

Red

Red

Blue

Blue

Yellow

Yellow

4-pin 

Lamp 

Holder

4-pin 

Lamp 

Holder

EcoSystem 

Compact

Orange (Dimmed Hot)1

Orange (Dimmed Hot)1
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EcoSystem Bus Wiring Diagrams

EcoSystem Bus Overview

• The EcoSystem Bus wiring (E1 and E2) connects 

the digital ballasts together to form a lighting control 

system

• Each EcoSystem Bus supports up to 64 digital 

ballasts, 32 occupant sensors, 8 daylight sensors, 

and 64 wallstations or IR receivers

• Sensors do not directly connect to EcoSystem 

compact ballasts

• E1 and E2 (EcoSystem bus wires) are polarity 

insensitive and can be wired in any topology

• An EcoSystem Bus Supply provides power for the 

EcoSystem Bus and supports system programming

• All EcoSystem Bus programming is completed by 

using the EcoSystem Programmer, GRAFIK Eye® QS 

with EcoSystem, or QuantumTM

EcoSystem Bus Wiring

• Ballast EcoSystem Bus terminals only accept one 

16 AWG or 18 AWG solid wire

• Make sure that the supply breaker to the Digital Ballast 

and EcoSystem Bus Supply is OFF when wiring

• Connect the two conductors to the two Digital Ballast 

terminals E1 and E2 as shown

• Using two different colors for E1 and E2 will reduce 

confusion when wiring several ballasts together

• The EcoSystem bus may be wired Class 1 or Class 2. 

Consult applicable electrical codes for proper wiring 

practices

Notes

• The EcoSystem Bus Supply does not have to be 

located at the end of the Digital Loop

• EcoSystem Bus length is limited by the wire gauge 

used for E1 and E2 as follows:

Wire Gauge Bus Length (max)
12 AWG 2200 ft (670 m)

14 AWG 1400 ft (427 m)

16 AWG 900 ft (274 m)

To the EcoSystem 

Bus Supply & up 

to 64 total ballasts

Ballast Terminals

Ballast Terminals

E1
E2

NEU

HOT
DH

277 V~
Class 2

Bus

E1
E2

NEU

HOT
DH

277 V~
Class 2

Bus
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FACILITIES MANAGERS

PERFORMANCE

Lamp Seasoning Requirements

Some fl uorescent lamp manufacturers recommend 

that new fl uorescent lamps be operated at full 

output (“seasoned”) before they can be dimmed 

to render lamp impurities inert, ensuring proper 

dimming performance and average rated lamp life. 

Please contact your lamp manufacturer for 

seasoning requirements.

SERVICE

Replacement Parts

Use replacement parts with exact Lutron model 

numbers. Consult Lutron if you have any questions.

Further Information

For further information, please visit us at 

www.lutron.com/ballasts or contact our 24-hour 

Technical Support Center at 1-800-523-9466.

ELECTRICIANS AND CONTRACTORS

Ballast/Socket Leads

Lead lengths from ballast to socket must not exceed 

3 feet (1 m) for T4 linear lamps.

Lamp Sockets

Lamp sockets as per IEC 60400 are required to 

ensure positive lamp-pin to socket contact. T4 

compact sockets must be the 4-pin type, and must 

be used with 4-pin compact lamps.

Ballast Operating Temperature

Ballast case temperature must not exceed 75 °C at 

any point on ballast. Calibration point temperature 

must not exceed 70 °C.

Wiring and Grounding

Ballast and lighting fi xture must be effectively 

grounded. Ballasts must be installed per national 

and local electrical codes.
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Centralized Control EquipmentSystem OverviewQuantum®

Quantum is a facility management solution that  
creates a flexible, productive, and energy-efficient 
environment for an entire building or campus. A  
single system provides dimming, switching,  
motorized shade control, system integration and 
energy management. It is used to manage the  
electric and natural light in multiple spaces using  
both automatic and manual control options.

Features

• Saves energy through occupancy/vacancy controls, 
daylighting, light level space tuning, shade control,  
and IntelliDemand load shedding.

• Increases productivity through maintaining optimal 
light level needed for tasks by daylighting, space  
tuning, and wallstation controls to activate desired 
preset scenes for the given activity.

• Centrally manage, monitor, and control EcoSystem® 
ballasts, EcoSystem ballast modules, Grafik Eye® 
dimming and switching panels, Grafik Eye QS scene 
controller, and Sivoia® QS shades in a building or 
whole campus environment.

• Uses Lutron’s Q-AdminTM Graphical User Interface for 
easy management of the system

• Built-in timeclock allows scheduling of events based 
on time of day and relative to local sunrise and  
sunset.

• Easily interfaces with audiovisual equipment, security 
systems, fire alarms, and building management  
systems.

• Partitioned space control combines/separates control 
station and occupancy control based on the status of 
movable walls.

• Controls can be programmed using recommended 
templates or on a button-by-button basis.
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Centralized Control EquipmentSystem OverviewQuantum®

System Overview

LUTRON

LUTRONLUTRON

LUTRON

LUTRON

LUTRON

LUTRON

LU
TR
O N

R

LUTRON

LUTRON

LUTRON

LUTRON

LUTRON

LU
TR
O N

R

LUTRON

LUTRON

Corporate Intranet Network

Open Office Areas Exterior Office Exterior Conference Room

Interior Conference Room

Interior Office

GP/LP  
Dimming Panel

XP Switching 
Panel

EcoSystem Loops

Green Glance client PC  
and display 
(optional)

Corporate 
Internet firewall  
(by others)

Q-Manager 
server

Q-Admin control  
and monitor on  
client PC (optional)

Quantum Hub

To additional floors

To BMS by others (BACnet IP)

120 V  normal/emergency feed

Power Panel Link

QS 
Shade 
Link

QS Control Link

Open office EcoSystem ballasts and 
sensors

seeTouch  
QS master 
wallstation

QS smart 
power panel

QS shade 
control

QS shades

EcoSystem 
wallstation

Occupant 
sensor

Daylight 
sensor

QS smart 
power panel

QS shades
QS shades

QS 
smart 
power 
panel

Occupant 
and daylight 
sensors

Incandescent loads
LV loads

GRAFIK Eye QS with 
EcoSystem

EcoSystem 
ballast

GRAFIK Eye QS  
with EcoSystem

EcoSystem ballast

Occupant sensor

RS232 interface
To touchscreen 
by others

IR 
sensor

seeTouch  
QS master 
wallstations

To 
dimming 
panel 
loads

To 
switching 
panel 
loads

Lutron inter-
processor 
communication 
link

EcoSystem 
wallstation
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System Components and Capacities

Light Management Hubs (LMH)

•	16 processors per sub-system. 8 to 16 LMHs per  
sub-system, depending on number of processors  
per hub.

•	Up to 128 sub-systems, for a total of 2048 processors 
(1024 to 2048 LMH).

•	Control links can be configured as EcoSystem, QS 
control links, or Grafik Eye power panel.

•	Up to 4 control links per LMH (2 per processor).
• One configurable link pre-configured as an EcoSystem 

link for communication to EcoSystem bus supply 
modules, which are normally internal to the LMH.

•	5-port Ethernet device for connecting LMHs together 
and connection to the Q-ManagerTM server.

•	3 configurable links can supply power for up to  
32 keypad/control stations. For more controls on the 
QS link, additional power supplies are needed.

Control Links:

EcoSystem® Link

• Up to 4 EcoSystem bus supplies for up to 8  
EcoSystem loops (per bus supply).

• to 64 ballasts per EcoSystem loop
• to 8 daylight sensors per loop
• to 32 occupant sensors per loop

Wire Gauge Bus Length (max)
12 AWG (4.0 mm2) 2200 ft (671 m)

14 AWG (2.5 mm2) 1400 ft (427 m)

16 AWG (1.5 mm2) 900 ft (275 m)

18 AWG (1.0 mm2) 570 ft (175 m)
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QS Control Link

•	Up to 99 QS controls per link
•	Up to 512 switch legs or zones per link

QS Device Consumption Rules

The table below lists the devices available on the QS link. See below for each device’s count toward the link 
maximums for zones, switch legs, and devices.

A Quantum QS link can have up to 512 switch legs (outputs), 99 devices, and 32 power draw units.

QS Device Description Switch Leg Count Device Count Power Draw Units
3-zone GRAFIK Eye® QS 3 1 0
4-zone GRAFIK Eye QS 4 1 0

6-zone GRAFIK Eye QS 6 1 0
seeTouch® QS 0 1 1
Sivoia® QS Roller 64TM 1 1 0
Sivoia QS Roller 100TM 1 1 0
Sivoia QS Roller 225TM 1 1 0
6-Zone GRAFIK Eye QS with EcoSystem® up to 64 1 0
8-Zone GRAFIK Eye QS with EcoSystem up to 64 1 0
16-Zone GRAFIK Eye QS with EcoSystem up to 64 1 0
QS contact closure interface up to 5 1 3
QS network interface 0 1 2
QS smart power panel 0 1 0

Wiring Rules

•	Free wiring topology (daisy chain, T-tap, etc.).
•	No link terminators needed.
•	Total length of control link must not exceed 2000 ft (610 m).
•	Up to 3 link repeaters each adding an additional 2000 ft (610 m).

Wire Gauge Bus Length (max)  
(recommended GRX-CBL-46L)

12 AWG (4.0 mm2) 2000 ft (600 m)

16 AWG (1.5 mm2) 800 ft (250 m)

18 AWG (1.0 mm2) 500 ft (150 m)
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Power Panel Link

•	Up to 32 power panels per link.
•	Daisy chain wiring only.
•	LT-1 link terminators needed on each end of the link.
•	Power panel link connects the processor to the power panels, including: GP, LP, XP, CCP, JDP, JCP, DCI, and 

DP.
•	PELV (Class 2: USA) wiring link requires:
	 - �Two 12 AWG (2.5 mm2) conductors for control power.
	 - �One twisted, shielded pair of 18 AWG (1.0 mm2) for data link.
	 - �One 18 AWG (1.0 mm2) conductor for emergency (essential) sense line, from panel to panel.
	 - �Total length of control link may be no more than 2000 ft (600 m).
	 - �If MUX-RPTR interface and GRX-CBL-46L cable is used, length may be up to 4000 ft. (1200 m).
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Q-ManagerTM System Server

The Q-Manager server is used to collect and record 
data from the Quantum system components. It is also 
required for communicating to the Q-Admin client 
software and the Green Glance client display.

Q-AdminTM System Management Software

•	Up to two clients.
•	Q-Admin is Quantum’s software that allows facilities 

staff to manage their electric light and daylight for 
maximum energy efficiency, comfort, and productivity.

•	Allows control of lights on an area basis for sending 
lights to a level, enabling and disabling of occupancy, 
and changing target light levels for areas that are 
daylighting.

•	Monitors light status, occupancy status, and energy 
consumption.

•	Real-time diagnostics of ballast lamp failures and 
equipment failures.

Green GlanceTM

•	Up to six displays.
•	The screen displays lighting energy savings, real-time 

lighting power savings, and equivalent savings such 
as coal not burned or CO2 not emitted. Data are 
organized into an easy-to-read format intended for 
public viewing.

Control Strategies

Scheduling

•	Built-in timeclock allows scheduling of events based 
on time of day and relative to local sunrise and  
sunset.

•	Create separate timeclocks for each related group  
of outputs, i.e., parking lots, common spaces,  
landscape lighting, etc.

•	Each timeclock can contain different daily schedules.
•	Astronomic events can be set up to 2 hours before or 

after sunrise or sunset.
•	Daylight savings time can be defined according to 

any system used anywhere in the world.

Vacancy/Occupancy Detection

•	Use occupant sensors to automatically turn the lights 
off in an area a fixed time after it becomes vacant.

•	Use occupant sensors to automatically turn the lights 
on in an area when it becomes occupied and to 
automatically turn the lights off in an area a fixed time 
after it becomes vacant.

•	Multiple areas may be grouped together to respond 
to vacancy/occupancy together.

•	Each area’s occupied level/scene and unoccupied 
level/scene can be programmed.

•	Dependent occupancy groups allow you to keep an 
areas lights on when adjacent areas are occupied.

Daylighting

Automatically dim the electric lights in an area based 
on the amount of natural light entering through the 
windows.

Control Station Programming

•	Select lighting scenes and/or shade presets in an 
area.

•	Control individual lighting zones and/or shade groups 
using button-by-button programming.

•	LED indicator displays the status of programmed 
lights.
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Integration

Contact closures

•	Simple integration with fire alarms systems, security 
systems, and audio/visual systems.

RS-232

•	Advanced integration primarily used with audio/visual 
systems.

Telnet® via Ethernet

•	Advanced integration primarily used with audio/visual 
systems.

BACnet® IP

•	Integrate with the building management system.

Q-AdminTM Software

Control of Lights and Shades

Allows the building manager to control and monitor 
the lighting and shading system as follows:

Lights

•	Area lights can be monitored for on/off status.
•	All lights in an area can be turned on/off or sent to a 

specific level. 
•	For areas that have been zoned, these areas may be 

sent to a predefined lighting scene, and individual 
zones may be controlled. 

•	Area lighting scenes can be modified in real time, 
changing the levels zones go to when a scene is 
activated.

Shades

•	Area shades can be monitored for current preset or 
position.

•	Area shades can be opened/closed, sent to a preset, 
or sent to a specific position. 

Occupancy
Occupancy allows the building manager (or security 
guard) to monitor occupancy status and make 
occupancy-setting changes as follows:

•	Area occupancy can be monitored.
•	Area occupancy can be disabled to override  

occupancy control or in case of occupant sensor 
problems.

•	Area occupancy settings, including level lights turn on 
to when area is occupied, and level lights turn off to 
when area is unoccupied, can be changed in real 
time.

Daylighting
Daylighting allows the building manager to control 
and monitor the daylighting settings as follows:

•	Daylighting can be enabled/disabled. This can be 
used to override the control currently taking place in 
the space.

•	Daylight target levels can be changed for each daylit 
area. This is particularly useful when new depart-
ments move into a space.

IntelliDemand Load Shedding
Load shedding allows the building manager to  
monitor whole-building lighting power usage and 
apply a load shed reduction to selected areas, 
thereby reducing a building’s power usage.

Scheduling
Schedule time of day and astronomic timeclock 
events to automate functions for lights and shades.
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Reporting
Reports allow the building manager to gather real-
time and historical information about the system as 
follows:

•	Energy Reports: Show a comparison of cumulative 
energy used over a period of time for one or more 
areas.

•	Power Reports: Show power usage trend over a 
period of time for one or more areas.

•	Activity Report: Shows what activity has taken place 
over a period of time for one or more areas. Activity 
includes occupancy activities (i.e., areas going  
occupied/unoccupied, wall controls being pressed), 
building manager operation (controlling/changing 
areas using the control and monitor tool), and device 
failures (keypads, ballasts, etc. not responding). 

•	Lamp Failure Report: Shows which areas are  
currently reporting lamp failures.

Diagnostics
Diagnostics allow the building manager to check on 
the status of all equipment in the lighting control 
system. Devices will be listed with a reporting status 
of OK, missing, or unknown. 

Administration
The administration tab appears only for users who 
have been assigned the role “Admin” when their user 
account was created or last modified. The adminis-
tration features are as follows:

•	Users: Allows new user accounts to be created and 
existing user accounts to be edited.

