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Executive Summary
In the third technical report of the New York Times Building, three alternatives to the
existing lateral force resisting system were investigated and designed in a preliminary manner. Each
one of these designs was developed by each structural student participating in the alternative
IPD/BIM Thesis in order to compare the feasibility of three different alternatives to the existing
lateral system. The three systems which were investigated are as follows:
-

Modified Braced Frame Core w/ outriggers at the 36th floor
Pure Concrete Shear Wall Core
Concrete Core w/ outriggers at the 28th and 51st floors

The alternative that was investigated in this report was the concrete core with outriggers system. A
modified braced frame core and pure concrete shear wall core were investigated in the technical
reports of Erika Bonfanti and Benjamin Barben respectively. Each of the alternatives systems were
designed to fall within 10% of the existing period of vibration, 6.75s – 6.25s. Also, an overall
building deflection due to wind of H/450, that of the existing structure, was not exceeded by any of
the three alternative systems.
The design of the concrete shear wall with outriggers alternative resulted in four 65’ long
walls in the East/West direction and sixteen 18” returns in the North/South direction. Also, the
thickness of the 65’ long shear walls decreases from 16” to 14” on the 30th Level. The concrete
compressive strength changes from 10,000 psi to 8,000 psi at Level 30, from 8,000 psi to 6,000 psi
at Level 40, and then from 6,000 psi back to 8,000 psi at Level 50. This alternative system also
utilized W14 braces and W18 beams in the design of the outriggers.
After the three alternative designs were completed, they were presented to the other
members of Team 3 in order to determine their feasibility. The modified braced frame system was
found to be infeasible because of the design would lead to a single mechanical floor on the
outrigger level. A single mechanical floor on the 36th Level would not facilitate the required floors
with heating, ventilating, and cooling in an energy efficient manner.
Because the layouts of the two concrete systems are very similar, their feasibility was
discussed by the team simultaneously. Though an attempt was made by both designs to conform
to the architectural layout of the existing core, it was determined that they do infringe upon the
architecture on the First Floor where shear walls were required to be placed into the central
corridor of the lobby. Also, the core layouts do not allow for the increase in rentable space
provided by the existing lateral system in the Forest City Ratner portion of the tower. Therefore, it
was concluded that if a concrete core alternate is to be optimized in the future, an architectural
redesign of the core would need to be conducted.
When comparing the two concrete shear wall alternatives, the design which utilized
outriggers required smaller shear wall sections than that of the pure concrete core. Therefore, a
concrete solution which engages the perimeter columns into the lateral system was found to be the
best alternative to the existing lateral force resisting system.
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Introduction
The New York Times Headquarters Building (NYTB) is home to the New York Times
newsroom and offices, as well as several law firms, whose offices are leased through Forest City
Ratner. In collaboration with FXFOWLE Architects, the intent of the Renzo Piano Workshop was
to introduce a flagship structure which promoted sustainability, lightness, and transparency. The
architectural façade reflects the ever-changing environment surrounding the building, an
appropriate acknowledgment of the heart of New York City.

N

Figure 1: New York Times Building Location (Google Maps)
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The 52 story, 1,500,000 square foot building rises 744 feet above Eighth Avenue between
40th and 41st Street creating a 200’ x 400’ footprint. The tower’s 300 foot mast allows for the
structure to top out at 1048 feet above ground level. The New York Times occupies the entire
five-story podium of the structure, and the first 27 levels in the tower. The additional levels are the
office spaces leased through Forest City Ratner. Story heights average approximately 13 feet 9
inches in the tower, lending a great view to the open office plans. At the mechanical floors on levels
28 and 51, however, the floor height is approximately 27 feet to accommodate equipment and steel
outriggers which link the perimeter columns to the braced framed core.
The remainder of this report investigates alternatives to the existing tower’s lateral forceresisting system. One different preliminary design was developed by each structural student
participating in the alternative IPD/BIM Thesis in order to compare the feasibility of three
different alternatives to the existing lateral system. The three preliminary designs are as follows:
-

Modified Braced Frame Core w/ outriggers at the 36th floor
Pure Concrete Shear Wall Core
Concrete Core w/ outriggers at the 28th and 51st floors

