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In the second technical report of the New York Times Building, an evaluation of alternative
floor systems was conducted using a typical 40’-07x30’-0”exterior bay in the tower. In all, the
design feasibility of four systems, including the existing composite steel beam system, were
investigated. The system comparison was based upon but was not limited to: system weight, fire
rating, vibration susceptibility, cost, structural depth, constructability, and architectural affects.
Three alternative systems which were schematically designed and compared to the existing
included:

- Castellated Composite Steel Beam
- Two-Way Flat Plate
- Two-Way Post-Tensioned Slab w/ Slab Bands

The composite castellated beam design was conducted in order to compare the existing
composite beam system to another viable steel design solution. The schematic design resulted in
the only system lighter that the existing floor structure of the New York Times Building. Being a
proprietary system, a program provided by CMC Steel Products was utilized to perform the design
calculations. The design resulted in 20.65” deep beams built-up from W14x22s and W14x26s and
18.07” deep girders built-up from W12x14s and W12x19s. Though this schematic design resulted
in deeper members than the existing system, the overall plenum height is likely to be less than the
existing composite beam system. This is due to other trades being able to utilize the opening in the
castellated member. The composite castellated steel system was found to be viable design
alternative and will be investigated further.

The schematic design of a two-way flat plate system resulted in a 14” slab which created
greatest self weight of all four systems. The system was found to be very inefficient and
uneconomical for the large bay size which is required as part of the architecture of the building.
Due to this requirement, intermediate columns cannot be added in order to reduce the system span
length. Therefore, the two-way flat plate system was not found to be a viable alternative to the
existing floor framing system and will not be investigated further.

The two-way post-tensioned slab system with wide-shallow-beams was investigated due to
the long span capabilities. The schematic design resulted in 33 tendons distributed uniformly
through an 8” slab and 31 bonded tendons through the 16”x48” slab-beam section. Though the
concrete system results in a higher system self weight than with the existing steel solution, the two-
way post-tension system was determined to be a feasible floor design alternative based upon long
span capabilities and a thin slab thickness. Therefore, the two-way post-tensioned slab with wide-
shallow-beams will be investigated further.
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INTRODUCTION

The New York Times Headquarters Building (NY'TB) 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 facade reflects the ever-changing environment surrounding the building, an
appropriate acknowledgement of the heart of New York City.

- Ne‘w Yaork
Times Bidg

Figure 1: New York Times Building Location (Google Maps)

The 52 story, 1,500,000 square foot building rises 744 feet above Eighth Avenue between
40™ and 41" 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 two-story steel outriggers which link the perimeter columns to the braced framed core.

4| Page
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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 concrete-
filled 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 21 columns (indicated on Figure 2 in teal), spread footings with a
compressive strength of 6,000 psi are used to support the loads. The areas depicted in blue
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 41" Street and not directly
beneath the structure. But, vibration
effects on the foundation and building
structure may have had an impact on
the design.

Assumed Caisson Location

Assumed Spread Footing Location

Cantilevered Area

Subway

Figure 2: Foundation Locations

5|Page
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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. 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, and
every column is engaged in the lateral system. Please refer to Figure
4 to view the column locations. Note that the unfilled boxes denote
columns in the cantilevered area which do not extend to the ground.

Figure 3: Box Column as Modeled in Revit Structure

Vierendeel Frame

R — Fl & A Vierendeel frame was used by Thornton
Tomasetti as 2 combined solution at the 20 foot

. I . cantilever sections of the tower. Renzo Piano did

[ HEE ] not want columns obstructing the glass

storefronts at the ground level, so these sections

were cantilevered from the main structure. Asa

unique way to control deflections in the middle
‘ . | beams of the cantilevered section, the ladder-like
T T ! moment frame engages all floors throughout the

entire height of the tower. It connects to 28" and

[ 1] L [ 11 52 floor outriggers through the use of diaconal
&g g &
braces which effectively transfer loads from the
. frame to the core of the tower. Refer to Figure 9

on page 9 to view the brace location.
® L L]

® D) © @ ©

Figure 4: Tower Column Locations
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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 27" floor
as shown in Figure 5. But above the 28" 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). Please refer to Figures 7
and 8 to view the typical core bracing configurations.