•	Publish Graphical Floor Plan: Allows admin user to 
publish new graphical floor plan files, allowing users 
to monitor the status of lights, occupancy of areas, 
and daylighting status.

•	Back-up Project Database: Allows admin user to 
backup the project database. The project database 
holds all the configuration information for the system, 
including keypad programming, area scenes, day-
lighting, occupancy programming, emergency levels, 
night lights, and timeclock. The Control and Monitor 
tool can be used to adjust some of these settings, 
and thus it is important to back up the project  
database prior to changing settings in the Design  
and Setup tool. 

•	Publish Project Database: Allows the admin user  
to send a new project database to the server and 
download the new configuration to the system. The 
project database holds all the configuration informa-
tion for the system, including keypad programming, 
area scenes, daylighting, occupancy programming, 
emergency levels, night lights, and timeclock. 

Graphical Floor Plan Design Service
The Q-AdminTM system navigation and status report-
ing can be performed using customized CAD-based 
drawings of your building. Pan and zoom feature 
allows for easy navigation.

•	Contact Lutron for hourly rate for graphics creation.
•	Customer must supply vector-based (.dwg, .dxf, 

.wmf, etc.) drawings for each floor plan to be  
displayed.
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Dual Technology Ceiling Mount Sensor

The LOS-CDT Series ceiling-mount dual-technology sensors

can integrate into Lutron systems or function as stand-alone

controls using a Lutron power pack. The technology

eliminates manual sensitivity and timer adjustments during

installation and over the life of the product.

Features

• Intelligent, continually adapting sensor

• Ultrasonic (US) combined with passive infrared (PIR)

sensing provide high sensitivity, high noise immunity, and

excellent false tripping immunity

• Suited for complex environments that are difficult to 

control with single-technology sensors

• Snap-locks to ceiling-mounted cover plate

• Non-Volatile Memory: settings saved in protected 

memory are not lost during power outages

• 500 to 2000 sq.ft. (46 to 186 m2) coverage when

mounted on an 8 - 12 ft. (2.4 to 3.7 m) ceiling; 180° and

360° field of view

• Affords choice of turning lights off or dimming to a preset 

level in the unoccupied state when integrated with a 

Lutron system.

Models Available

CCaatt..  NNoo.. CCoolloorr CCoovveerraaggee  FFiieelldd  ooff  VViieeww

LOS-CDT-500-WH White 500 sq.ft. (46 m2) 180°

LOS-CDT-500R-WH White 500 sq.ft. (46 m2) 180°

LOS-CDT-1000-WH White 1000 sq.ft. (93 m2) 180°

LOS-CDT-1000R-WH White 1000 sq.ft. (93 m2) 180°

LOS-CDT-2000-WH White 2000 sq.ft. (186 m2) 360°

LOS-CDT-2000R-WH White 2000 sq.ft. (186 m2) 360°

Self-Adaptive Feature

The LOS-CDT Series ceiling-mount occupant sensors combine both (US) motion detection for maximum

sensitivity and passive infrared (PIR) motion detection for false triggering immunity. The self-adapting internal

microprocessor analyzes the composite sum of both signals to eliminate time-consuming adjustments and

callbacks found in non-intelligent sensors.
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Specifications

Timer Adjustment

• Automatic mode: Continually adapting

sensor automatically adjusts settings to

the space

• Manual mode: 8 to 30 minutes

• Test mode: 8 seconds

LED Lamp

• Red: infrared motion detected

• Green: ultrasonic motion detected

Housing

• Rugged, high-impact, injection-molded

plastic

• Color-coded leads 6 in. (15 cm)

Power

• Operating voltage: 20 - 24 V , PELV

(Class 2: USA) low-voltage

• Operating current: 33 mA nominal

• Control output: 20 - 24 V active high

logic control signal with short-circuit

protection, open collector when

unoccupied

Operating Environment

• Temperature: 32 to 104 °F (0 to 40 °C)

• Relative humidity: less than 95%, 

non-condensing

• For indoor use only

Adaptive Functions

• Installation: 60 minutes

• Learning: 4 weeks for response to error

conditions, air current adaptation, and timer

optimization

• Post-learning occupancy periods

—24-hour circadian occupancy periods learned

—Weekly occupancy periods learned

• Adjustments in post-learning period

—Generally occupied periods 

(threshold = high-sensitivity mode)

—Generally unoccupied periods 

(threshold = miser mode)

Contact Rating (R Models only)

• SPDT 500 mA rated at 24 V isolated relay

Photo Cell (R Models only)

• Prevents light from turning on when there is

sufficient natural light

• Sensitivity: 0 - 1,000 LUX adjustable

Dimensions

 

Front View

 

4.5

(114)

1.4

(38)

Side View

Measurements are in inches (mm)
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Single Sensor to System 2 or More Sensors to System

Lighting

control

system

Red (+20 - 24 V )

Blue* (signal)

Black (common)

Red (+20 - 24 V )

Blue* (signal)

Black (common)

Lighting

control

system To additional

sensors, maximum

determined by

lighting controller

Wiring
Note: Power pack may be required when interfaced to lighting control system; see below.

Power Supply Options
Lutron Lighting Control System Power Pack Required?
Digital microWATTTM No

EcoSystem® No

GRAFIK 5000 / 6000 / 7000TM No, when used with seeTouch® wallstations with occupant sensor

connections.

GRAFIK Eye® 3000 / 4000 Yes

HomeWorks® Yes

LCP128TM No, when used with seeTouch wallstations with occupant sensor

connections.

microWATT® No

RadioRA® Yes

RadioTouch® No

Softswitch128® No, when used with seeTouch wallstations with occupant sensor

connections.

*Note: Use gray wire for -R model.
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120 / 277 / 347 V 60 Hz;

230 V 50 / 60 Hz

Neutral

Power

Pack

Manual

switch off

(optional)

Lighting

Load

Note: Maximum 3 occupant sensors.

Red (+20 - 24 V )

Blue* (signal)

Black

(common)

Black

White

Red

Red

1 to 3 Sensors with Power Pack

Switching Multiple Loads with Auxiliary Power Packs

Hot

Neutral

Hot Manual switch off (optional)

Lighting

Load
Lighting

LoadPower

Pack

Auxiliary

Power

Pack

Red

Red

Red (+20-24 V )

Blue* (signal)

Black

(common)

Note: Maximum of 3 devices total 

(occupant sensors and auxiliary power packs)

can be connected to a power pack.

Black

White

Red

Red

120 / 277 /

347 V

60 Hz;

230 V

50 / 60 Hz

Wiring: Stand-Alone Control

*Note: Use gray wire for -R model.
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Wiring

Lighting

Control

system*

Red (+20-24 V )

Gray (control: occupancy and photo cell signal)

Blue: Cap off

Black (common)

Yellow/White (NO)

Black/White (NC)

Blue/White (Relay, Common)

Gray wire logic with photo cell active:

Room First Occupied During Occupancy

LLiigghhtt  lleevveell:: LLiigghhttss:: LLiigghhtt  lleevveell:: LLiigghhttss::

Below set value Turn on Falls below set value Turn on

Above set value Remain off Moves above set value Remain on

Choose wire based on functionality):

• Yellow/White: NO (normally open)

Open: Unoccupied

Closed: Occupied

• Black/White: NC (normally closed)

Open: Occupied

Closed: Unoccupied

Cap off unused wire.

Relay Model Option
LOS-CDT-xxxxR only

*Note: May require power pack
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Installation

Sensor Placement

Range Diagrams

• The occupant sensor must have an unobstructed view of the room. Do not mount behind or near tall

cabinets, shelves, indirect hanging fixtures, etc.

• Keep the occupant sensor away from air flow from ventilation outlets, windows, fans, etc.

• If installing a 180° occupant sensor (500 and 1000 models), place the sensor on the same wall as the

doorway so that traffic in a hallway will not affect the sensor; otherwise, place in center of room.

• Closely follow the diagrams shown concerning major and minor motion coverage. The sensor can detect

major motion (such as a person taking a half-step) at a greater distance than it can detect minor motion

(such as writing or typing at a desk).

• Decrease total coverage area by 15% for “soft” rooms (for example, heavy draperies or heavy carpeting).

LOS-CDT-1000LOS-CDT-500

LOS-CDT-2000

64 ft. (19.5 m)

45 ft. (13.7 m)

23 ft.

(7 m)

32 ft.

(9.8 m)

Major motion detection

Minor motion detection

22 ft. (6.7 m)

16 ft. (4.9 m)

12 ft. (3.7 m)

22 (6.7)

23 ft.

(7 m)
32 ft.

(9.8 m)

32 ft. (9.8 m)

23 ft. (7 m)

23 ft.

(7 m) 32 ft.

(9.8 m)

12 ft. (3.7 m)

22 ft. (6.7 m)

12 ft. (3.7 m)

22 ft. (6.7 m)
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Installation

Mounting Plate Dimensions

4.2 in.

(106.6 mm)

2.5 in.

(63 mm)

.52 in.

(13.3 mm)

Using the Infrared Mask

Center Ceiling Mount

(Mask blocks sensor seeing

out doorway into hall)

Corner Ceiling Mount

(No mask needed)

Conference

Room Mask

180° Mask Full Mask

Rectangular

Areas

Over the Door Specific Areas

You Wish to

Mask

Mounting

NNoorrmmaall  MMoouunnttiinngg

Twist and lock threaded mounting post onto cover

plate. Drill through ceiling tile with assembly, using

cutter end of the threaded mounting post. Secure

with washer and nut.

Cutter end

MMoouunnttiinngg  ttoo  NNoonn--SSttaannddaarrdd  CCeeiilliinngg  oorr  FFiixxttuurree

Mount twist-lock cover plate using mounting

screws, nuts, and washers (included). Drill/punch

wire routing hole through ceiling tile at center of

cover plate.

13/16 in (21 mm)

Typical Mask Patterns

Wire Lengths
# Sensors 1 2 3 1 2 1

# Aux. PP 0 0 0 1 1 2

22 AWG 750 ft. 375 ft. 250 ft. 375 ft. 250 ft. 250 ft.

0.5 mm2 365 m 180 m 120 m 90 m 120 m 120 m

20 AWG 1200 ft. 600 ft. 400 ft. 600 ft. 400 ft. 400 ft.

0.75 mm2 730 m 365 m 240 m 365 m 240 m 365 m

18 AWG 2400 ft. 1200 ft. 800 ft. 1200 ft. 800 ft. 800 ft.
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Sensor Adjustments

Timer Test Mode Factory Settings

Auto/Manual

Threshold

LED Motion Indicator

Reset Learned Settings

Strong Airflow Compensation

Over Doorway Installation

Timer Adjust

Auto Sensitivity

Off (Default) On

Automatic (Normal) Manual on/off (Override)

Auto Threshold Adjustment High Sensitivity (Low turn-on threshold)

Lights indicate motion Disable LED Indicator

Retain Settings (Normal) Erase all learned settings,

restart Learning (Toggle On)

Off On

Disable Compensation (Normal)   Enable Compensation

No (Normal) Yes (Use increased turn-on threshold)

Adjust Timer Automatically Use Manual Setting (No adjustment)

Adjust Sensitivity Automatically    Adjust Sensitivity Manually

1. Remove the retainer cover.

2. Rotate the black timer adjustment knob to 

about midway (12 o’clock).

3. Return setting to minimum setting (full CCW).

Note: The timer will remain in the 8-second test

mode for 1 hour, then automatically reset to 

8 minutes.

4. To manually take the timer out of the 8-second 

test mode, turn the timer adjustment approximately

1/16" clockwise to make the setting slightly above

minimum (just above the 8-minute setting).

Factory Settings 12 o’clock Full CCW

ON

ON

A
1

2

3

4

B
1

2

3

4

Override Settings

ONON ONON

A
   1
   2
   3
   4

B
1
2
3
4

Black: Timer 

8 min.

Blue: Photo

cell (R model

only)

100% default

Red: Infrared

sensitivity 

75% default

Green:

Ultrasonic

range 

50% default
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Installation

Adjusting the “Lights Not On” Level
LOS-CDT-xxxxR only

Control Settings (Blue Knob)
LOS-CDT-xxxxR only

1. Place timer in Test Mode (see page 7).

2. Set photo cell to max.

Turn the blue knob full clockwise (lights on no

matter how bright the natural light is), then about

30 degrees counterclockwise.

3. Check for Lights-Out.

Move from underneath the sensor, and remain

still until the lights turn off. Move around normally

to turn the light on.

4. Adjust to desired level.

If lights remain off, adjust the blue knob another

30 degrees counterclockwise and repeat step 3

until the lights turn on.

Note: Set blue knob to 100% to disable photo

cell functionality and leave secondary dry contact

closure output functionality intact.

0 1000

0 1000

0 1000

Minimum (low):

Lights will never come on,

even though room is

occupied.

Maximum (high):

Photo cell has no effect on

operation (factory setting).

Normal:

200 to 600 LUX is normal

range.

LOS-CDT   9 09.04.08
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Power EquipmentLP Dimming PanelsGRAFIK Systems

LP Dimming Panels

Features

• Work directly with incandescent, 

magnetic low voltage, and neon/cold

cathode lighting, as well as Lutron

TuWireTM Fluorescent Dimming Ballasts.

• Work with electronic low voltage lighting

via Power Interfaces.

• Work with 3-wire AC motors through

motor modules.

• Panels are prewired - just bring in feed and

load wiring.

• Surface or recess mount between 16”

center to center studs.

Models available with:

• 100-127 V, 220-240 V (non CE), or 

230 V (CE) input power.

• 1 to 8 Dimming Modules for 

4 to 32 dimming legs.

• Different feed types and breakers.

LP Dimming Panels work with:

• GRX-4000 Control Units.

• GRAFIK 5000TM, GRAFIK 6000®, and

GRAFIK 7000® Systems.

• GP Dimming Panels and XP Switching

Panels.

• DMX512 dimming systems via the 2LINKTM

option.

Mini

LP1/4–LP3/12

Standard-Size

LP4/28–LP8/32

LP Dimming Panels are ideal for projects with

many small loads.  Each panel provides power

and dimming for up to 32 dimming legs.
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Standards

• UL Listed (Reference: UL File 42071).

• Complies with CSA, NOM, or CE (where

appropriate).

Power

• Input power: 100-127 V, 220-240 V (non CE),

and 230 V (CE). All voltages 50/60 Hz, phase-

to-neutral.

• Branch Circuit Breakers: UL-rated thermal

magnetic.  

AIC ratings:

100-127 V – 10,000

220-240 V – 6,000

230 V (CE) – 6,000

• Lighting strike protection: Meets ANSI/IEEE

standard 62.41-1980. Can withstand voltage

surges of up to 6000 V and current surges of

up to 3000 A.

• 10-year power failure memory: 

Automatically restores lighting to scene

selected prior to power interruption.

Sources/Load Types

Operate these sources with a smooth

continuous Square Law dimming curve or on

a full-conduction non-dim basis: 

• Incandescent (Tungsten)/Halogen

• Magnetic Low Voltage Transformer

• Lutron Tu-WireTM Electronic Fluorescent

Dimming Ballasts

• Neon/Cold Cathode

Operate these sources via Power Interfaces:

• Electronic Low Voltage Transformer via

dedicated internal Dimming Modules or

external Power Interfaces.

• Lutron Electronic Fluorescent Dimming

Ballasts via external Power Interfaces.