The analysis found in this report pertains to the preliminary design of the concrete core
with outriggers. Hand calculations, as well as, computer analysis software (ETABS and SAP) were
both utilized to perform this preliminary design. For the more detailed analyses on the modified
braced frame and the pure concrete core, please refer to the Technical Report 3 of Erika Bonfanti
and Benjamin Barben respectively.
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Existing Structural System Description
Foundation
The foundation of the NYTB 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
Medium/Hard rock with a bearing capacity of 80 ksf., Class 2-65 per the New York City Building
Code. However, a core sample taken just before finalizing the site investigation report indicated
that rock at the southeast corner of the tower only had a 16 ksf bearing capacity, Class 4-65. At the
seven columns that fall within this area, indicated in red on Figure 2, 24-inch diameter concretefilled steel caissons were used to replace the original foundation designs. Each caisson was designed
to support a load of 2,400 kips with 6,000 psi concrete.
Under the other 22 columns (indicated on Figure 2 in teal), spread footings with a concrete
compressive strength of 6,000 psi are used to support the loads. The areas depicted in purple
represent the two cantilevered sections of the tower. The columns which fall in these areas do not
directly transfer load to the ground which removes the need for footings at these locations.
The New York City Subway does
pass the north and eastern sides of the
New York Times Building. However,
this is not a major site restriction since
the transit system passes below Eighth
Avenue and 41st Street and not directly
beneath the structure. But, vibration
effects on the foundation and building
structure may have had an impact on
the design.
Key:
Assumed Caisson Location
Assumed Spread Footing Location
Cantilevered Area
Subway

Figure 2: Foundation Locations
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Columns
The 30” by 30” box columns (Figure 3) at the exterior
notches of the tower consist of two 30 inch long flange plates and
two web plates inset 3 inches from the exterior of the column on
either side. Each web plate decreases in thickness from 7 inches as
the column extends up the structure to account for the reduction in
axial loads. Each flange plate decreases from 4 inches in thickness
to relate to the architectural vision of the tower. Interior columns
are a combination of built-up sections and rolled shapes. Column
locations stay consistent throughout the height of the building, and
every column is engaged in the lateral system. Refer to Figure 4 to
view the column locations. Note that the unfilled boxes denote
columns in the cantilevered areas which do not extend to the
ground.
Figure 3: Box Column as Modeled in Revit Structure

Vierendeel Frame
A Vierendeel frame was used by Thornton
Tomasetti as a combined solution at the 20 foot
cantilever sections of the tower. Renzo Piano did
not want columns obstructing the glass storefronts
at the ground level, so these sections were
cantilevered from the main structure. As a unique
way to control deflections in the middle beams of
the cantilevered section, the ladder-like moment
frame engages all floors throughout the entire
height of the tower. It connects to 28th and 52nd
floor outriggers through the use of diagonal braces
which effectively transfer loads from the frame to
the core of the tower. Refer to Figure 9 on page 10
to view the brace location.

Figure 4: Tower Column Locations
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Existing Floor System
The existing floor structure of the NYTB is comprised of a composite steel beam system . The
typical bay size is 30’‐0”x 40’‐0” with 2 ½” normal weight concrete and 3” metal deck, typically
spanning 10’‐0” from W12x19 to W18x35 infill beams. These infill beams frame into W18x40
girders which in turn, transfer the floor loads to the various build-up columns throughout the
structure. The rectangular bays are configured into a cruciform shape around the perimeter of the
core. This composite system was selected to reduce the self weight of the structural system which
greatly affects member sizes in high rise buildings. By reducing member sizes, the structural system
was able to conform to “transparency” desired by the architectural design. Refer to Appendix A to
view the typical floor framing plan.
Existing Lateral System
The main lateral load resisting system for the tower of the NYTB consists of a centralized
steel braced frame core with outriggers on the two mechanical floors (Levels 28 and 51). The
structural core consists of a combination of concentric and eccentric bracing which surrounds
elevator shafts, MEP shafts, and stair wells. At this time, the member sizes of these braces have yet
to be disclosed. The core configuration remains consistent from the ground level to the 27th floor
as shown in Figure 5. But above the 28th floor, the low rise elevators were no longer required. In
order to optimize the rentable space on the upper levels of the tower, the number of bracing lines
in the North/South direction were reduced from two to one (Figure 6). Refer to Figures 7 and 8 to
view the typical core bracing configurations.

Figure 5: Typical Lateral System (Floors 29-50)

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

Key:
Single Diagonal Bracing
Pre-Tensioned Steel Rod X-Bracing
Chevron & Eccentric Bracing
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The outriggers on the mechanical floors consist of chevron braces (Figure 10) and single
diagonal braces. The outrigger system was designed to increase the stiffness of the tower by
engaging the perimeter columns into the lateral system. Refer to page 10 to view the framing plans
and bracing elevations of the outrigger system.