The outriggers on the mechanical floors consist of chevron braces (Figure 10) and single
diagonal braces. The outrigger system was designed to increase the efficiency and redundancy of
the tower by engaging the perimeter columns into the lateral system. Please refer to page 9 to view
the framing plans and bracing elevations of the outrigger system.
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Figure 5: Typical Lateral System (Floors 1-27) Figure 6: Typical Lateral System (Floors 29-50)

Single Diagonal Bracing
Pre-Tensioned Steel Rod X-Bracing

Chevron & Eccentric Bracing
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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
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 high
strength 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 0.025¢g for non-
hurricane winds.
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Figure 9: Mechanical Floor Framing Plan (Floors 28 & 51)
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Figure 11: Typical N/S Outrigger Section (28th Floor)
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The existing floor structure of the NYTB is comprised of a composite steel beam system
with typical bay dimensions of 30°-0”x40’-0”. These 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. A more in depth discussion of existing floor framing system is presented
later within the content of this report.

The remaining report evaluates and compares the existing composite beam floor system
with three possible alternative floor systems. Please note that the designs with in this report are
considered to merely be preliminary schematic designs used to determine the viability of each
system. Those found to be feasible, have been noted and will taken into consideration for the
expansion project proposal. Such items to be investigated are: system weight, fire rating, vibration
susceptibility, cost, structural depth, constructability, architectural affects, and structural affects. In
order to perform a proper comparison, all for systems were designed and evaluated using a typical
perimeter bay, as shown in Figure 12 on the following page.

The gravity loads of the NY'TB were the loads considered when designing the floor systems
for comparison. The dead loads used for the evaluation were the calculated floor system self
weights and the typical superimposed dead load of 25 pst. Also, the majority of the floor space
within the tower, including the floor panel of interest, is allocated for office use. Therefore, the live
load used in this comparison was 50 psf plus 20 psf for partitions. Also, please note that live loads
were not reduced in order to be conservative.
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2006 International Building Code AISC — LRFD,

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

PCA Time Saving Design Aids, Two-Way Post-Tensioned Design, Portland Cement
Association

Aalami, B. O, (1993) “One-Way and Two-Way Post-Tensioned Floor Systems,” PTI
Technical Notes, Post-Tensioning Institute, Phoenix, AZ, Issue 3, October 1993.

Aalami, B. O., (2001) “Nonprestressed Bonded Reinforcement in Post-Tensioned Building
Design,” ADAPT Technical Publication, Redwood City, CA, Issue P2-01, February 2001.

Vulcraft Steel Roof & Floor Deck Catalog, Nucor — Vulcraft Group, 2008

Floor Vibration Testing and Analysis of SMARTBEAM FLOORS, Conducted by
Structural Engineers, Inc. for the CMC Steel Group, October 2000.

Boyer, J. P. (1964), “Castellated Beams — New Developments,” AISC Engineering Journal,
July 1964.

Nilson, A. H., Darwin, D., Dolan, C. W., (2004) “Design of Concrete Structures, Thirteenth
Edition,” McGraw-Hill, New York, NY, 2004.

Construction Dead Load deflection limitation for beams and girders — L./240
Live Load deflection limitation for beams and girders — L./360
Full Service Load deflection limitation for beams and girders — 1./240

Concrete Systems to comply with provisions of ACI 318-08 Section 9.5.
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According to the 2006 IBC, the NYTB, based upon its building height and area, is classified
as a Type 1A building. Floor construction, including supporting beams and joist, for this building
type is required to meet a fire resistance rating of 2 hours. The following table shows the required
clear cover in concrete slab systems in order to achieve this 2 hour rating.