Operate HID sources on a full conduction

non-dim basis.

Dimming Modules

• Each Dimming Module can handle a fully loaded

electrical circuit - up to four dimming legs per Module.

• Maximum Ratings:

Voltage Capacity per Capacity per

Dimming Module Dimming Leg

100-127 V 16 A 16 A

220-240 V 16 A 16 A

(non-CE)

230 V (CE) 13 A 10 A

• RTISSTM filter circuit technology compensates for

incoming line voltage variations: No visible flicker with

+/-2% change in RMS voltage/cycle and +/-2% Hz

change in frequency/second.

Wiring

• Internal: Prewired by Lutron.

• System communications: Low-voltage Class 2 (PELV)

wiring connects Dimming Panels to other

components.

• Line (mains) voltage: Feed and load wiring only. No

other wiring or assembly required.

Setup

Circuit Selector electronically assigns dimming legs 

to zones and sources. Permits reassignment of 

zones and sources without rewiring.

Physical Design

• Enclosure: NEMA-Type 1, IP-20 protection; #16 U.S.

Gauge Steel. Indoors only.

• Weight: 27 lb (13 kg) for Mini LP, 63 lb (29 kg) for

Standard-Size LP.

Mounting

• Surface mount or recess mount between

16 in. (40 cm) studs. 

• Allow space for ventilating.

Environment

32-104 °F (0-40 °C). Relative humidity less than

90% non-condensing.

Specifications

Short Circuit Current Ratings (other ratings available)

Panel Type Voltage   Std. SCCR Rating

LP Main Lug Panels 120        25,000 A
(all sizes)
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How to Build a LP Model Number

L P 7 / 2 8 - 2 3 0 4 I S - 1 3 - C G P  _ _ _

Prefix:

LLPP for LP Dimming Panel

Number of Dimming Modules:

Indicates number of dimming modules in the panel.

Also indicates number of full load circuits.

Number of Dimming Legs:

Indicates number of dimming legs in the panel.

Each module has four dimming legs.

Voltage:

112200 for 100-127 V

223300 for 230 V (CE)

224400 for 220-240 V (non-CE)

Feed Type:

22 for 1 phase 2 wire

33 for 1 phase 3 wire (split phase)

44 for 3 phase 4 wire

Panel Feed:

MMLL for Main Lugs only

MMxxxx for Main Breaker with xxxx  = breaker size in Amps (custom panel option)

IISS for Isolation Switch (CE/non-CE only)

Branch Circuit Breaker Rating:

2200 for 20 A branch circuit breakers (120 V only)

1155 for 15 A branch circuit breakers (120 V only)

1133 for 13 A branch circuit breakers (230 V CE only)

1166 for 16 A branch circuit breakers (240 V non-CE only)

Custom Panel Suffix:

Indicates panel with special options

Prefix

Number of

Dimming

Modules Voltage

Feed Type

Panel Feed

Branch Circuit

Breaker Rating

Custom Panel Suffix

Number of Dimming Legs
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LP1

LP2

LP3

4

8

12

1Ø, 2W

1Ø, 2W

1Ø, 3W

1Ø, 2W

1Ø, 3W

3Ø, 4W

Only standard Panels listed. Consult Lutron for further options.

Mini LP Models

100 - 127V Power

Maximum

Feed

Number Of 

Dimming 

Legs

Feed

Type

Panel

Feed

Number Of 

Dimming 

Modules

20 A

40 A

20 A

40 A

40 A

20 A

15 A or 20 A1

Branch

Circuit

Breakers

LP1

LP2

LP3

4

8

12

1Ø, 2W

1Ø, 2W

1Ø, 2W

3Ø, 4W

220 - 240V (non CE) Power

Maximum

Feed

Number Of 

Dimming 

Legs

Feed

Type

Panel

Feed

Number Of 

Dimming

Modules

16 A

32 A

48 A

16 A

16 A 

Branch

Circuit

Breakers

1 20/16A, 15/12A continuous load rating.

Wire Sizes

Feed Wiring
Power (Hot/Live) (connect directly to Branch Circuit Breakers):
100-127 V #14 AWG (2.0 mm2) to #10 AWG (4.0 mm2)

220-240 V #18 AWG (1.0 mm2) to #4 AWG (25 mm2)

Neutral (connects to Neutral Lug):
100-127 V #14 AWG (2.0 mm2) to #2/0AWG (70 mm2)

220-240 V #14 AWG (2.0 mm2) to #8 AWG (6.0 mm2)

Load Wiring
All Models #14 AWG (2.0 mm2) to #10 AWG (4.0 mm2)
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Maximum

Feed

Number Of 

Dimming 

Legs

Feed

Type

Panel

Feed

Number Of 

Dimming 

Modules

Branch

Circuit

Breakers

Standard-Size LP Models
Only standard Panels listed. Consult Lutron for further options.

LP4

LP5

LP6

LP7

LP8

16

20

24

28

32

3Ø,4W

3Ø,4W

3Ø,4W

3Ø,4W

3Ø,4W

175 A

175 A

175 A

175 A

175 A

Main

Lugs

Only

15 A or

20 A1

100 - 127 V Power

1 20/16A, 15/12A continuous load rating.

Maximum

Feed

Number Of 

Dimming

Legs

Feed

Type

Panel

Feed

Number Of 

Dimming 

Modules

Branch

Circuit

Breakers

LP4

LP5

LP6

LP7

LP8

16

20

24

28

32

3Ø,4W

3Ø,4W

3Ø,4W

3Ø,4W

3Ø,4W

125 A

125 A

125 A

125 A

125 A

Isolation

Switch

Only

16 A

220 - 240 V (non CE) Power

Wire Sizes

Feed Wiring to Main Lugs (100-127 V Only):
Power (Hot/Live) (3) #14 AWG (2.0 mm2) to #2/0 AWG (70 mm2)

Neutral (1) #14 AWG (2.0 mm2) to #2/0 AWG (70 mm2)

Feed Wiring to Isolation Switch (CE/non-CE only):
Power (Hot/Live) (3) 2.5 mm2 to 35 mm2

Neutral (1) 2.5 mm2 to 35 mm2

Load Wiring
All Models #14 AWG (2.0 mm2) to #10 AWG (4.0 mm2)
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Mini LP Dimensions

2.21
(56)

1.34
(34)

2.21
(56)

4.09
(104)

15.13
(384)

14.38 (365)

0.15
(4)

54.15
(105)

24.00
(610)

10.75
(273)

21.50
(546)

8.00
(203)

15.875
(403)

24.50
(622)

Cover

All dimensions in inches (mm).

Top View

Front View

Left Side View

Right Side View

Bottom View
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Standard-Size LP Dimensions

4.15 (105)

41.75 (1060)

2.69 (68)

2.43 (62)

15.875

(403)

8.00

(203)

14.375

(365)

59.50 (1511)

2.43 (62)
11.00

(279)

15.125

(394)

59.00

(1498)

4.21

(107)

0.150

(4)

Cover

All dimensions in inches (mm).

Top View

Front View

Left Side View

Right Side View

Bottom View
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• Surface or recess mount indoors. 

• Consult Dimensions page for dimensions and

conduit knockout locations.

• Panel generates heat. Mount only where ambient

temperature is 32 - 104 °F (0 - 40 °C).

• This equipment is air-cooled. 

Do not block vents or warranty will be void.

• Mount Panels where audible noise is acceptable 

(internal relays click).

• Mount Panels so line (mains) voltage wiring is at

least 6 feet (1.8 m) from sound or electronic

equipment and wiring.

• Mount Panel within 7° of true vertical.

Surface Mounting

• Surface mounting keyholes accept 1/4 in. (6 mm)

mounting bolts.  This size is recommended.

Recess Mounting

• Mount Panel flush to 1/8 in. (3mm) below finished

wall surface.

• Allow room for top cover. Leave 1 1/2 in. (38mm)

clearance to each side of Panel.

Feed Wiring and
Dimming Legs to loads

Terminal
Blocks for
Dimming
Legs to
Loads

Terminal
Blocks for
Dimming
Legs to
Loads

Feed Wiring and
Dimming Legs to loads

Class 2 
(PELV)
Wiring

Do
Not

Block
Vents

Do
Not

Block
Vents

Branch Circuit
Breakers

Feed Wiring
and Dimming
Legs to loads

Feed Wiring
and Dimming
Legs to loads

Class 2 
(PELV)
Wiring

Branch Circuit
Breakers

Front View Side View Front View Side View 

Panel Maximum Weight

BTUs/hour Without Packaging

LP1 90 33 lb (15 kg)

LP2 170 35 lb (16 kg)

LP3 250 37 lb (17 kg)

Maximum Feed and Wire Sizes

Consult Wiring Overview page.

Mini LP Mounting



R

Job Name:

Job Number:

Model Numbers:

PageSPECIF ICATION SUBMITTAL

lp-12 03.29.07

Power EquipmentLP Dimming PanelsGRAFIK Systems

Neutral

100-127 V #14 AWG (2.0 mm2) to 

#2/0 AWG (70 mm2)

220-240 V #14 AWG (2.0 mm2) to 

230 V (CE) #8 AWG (6.0 mm2)

Mini LP Wiring

Power (Hot/Live)

100-127 V  #14 AWG (2.0 mm2) to 

#10 AWG (4.0 mm2)

220-240 V #18 AWG (1.0 mm2) to 

230 V (CE) #4 AWG (25 mm2)

Wiring Tips

Wire the Mini LP similar to wiring a

lighting Distribution Panel: 

• Run feed and load wiring. No

other wiring or assembly required.

• Run separate neutrals for each

module - no common neutrals

across phases.

The Mini LP can provide

temporary lighting:

• Wire all loads.

• Do not remove the bypass

jumpers that protect the Dimming

Modules.

• Use Branch Circuit Breakers to

switch lights on and off.

DH
DH

DH

DH

H

N

N

N

N

N

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

Terminal Blocks

Bypass Jumpers: Do not remove

until load wiring is verified!

Mini LP

(Cover Off)

Branch Circuit

Breakers

Neutral Lug

Power (Hot/Live) Wiring

Load

Neutral Wiring
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Standard-Size LP Wiring

DH
DH

DH

DH

H

N

N

N

N

N

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

Terminal Blocks

Bypass Jumpers: Do not remove

until load wiring is verified!

Standard LP

(Cover Off)

Branch Circuit

Breakers

Neutral Lug

Load

Neutral

(1) #14 AWG (2.0 mm2)

to #2/0 AWG (70 mm2)

Power (Hot/Live)

(3) #14 AWG (2.0 mm2)

to #2/0 AWG (70 mm2)

Wiring Tips

Wire the Mini LP similar to wiring

a lighting Distribution Panel: 

• Run feed and load wiring. No

other wiring or assembly required.

• Run separate neutrals for each

module - no common neutrals

across phases.

The LP can provide temporary 

lighting:

• Wire all loads.

• Do not remove the bypass

jumpers that protect the Dimming

Modules.

• Use Branch Circuit Breakers to

switch lights on and off.
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DH

DH

DH

DH

H

N

N

N

N

N

All Load Types except 

• Lutron Hi-lume® or Eco-10TM (ECO-Series)

Fluorescent Dimming Ballasts

• Electronic Low Voltage

Lutron Hi-lume or Eco-10 (ECO-Series) 
Fluorescent Dimming Ballasts

• Use Lutron FDBI Fluorescent

Dimming Ballast Interface.

Electronic Low Voltage

• Use Lutron ELVI Electronic Low Voltage Interface.

• Consult ELVI Specification Submittal for more 

details.

DH

DH

DH

DH

H

N

N

N

N

N

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

Load

Bypass Jumpers:

Do not remove!

Dimmed

Hot

Neutral

DH

DH

DH

DH

H

N

N

N

N

N

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

Bypass Jumpers:

Do not remove!

Dimmed

Hot

Neutral

Feed

FDBI

Eco-10 or

Hi Lume 

Load

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

(1) #14 AWG (2.0 mm2) to

#10 AWG (4.0 mm2)

Transformer

Bypass Jumpers:

Do not remove!

Dimmed

Hot

Neutral

Feed

ELVI

Typical Dimming Legs for 100-127 V
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LP Panels

Control Unit

Control Interface

Wallstations

Control Interface

Wallstations

5000/6000/7000

Processor

Refer to GRAFIK 5000/6000/7000 Specification

LP Panels

GRAFIK Eye® 4000 System

Class 2 (PELV) wiring link requires:

Two #12 AWG (2.5 mm2) conductors for control power.

One twisted, shielded pair of #18 AWG (1.0 mm2) for data link.

One #18 AWG (1.0 mm2) conductor for Emergency (Essential) sense line, from panel to panel.

Total length of Control Link may be no more than 2,000 ft. (610 m).

Approved low-voltage cable is available from Lutron,1 Belden, and Liberty.  These are approved with

#22 AWG data link wires.

Low-Voltage Class 2 (PELV) Wiring (All Models)

GRAFIK 5000TM/6000®/7000® System

Class 2 (PELV) wiring link requires:

Two #12 AWG (2.5 mm2) conductors for control power.

One twisted, shielded pair of #18 AWG (1.0 mm2) for data link.

One #18 AWG (1.0 mm2) conductor for emergency (essential) sense line, from panel to panel.

Total length of Control Link may be no more than 2,000 ft. (600 m).

If MUX-RPTR interface and GRX-CBL-46L cable1 is used, length may be up to 4,000 ft. (1200 m).

System communications use low-voltage Class 2 wiring. 

Wiring must be daisy-chained.

Wiring must run separately from line (mains) voltage.

GRX-CBL-46L Class 2 (PELV) wiring cable is available from Lutron and contains:

Two #12 AWG (2.5 mm2) conductors for control power.

One twisted, shielded pair of #22 AWG (0.625 mm2) for data link.

One #18 AWG (1.0 mm2) conductor for emergency (essential) sense line.

1

Control Unit
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Class 2 (PELV) Panel-to-Panel Wiring (All Models)

SELECT CIRCUIT 

Data A OK Power Data B OK

1 2 3 4 D 5

1 2 3 4 D 5 C   D

C
o
m

m
o
n

C
o
m

m
o
n

+
2
4
V

F
W

S
e
n
s
e

M
U

X

M
U

X

D
ra

in

D
ra

in

M
U

X

M
U

X

Circuit

1

2

Link

A
Link

B
SELECT CIRCUIT 

Data A OK Power Data B OK

1 2 3 4 D 5

1 2 3 4 D 5 C   D

C
o
m

m
o
n

C
o
m

m
o
n

+
2
4
V

F
W

S
e
n
s
e

M
U

X

M
U

X

D
ra

in

D
ra

in

M
U

X

M
U

X

Circuit

1

2

Link

A
Link

B

Notes:

• Emergency Power: The additional #18 AWG (1.0 mm2)

wire is a “sense” line from terminal 5 of another Panel.

This sense line allows an Emergency (Essential)

Lighting Panel to “sense” when Normal (Non-Essential)

power is lost. If more than one Emergency Lighting

Panel needs to sense from a specific Normal Panel, a

dedicated wire between each pair of Normal (Non-

Essential) and Emergency (Essential) panels may be

required.

• Shield/Drain: Connect shielding as shown. Do not

connect to Ground (Earth) or circuit board of Circuit

Selector.  Connect the bare drain wires and cut off the

outside shield.