Figure 7: Typical Core N/S Core Bracing Elevation

Figure 8: Typical Core E/W Core Bracing Elevation

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
wind deflection criterion, the structural engineers utilized the double story steel rod X-braces
(original to Renzo Piano's exterior design) instead of increasing the member sizes of the main
lateral force resisting system. These X-braces can be located on Figures 5 and 6 on the previous
page. The steel rods transition from 2.5" to 4" in diameter and were prestressed to 210 kips. This
induced tensile load prevents the need for large compression members which would not conform
to the architectural vision of the exterior.
Although the X-braces did reduce 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 which 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
L/450 with a 10 year return period and a building acceleration of less than 0.025g for nonhurricane winds.
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Figure 9: Mechanical Floor Framing Plan (Floors 28 & 51)

Key:
Single Diagonal Bracing
Pre-Tensioned Steel Rod X-Bracing
Chevron & Open Knee Bracing
Outrigger Bracing
Single Diagonal Brace at Cantilever

Figure 10: Typical E/W Outrigger Section (28th Floor)

Figure 11: Typical N/S Outrigger Section (28th Floor)
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Design Parameters
When investigating the design of alternative lateral force resisting system of the New York
Times Building, several parameters were put into place in order to yield comparable results between
each alternative as well as to the existing lateral system. Due to the flexible nature of high rise
structures, the period of vibration was the first criterion put into place. According for information
obtained from the structural design engineer, the period of vibration of the NYTB ranges from
6.75s – 6.25s with the North/South being the more flexible direction. The goal of the three
preliminary alternative designs was to maintain a period of vibration within 10% of the existing
structure, making the target period of vibration 7.425s – 5.625s.
In addition to period of vibration, the three preliminary alternatives were required to meet a
target building deflection due to wind of H/450 which was achieved by the existing design. Story
drifts due to wind and seismic were determined and compared to the allowable story drift listed in
the drift criterion section. Also, strength requirements per code could be utilized for each
alternative to result in a reasonable design. However, strength was not an overall parameter for
these preliminary designs. A more in depth strength analysis must be considered if one of these
alternative designs is to be optimized.

Design Codes and References
2006 International Building Code
AISC – LRFD, Steel Construction Manual 13th edition, American Institute of Steel
Construction
ACI 318 – 08, Building Code Requirements for Structural Concrete, American Concrete
Institute
ASCE 7‐05, Minimum Design Loads for Buildings and other Structures
Nilson, A. H., Darwin, D., Dolan, C. W., (2004) “Design of Concrete Structures, Thirteenth
Edition,” McGraw-Hill, New York, NY, 2004.
PCI Design Handbook: Precast and Prestressed Concrete, (1992). “Section 3.7 Shear Wall
Buildings”, 4th ed.
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LRFD Design Load Combinations (ASCE 7-05)
1.4 (D+F)
1.2 (D+F+T) + 1.6 (L+H) + 0.5 (Lr or S or R)
1.2 D + 1.6 (Lr or S or R) + (L or .8W)
1.2 D + 1.6 W + L + .5 (Lr or S or R)
1.2 D + 1.0 E + L + .2S
.9 D + 1.6 W +1.6 H
.9 D + 1.0 E + 1.6 H
D= dead load
Lr= roof live load
W= wind load
E= earthquake load
L= live load
T= self-straining force
R= rain load
S= snow load
F= load due to fluids
H= load due to lateral earth pressure, ground water pressure, or pressure of bulk materials
Note: The controlling load combinations for lateral loads are denoted in bold.

Drift Criterion
Wind:
Load combination for short-term effects: D + 0.5 L + 0.7 W (ASCE 7-05, CC.1.2)
Lateral Deflection Range:
H/600 to H/400 (ASCE 7-05, CC.1.2)
Existing Design:
H/450 (Thornton Tomasetti)
Seismic (ASCE 7-05):

Note: Occupancy Category taken as Type III because the occupant load for the NYTB is greater than 5000
persons (2006 IBC, Table 1604.5).

Stiffness Modification
When designing reinforced building systems, a reduction in stiffness due to cracking
associated with the concrete shear walls must be taken into account. The concrete sections
designed in this report assumed 50% of the stiffness values were based on gross section properties.
However, the code allows for a 1.4 modifier to be applied when designing for lateral loads resulting
from wind.(ACI 318 sections 8.8 & 10.10.4)
12 | P a g e
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Design Loads

Gravity Loads
The following table is a summary of the typical gravity loads used for this and/or the
existing design of the New York Times Building. Other than the live load, the gravity loads were
only used to calculate the building mass per story which is required to calculate a structure’s period
of vibration. Due to the inherent mass of a shear wall core, the shear walls were initially assumed
to be 24” thick in order to result in a more accurate period of vibration.

Please note that at this point in the preliminary design of the alternative lateral force
resisting system, the gravity system design was unknown. Therefore, gravity loads were not applied
in this design because the amount of load transferred to the shear walls was unable to be
determined. The effects due to gravity on the lateral system must be considered once the gravity
load paths have been determined.