MINIMUIM THICKNESS OF INSULATING
MATERIAL FOR THE FOLLOWING
STRUCTURAL PARTS ITEM FIRE-RESISTANCE PERIODS (inches)
TOBE PROTECTED NUMEBER INSULATING MATERIAL USED 4 hour 3 hour 2 hour 1 hour
3. Bonded pretensioned Carbonate, Iightweight, sand-lightweight and siliceousagaregate concrete 44 34 2L 1%
reinforcement in 311 Beams or girders 5 1 1
&
prestressed concrete Solid slabsh
Carhanate, lightweight, sand-lightweight and siliceous’ aggregate concrete
Unrestrained members:
411 Solid slahs! — 2 14 —
’ Beams and girders!
4. Bonded or B wide 414 2% 1%
unbonded greater than 12" wide a 218 2 1%
posttensioned tendons
in prestressed Carbonate, lightweight, sand-lightweight and siliceous aggragate
concretes! Restrained membars*
412 Solid slahs! 1% 1 A —
) Beams and girders!
g wide 2% 2 1% —
greater than 127 wide 2 1% 1% —
7. Reinforcing and tie 711 Carhonate, lightweight and sand-lightweight agaregate concrete. 1 1 51‘ 51‘
rads iln flaor and roof 71 '2 Siliceous aggregate concrete. 1 'Jf1 1 1 3I¢
slabs '

The structural steel within the floor systems must conform to the 2 hour fire rating as well.
This rating can be reached through the application of spray on fire proofing, intumescent paint, or
by enclosing structural members with in gypsum wall board. Please note that these fire protection
systems were not analyzed for this evaluation.




Andres R. Perez
Structural Option-IPD/BIM Team 3

Dr. Andres Lepage
10/30/2009

The New York Times Building
New York, NY
Technical Report #2

EXISTING FLOOR FRAMING SYSTEM

Material Properties

Concrete: 5.5” slab (2.5” topping)
£.= 4000 psi
Steel: t.= 50,000 psi
Reinforcement: f;,: 60,000 pst
Metal Deck: 3 VLI 22 — 3 span
Description

As mentioned previously, the
structural engineers of the New York Times
Building implemented a composite beam
system (Figure 13) into the design of the
floor framing structure. The typical bay size
is 30’-07x 40’-0” with 2 /2" 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 design verification calculations
were conducted using the Vulcraft Steel
Roof and Floor Deck Catalog as well as the
AISC Steel Construction Manual. After

Loading
Self Weight: 59 pst
Live: 70 pst
Superimposed: 25 psf

concrete

embossments

steel
beam

Figure 13: Typical Composite Beam Construction (Farlex)

conducting an analysis of the exterior floor panel of interest, it was found that the existing floor
framing system is adequately designed to carry the applied gravity loads. To view the calculations
supporting this analysis, please refer to Appendix B.

Advantages

This system has several advantages the first being speed of erection. By implementing the
use of metal decking with a max unshored clear span of 10’ — 117, no formwork nor shoring is
needed during the construction process. This cuts back on erection time and reduces cost
associated with construction labor. In addition, a steel system is fairly light weight in comparison to
concrete. Also by taking advantage of a composited beam system, the member sizes are reduced
from that of a non-composite system. This reduction in gravity loading is very advantageous to
high rise design because it essentially reduces the loads of other gravity members, in particularly
columns and foundations. But a low self weight is particularly beneficial when considering the
cantilevered ends of the NYTB. The system allows for less self weight to be transferred back into

14| Page
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the structure. In addition, the system allows for the versatility in the design of other building
systems through the service plenum which will be created by a drop ceiling.

Even though the system does reduce member sizes by taking advantage of composite beam
construction, the system still results in a fairly deep floor system. In addition to the 5 /2" slab, the
W18X40 girders add an additional 17.9” which totals to a 23.4” system depth. Also, steel beams
and girders do not have inherent fire protection properties. This initiates the need for external fire
protection, such as spray-on fire proofing or intumecent paint, in order to meet the required 2 hour
fire rating. A steel system also presents the issue of longer lead ties in construction.