Class 2 (PELV) Terminal Connections

Each low-voltage Class 2 (PELV) terminal can accept

only two #18 AWG (1.0 mm2) wires. Two #12 AWG

(2.5 mm2) conductors won't fit. Connect as shown

using appropriate wire connectors.

S C

Data A OK Power

1 2 3 4 5D

C
o

m
m

o
n

2
4

V
F
W

M
U

X

M
U

X

D
ra

in

S
e
n
s
e

1 2 3 4 D 5

Data B OK

B

C
o

m
m

D
ra

in

M
U

X

M
U

X

C D

Link

A
Link

Control

Wiring

(2) #12 AWG

(2.5 mm2)

1: Common

2: 24VFW

To additional

Power Panels

LP Panel 1 LP Panel 2

To Lighting

Controls or

Processors

Shield/Drain Shield/Drain

(1) #18 AWG

(1.0 mm2)

5: Sense Line

Data Link

(1) shielded, 

twisted pair #18

AWG (1.0 mm2)

3: MUX

4: MUX



R

Job Name:

Job Number:

Model Numbers:

PageSPECIF ICATION SUBMITTAL

lp-19 03.29.07

Power EquipmentLP Dimming PanelsGRAFIK Systems

Double Lug Sets

Branch Circuit 

Protection

Lutron 

Ten Volt

Module

(TVM)

2LinkTM

Allows multiple Panels to be fed from the same feed.

Branch Circuit Breakers with higher AIC ratings than

those on standard Panels.

Panels can also have Branch Circuit Breakers with

special ratings such as:

• GFI (Ground Fault Interrupt)

• ELB (Earth Leakage Breaker)

• RCD (Residual Circuit Device).

Allows Panels to operate fluorescent ballasts that

meet IEC 929 standards for 0-10V control including:

• Lutron’s TVE ballasts

• 0-10 V neon

• PWM fluorescent

• Tridonic DSI (Digital Serial Interface).

The TVM can sink or source 50 mA (typically 25-50

ballasts) on each circuit.

• Allows a DMX512 theatrical console to operate

Dimming Panels’ load circuits.

• Allows a GRAFIK Eye® 4000 Series to handle

128 zone (two links of 64 zones). The two links

are independent and do not communicate.

Contact Lutron for further details.

A single feed and multiple LP

Dimming Panels are required.

Jobs with fluorescent ballasts

that require 0-10 V, PWM, or

DSI control.

• Control of architectural

lighting from a DMX512

theatrical console is required.

• A mix of architectural and

theatrical lighting exists on the

job.

Option Description Application

Options

Consult Lutron for ordering information and model numbers. Dimensions and wiring may change based on

options chosen.

Tridonic is a registered trademark of Zumtobel AG.
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Daylight SensorMW-FPS-WH

Fixture Mountable Daylight Sensor

This daylight sensor is designed specifically to work with

Lutron's Lighting Control Systems to implement daylight

harvesting. It allows the Lighting Control System to

automatically dim the lights when the available daylight is

high, and brighten the lights when the available daylight is

low, in order to maintain a specific light level in the space.

Features

• Meets IEC 801-2. Tested to withstand 15kV electrostatic

discharge without damage or memory loss.

• Photopic response matches human eye.

• Constructed of Flame retardant material with UL94 HB

rating.

• Mounts easily on any ceiling tile or fixture with 3/8 in. (10mm)

diameter hole.

• Threaded mounting stud (may be shortened for applications

with limited fixture height).

• Calibrated for daylight sensitivity through the Lighting Control

System to which it is attached.

• Designed to replace the MW-PS in any application.
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Daylight SensorMW-FPS-WH

Specifications

Standards

• Designed for Class 2 operation only. Voltages do

not exceed 35VDC. Complies with requirements

of NFPA 70, of the National Electric Code (NEC)

• Follow all applicable national and/or local wiring

regulations when installing this sensor

• Designed to give a linear response to changes in

viewed light level

• For use with Lutron products only

Power

• Operating Voltage: Low-voltage Class 2, 15VDC

• Analog Signal: 0 - 500uA

Environment

• Temperature: 32-113°F (0-45°C)

• Relative humidity: less than 90% non-condensing

Dimensions

Sensor lead length = 4” (101mm) minimum beyond

threaded stud.

Total wire length from sensor to device must not

exceed 200 ft (61m).

Threaded Stud Diameter = 3/8” (9.5mm) maximum.

Use 3/8-16 wing nut (provided) for mounting.

������

1.25” (32mm)

0.69” (17mm)

1.18” (30mm)
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Daylight SensorMW-FPS-WH

Mounting

Determine the proper location of the Daylight
Sensor using the adjacent diagrams.

• The arrow on the Daylight Sensor defines the viewing

direction

• Place the daylight sensor so its viewing area is

centered upon the nearest window at a distance of

between 1-2 H from the window

• The effective window height, H, starts 3 feet up from

the floor or at the windowsill, whichever is higher,

and ends at the top of the window.

• Ensure that the view of the Daylight Sensor is not

obstructed

• Do not position the Daylight Sensor in the well of a

skylight or above indirect lighting fixtures

Mount the Daylight Sensor

• Drill a 3/8 in. (10mm) diameter hole in the ceiling tile

or indirect fixture mounting surface

• Thread the wires up through the hole

• Install the Daylight Sensor into the hole

• Secure the Daylight Sensor with the mounting

hardware provided (hand tighten only).

Note - If the stem of the Daylight Sensor must be

shortened due to its location (for instance, in a

pendant fixture) this should be done prior to wiring.
Ceiling Tile or Fixture

Arrow points toward the area

viewed by the sensor

3ft (0.9m)

H

1-2H

Bottom of sensor

H = Effective Window Height

Wiring

• Wire color designations:

Yellow = Daylight

Black = Common

Red = 15VDC 

To a Lighting Control System

• Make sure that the supply breaker to the control

system is OFF

• Connect the three conductors to the appropriate

terminals of the lighting control system
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Light Management Hub    1    09.08.09

Centralized Control EquipmentLight Management HubQuantum®

Description

The Quantum light management hub provides a 
centralized connection point for Lutron EcoSystem® 
digital ballast modules, Lutron power panels, 
GRAFIK Eye® QS, and Sivoia® QS shades.

Features
• Designed to control, manage, and monitor 

EcoSystem lighting, Lutron power panels, GRAFIK 
Eye QS, and Sivoia QS shade systems in a building 
or whole campus.

• Supports both astronomic and time-of-day events 
to automatically control the lights and shades in the 
system.

• Simple reconfiguration of a space without rewiring.
• Individually control, monitor, and adjust any light or 

shade in a space.
• GRAFIK Eye QS control links are topology-free.
• Accepts one normally closed (NC) emergency input 

per Quantum bus supply.
• EcoSystem bus may be wired NEC® Class 1 or 

PELV (Class 2: USA).

 Panel Capabilities
• Supports up to 8 EcoSystem loops, (4 Quantum bus 

supplies)
• Each loop can have a combination of 64 ballasts 

and ballast modules, plus a maximum of 16 daylight 
sensors and 32 occupant sensors.

• Each Quantum bus supply has one normally closed 
emergency input.

• Supports up to 2 Quantum processors with 2 links 
each that can be individually configured as:

	 - EcoSystem bus supply
	 - Lutron power panels
	 - GRAFIK Eye QS
	 - Sivoia QS shades
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Specifications
Power

• Input voltage: �120 V , normal/emergency feeder. 
50 / 60 Hz  15 A

• Output: �EcoSystem - 18 V   250 mA per loop 
Processor - 24 V   1 A per link

Physical Design
• Enclosure: �NEMA Type 1, IP-20 protection 

16 U.S. gauge steel
• Weight: 45 pounds (20.4 kg)

Mounting
• Surface mount only

Environment
• For indoor use only
• 32 - 104 ºF (0 - 40 ºC)
• Relative humidity less than 90% non-condensing 
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How to Build a Model Number

   Example

QP2 - 2P8CSE - 120

Prefix

Number of 
Processors

Number  
of Loops

Switch 
Type

Voltage

Prefix
QP2 = Quantum Processor

Number of Processors
0P = 0 Quantum processors
1P = 1 Quantum processor
2P = 2 Quantum processors

Number of Loops
0C = 0 EcoSystem® loops
2C = 2 EcoSystem loops
4C = 4 EcoSystem loops
6C = 6 EcoSystem loops
8C = 8 EcoSystem loops

Switch Type
SE = Ethernet 5-port

Voltage
120 for 120 V

Available Model Numbers
   Contact Lutron for options not listed below.

QP2-0P0CSE-120 (for rough-in use)
QP2-1P0CSE-120
QP2-1P2CSE-120
QP2-1P4CSE-120
QP2-1P6CSE-120
QP2-1P8CSE-120
QP2-2P0CSE-120
QP2-2P2CSE-120
QP2-2P4CSE-120
QP2-2P6CSE-120
QP2-2P8CSE-120



®

Job Name:

Job Number:

Model Numbers:

PageSpecification Submittal

Light Management Hub    4    09.08.09
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Dimensions

15.75 in (400 mm)

15.75 in (400 mm)

12.75 in (324 mm)

2.5 in  
(63.5 mm)

26.5 in 
(673 mm)

31.5 in 
(800 mm)

31.5 in 
(800 mm)

5.81 in (148 mm)

0.15 in 
(4 mm)

Front ViewLeft Side View Right Side View

Top View

Bottom View

®

®
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Mounting and Conduit Entry
• Surface mount indoors.
• Panel generates heat. Mount only where temperature will be 0 - 40 ˚C (32 - 104 ˚F).
• This equipment is air-cooled. Do not block vents or warranty will be void. A minimum of 12 in (305 mm) of 

unobstructed space is required in front of and below the panel for ventilation.
• Water damages equipment. Mount in a location where the panel and processors will not get wet. Mount within 

7˚ of true vertical.
• Digital ballast wiring can be Class 1 or Class 2; always keep Class 1 and Class 2 wiring separate, and follow all 

applicable local and national electric codes.
• Reinforce wall structure for weight and local codes.

• Mount panels so line (mains) voltage wiring is at least 6 feet (1.8 m) from sound or electric equipment and 
wiring.

Front View Side View

Ceiling

Wall

Digital ballast loops
NEC® Class 1  
or PELV  
(Class 2: USA)  
only

PELV (Class 2: USA) wiring 
only for control links and 
Ethernet connection

Dedicated feed
Line voltage only

Alternate 
PELV 
(Class 2: 
USA) entry

Alternate 
PELV 
(Class 2: 
USA) entry

Alternate 
ballast 
wiring 
entry

Alternate 
PELV 
(Class 2: 
USA) entry

Panel Maximum BTUs/Hour Weight (without packaging)
All models 220 40 lb (18 kg)

Alternate 
ballast 
wiring 
entry

Alternate 
ballast 
wiring 
entry
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Centralized Control EquipmentLight Management HubQuantum®

Panel Overview Line voltage input, 
normal/emergency feed

Receptacle (for Lutron service use only)
Panel power switch

PELV (Class 2: USA) power supply board

Quantum bus supplies  
(4 modules, 2 loops per module maximum)

Factory configured  
Quantum bus supply link

Configurable links
(power panel, Lutron QS,  
or Quantum bus supply)

5-port Ethernet device

Quantum processors 
(2 maximum)

PELV (Class 2: USA) wire trough

Ballast wire trough
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Line Voltage Wiring

Ground/Earth
(green)

Neutral  
(white)

Hot/Live
(black)

Notes
• Line voltage must enter panel from top right of panel
• Run a dedicated 120 V  normal/emergency feed
• Lutron recommends that no more than four Light 

Management Hubs are powered by a single derated 
20 A circuit

• Run wiring so line (mains) Class 1 voltage is separate 
from PELV (Class 2: USA) wiring

GND
N

120 V  N/E
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Quantum Inter-Processor Link Wiring

Notes
• The inter-processor wiring is considered PELV  

(Class 2: USA); do not run in the same conduit as line 
(mains) voltage wiring.

• Wiring distance for any single link segment is  
330 ft (100 m) max; use Lutron-provided Ethernet 
switches for longer distances.

• Processors cannot be more than 6 “hops” from the 
server.

• Processors communicate over the interprocessor link 
using multicast UDP; a dedicated network must be 
used for the lighting control system.

Example of Inter-Processor Wiring: Riser Diagram

Quantum 
Light 

Management 
Hub

Quantum 
Light 

Management 
Hub

Quantum 
Light 

Management 
Hub

Quantum 
Light 

Management 
Hub

Quantum 
Light 

Management 
Hub

Quantum 
server

Unmanaged switch

Floor

Floor

Floor

To additional 
Quantum 

Light 
Management 

Hubs

Ethernet  
device
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Dedicated Quantum Bus Supply Link

Dedicated Quantum bus supply link; prewired by Lutron to Quantum Bus Supply 
located in panel

Note: �If Quantum bus supply link is not required, this can be used as a 
configurable link. Power is not available from the Quantum panel on this 
link. An external power supply is required to power devices on this link.

1
2

3
4

5
6

7
8

 
EcoSystem 
ballast

IR receiver

Lighting 
remote

Quantum  
bus supply  
(in panel)

Occupant 
sensor
(32 max. per 
EcoSystem 
loop)

EcoSystem 
interface 
module

Eco10® or 
Hi-lume® 
ballast*

*�Does not count as one of the ballasts 
or modules on the EcoSystem bus

EcoSystem 
ballast

EcoSystem 
ballast

Daylight 
sensor
(8 max. per 
EcoSystem 
loop)

EcoSystem 
keypad

To additional ballasts and 
modules (up to 64 total)

Notes
• EcoSystem® bus may be wired in accordance with NEC® Class 1 

or PELV (Class 2: USA) practices
• Sensors and Quantum bus supply contact closures must be 

wired PELV (Class 2: USA)

EcoSystem Bus Diagram

QP2-2P8CSE-120 shown
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Quantum Bus Supply OPT Switches and LEDs

E1E1E2E2E1E1E2E2

H/L H/L  N    N

1
2

3
4

5
6

7
8

O
N

6
7

8

1
2

3
4

5
6

7
8

O
N

E1E1E2E2E1E1E2E2

H/L H/L  N    N

eRR
emG

eRR
emG

buS

buS

Stat

V       PWR

5
6

7
8

eRR
emG

eRR
emG

buS

buS

Stat

V       PWR

OPT Switches
OPT switches are used to 
configure the Bus Supply. 
The tables below describe 
the options. To place an OPT 
switch in the OFF position, 
slide the switch to the left; 
away from the switch’s 
number. Default is ON (next  
to the switch’s number).

OFF	ON
position	 position

OPT Switch Functions

1 Addressing
Set address for 
bus supply’s loops
(2 loops per bus supply)           

2

3

4 Green Loop (right side)
Manual override levels5

6 Blue Loop (left side)
Manual Override levels7

8 Manual Override

Bus Supply Numbers:
        1             2              3               4

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Bus Supply 3
Addresses 5, 6

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Bus Supply 2
Addresses 3, 4

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Bus Supply 1
Addresses 1, 2

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Lights stay at 
current level

Lights go to 
“high” level

Lights go to 
“low” level

Lights go to  
Off

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Lights stay at 
current level

Lights go to 
“high” level

Lights go to 
“low” level

Lights go to  
Off

Status LEDs
LEDs on the Quantum Bus 
Supply indicate network status. 
The specific LEDs, color and 
flashing method is detailed 
below.