Wind Loads
The wind pressures used in this for the design
for the alternative lateral systems were calculated using
Method 2 from ASCE 7-05.Refer to Appendix C to
view this calculation. For this preliminary design, the
stiffnesses of each shear wall were initially unknown
making the load applied due to torsion indeterminable.
Therefore, only the Case 1 wind loading was used to
perform this preliminary lateral design. The center of
rigidity was initially unknown as well. However, once the concrete shear wall core layout was
performed, it was determined that the center of rigidity would be at the center of mass due to
symmetry. Using this assumption, the applied loads due to each case were determined. A summary
of these results can be found on pages 16 - 18. The validity of this assumption was determined after
the preliminary design was performed. Also, an investigation on the effects due to Case 2 wind was
conducted using ETABS in order to determine if the torsional effects from that loading condition
will control the design of any shear walls within the core, refer to page 26. Case 3 and 4 Wind will
also need to be considered if this alternative lateral system is to be optimized.
13 | P a g e
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Figure 12: North/South Wind Pressure Diagram
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Figure 13: East/West Wind Pressure Diagram

15 | P a g e

Andres R. Perez
Structural Option-IPD/BIM Team 3
Dr. Andres Lepage
12/7/2009

The New York Times Building
New York, NY
Technical Report #3

____________________________________________________________________________________________

16 | P a g e

Andres R. Perez
Structural Option-IPD/BIM Team 3
Dr. Andres Lepage
12/7/2009

The New York Times Building
New York, NY
Technical Report #3

____________________________________________________________________________________________

17 | P a g e

Andres R. Perez
Structural Option-IPD/BIM Team 3
Dr. Andres Lepage
12/7/2009

The New York Times Building
New York, NY
Technical Report #3

____________________________________________________________________________________________

18 | P a g e

Andres R. Perez
Structural Option-IPD/BIM Team 3
Dr. Andres Lepage
12/7/2009

The New York Times Building
New York, NY
Technical Report #3

____________________________________________________________________________________________

Seismic Loads
The seismic loads utilized for this
preliminary design were calculated for the
existing structure in the Technical Report #1
according to the Equivalent Lateral Force
Method found in ASCE 7-05. Please note that
the period of vibration of the existing
structure, 6.75 seconds, was used in the
calculation of this report. The weight of the
existing building was also used for the
calculation of the seismic base shear. If the
alternative design is to be optimized, the actual
period and weight of the alternative design will
have to be used to recalculate the seismic base
shear. The diagram to the left provides a
summary of the applied seismic loads for this
preliminary design. Refer to Appendix D to
view the seismic load calculations.

Figure 14: Seismic Equivalent Lateral Force Diagram
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Alternative Lateral System Design (Concrete Core w/ Outriggers)
The alternative to the
existing lateral force-resisting
system of the New York Times
Building designed in this report
was a concrete shear wall
system with steel outriggers at
the 28th and 51st levels. The
design resulted in a core layout
with four 65’shear walls in the
East/West direction as well as
twelve 10’ returns and four 20’
shear walls in the North/South
direction. This layout was
intended to minimize the
impact to the existing
architecture by constraining the
shear walls to the elevator
shafts. Please note that shear
walls 2, 3, 14 and 15 had to be
extended away from the
elevator shafts in order to
stiffen the structure in the
North/South direction. In
order to result in a realistic
design, the thickness and f’c of
the shear walls change
throughout the height of the
building, refer to the table to
the right.
Four outriggers in each
direction, depicted on the plan in green, were
added to both mechanical floors in
order to reduce the concrete section
from that of a pure concrete core.
To view the outrigger sizes and
configurations please refer to the
preliminary outrigger discussion on
page 23 .In addition to the outriggers,
ten 18”x42” concrete coupling
beams, depicted in red, were added at
each level in order to prevent an
overly flexible structure in the
North/South direction. Please note

Figure 15: Concrete Core w/ Outriggers Layout
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that these beams were sized based upon the existing core floor plenum, an average of 4 feet, and
the return wall thicknesses. The coupling beams strength was not considered in this preliminary
design. However, the strength of the coupling beams must be considered if this alternative system
is to be investigated further. A summary of the resulting period of vibration and building drifts due
to the preliminary design loading are reported in the tables on the previous page. To view
elevations of this design, refer to Appendix B.

Design Assumptions
Several simplifying assumptions were made for the preliminary design of the concrete shear
wall core with outriggers. First off, the center of mass, pressure, and rigidity of the structure were
assumed to align with the center of geometry due to the symmetry associated to the core
configuration. Also, the shear walls were assumed to be continuous throughout their entire height.
However, mechanical penetrations and door openings have a negative effect on the strength of
shear walls and will have to be considered for a more optimized design. It was also assumed that
core configuration was uniform throughout the entire building height. This will result in impacts on
the architectural layout of the core on most floors above the 28th Level. This impact must be
investigated further if the design is to be optimized.