This floor system was found to be an excellent and efficient design for the New York
Times Building. Due to the advantages of the light weight system along with the ease of
construction the system will remain a viable solution for the floor system.
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ALTERNATIVE FLOOR SYSTEMS

Plan Not Disclosed Upon Owner’s Request

Figure 14: Typical 30'-0" x 40'-0" exterior bay used for alternative floor system designs

Figure 14 highlights the typical exterior panel used to design three alternative floor systems.
The following were selected on the bases of finding alternative floor design solutions which can
possibly be investigated further as part of the thesis proposal:

- Composite Castellated Steel Beams

- Two-Way Reinforced Concrete Flat Plate
- Two-Way Post-Tensioned Concrete Slab w/ Slab Bands

7 D S
16 | Page
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Composite Castellated Steel Beams

Material Properties

Concrete: 5.5 slab (2.5” topping)
£.= 4000 psi
Steel: £.= 50,000 psi

Reinforcement: = 60,000 psi
Metal Deck: 3 VLI 22 — 3 span

Description

The composite castellated beam system
(Figure 15) was designed using the typical bay
size of 30’-0” x 40’-0”. The same composite
deck (5 27 slab with 3 VLI 22 metal deck) and
beam spacing (10’-0”) was used in order to
yield the most comparable results to the
existing composite beam system.

According to AISC, castellated beams
and girders are proprietary and need to be
designed using criterion established by the
manufacture. Therefore, this schematic design
was conducted the aid of a design program
provided by CMC Steel Products. The
calculations revealed that the lightest weight
sections to be used were 20.65” beams built-up
from W14x22s and W14x206s and 18.07”
girders built-up from W12x14s and W12x19s.
To review the calculations for this preliminary
design, please see Appendix C.

Advantages

Loading
Self Weight: 56 pst
Live: 70 pst

Superimposed: 25 psf

:iﬂi 3
N

5

Figure 15: Exposed Castellated Beam Construction (DJC.com)

A composite castellated steel beam system has numerous benefits. Castellated beams can
span greater distances than the conventional wide flange members with less steel creating a very
efficient system. Also, by implementing a composite design as well as less steel being required, the
castellated composite beam system proved to be the overall lightest floor framing system at 56 psf.
As stated for the existing design, a smaller gravity loading is very advantageous to high rise design
because it essentially reduces the loads of other gravity members. This is particularly advantageous
for the cantilevered areas in the NYTB which require gravity loads to be transferred back to the
interior structure. Although a castellated beam system does have a greater structural depth than
when compared to a conventional wide flange system, other trades such as mechanical systems can

17| Page
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be passed through the openings in the steel members which could possibly reduce the overall floor
plenum height. Investigation conducted for CMC Steel Products also reviled that castellated beams
are very good handling serviceability issues due to vibrations.

As with the conventional composite beam system, the castellated steel members must be
fire proofed in order to achieve the required 2 hour fire rating. Also when adding the slab thickness
beam depth, the floor system introduces the largest over all structural depth of 26.1”. This increase
would require an increase in plenum space if the other trades are unable to utilize the openings in
the castellated members. Thickening the plenum cannot be afforded in the NYTB due to the
architectural impacts of decreasing the floor to ceiling heights. Also, castellated beams are
proprietary which can be considered as a constraint in the design process. Lastly, castellated steel
beams have a long lead time associated with them.

A castellated composite beam system is a very efficient floor system which is a viable
alternative to the existing floor system of the New York Times Building. If no major architectural
impacts are present after collaboration with the other disciplines of the BIM Thesis Team, a
castellated composite floor system could be considered as option for the building proposal study.
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Two-Way Flat Plate
Material Properties Loading
Concrete: 14 slab NWC) Self Weight: 175 pst
£.= 5000 psi Live: 70 pst

Reinforcement: = 60,000 psi
Column Sizes:  307x30”

Description

A two- way flat plate system (Figure
16) was designed for this evaluation using the
typical exterior bay size of 30’-0” x 40°-0.
The first step in the schematic design of this
system was to determine the slab thickness
required in order comply with deflection
limitations provided by ACI 318-08 section
9.5. It was determined that a 14 slab was
required to conform to these limitations.

Advantages

Superimposed: 25 psf

Figure 16: Two-Way Flat Plate (CRIS.org)

Though it was assumed that a flat plate designed with such a large bay would result in an
inefficient, uneconomical floor system, the design was continued with the larger spans due to
negative architectural affects that would result through the addition of intermediate columns. The
system was schematically designed using the Direct Design Method found in ACI 318-08 section
13.6. To review the calculations and results for this preliminary design, please see Appendix D.