LED Normal Operation Problem Indicator Probable Cause

V  PWR On Off No Mains power

STAT Steady flash Off No Mains power or unit fault

On Unit fault

BUS Intermittent flash 
or Off

On Unit fault

ERR / 
EMG

Off On Emergency contact closure is 
active

Steady flash Miswire detected on 
corresponding bus

Address Numbers:
     1, 2           3, 4           5, 6          7, 8

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Bus Supply 4
Addresses 7, 8

V  PWR

1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N 1
2

3
4

5
6

7
8

O
N 1

2
3

4
5

6
7

8
O

N

Manual override levels 
will be used

Lights will go to the level 
specified by the system
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Quantum Bus Supply Wiring

E2E1

1
2

3
4

5
6

7
8

E2E1

Processor link 
(prewired by Lutron; 
not visible in this 
view)

Wire Gauge Max. Bus Length
12 AWG (2.5 mm2) 2200 ft (670 m)
14 AWG (2.5 mm2) 1400 ft (427 m)
16 AWG (1.5 mm2) 900 ft (274 m)
18 AWG (1.0 mm2) 570 ft (175 m)

Notes
•	E1 and E2 wires are not polarity sensitive.
•	Hot/live, neutral, and ground wires are also 

connected to each lighting fixture; some may have 
an emergency feed.

•	Free wire topology.

DL7 DL8

EM  C

Line voltage in 
(prewired by Lutron)

E2

E2

To additional 
EcoSystem devices

EcoSystem® devices

E1

E1

•	If 15 V  +/- 1 V  is not present between E1 and 
E2, check the Quantum bus supply wiring. A short 
between E1 and E2 will cause the bus supply to stop 
providing voltage on the bus and will cause the ERR 
indicator to flash. Removing the short between E1 
and E2 will allow the bus supply to operate properly.

•	�To wire the Quantum bus supply for PELV (Class 2: 
USA), the Quantum bus supply wires must be 
separated from the mains wiring. Otherwise, the 
PELV wiring must be classified as NEC® Class 1.

Emergency input 
(normally closed)
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Configurable Link Wiring: Power Panel Link

  

       

 

5 4 3 2 1

DR
AI

N
M

UX
M

UX
V+ CO

M

Link 
terminator 
(LT-1)   

Control wiring
(1) �12 AWG 

(2.5 mm2)
1: Common

Data link
(1) �shielded, twisted pair  

22 AWG (1.0 mm2)
3: MUX
4: MUX
D: �Drain wire in shield (keep away 

from ground and all electronics)

Power panel

1 
CO

M
2 

N/
C

3 
M

UX
4 

M
UX

D 
DR

AI
N

5 
Se

ns
e 

lin
e

Power panel

1 
CO

M
2 

N/
C

3 
M

UX
4 

M
UX

D 
DR

AI
N

5 
Se

ns
e 

lin
e

Power panel

1 
CO

M
2 

N/
C

3 
M

UX
4 

M
UX

D 
DR

AI
N

5 
Se

ns
e 

lin
e

4 3 3 4

Link 
terminator 
(LT-1)   

Emergency/essential  
sense line
(1) �18 AWG (1.0 mm2)
5: Sense line
Sense line is used when there 
is a panel being supplied by an 
emergency/essential feed

Data A OK Data B OKPower oK

1 2 3 4 5D C D

A B

C
om

m
on

24
V

FW

M
U

X

M
U

X

D
ra

in
S

en
se

C
om

m

D
ra

in

M
U

X

M
U

X

C1 2 3 4 D 5 D

Link Link

SELECT CIRCUIT

Data link: twisted,
shielded pair
22 AWG (1.0 mm2)
3: MUX
4: MUX

Drain(2) 12 AWG  
(2.5 mm2)

Configurable 
links

Notes
•	Power panel link must be daisy-chained (no T-taps).
•	Maximum of 32 power panels per link.
•	It is not necessary to have the Quantum panel at the 

end of the link.
•	The sense wire (terminal 5) is used whenever there 

is a panel being supplied by an emergency/essential 
feed; see power panel instructions for details.

•	Each low-voltage PELV (Class 2: USA) terminal can 
accept only two 18 AWG (1.0 mm2) wires. Two  
12 AWG (2.5 mm2) conductors will not fit. Connect 
as shown using appropriate wire connectors.

PELV Terminal Wiring

•	Total length of control link may be no more than 
2000 ft. (600 m). If MUX-RPTR interface and  
GRX-CBL-46L cable are used, length may be up 
to 4000 ft. (1200 m).

•	GRX-CBL-46L PELV (Class 2: USA) wiring cable 
is available from Lutron and contains two 12 AWG 
(2.5 mm2) conductors for control power, one 
twisted, shielded pair of 22 AWG (1.0 mm2) for 
data link, and one 18 AWG (1.0 mm2) conductor 
for emergency (essential) sense line.

Sense: 18 AWG (1.0 mm2)
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Configurable Link Wiring: GRAFIK Eye® QS and Sivoia® QS Shades

GRAFIK Eye QS Link
(do not use the “DRAIN” terminal)

5 4 3 2 1

4

3

2

1

4

3

2

1

4

3

2

1

GRAFIK Eye QS control unit

QS wallstations

Configurable 
links

1
2

3
4

1
2

A
B

C

1 2 3 4 5 6 L N

5 4 3 2 1

Sivoia QS 
smart power 
supply panel

Sivoia QS 
shade

GRAFIK Eye QS control unit

Sivoia QS Shade Link
(do not use the “DRAIN” terminal)

4

3

2

1

C

B

A

Data link: (1) twisted,
shielded pair
22 AWG (1.0 mm2)
3: MUX
4: MUX

PELV (Class 2: USA) control wiring
(2) 18 AWG (1.0 mm2)
1: Common
2: 24 V

Drain

(2) 12 AWG  
(2.5 mm2)

(2) 12 AWG  
(2.5 mm2)

PELV 
Terminal 
Wiring

Notes
•	System communication uses PELV (Class 2: USA) 

low-voltage wiring.
•	Follow all local and national electrical codes when 

installing PELV (Class 2: USA) wiring with line 
voltage/mains wiring.

•	Each terminal accepts up to two 18 AWG (1.0 mm2) 
wires.

•	Total length of control link must not exceed 2000 ft 
(600 m); extend using up to 3 link repeaters (each 
adds 2000 ft/600 m).

•	Make all connections in the control unit’s wallbox.
•	A Quantum QS link can have up to 512 switch 

legs (outputs), 99 devices, and 32 power draw 
units (see table on next page).

•	Wiring can be T-tapped or daisy-chained.
•	Wire sizes:
	 - �Two 12 AWG (2.5 mm2) conductors for control 

power.
	 - �One twisted, shielded pair of 22 AWG (1.0 mm2) 

for data link.
	 - Cable is available from Lutron: GRX-CBL-46L.

Note: Wallstations are powered directly from the lighting 
management panel (not the GRAFIK Eye QS control unit)

V+ and COM 
Wire Gauge

QS Link  
Max. Total Length

12 AWG (2.5 mm2) 2000 ft (600 m)

16 AWG (1.5 mm2) 800 ft (250 m)

18 AWG (1.0 mm2) 500 ft (150 m)

DR
AI

N
M

UX
M

UX
V+ CO

M

DR
AI

N
M

UX
M

UX
V+ CO

M
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QS Device Consumption Rules
The table below lists the devices available on the QS link. See below for each device’s count toward the link 
maximums for zones, switch legs, and devices.

A Quantum QS link can have up to 512 switch legs (outputs), 99 devices, and 32 power draw units. 

QS Device Description Switch Leg Count Device Count Power Draw Units
3-zone GRAFIK Eye® QS 3 1 0

4-zone GRAFIK Eye QS 4 1 0

6-zone GRAFIK Eye QS 6 1 0

seeTouch® QS 0 1 1

Sivoia® QS Roller 64 1 1 0

Sivoia QS Roller 100 1 1 0

Sivoia QS Roller 225 1 1 0

6-zone GRAFIK Eye QS with EcoSystem® up to 64 1 0

8-zone GRAFIK Eye QS with EcoSystem up to 64 1 0

16-zone GRAFIK Eye QS with EcoSystem up to 64 1 0

QS contact closure interface up to 5 1                              3

QS network interface for audio-visual integration 0 1 2

QS smart power panel 0 1 0
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Description
This license for BACnet software enables a building management system to control, monitor, and manage 
energy for lights in the Quantum system. This license must be activated by a Lutron Field Service Engineer. 
One license is required for each processor.

System Network Diagram
Note: Requires use of Q-AdminTM software package

Q-ManagerTM light 
management server

Quantum light 
management hub

BACnet 
controller 
(by others)

BACnet 
connection

To other 
Quantum 

equipment and 
devices

qSW-bac-L-PP-A     1     02.01.10

SoftwareQSW-BAC-L-PP-AQuantum®
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SoftwareQSW-BAC-L-PP-AQuantum®

BACnet® Protocol Implementation Conformance Statement (PICS)
Date: January 20, 2010
Vendor Name: Lutron Electronics Co., Inc.
Product Name: Quantum BACnet Integration
Product Model Number: QSW-BAC-L-PP-A
Applications Software Version: 1.9
Firmware Revision: 1.9 
BACnet® Protocol Revision: 4

Version History
Applications Software Versions: 1.6, 1.7, 1.8
Firmware Revisions: 1.6, 1.7, 1.8 
BACnet® Protocol Revision: 2

Product Description
License for Quantum light management hub to enable BACnet IP Integration. Allows control of Quantum 
system components. BACnet IP is embedded in the Quantum light management hub.

BACnet Interoperability Building Blocks Supported (Annex K):

K.1.1 BIBB Data Sharing ReadProperty-B (DS-RP-B)

K.1.8 BIBB Data Sharing WriteProperty-B (DS-WP-B)

K.1.4 BIBB Data Sharing ReadPropertyMultiple-B (DS-RPM-B)

K.1.10 BIBB Data Sharing WritePropertyMultiple-B (DS-WPM-B)

K.1.12 BIBB Data Sharing DS-COV-B

K.5.2 BIBB Device Management DynamicDeviceBinding-B (DM-DDB-B)

K.5.6 BIBB Device Management DeviceCommunicationControl-B (DM-DCC-B)

BACnet Standardized Device Profile (Annex L):
BACnet Application Specific Controller (B-ASC)

Segmentation Capability:
Segmented requests supported? No. 		  Window Size: n/a
Segmented responses supported? No. 		  Window Size: n/a

Non-Standard Application Services:
Non-standard application services are not supported.

Standard Object Types Supported:
Device

1. Dynamically creatable using BACnet’s CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: None.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: None.
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Analog Value
1. Dynamically creatable using the BACnet® CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: Min, Max.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: See Table.

Binary Value
1. Dynamically creatable using BACnet’s CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: None.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: See Table.

Multi-State Value
1. Dynamically creatable using BACnet’s CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: None.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: See Table.

Data Link Layer Options:
BACnet IP

Device Address Binding:
Is static device binding supported? No.

Networking Options:
None

Character Sets Supported:
Indicating support for multiple character sets does not imply that they can all be supported simultaneously.

ANSI X3.4

If this product is a communication gateway, describe the types of non-BACnet equipment/network(s) 
that the gateway supports:
The device is a communication gateway between the BACnet protocol and EcoSystem® ballasts and modules 
in Lutron’s Quantum light control system.
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BACnet® Software License for Quantum Shades

Description
This license for BACnet software enables a building management system to control, monitor, and manage 
energy for shades in the Quantum system. This license must be activated by a Lutron Field Service Engineer. 
One license is required for each processor.
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Q-ManagerTM light 
management server

BACnet 
controller 
(by others)

System Network Diagram
Note: Requires use of Q-AdminTM software package

BACnet 
connection

To other 
Quantum 

equipment and 
devices

Quantum light 
management hub
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BACnet® Protocol Implementation Conformance Statement (PICS)
Date: September 10, 2008
Vendor Name: Lutron Electronics Co., Inc.
Product Name: Quantum BACnet Integration
Product Model Number: QSW-BAC-L-PP-A
Applications Software Version: 1.9
Firmware Revision: 1.9 
BACnet® Protocol Revision: 4

Version History
Applications Software Versions: 1.6, 1.7, 1.8
Firmware Revisions: 1.6, 1.7, 1.8 
BACnet® Protocol Revision: 2

Product Description
License for Quantum light management hub to enable BACnet IP Integration. Allows control of Quantum 
system components. BACnet IP is embedded in the Quantum light management hub.

BACnet Interoperability Building Blocks Supported (Annex K):

K.1.1 BIBB Data Sharing ReadProperty-B (DS-RP-B)

K.1.8 BIBB Data Sharing WriteProperty-B (DS-WP-B)

K.1.4 BIBB Data Sharing ReadPropertyMultiple-B (DS-RPM-B)

K.1.10 BIBB Data Sharing WritePropertyMultiple-B (DS-WPM-B)

K.5.2 BIBB Device Management DynamicDeviceBinding-B (DM-DDB-B)

K.5.6 BIBB Device Management DeviceCommunicationControl-B (DM-DCC-B)

BACnet Standardized Device Profile (Annex L):
BACnet Application Specific Controller (B-ASC)

Segmentation Capability:
Segmented requests supported? No. 		  Window Size: n/a
Segmented responses supported? No. 		  Window Size: n/a

Non-Standard Application Services:
Non-standard application services are not supported.

Standard Object Types Supported:
Device

1. Dynamically creatable using BACnet’s CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: None.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: None.

qsw-bac-s-pp-a-2 02.01.10
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Analog Value
1. Dynamically creatable using the BACnet® CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: Min, Max.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: See Table.

Binary Value
1. Dynamically creatable using BACnet’s CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: None.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: See Table.

Multi-State Value
1. Dynamically creatable using BACnet’s CreateObject service? No.
2. Dynamically deletable using BACnet’s DeleteObject service? No.
3. List of optional properties supported: None.
4. List of all properties that are writable where not otherwise required by this standard: None.
5. List of proprietary properties: None.
6. List of any property value range restrictions: See Table.

Data Link Layer Options:
BACnet IP

Device Address Binding:
Is static device binding supported? No.

Networking Options:
None

Character Sets Supported:
Indicating support for multiple character sets does not imply that they can all be supported simultaneously.