Initial Sizing of Shear Walls
As mentioned previously, structural analysis/design software was utilized for the
preliminary design of the alternative lateral systems. However, rough strength and deflection
calculations were conducted in order to determine the lower level shear wall thicknesses to be used
for the initial model. After comparing the both factored and un-factored lateral loads, it was
assumed that the loading due Case 1 wind would control over the seismic loading for both strength
and serviceability. Therefore, Case 1 wind was used for these rough calculations. Also the shear
walls were assumed to have a uniform f’c of 12,000 psi. Please note that these calculations do not
take into account the effects due to the outriggers.
Shear
Required thickness due to shear was the first calculation to be performed. All walls in each
direction were assumed to carry the shear loading equally. The strength equation utilized was:
Vu < φ4(f’c)0.5Acw
The resulting required thicknesses were 15” for the 65’ walls in the East/West direction and
the 18” for the walls in the North/South direction. Refer to Appendix E to view this calculation.
Overall Wind Drift
The limitation of H/450 for wind drift was the next parameter utilized to roughly calculate
the required wall thicknesses. The allowable wind deflection (19.88” for the New York Times
Building) was back figured to determine a total building moment of inertia about the North/South
axis. The moment of inertia due to the sixteen returns with the thickness of 18”, determined from
the rough required wall thickness for shear, were then subtracted from the total building moment
21 | P a g e
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of inertia to obtain the required moment of inertia needed for the 65’ long walls. After finding this
moment of inertia, the thickness of the 65’ long walls required to meet the allowable drift could be
determined.
In order to conduct this calculation, several assumptions needed to be made. First of all,
due to the height of the structure, 745.5 feet, deflection would be controlled by flexural
deformations; shear deflections could be considered to be negligible. The moment of inertia and
the elastic modulus were also assumed to be uniform thorough out the height of the NYTB. Also,
effects from the outriggers were negated for this initial size calculation. Lastly, the wind loads were
assumed to be applied at the center of geometry which would align with the centroid of the core
section. Based on these assumptions, the structure could be treated as a simple cantilever with
several point loads though out its length. The following equation was then utilized to perform the
calculation of overall total moment of inertia:
ITotal = Σ[0.7Pihi2(3H-hi)]
[(6)(1.4)(0.5)E(H/450)]
This equation considers the D + 0.5 L + 0.7 W load combination. However, the gravity
loads were not considered for this calculation. Also, stiffness modifiers were applied in order to
account for a cracked concrete section. Please note that this relationship could only be used about
the North/South axis for loads applied in the East/West direction. This relationship could not be
considered for loads in the North/South direction because the coupling beams cannot treated as
part of a solid section. This calculation resulted in a rough thickness of 17” for each 65’ wall. Refer
to Appendix E for a more detailed calculation.

Moment Capacity
A shear wall flexural strength check was a third calculation conducted before a structural
modeling program was utilized. As with the rough drift calculation, the moment of inertia of the
concrete core about the North/South axis was utilized to determine a rough relative stiffness of
each of the 65’ walls. As stated previously, the height of the New York Times Building causes the
building deflection to be dominated by flexural deformations resulting in the deflection to be
proportional to the moment of inertia. Because stiffness and deflection are proportional, it can be
correlated that the stiffness of the shear walls in the East/West direction are proportional to their
moment of inertia about the North/South axis. Therefore, relative stiffness of each shear wall in
the East/West direction could be roughly calculated by determining the percentage of the moment
of inertia accounted for each shear wall individually. After relative stiffnesses were calculated, they
were multiplied by the factored overturning moment due to Case 1 wind in order to determine a
rough flexural loading required to be carried by the 65’ walls. After performing a flexural design
check on the 65’ foot walls due to this loading, it was determined that a 17” could be designed to
carry the required loading. To review this initial flexural capacity calculation, refer to Appendix E.
Please note that as with the total building drift, this calculation could not be utilized for loads for
wind running in North/South direction because the coupling beams cannot be treated as part of a
solid section.
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Outrigger Design

A two-dimensional frame analysis in SAP 2000 was
performed in order to size the outriggers. Before the analysis could
be performed, some assumed member sizes were utilized as a base.
First, the columns used were the same 30”x30” dimension as the
existing columns. Flange and web thicknesses were of similar
thickness to the box columns of the existing columns as well. The
beams were of the same 18” depth as those used in the existing
structure. Also, all members assumed a yield strength of 50 ksi. Using
these size parameters, the outrigger configurations pictured above, as
well as a 388’ column, base to 28th floor, and a 358’ column, 28th to
roof, were modeled in SAP. In order for the outriggers to be
considered to work efficiently, the outriggers and their respective
columns should have equal stiffness. To achieve this, unit loads were
applied to the columns and outriggers as shown in Figure 16. For the
stiffnesses to be the same, the axial deformation on the columns must
be equal to the vertical displacement of the outriggers. Element
sizes were then modified for each outrigger configuration until the
resulting displacements were essentially equal. The final members
sizes used for this preliminary design are pictured above. Please note
that the outriggers for this design were not sized for strength. If this
alternative to the lateral system is to be optimized, strength must be
considered in the design.