ANSI X3.4

If this product is a communication gateway, describe the types of non-BACnet equipment/network(s) 
that the gateway supports:
The device is a communication gateway between the BACnet protocol and EcoSystem® ballasts and modules 
in Lutron’s Quantum light control system.
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ext int

floor height K z
a q qGC p q hGC pi ext ‐ int ext + int

ROOF 732 1.75 52.8 42.3 9.5 32.8 51.8
52 711 1.73 52.4 41.9 9.4 32.5 51.4
51 697 1.72 52.1 41.7 9.4 32.3 51.1
50 684 1.71 51.8 41.5 9.3 32.1 50.8
49 670 1.70 51.5 41.2 9.3 31.9 50.5
48 656 1.69 51.2 41.0 9.2 31.8 50.2
47 642 1.68 50.9 40.7 9.2 31.6 49.9
46 629 1.67 50.6 40.5 9.1 31.4 49.6
45 615 1.66 50.3 40.2 9.0 31.2 49.3
44 601 1.65 50.0 40.0 9.0 31.0 49.0
43 587 1.64 49.6 39.7 8.9 30.8 48.6
42 574 1.63 49.3 39.4 8.9 30.6 48.3
41 560 1.62 48.9 39.2 8.8 30.3 48.0
40 546 1.61 48.6 38.9 8.7 30.1 47.6
39 532 1.59 48.2 38.6 8.7 29.9 47.3
38 519 1.58 47.9 38.3 8.6 29.7 46.9
37 505 1.57 47.5 38.0 8.6 29.5 46.6
36 491 1.56 47.2 37.7 8.5 29.2 46.2
35 477 1.54 46.8 37.4 8.4 29.0 45.8
34 464 1.53 46.4 37.1 8.3 28.8 45.5
33 450 1.52 46.0 36.8 8.3 28.5 45.1
32 436 1.51 45.6 36.5 8.2 28.3 44.7
31 422 1.49 45.2 36.1 8.1 28.0 44.3
30 402 1.47 44.5 35.6 8.0 27.6 43.6
29 381 1.45 43.8 35.1 7.9 27.2 43.0
28 367 1.43 43.4 34.7 7.8 26.9 42.5
27 353 1.42 42.9 34.3 7.7 26.6 42.0
26 339 1.40 42.4 33.9 7.6 26.3 41.6
25 325 1.38 41.9 33.5 7.5 26.0 41.1
24 312 1.37 41.4 33.1 7.5 25.7 40.6
23 298 1.35 40.9 32.7 7.4 25.3 40.1
22 284 1.33 40.3 32.3 7.3 25.0 39.5
21 270 1.31 39.8 31.8 7.2 24.6 39.0
20 257 1.29 39.2 31.3 7.0 24.3 38.4
19 243 1.27 38.6 30.8 6.9 23.9 37.8
18 229 1.25 37.9 30.3 6.8 23.5 37.2
17 215 1.23 37.3 29.8 6.7 23.1 36.5
16 202 1.21 36.6 29.3 6.6 22.7 35.9
15 188 1.18 35.9 28.7 6.5 22.2 35.1
14 174 1.16 35.1 28.0 6.3 21.7 34.4
13 160 1.13 34.2 27.4 6.2 21.2 33.6
12 147 1.10 33.4 26.7 6.0 20.7 32.7
11 133 1.07 32.4 26.0 5.8 20.1 31.8
10 119 1.04 31.5 25.2 5.7 19.5 30.8
9 105 1.00 30.4 24.3 5.5 18.8 29.8
8 92 0.96 29.2 23.3 5.3 18.1 28.6
7 86 0.95 28.7 22.9 5.2 17.8 28.1
6 78 0.92 27.9 22.3 5.0 17.3 27.3
5 64 0.87 26.3 21.0 4.7 16.3 25.8
4 49 0.81 24.4 19.5 4.4 15.1 23.9
3 33 0.72 21.9 17.5 3.9 13.6 21.4
2 15 0.57 17.4 13.9 3.1 10.8 17.1

Leeward All ‐‐‐ 53.1 ‐81.3 9.6 ‐90.8 ‐71.7

net pressure

COMPONENTS & CLADDING WIND PRESSURE0.8
‐1.53

GC pi 0.18

Anet 68.8 sf

From ASCE Fig. 6‐17

GC p
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APPENDIX II.A:  RESULTS FROM PLANT ALTERNATIVE 

STUDY 
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Chiller and CHP Plant Alternatives 
 Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 

Chiller Plant 

Low range CV Electric Absorption 
(1-stage) 

Absorption 
(2-stage) 

Absorption 
(2-stage) 

Absorption 
(2-stage) 

Mid range VFD Electric Absorption 
(1-stage) 

Absorption 
(2-stage) 

Steam Comp. 
(2-stage) Electric 

High range VFD Electric Electric Electric Steam Comp. 
(2-stage) Electric 

Prime Movers 

Low range IC Engine 
(VFD) 

Gas Turbine 
(CV) 

Gas Turbine 
(CV) 

Gas Turbine 
(CV) 

IC Engine 
(VFD) 

Mid range Gas Turbine 
(CV) Steam 

Generator 
(VFD) 

IC Engine 
(VFD) 

Gas Turbine 
(CV) 

Gas Turbine 
(CV) 

High range IC Engine 
(VFD) 

Steam Gen. 
(VFD) 

Steam Gen. 
(VFD) 

IC Engine 
(VFD) 

 

 

 

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

E
ne

rg
y 

[B
tu

/h
]

Hour

Alternative 1:  Daily Primary Energy Used [Btu/h]

January

February

March

April

May

June

July

August

September

October

November

December



IPD/ BIM THESIS: TEAM II        PHASE II: COGENERATION PLANT REDESIGN 
 

 
THE NEW YORK TIMES BUILDING                                                         APPENDIX II.A  
BONFANTI | CLARKE | COX | WIACEK   

 

 

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

E
ne

rg
y 

[B
tu

/h
]

Hour

Alternative 2:  Daily Primary Energy Used [Btu/h]

January

February

March

April

May

June

July

August

September

October

November

December

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

E
ne

rg
y 

[B
tu

/h
]

Hour

Alternative 3:  Daily Primary Energy Used [Btu/h]

January

February

March

April

May

June

July

August

September

October

November

December



IPD/ BIM THESIS: TEAM II        PHASE II: COGENERATION PLANT REDESIGN 
 

 
THE NEW YORK TIMES BUILDING                                                         APPENDIX II.A  
BONFANTI | CLARKE | COX | WIACEK   

 

 

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Pr
im

e 
E

ne
rg

y 
[B

tu
/h

]

Hour

Alternative 4:  Daily Primary Energy Used [Btu/h]

January

February

March

April

May

June

July

August

September

October

November

December

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

E
ne

rg
y 

[B
tu

/h
]

Hour

Alternative 5:  Daily Primary Energy Used [Btu/h]

January

February

March

April

May

June

July

August

September

October

November

December



IPD/ BIM THESIS: TEAM II        PHASE II: COGENERATION PLANT REDESIGN 
 

 
THE NEW YORK TIMES BUILDING                                                        APPENDIX II.B 
BONFANTI | CLARKE | COX | WIACEK   

APPENDIX II.B:  MANUFACTURER DATA FOR PLANT 

EQUIPMENT 
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APPENDIX II.C:  RESULTS FROM DETAILED CHP 

SIMULATION 
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APPENDIX II.D:  CRANE SELECTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Manitowoc 16000
Product Guide

Features
	
• 	400 m-ton (440 ton) capacity

• 	2 599 m-ton (18,800 ft-kips) Maximum 
Load Moment

• 	5 066 mton-m (36,405 ft-kips) Maximum 
Load Moment with MAX-ER®

• 	96 m (315’) Heavy-Lift Boom

• 138 m (453’) Luffing Jib on Heavy-Lift Boom

• 372 kW (500 HP) engine



Luffing jib range diagram
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Liftcrane Boom Capacities - Model 16000 Series 3 
No. 58 Heavy -lift Main Boom with No. 59 Luffing Jib

ANSI B30.5



Luffing jib load charts

Model 16000 29

Liftcrane Boom Capacities - Model 16000 Series 3 
No. 59 Luffing Jib on No. 58 Heavy Lift Main Boom 

150 590 kg (332,000 lb) Counterweight	 54 430 kg (120,000 lb) Carbody Counterweight
360° Rating		   kg (lb) x 1 000

		  87° Boom Angle

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

66,0
(216.5)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Radius Radius Radius

Lu
ffi

ng
 J

ib
 L

en
gt

h 
24

,0
 m

 (7
8.

7 
ft

)

11,6 
(38)

185,2 
(408.5)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
36

,0
 m

 (1
18

.1
 ft

)

15,2 
(50)

136,1 
(300.2)

116,8 
(252.6)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
48

,0
 m

 (1
57

.5
 ft

)

18,3 
(60)

107,4
(236.8)

92,1
(203.2)

14,0 
(45)

157,7 
(354.2)

151,0 
(333.0)

117,4 
(262.3)

99,6
(222.2)

16,0 
(55)

131,2 
(278.3)

113,3 
(242.0)

— 
(205.4)

— 
(194.5)

22,0 
(75)

91,9
(191.9)

81,6
(175.1)

70,3
(151.1)

66,6
(142.9)

18,0 
(60)

121.1 
(260.7)

112,6 
(244.8)

97,8
(213.0)

84,8
(184.8)

18,0 
(60)

118,9
(258.6)

104,3
(227.5)

89,0 
(194.3)

84,5 
(184.4)

24,0 
(80)

81,6
(176.5)

75,6
(166.8)

66,2
(144.3)

62,6
(136.6)

22,0 
(75)

92,7
(194.7)

92,7
(194.5)

82,2
(174.9)

72,3
(154.3)

22,0 
(75)

92,3
(193.7)

89,1
(190.3)

77,1
(165.1)

73,3
(157.0)

30,0 
(100)

61,2
(132.2)

61,0
(131.8)

55,5
(120.9)

52,6
(144.6)

26,0 
(90)

74,6
(147.9)

73,9
(147.8)

69,5
(144.3)

62,1
(129.5)

26,0 
(90)

74,4
(153.3)

74,3
(152.9)

67,1
(141.2)

64,0
(134.6)

34,0 
(115)

52,0
(110.2)

51,8
(109.9)

49,5
(106.2)

47,0
(100.7)

32,0 
(105)

32,0 
(105)

57,0
(125.8)

56,9
(125.5)

55,2
(121.7)

52,5
(115.8)

38,0 
(125)

44,9
(98.8)

44,8
(98.6)

44,4
(97.7)

42,0
(92.5)

38,0 
(125)

38,0 
(125)

45,6
(100.2)

45,5
(100.0)

44,8
(98.5)

43,0
(94.7)

42,0 
(140)

39,3
(85.0)

39,2
(84.8)

39,1
(84.4)

37,6
(81.5)

44,0 
(145)

44,0 
(145)

46,0 
(155)

34,8
(74,0)

34,7
(73.8)

34,5
(73.4)

33,7
(71.7)

52,0 
(175)

52,0 
(175)

52,0 
(175)

27,0
(54.3)

56,0 
(185)

56,0 
(185)

56,0 
(185)

60,0 
(195)

60,0 
(195)

60,0 
(195)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

Radius Radius Radius

Lu
ffi

ng
 J

ib
 L

en
gt

h 
60

,0
 m

 (1
96

.9
 ft

)

21,3 
(70)

86,0
(189.7)

73,5
(162.2)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
72

,0
 m

 (2
36

.2
 ft

)

21,3 
(70)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
84

,0
 m

 (2
75

.6
 ft

)

21,3 
(70)

24,0 
(80)

79,1
(172.5)

69,3
(151.1)

58,2
(128.1)

51,8
(114.1)

24,0 
(80)

—
(132.1)

—
(115.1)

24,0 
(80)

28,0 
(95)

65,9
(139.2)

62,1
(133.6)

53,2
(114.7)

49,6
(107.3)

28,0 
(95)

58.3
(127.7)

51,2
(112.4)

43,1
(94.6)

28,0 
(95)

42,6
(93.3)

37,9
(83.3)

—
(70.9)

34,0 
(115)

51,1
(108.2)

50,9
(107.8)

45,8
(98.3)

43,2
(92.8)

34,0 
(115)

49.9
(105.8)

48,2
(103.7)

40,6
(88.0)

34,0 
(115)

40,7
(89.2)

36,7
(80.5)

31,4
(68.9)

40,0 
(135)

41,1
(87.2)

40,9
(86.9)

39,4
(84.4)

37,2
(79.7)

40,0 
(135)

40.0
(84.8)

39,8
(84.5)

36,3
(78.1)

40,0 
(135)

38,7
(82.5)

35,4
(77.7)

30,0
(65.2)

48,0 
(160)

31,9
(69.0)

31,8
(68.7)

31,7
(68.3)

30,4
(65.9)

48,0 
(160)

30.9
(66.6)

30.7
(66.3)

30.3
(65.7)

48,0 
(160)

29,8
(64.2)

29,6
(63.9)

26,4
(57.4)

56,0 
(185)

25,6
(55.9)

25,5
(355.7)

35,3
(55.3)

24,9
(54.4)

56,0 
(185)

24.5
(53.5)

24.4
(53.3)

24.2
(52.9)

56,0 
(185)

23,4
(51.2)

23,3
(50.9)

22,7
(49.8)

64,0 
(210)

18,4
(40.7)

18,3
(40.5)

18,2
(40.3)

18,1
(40.1

64,0 
(210)

19.8
(43.7)

19.7
(43.5)

19.5
(43.2)

64,0 
(210)

18,8
(41.5)

18,6
(41.2)

18,5
(40.9)

72,0 
(240)

72,0 
(240)

16.1
(34.6)

15,7
(32.5)

15,2
(31.6)

72,0 
(240)

15,2
(32.5)

15,1
(32.3)

14,9
(32.0)

84,0 
(280)

84,0 
(280)

84,0 
(280)

10,6
(21.4)

9,6
(19.5)

9,1
(18.4)

88,0 
(290)

88,0 
(290)

88,0 
(290)

6,8
(14.2)

6,6
(14.0)
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Luffing jib load charts

30

Liftcrane Boom Capacities - Model 16000 Series 3 
No. 59 Luffing Jib on No. 58 Heavy Lift Main Boom 

150 590 kg (332,000 lb) Counterweight	 54 430 kg (120,000 lb) Carbody Counterweight
360° Rating		   kg (lb) x 1 000

		  75° Boom Angle

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

66,0
(216.5)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Radius Radius Radius

Lu
ffi

ng
 J

ib
 L

en
gt

h 
24

,0
 m

 (7
8.

7 
ft

)

24,0 
(80)

75,6
(163.2)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
36

,0
 m

 (1
18

.1
 ft

)

24,0 
(80)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
48

,0
 m

 (1
57

.5
 ft

)

34,0 
(110)

46,4
(104.2)

26,0 
(90)

68,1 
(140.3)

65,0 
(133.9)

26,0 
(90)

36,0 
(120)

43,0
(92.9)

—
(87.5)

28,0 
(95)

61,9 
(130.9)

59,1 
(124.9)

28,0 
(95)

61,1
(128.9)

38,0 
(125)

40,0
(87.9)

37,6
(82.8)

32,0 
(105)

52,1
(114.9)

49,7
(109.7)

46,9 
(103.4)

43,5 
(96.0)

32,0 
(105)

51,4
(113.3)

48,7
(107.4)

40,0 
(135)

37,3
(79.3)

35,1
(74.6)

32,6
(69.2)

36,0 
(120)

42,5
(91.8)

40,2
(213.0)

37,2
(80.5)

36,0 
(120)

44,0
(95.2)

41,7
(90.2)

39,1
(84.4)

—
(81.0)

42,0 
(140)

34,9
(75.5)

32,9
(71.0)

30,5
(65.8)

29,1
(62.8)

38,0 
(125)

37,3
(82.1)

32,3 
(76.3)

38,0 
(125)

41,0
(90,3)

38,9
(125.5)

36,3
(79.9)

34,9
(76.7)

44,0 
(145)

32,8
(71.9)

30,8
(67.6)

28,5
(62.6)

27,2
(59.8)

42,0 
(140)

30,2
(65.1)

42,0 
(140)

35,9
(77.5)

34,0
(85.5)

31,8
(68.6)

30,4
(65.8)

46,0 
(155)

30,8
(65.6)

29,0
(61.6)

26,8
(56.9)

25,6
(54.3)

46,0 
(155)

46,0 
(155)

30,0
(63.7)

28,0
(59.5)

26,8
(57.1)

50,0 
(165)

27,4
(60,0)

25,7
(56.3)

23,7
(52.0)

22,6
(49.6)

52,0 
(175)

52,0 
(175)

22,4
(47.5)

56,0 
(185)

23,2
(50.6)

21,7
(47.5)

20,0
(43.7)

19,0
(41.6)

54,0 
(180)

54,0 
(180)

60,0 
(200)

19,5
(41.8)

17,9
(38.6)

17,0
(36.7)

56,0 
(185)

56,0 
(185)

64,0 
(215)

16,0
—

15,2
(32.2)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

48,0
(157.5)

Boom
m (ft)

30,0
(98.4)

Radius Radius Radius

Lu
ffi

ng
 J

ib
 L

en
gt

h 
60

,0
 m

 (1
96

.9
 ft

)

40,0 
(135)

36,1
(76.7)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
72

,0
 m

 (2
36

.2
 ft

)

40,0 
(135)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
84

,0
 m

 (2
75

.6
 ft

)

40,0 
(135)

44,0 
(145)

31,6
(69.4)

29,6
(64.9)

44,0 
(145)

44,0 
(145)

48,0 
(160)

27,9
(60.3)

26,0
(56.2)

23,9
(51.5)

22,7
(48.9)

48,0 
(160)

26,6
(57.4)

24,7
(53.1)

48,0 
(160)

54,0 
(180)

23,5
(50.6)

21,8
(47.0)

19,9
(42.9)

18,8
(40.6)

54,0 
(180)

22,2
(47.8)

20,5
(44.1)

19,5
(41.9)

54,0 
(180)

21,0
(45.1)

60,0 
(200)

19,9
(42.9)

18,4
(39.8)

16,8
(36.1)

15,8
(34.0)

60,0 
(200)

18,7
(40.2)

17,1
(36.9)

16,3
(35.0)

60,0 
(200)

17,5
(37.6)

66,0 
(220)

17,0
(36.6)

15,7
(33.8)

14,2
(30.5)

13,3
(28.7)

66,0 
(220)

15,9
(31.4)

14,5
(31.1)

13,6
(29.3)

66,0 
(220)

14,7
(31.5)

72,0 
(240)

13,4
(28.6)

12,0
(25.8)

11,3
(24.2)

72,0 
(240)

13,5
(28.9)

12,2
(26.2)

11,5
(24.7)

72,0 
(240)

12,3
(26.4)

76,0 
(250)

10,7
(23.6)

10,0
(22.1)

76,0 
(250)

12,1
(26.7)

10,9
(24.1)

10,3
(22.6)

76,0 
(250)

11,0
(24.2)

80,0 
(265)

80,0 
(265)

9,8
—

9,1
—

80,0 
(265)

9,8
—

84,0 
(280)

84,0 
(280)

8,7
(18,2)

8,1
(17,1)

84,0 
(280)

8,7
(18.5)

88,0 
(300)

88,0 
(300)

88,0 
(300)

7,7
(15.2)
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Luffing jib load charts

Model 16000 31

Liftcrane Boom Capacities - Model 16000 Series 3 
No. 59 Luffing Jib on No. 58 Heavy Lift Main Boom 

150 590 kg (332,000 lb) Counterweight	 54 430 kg (120,000 lb) Carbody Counterweight
360° Rating		   kg (lb) x 1 000

		  65° Boom Angle

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

66,0
(216.5)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

60,0
(196.9)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

54,0
(177.2)

Radius Radius Radius

Lu
ffi

ng
 J

ib
 L

en
gt

h 
24

,0
 m

 (7
8.

7 
ft

)

32,0 
(105)

47,9
(105.7)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
36

,0
 m

 (1
18

.1
 ft

)

32,0 
(105)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
48

,0
 m

 (1
57

.5
 ft

)

32,0 
(105)

36,0 
(120)

41,0 
(88.7)

—
(80.8)

36,0 
(120)

36,0 
(120)

40,0 
(135)

61,9 
—

32,4 
(68.9)

40,0 
(135)

34,8
(74.0)

40,0 
(135)

44,0 
(145)

28,2
(61.9)

25,0 
(60.6)

44,0 
(145)

30,6
(67.1)

27,4
(60.1)

44,0 
(145)

48,0 
(160)

21,9
(47.2)

18,5
(39.8)

48,0 
(160)

27,0
(58.4)

24,2
(52.2)

—
(44.9)

48,0 
(160)

26,0
(56.1)

52,0 
(175)

16,2 
(34.3)

52,0 
(175)

21,5
(45.7)

18,4
(39.2)

16,6
(35.4)

52,0 
(175)

23,1
(49.2)

20,3
(43.1)

56,0 
(185)

54,0 
(180)

20,3
(43.7)

17,4
(34.3)

15,7
(33.8)

54,0 
(180)

21,9
(47.1)

19,1
(41.2)

60,0 
(200)

60,0 
(200)

14,6
(31.2)

13,1
(28.2)

60,0 
(200)

18,5
(39.9)

16,2
(34.8)

13,3
(28.7)

62,0 
(205)

62,0 
(205)

12,3
(26.9)

62,0 
(205)

17,5
(38.2)

15,3
(33.3)

12,6
(27.5)

68,0 
(225)

68,0 
(225)

68,0 
(225)

10,6
(23.0)

72,0 
(240)

72,0 
(240)

72,0 
(240)

9,3
(19.8)

Boom
m (ft)

30,0
(98.4)

42,0
(137.8)

Boom
m (ft)

30,0
(98.4)

Radius Radius

Lu
ffi

ng
 J

ib
 L

en
gt

h 
60

,0
 m

 (1
96

.9
 ft

)

54,0 
(180)

20,6
(44.5)

Lu
ffi

ng
 J

ib
 L

en
gt

h 
72

,0
 m

 (2
36

.2
 ft

)

54,0 
(180)

56,0 
(185)

19,5
(42.6)

56,0 
(185)

58,0 
(190)

18,4
(40.8)

15,7
(34.9)

58,0 
(190)

60,0 
(200)

17,4
(37.5)

14,8
(31.9)

60,0 
(200)

16,1
(34.5)

64,0 
(210)

15,6
(34.5)

13,2
(29.3)

64,0 
(210)

14,3
(31.6)

68,0 
(225)

14,0
(30.5)

11,8
(25.7)

68,0 
(225)

12,7
(27.7)

72,0 
(240)

12,6
(26.9)

10,5
(22.5)

72,0 
(240)

11,3
(24.3)

74,0 
(245)

11,8
(25.7)

9,9
(21.5)

74,0 
(245)

10,7
(23.2)

76,0 
(250)

9,3
(20.6)

76,0 
(250)

10,1
(22.2)

80,0 
(260)

—
(18.7)

80,0 
(260)

9,0
(20.3)

84,0 
(280)

84,0 
(280)

7,9
(16.8)
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IPD/ BIM THESIS: TEAM II        PHASE II: COGENERATION PLANT REDESIGN 
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APPENDIX III.A:  CALCULATIONS 
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BONFANTI | CLARKE | COX | WIACEK   

 

 
 
 

 
 

 

floor area (sf) floor façade wall area (sf) W i  (lbs) h x  (ft) h i  (ft) w i *h i
k

1 21550 127 25 17639 3177814 25.2 25 2.02E+09
2 21550 127 25 10828 3007553 15.5 41 4.97E+09
3 21550 127 25 10828 3007553 15.5 56 9.48E+09
4 21550 127 25 10026 2987501 14.3 70 1.48E+10
5 21550 127 25 9625 2977475 13.8 84 2.11E+10
6 21550 127 25 9625 2977475 13.8 98 2.86E+10
7 21550 125 25 9625 2934375 13.8 112 3.66E+10
8 21550 125 25 9625 2934375 13.8 125 4.62E+10
9 21550 125 25 9625 2934375 13.8 139 5.69E+10
10 21550 125 25 9625 2934375 13.8 153 6.87E+10
11 21550 125 25 9625 2934375 13.8 167 8.16E+10
12 21550 125 25 9625 2934375 13.8 180 9.56E+10
13 21550 125 25 10442 2954792 14.9 195 1.13E+11
14 21550 123 25 8808 2870858 12.6 208 1.24E+11
15 21550 123 25 9625 2891275 13.8 222 1.42E+11
16 21550 123 25 9625 2891275 13.8 235 1.60E+11
17 21550 123 25 9625 2891275 13.8 249 1.80E+11
18 21550 123 25 9625 2891275 13.8 263 2.00E+11
19 21550 123 25 9625 2891275 13.8 277 2.21E+11
20 21550 121 25 9625 2848175 13.8 290 2.40E+11
21 21550 121 25 9625 2848175 13.8 304 2.64E+11
22 21550 121 25 9625 2848175 13.8 318 2.88E+11
23 21550 121 25 9625 2848175 13.8 332 3.13E+11
24 21550 121 25 9625 2848175 13.8 345 3.40E+11
25 21550 121 25 9625 2848175 13.8 359 3.68E+11
26 21550 119 25 9625 2805075 13.8 373 3.90E+11
27 21550 119 25 10179 2818929 14.5 388 4.23E+11
28 21550 119 25 19279 3046429 27.5 415 5.25E+11
29 21550 119 25 9625 2805075 13.8 429 5.16E+11
30 21550 119 25 9625 2805075 13.8 443 5.49E+11
31 21550 119 25 9625 2805075 13.8 456 5.84E+11
32 21550 117 25 9625 2761975 13.8 470 6.10E+11
33 21550 117 25 9625 2761975 13.8 484 6.46E+11
34 21550 117 25 9625 2761975 13.8 498 6.84E+11
35 21550 117 25 9625 2761975 13.8 511 7.22E+11
36 21550 117 25 9625 2761975 13.7 525 7.61E+11
37 21550 117 25 9625 2761975 13.8 539 8.02E+11
38 21550 115 25 9625 2718875 13.8 553 8.30E+11
39 21550 115 25 9625 2718875 13.8 566 8.72E+11
40 21550 115 25 9625 2718875 13.8 580 9.15E+11
41 21550 115 25 9625 2718875 13.8 594 9.59E+11
42 21550 115 25 9625 2718875 13.8 608 1.00E+12
43 21550 115 25 9625 2718875 13.8 621 1.05E+12
44 21550 113 25 9625 2675775 13.8 635 1.08E+12
45 21550 113 25 9625 2675775 13.8 649 1.13E+12
46 21550 113 25 9625 2675775 13.8 663 1.17E+12
47 21550 113 25 9625 2675775 13.8 676 1.22E+12
48 21550 113 25 9625 2675775 13.8 690 1.27E+12
49 21550 113 25 9625 2675775 13.8 704 1.33E+12
50 21550 111 25 10063 2643613 14.4 718 1.36E+12
51 21550 111 25 18664 2858658 26.7 745 1.59E+12
52 21550 111 25 12306 2699700 17.6 762 1.57E+12

ROOF 27400 111 25 0 3041400 0.0 762 1.77E+12

ΣW 150381.475 k Σw i *h i
k 2.97504E+13

SEISMIC FORCE CALCULATIONS
wi (psf)

Table 1: Seismic force calculations 
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NYCBC: 2‐65 (medium hard rock)

4‐65 (soft rock)

ASCE 7‐05: seismic design category C

Occ. Cat. III T 11.5‐1

Importance factor= 1.25

(using USGS Ground Motion Parameter Calculator)

latitude: 40.756192 Fa= 1.2

longitude: ‐73.990130 Fv= 1.7

T=0.2s T=1.0s

SMS 0.436 g SM1 0.119 g

SDS 0.291 g SD1 0.08 g

ASCE 7‐05: SDS ‐> SDC B T 11.6‐1

SD1 ‐> SDC B T 11.6‐2

C u*Ta 4.93 s

T 6.25 s via ETABS, min of E/W & N/S

T L 6.00 s Cu*Ta< TL < T

Ta= C t*h n
x = 2.902 s

C t 0.02 T 12.2.1.B

x 0.75 T 11.5‐1
h 762.4

V = C s * W 1503.8 k 12.8‐1

0.1119 S DS /(R/I)

0.0076 S D1*T L /(T
2*R/I)

>= 0.01 min

R 3.25 T 12.2.1.B
I 1.25 T 11.5‐1

Soil Classification

: use 0.01 for 
E/W & N/S

therefore, 
use SDC B

Spectral Response Acceleration

C s = min{

site class C

Period of Building

Seismic Base Shear

: use 4.93 s 

for Cs calc

Table 2A: Seismic force calculation variables 
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level E/W story drift allowable check N/S story drift allowable check
Roof 12.87 0.53 2.40 OK 11.91 1.42 2.40 OK
52 12.61 0.55 2.40 OK 11.16 0.47 2.40 OK
51 12.34 0.62 2.59 OK 10.91 0.52 3.16 OK
50 12.04 0.58 2.48 OK 10.64 0.50 2.59 OK
49 11.75 0.59 2.48 OK 10.38 0.54 2.48 OK
48 11.46 0.61 2.48 OK 10.09 0.51 2.48 OK
47 11.17 0.62 2.48 OK 9.82 0.51 2.48 OK
46 10.87 0.63 2.48 OK 9.55 0.52 2.48 OK
45 10.56 0.64 2.48 OK 9.28 0.52 2.48 OK
44 10.24 0.64 2.48 OK 9.00 0.53 2.48 OK
43 9.93 0.63 2.48 OK 8.73 0.53 2.48 OK
42 9.62 0.64 2.48 OK 8.45 0.53 2.48 OK
41 9.31 0.64 2.48 OK 8.17 0.53 2.48 OK
40 9.00 0.65 2.48 OK 7.89 0.54 2.48 OK
39 8.68 0.65 2.48 OK 7.61 0.54 2.48 OK
38 8.36 0.65 2.48 OK 7.32 0.54 2.48 OK
37 8.04 0.65 2.48 OK 7.04 0.53 2.48 OK
36 7.73 0.65 2.47 OK 6.76 0.53 2.47 OK
35 7.41 0.65 2.48 OK 6.48 0.53 2.48 OK
34 7.10 0.65 2.48 OK 6.20 0.53 2.48 OK
33 6.78 0.64 2.48 OK 5.93 0.52 2.48 OK
32 6.47 0.64 2.48 OK 5.65 0.52 2.48 OK
31 6.16 0.63 2.48 OK 5.38 0.50 2.48 OK
30 5.85 0.60 2.48 OK 5.12 0.50 2.48 OK
29 5.55 0.73 2.48 OK 4.85 1.11 2.48 OK
28 5.19 0.83 4.96 OK 4.27 0.47 4.96 OK
27 4.79 0.59 2.62 OK 4.02 0.47 2.62 OK
26 4.50 0.57 2.48 OK 3.77 0.46 2.48 OK
25 4.22 0.55 2.48 OK 3.53 0.44 2.48 OK
24 3.95 0.54 2.48 OK 3.30 0.42 2.48 OK
23 3.69 0.53 2.48 OK 3.08 0.41 2.48 OK
22 3.43 0.51 2.48 OK 2.86 0.40 2.48 OK
21 3.18 0.50 2.48 OK 2.65 0.39 2.48 OK
20 2.94 0.48 2.48 OK 2.45 0.37 2.48 OK
19 2.71 0.45 2.48 OK 2.25 0.34 2.48 OK
18 2.49 0.42 2.48 OK 2.07 0.33 2.48 OK
17 2.28 0.40 2.48 OK 1.90 0.31 2.48 OK
16 2.09 0.39 2.48 OK 1.74 0.30 2.48 OK
15 1.90 0.37 2.48 OK 1.58 0.29 2.48 OK
14 1.71 0.36 2.27 OK 1.43 0.27 2.27 OK
13 1.54 0.32 2.69 OK 1.29 0.25 2.69 OK
12 1.38 0.33 2.48 OK 1.16 0.25 2.48 OK
11 1.22 0.30 2.48 OK 1.03 0.23 2.48 OK
10 1.07 0.28 2.48 OK 0.90 0.21 2.48 OK
9 0.94 0.27 2.47 OK 0.79 0.21 2.47 OK
8 0.81 0.25 2.48 OK 0.68 0.20 2.48 OK
7 0.68 0.23 2.48 OK 0.58 0.18 2.48 OK
6 0.57 0.22 2.48 OK 0.49 0.17 2.48 OK
5 0.46 0.21 2.48 OK 0.40 0.16 2.48 OK
4 0.36 0.21 2.58 OK 0.31 0.10 2.58 OK
3 0.26 0.20 2.78 OK 0.26 0.18 2.78 OK
2 0.16 0.32 2.78 OK 0.16 0.30 2.78 OK