Figure 16: Unit Load Application (SAP)
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ETABS Model
Once the initial sizes of the shear walls and outriggers were determined
through the implementation of rough hand calculations and a 2-D frame analysis,
a three dimensional structural model could then be produced using ETABS. The
outriggers were modeled based upon the results found though the SAP analysis.
All returns were initially modeled with an 18” thickness while the 65’ long walls
were modeled with a 17” thickness. However, it was known that concrete core
with a uniform concrete compressive strength of 12,000 psi throughout its entire
height would be an irrational design. Therefore, the compressive strength was
lowered to 10,000 psi at level 15, then to 8,000 psi at level 30, and finally to 6,000
psi at level 40. It was assumed that the outriggers would cause more load to be
transferred back into the core at the upper levels. Therefore, the concrete
compressive strength was increased back up to 8,000 psi at level 50 and remained
so until the core reached the roof. In addition to the lateral system, a 20”
perimeter basement wall with 4,000 psi concrete was modeled in order to replicate
a realistic building response at the base.
After utilizing the assumption of a rigid diaphragm for all floors, the
following six load cases were applied to the center of pressure or center of mass
correspondingly:
1.6 W (E/W Direction)
1.6 W (N/S Direction)
0.7W (E/W Direction)
0.7W (N/S Direction)
1.0E (E/W Direction)
1.0E (N/S Direction)

Figure 17: ETABS Model

Once a working model was developed, an iterative process went underway
to modify the model until the design fell within 10% of the target period of
vibration, 6.75s – 6.25s, as well as complying with the allowable building drifts
due to Case 1 wind and seismic loadings.

Results
Once the alternative design was determined to meet the set criterion of this preliminary
design, an investigation was performed to determine if the shear walls were capable in meeting the
required shear and flexural strengths. The following page reports the ETABS output of the shear
walls at the Base Level, Level 15, 28, 29, 30 , 40,50, and 51 due to Case 1 wind and seismic. Though
observation, it could be determined that as assumed, Case 1 wind controlled over seismic. Spot
checks were preformed for the loadings boxed in red. Other than Shear Wall 19 at Level 28, all
walls were found to meet the required strength. A more in depth strength design will have to be
conducted if this system is to be optimized. To view the spot check calculations, refer to Appendix
F.
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Drift and Deflection
As mentioned, one of the overall parameters for the alternatives to the existing lateral
system was for the structure to achieve the same H/450 wind drift as the existing New York Times
Building. Story drifts, at several levels of interest, due to both wind and seismic were also checked
for h/450 and code compliance respectively. After reviewing the ETABS output, all drift were
found to comply with their corresponding limitations. Please note that the D + 0.5 L + 0.7 W load
combination was applied for wind drift while no load modification was implemented for seismic
drift. Also, stiffness modifiers were applied as mentioned previously.

Wind Case 2
As stated, Wind Case 1 was used to perform the preliminary design of this alternative lateral
system. However, once the design was completed to a reasonable point due for the scope of this
analysis, an investigation was performed in ETABS to examine the effects due to Wind Case 2.
Upon reviewing the ETABS output, it was determined that the torsional effects from the Case 2
loading would control the design for several of the shear walls throughout the height of the
structure. If this alternative to the existing lateral system is to be further optimized, the effects due
to Case 2 wind load will have to be taken into account. To view the shear wall loadings from the
ETABS output, refer to Appendix G.
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Model Verification

Relative Stiffness Comparison

In order to determine the validity of the ETABS model,
a relative stiffness comparison between hand calculations and
the ETABS output was performed. As stated previously, the
height of the NYTB causes flexural deformations to control the
lateral deflection over shear deformations. Based on this fact,
stiffness can then be considered to be proportional to the
moment of inertia. Therefore, the moment of inertia was
taken about the North/South axis to determine the relative
stiffness of the shear walls in the East/West direction. This
hand calculation was also performed for each shear wall
individually about the East/West axis. However, a calculation
about this axis was assumed to be inaccurate because it would
not take into account any effects from the coupling beams.
In order to find the relative stiffness in ETABS, a 1000
k load was placed in both the North/South and East/West
directions. The relative stiffness was then calculated at Level 1
by calculating the percent total shear carried by each wall.
After comparing these relative stiffnesses to the hand
calculated relative stiffnesses from the moment of inertia
about the North/South axis, it was determined that because
the relative stiffnesses were fairly close to each other, the
model could be considered to be accurate. The comparison
between the relative stiffnesses of the walls in the
North/South direction also confirmed the assumption that the
hand calculated relative stiffnesses for that direction would be
inaccurate. The comparison can be viewed in the tables above
and to the right.
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Center of Rigidity