SEISMIC DRIFT CHECKS (inches)

Table 3: Seismic drift calculation and checks 
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Table 4: Column spot checks 
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Table 5: Bracing strength calculations 
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level new outrigger corner side center existing outrigger
Roof ‐ W14x342 W14X342 W14X311 W14x159
52 ‐ W14x342 W14X342 W14X311 W14x159
51 ‐ W14x342 W14X342 W14X311 W14x159
50 ‐ W14x342 W14X342 W14X311 W14x159
49 ‐ W14x605 W14X342 W14X311 W14X257
48 ‐ W14x605 W14X342 W14X311 W14X257
47 ‐ W14x605 W14X342 W14X311 W14X257
46 ‐ W14x605 W14X342 W14X311 W14X257
45 ‐ W14x605 W14X342 W14X311 W14X257
44 ‐ W14x605 W14X342 W14X311 W14X257
43 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
42 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
41 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
40 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
39 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
38 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
37 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
36 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
35 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
34 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
33 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
32 ‐ 24.5x22x5.5" W14X550 W14X550 W14X500
31 ‐ 28x21x4.5" 24x21x6" 24x21x6" W14x550
30 ‐ 28x21x4.5" 24x21x6" 24x21x6" W14x550
29 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
28 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
27 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
26 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
25 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
24 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
23 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
22 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
21 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
20 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x550
19 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x665
18 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x665
17 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x665
16 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x665
15 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x665
14 4"f x 2"w 28x21x4.5" 24x21x6" 24x21x6" W14x665
13 4"f x 2"w 30x28x8" 30x28x8" 30x28x8" W14x665
12 4"f x 2"w 30x28x8" 30x28x8" 30x28x8" W14x665
11 4"f x 2"w 30x28x8" 30x28x8" 30x28x8" W14x665
10 4"f x 2"w 30x28x8" 30x28x8" 30x28x8" W14x665
9 4"f x 2"w 30x28x8" 30x28x8" 30x28x8" W14x665
8 4"f x 2"w 30x28x8" 30x28x8" 30x28x8" W14x665
7 4"f x 2"w 30x30"solid 30x28x8" 30x28x8" 4"f x 2"w
6 4"f x 2"w 30x30"solid 30x28x8" 30x28x8" 4"f x 2"w
5 4"f x 2"w 30x30"solid 30x28x8" 30x28x8" 4"f x 2"w
4 4"f x 2"w 30x30"solid 30x28x8" 30x28x8" 4"f x 2"w
3 4"f x 2"w 30x30"solid 30x28x8" 30x28x8" 4"f x 2"w
2 4"f x 2"w 30x30"solid 30x28x8" 30x28x8" 4"f x 2"w

* column dimensions formatted as depth x width x thickness are built‐up members

COLUMN SIZES (GENERALIZED)

Table 6: Existing and new column sizes 
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Existing Structure Proposed Structure

Level Chevron Eccentric Single Diag. Long Chevron Short Chevron Weight (lbs) Section Weight Section Weight Weight (lbs)
Roof W14x159 W14x193 W14x159 W14x82 W14x68 279782 W14 68 W14 53 281263
52 W14x159 W14x193 W14x159 W14x82 W14x68 279442 W14 68 W14 53 280935
51 W14x159 W14x193 W14x159 W14x82 W14x68 289846 W14 68 W14 53 290946
50 W14x159 W14x193 W14x159 W14x82 W14x68 283018 W14 68 W14 53 284378
49 W14x257 W14x159 W14x398 W14x90 W14x68 308197 W14 82 W14 61 303275
48 W14x257 W14x159 W14x398 W14x90 W14x68 308197 W14 82 W14 61 303275
47 W14x257 W14x159 W14x398 W14x90 W14x68 308197 W14 82 W14 61 303275
46 W14x257 W14x159 W14x398 W14x90 W14x68 308197 W14 82 W14 61 303275
45 W14x257 W14x159 W14x398 W14x90 W14x68 308197 W14 82 W14 61 303275
44 W14x257 W14x159 W14x398 W14x90 W14x68 308197 W14 82 W14 61 303275
43 W14x426 W14x211 W14x398 W14x90 W14x109 370434 W14 90 W14 68 353745
42 W14x426 W14x211 W14x398 W14x90 W14x109 370434 W14 90 W14 68 353745
41 W14x426 W14x211 W14x398 W14x90 W14x109 370434 W14 90 W14 68 353745
40 W14x426 W14x211 W14x398 W14x90 W14x109 370434 W14 90 W14 68 353745
39 W14x426 W14x211 W14x398 W14x90 W14x109 370434 W14 90 W14 68 353745
38 W14x426 W14x211 W14x398 W14x90 W14x109 370434 W14 90 W14 68 353745
37 W14x283 W14x342 W14x455 W14x109 W14x109 410387 W14 99 W12 74 393530
36 W14x283 W14x342 W14x455 W14x109 W14x109 410387 W14 99 W12 74 393530
35 W14x283 W14x342 W14x455 W14x109 W14x109 410387 W14 99 W12 74 393530
34 W14x283 W14x342 W14x455 W14x109 W14x109 410387 W14 99 W12 74 393530
33 W14x283 W14x342 W14x455 W14x109 W14x109 410387 W14 99 W12 74 393530
32 W14x283 W14x342 W14x455 W14x109 W14x109 410387 W14 99 W12 74 393530
31 W14x283 W14x342 W14x455 W14x109 W14x109 496969 W14 109 W14 82 492821
30 W14x283* W14x342* W14x455* W14x109 W14x109 496969 W14 109 W14 82 492821
29 W14x176 W14x193 W14x159 W14x109 W14x90 843881 W14 109 W14** 82 809756
28 W14x176 W14x193 W14x159 W14x109 W14x90 651784 W14 109 W14 120 597785
27 W14x176 W14x193 W14x159 W14x109 W14x90 505205 W14 109 W14 120 478196
26 W14x176 W14x193 W14x159 W14x109 W14x90 505205 W14 109 W14 120 478196
25 W14x257 W14x120 W14x211 W14x109 W14x90 521027 W14 120 W14 132 493095
24 W14x257 W14x120 W14x211 W14x109 W14x90 521027 W14 120 W14 132 493095
23 W14x257 W14x120 W14x211 W14x109 W14x90 521027 W14 120 W14 132 493095
22 W14x257 W14x120 W14x211 W14x109 W14x90 521027 W14 120 W14 132 493095
21 W14x257 W14x120 W14x211 W14x120 W14x90 521027 W14 120 W14 132 493095
20 W14x257 W14x120 W14x211 W14x120 W14x90 521027 W14 120 W14 132 493095
19 W14x233 W14x132 W14x233 W14x120 W14x90 583366 W14 132 W14 145 558849
18 W14x233 W14x132 W14x233 W14x120 W14x90 583366 W14 132 W14 145 558849
17 W14x233 W14x132 W14x233 W14x120 W14x90 583366 W14 132 W14 145 558849
16 W14x233 W14x132 W14x233 W14x120 W14x90 583366 W14 132 W14 145 558849
15 W14x233 W14x132 W14x233 W14x120 W14x90 547860 W14 132 W14 145 523886
14 W14x233 W14x132 W14x233 W14x120 W14x90 618990 W14 132 W14 145 593903
13 W14x283 W14x90 W14x283 W14x120 W14x90 723811 W14 145 W14 159 700314
12 W14x283 W14x90 W14x283 W14x120 W14x90 723811 W14 145 W14 159 700314
11 W14x283 W14x90 W14x283 W14x120 W14x90 723811 W14 145 W14 159 700314
10 W14x283 W14x90 W14x283 W14x120 W14x90 723811 W14 145 W14 159 700314
9 W14x283 W14x90 W14x283 W14x120 W14x90 723811 W14 145 W14 159 700314
8 W14x283 W14x90 W14x283 W14x120 W14x90 723811 W14 145 W14 159 700314
7 W14x283 W14x159 W14x311 W14x132 W14x109 750343 W14 159 W14 176 729576
6 W14x283 W14x159 W14x311 W14x132 W14x109 875152 W14 159 W14 176 853346
5 W14x283 W14x159 W14x311 W14x132 W14x109 839493 W14 159 W14 176 817996
4 W14x283 W14x159 W14x311 W14x132 W14x109 893245 W14 159 W14 176 871279
3 W14x283 W14x159 W14x311 W14x132 W14x109 893245 W14 159 W14 176 871279
2 W14x283 W14x159 W14x311 W14x132 W14x109 1374909 W14 159 W14 176 1348106

21.93 psf 21.16 psf

BRACING SIZES

* Bracing sizes in the North‐South direction increase above the outrigger level because one bracing line drops out.

N/S Brace Proposed E/W Brace ProposedN/S Brace Existing E/W Brace Existing

Table 7: Existing and new bracing sizes 
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Table 8: Progressive collapse linear static analysis 
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level P prov P req check Q UD M p,req section
roof 154.2 397.8 NG!! 2378 793 W24x84
52 308.2 795.6 NG!! 4755 1585 W33x130
51 462.2 1193.4 NG!! 7133 2378 W40x167
50 616.2 1591.2 NG!! 9511 3170 W40x199
49 770.2 1989 NG!! 11888 3963 W44x230
48 924.2 2386.8 NG!! 14266 4755 W44x262
47 1078.2 2784.6 NG!! 16644 5548 W44x335
46 1232.2 3182.4 NG!! 19021 6340 W40x392
45 1386.2 3580.2 NG!! 21399 7133 W40x431
44 1540.2 3978 NG!! 23777 7926 W36x487
43 1694.2 4375.8 NG!! 26154 8718 W40x593
42 1848.2 4773.6 NG!! 28532 9511 W40x593
41 2002.2 5171.4 NG!! 30910 10303 W40x593
40 2156.2 5569.2 NG!! 33287 11096 W36x800
39 2310.2 5967 NG!! 35665 11888 W36x800
38 2464.2 6364.8 NG!! 38042 12681 W36x800
37 2618.2 6762.6 NG!! 40420 13473 W36x800
36 2772.2 7160.4 NG!! 42798 14266 ‐
35 2926.2 7558.2 NG!! 45175 15058 ‐
34 3080.2 7956 NG!! 47553 15851 ‐
33 3234.2 8353.8 NG!! 49931 16644 ‐
32 3388.2 8751.6 NG!! 52308 17436 ‐
31 3542.2 9149.4 NG!! 54686 18229 ‐
30 3696.2 9547.2 NG!! 57064 19021 ‐
29 3850.2 9945 NG!! 59441 19814 ‐
28 4004.2 10342.8 NG!! 61819 20606 ‐
27 4158.2 10740.6 NG!! 64197 21399 ‐
26 4312.2 11138.4 NG!! 66574 22191 ‐
25 4466.2 11536.2 NG!! 68952 22984 ‐
24 4620.2 11934 NG!! 71330 23777 ‐
23 4774.2 12331.8 NG!! 73707 24569 ‐
22 4928.2 12729.6 NG!! 76085 25362 ‐
21 5082.2 13127.4 NG!! 78463 26154 ‐
20 5236.2 13525.2 NG!! 80840 26947 ‐
19 5390.2 13923 NG!! 83218 27739 ‐
18 5544.2 14320.8 NG!! 85596 28532 ‐
17 5698.2 14718.6 NG!! 87973 29324 ‐
16 5852.2 15116.4 NG!! 90351 30117 ‐
15 6006.2 15514.2 NG!! 92729 30910 ‐
14 6160.2 15912 NG!! 95106 31702 ‐
13 6314.2 16309.8 NG!! 97484 32495 ‐
12 6468.2 16707.6 NG!! 99862 33287 ‐
11 6622.2 17105.4 NG!! 102239 34080 ‐
10 6776.2 17503.2 NG!! 104617 34872 ‐
9 6930.2 17901 NG!! 106994 35665 ‐
8 7084.2 18298.8 NG!! 109372 36457 ‐
7 7238.2 18696.6 NG!! 111750 37250 ‐
6 7392.2 19094.4 NG!! 114127 38042 ‐
5 7546.2 19492.2 NG!! 116505 38835 ‐
4 7700.2 19890 NG!! 118883 39628 ‐
3 7854.2 20287.8 NG!! 121260 40420 ‐
2 8008.2 20685.6 NG!! 123638 41213 ‐

PROGRESSIVE COLLAPSE ANALYLSIS: VIRTUAL WORK METHOD

Table 9: Progressive collapse nonlinear static analysis: virtual work 
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  Figure 2: Progressive collapse virtual work analysis 
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Figure 3: Progressive collapse virtual work analysis 
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APPENDIX IV.A: CIRCUIT BREAKER COORDINATION
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Figure 8: Circuit breaker timing curves 
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Figure 9: Circuit breaker timing curves 
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  Figure 10: Circuit breaker timing curves 
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Figure 11: Circuit breaker timing curves 
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APPENDIX IV.B: PANEL BOARD SPECIFICATIONS 
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APPENDIX IV.C: SHORT CIRCUIT ANALYSIS 

 

 



IPD/ BIM THESIS: TEAM II        PHASE IV: DISTRIBUTION SYSTEMS AND COORDINATION 
 

 
THE NEW YORK TIMES BUILDING                APPENDIX IV.C 
BONFANTI | CLARKE | COX | WIACEK   

 

 
Figure 12: Short circuit analysis 
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APPENDIX IV.D: CHILLED BEAM CATALOGS 
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APPENDIX IV.E: REVISED FLOW DIAGRAMS 
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Figure 12: Chilled and condenser water flow diagram 
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 Figure 13: Cogeneration plant flow diagram 
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Figure 14: Steam and hot water flow diagram 



IPD/ BIM THESIS: TEAM II        PHASE IV: DISTRIBUTION SYSTEMS AND COORDINATION 
 

 
THE NEW YORK TIMES BUILDING                APPENDIX IV.F 
BONFANTI | CLARKE | COX | WIACEK   

APPENDIX IV.F: AIR STATE CALCULATIONS 
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Figure 15: Air state calculations, summer 
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Figure 16: Air state calculations, winter 
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APPENDIX IV.G: EXISTING FIT OUT SCHEDULES 
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