Figure 18: Center of Rigidity (di)

As stated previously, the center of rigidity of this alternative lateral system was assumed to
align with the center of geometry, CG, and the center of mass due to the symmetry of the tower.
Using the first floor relative stiffnesses calculated from the ETABS output, a hand calculation was
performed using the relationship:
COR= Σki*di/ΣKi
This investigation verified that the initial assumption was valid. Refer to the figure and table above
to view this calculation. The center of rigidity and center of mass reported in the ETABS output
also coincided with this hand calculation and the initial assumption.
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Concrete Shear Wall Core Design Summary
A second alternative to the
existing lateral system of the New
York Times building was a sole
concrete shear wall core system as
pictured in the Figure 19. As with
the concrete core and outrigger
system, the core was configured to
coincide with the existing
architectural layout as much as
possible. In the North/South
direction, the core is comprised of
twelve 10’-0” returns and four 20’0” returns. The North/South
direction is also tied together with
ten 10’-0” and two 30’-0” 30”x36”
coupling beams. The coupling beam
dimensions, the returns sizes, and
layout depicted above remain
constant throughout the entire
height of the building. Conversely,
the compressive strength and wall
thickness for the 65’-0” long walls in
the East/West direction are
modified at several heights
throughout the structure. The
Figure 19: Pure Concrete Core Layout
alternative system utilizes 12,000 psi
concrete from the basement to the tenth floor, 10,000 psi concrete from the eleventh to the
thirtieth floor, and 8,000 psi concrete from the thirty-first to the roof. The 65’ long shear walls
begins at the basement with a 2’-6” thickness. At the twenty-first story, the thickness is reduced to
2’-0” and modified a final time at the forty-first level to a thickness of 1’-6”. The periods of
vibration due to seismic for this alternative were found to be 7.709s in the East/West direction,
6.893s in the North/South direction, and 3.265s in the torisonal direction. The overall lateral
displacements due to the seismic loading were 5.44” in the East/West direction and 7.45” in the
North/South direction. The periods of vibration due to wind were found to be 6.528s in the
East/West direction, 5.926s in the North/South direction, and 3.265 second in the torisonal
direction. The overall lateral displacements due to a Case 1 wind loading were 16.75” in the
North/South direction, and 10.76” in the East/West direction. In order to review the preliminary
design of this alternative to the existing lateral system, refer to the Technical Report 3 authored by
Benjamin Barben.
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Modified Braced Frame Core Design Summary
The third alternative lateral
system investigated for the New
York Times Building was a
modified version of the existing
lateral system. .As with the
original design, this option
utilizes a steel braced frame core
with outriggers. However,
instead of placing outriggers on
the 28th and 51st mechanical
floors, the alternative system
was designed with a single level
of W36x247outriggers on the
36th floor with two belt trusses
on the East and West edges of
the level, depicted on Figure 20
in purple.
The core configuration of
this alternative lateral consists
mostly of chevron braces.
However, single diagonal
braces, shown in red, were
Figure 20: Modified Braced Frame Core Layout
utilized were the chevron braces
would not conform to the existing architectural layout of the core. Though the core configuration
remains uniform throughout, member sizes did change with the height of the building. W14x283
braces were used from the base to the thirteenth floor, while W14x136 braces were used form the
fourteenth to the twenty-seventh. The braces were changed again to HSS 16x16x 1/2 at the
twenty-eighth floor and a final time to HSS 12x12x 3/8 at the forty-first floor. The column sizes of
this alternative design were changed at these three levels as well. At the base of the structure, both
flanges of the 30”x30” box columns had a thickness of 7 inches and both webs had a thickness of 4
inches. The flange thickness decreases by an inch at each column change while the web thickness
decrease by half an inch. Moment frames were added to all levels, except the 36th floor, in order to
increase the stiffness of the structure. The resulting period of vibrations for this alternative design
were 5.26s in the North/South direction, 5.17s in the East/West direction, and 3.92s in the
torsional direction. The overall building drift due to Case 1 wind was 16.7” in the North/South
direction, and 19.8” in the East/West direction. In order to review the preliminary design of this
alternative to the existing lateral system, refer to the Technical Report 3 authored by Erika
Bonfanti.
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IPD/BIM Team Comparison
Once the three preliminary alternatives to the existing lateral system of the New York
Times Building were completed, they were brought before the other members of the IPD/BIM
Team 3 to determine their feasibility for future optimization. The first concern was with the
modified braced frame core alternative. It was determined that if the outriggers were to be placed
on the 36th Level, the floor would not be able to be used as optimal rentable space for Forest City
Ratner. Therefore, the only possible use for the level would be a mechanical floor. This presents
an issue because a single mechanical floor would not be capable of distributing heating and cooling
to the required locations in an energy efficient manner. Due to this fact, Team 3 found that the
modified braced frame core with outriggers on the 36th floor would be an unfeasible design and
should not be investigated further.
The main concerns presented by the two concrete alternatives were very similar. The group
found that both alternatives would require an architectural redesign of the existing core
configuration in order to optimize a concrete solution and provide an equal amount of functional
space in the core. Concerns about duct work not being able to pass thought the elevator lobbies
due to the depth of the coupling beams were
also expressed. One of the major concerns
with both alternative designs was that the four
returns which extend away in to the central
corridor on the entrance level, would greatly
infringe the architectural vision of
transparency. This architectural issue can be
seen in Figure 21 where the area in blue
represents one of the returns which would
negatively influence the architecture of the
central corridor. If either of the concrete
design alternatives is to be optimized, these
architectural impacts on the New York Times
Building must be considered. Also after
Figure 21: Lobby Central Corridor
comparing the shear wall thicknesses of the
two concrete alternatives, the team determined that a concrete core alone would be less economical
than that of a concrete core with outriggers. This is due to the fact that the alternative design with
outriggers resulted in the use of much smaller shear walls with a lower concrete compressive
strength.
After a team review of the alternative lateral systems was performed, Team 3 agreed that if
the lateral system of the New York Times Building was to be redesigned, a concrete solution which
engaged the perimeter columns into the lateral system would be the best alternative to the existing
steel braced frame core with outriggers.
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Conclusion
For the third technical report on the structural system of the New York Times Building,
three alternatives to the existing lateral force-resisting system were investigated and designed in a
preliminary manner. One different design was developed by each structural student participating in
the alternative IPD/BIM Thesis in order to compare the feasibility of three different alternatives to
the existing lateral system. The three preliminary designs were:
-

Modified Braced Frame Core w/ outriggers at the 36th floor
Pure Concrete Shear Wall Core
Concrete Core w/ outriggers at the 28th and 51st floors

The alternative that was investigated in this report was the concrete core with outriggers system.
The modified braced frame core and pure concrete shear wall core were investigated in the
technical reports of Erika Bonfanti and Benjamin Barben respectively.
All the alternative systems were designed to be within 10% of the existing structure’s period
of vibration, 6.75s-6.25s. Also, the preliminary designs did not exceed the overall building wind
drift of H/450 of the existing New York Times Building as well as seismic story drift criterion
found in ASCE 7-05.
After each of the alternative lateral system designs were completed, they were brought
before the IPD/BIM Team 3 in order to discuss the feasibility of optimizing any of the three
preliminary designs. Team 3 first had concerns with the modified braced frame core. The team felt
that the only possible use of the 36th Floor, based on the configuration of the alternative design,
was that of a mechanical floor. The modified braced frame core was then determined not to be a
feasible alternative because a mechanical floor on the 36th Level would not facilitate the required
floors with heating, ventilating, and cooling in an energy efficient manner.
Concerns were also expressed with the designs of the two concrete solutions. The current
concrete core configurations do not conform to the architectural layout of the existing core. They
both currently infringe upon the architectural vision of transparency on the lobby floor by placing
returns into the main central corridor. Also, their core configurations do not provide Forest City
Ratner with the same amount of open rentable space as that of the existing lateral system.
Therefore, it was determined that if a concrete core system was to be designed in place of the
existing lateral system, an architectural redesign of the core configuration must be conducted as
well. Also, the only main difference between two concrete core systems was that the concrete core
with outrigger system required less concrete section to meet the same design parameters.
Therefore, a concrete solution which engages the perimeter columns into the lateral system was
found to be the best alternative to the existing steel lateral force resisting system.
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Appendix A – Typical Framing Plan
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Appendix B – Alternative Design Elevations (Concrete Core w/ Outriggers)

Figure 22: Alternative Lateral System Elevation (Grids 3 & 6)

Figure 23: Alternative Lateral System Elevation (Grids 4 & 5)
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Figure 24: Alternative Lateral System Elevation (Grids B.8 & C.2)

Figure 25: Alternative Lateral System Elevation (Grids B & D)
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Appendix C – Wind Load Calculation
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Appendix D – Seismic Load Calculation
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Appendix E – Initial Rough Hand Calculations
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Appendix F – Shear Wall Spot Checks
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Appendix G – ETABS Output for Case 2 Wind
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