The implementation of a two-way flat plate system as the floor design for the NYTB would
have a few advantages. First of all, if the adequate clear cover is implemented into the design of the
slab, a 2 hour fire rating can be achieved with in the floor system itself meaning no fire proofing is
required. Also, in this particular design produced the thinnest overall floor structure of 14”. This
increase in the plenum space allows for the other trades to have the greatest flexibility for their
designs. The use of a flat plate floor system is also advantageous for construction due to the
shorter lead times associated with a concrete system. Lastly the mere mass of this two-way flat
plate system makes it the least susceptible to vibration issues.

Disadvantages

Many disadvantages are associated with this two-way flat plate system. First off, the high
self weight of 175 pst will affect the gravity and foundation systems the 62 story structure
immensely. This self weight could be reduced through the addition of intermediate columns. But
as mentioned previously, the addition of columns will negatively affect the New York Times
Building’s current architecture which utilizes the open area produced by the 40’-07x30’-0” exterior

19| Page
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bays. Using a flat plate system for the NY'TB will require an entire redesign of the gravity system
and lateral system from steel to concrete as well. Also, the additional weight of the system when
designed with the existing column configuration produces the highest material cost of 31.5 dollars
per square foot which is almost double the cost associated with the other alternative concrete
system. Lastly, implementing a two-way flat plate system introduces the need for formwork and
shoring. This presents the issue of an increase in labor cost and longer erection times.

Due to the increase in self weight and cost, a two-way flat plate floor system would be
inefficient and uneconomical design solution for the New York Times Building. Also, the
reduction of span length is not an option due to an architectural design constraint. After this
evaluation, it is suggested that no further investigation be performed on this system.
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Two-Way Post-Tensioned Slab w/ Slab Bands

Material Properties Loading
Concrete: 8” slab w/ 14” drop panels Self Weight: 113 pst
16 Slab Beam Live: 70 pst
£.= 5000 psi Superimposed: 25 psf
£,= 3000 psi
Tendons: Unbonded Tendons

/2" dia.7-Wire Strand

f,.= 270,000 psi
Reinforcement: = 60,000 psi
Column Sizes:  307x30”

Description

The third floor system to be evaluated as a
possible alternative to the existing was a two-way
post- tensioned concrete slab system (Figure 17). To
create a comparable result, the system was designed
using the typical exterior bay size of 30’-0” x 40’-0”".
In order to produce an efficient slab design while
maintaining the existing column layout, a slab beam
or wide shallow beam was utilized for the 40’ span.
This enabled the slab thickness to be determined
using the shorter 30” span.

Figure 17: Two-Way PT Floor System
(concreteconstruction.net)

This schematic design resulted in the slab thickness of 8” with (33) tendons uniformly
distributed spanning the short direction and (31) tendons banded with in each wide-shallow-beam.
Based upon technical information obtained from the Post-Tensioning Institute, the geometry of the
slab beam was designed with a 48” width and 16” overall height. Minimum bonded reinforcement
was also determined based upon the strength requirement of the floor system. Also, please note
that the wide-shallow-beam was not used when checking punching shear. Although this assumption
is unfeasible, it was made in order to be conservative for this schematic design. The 8” slab alone
was unable to comply with the punching shear requirements. Therefore, 14” drop panels were
required for the floor system. This assumption will have to be readdressed if further investigation
of this system occurs. Please refer to Appendix E to review the schematic design and calculations
for the two-way post-tensioned concrete floor system.

Advantages
A two-way post-tension concrete slab system was found to have many advantages
associated with it. When a wide-shallow-beam is designed as part of the two-way slab, the system

becomes very efficient at spanning long distances. Therefore, the architecture of the exterior bays
in the NY'TB would not change significantly if this system was implemented. Also, the thinner slab
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allows for more versatility and space in the plenum when compared to the existing floor system.
As with the other concrete system, fire ratings are determined by clear cover in the concrete which
removes the need for additional fire proofing. Also, the system does provide dampening to
vibration affects.

There are some disadvantages associated with a two-way post-tensioned system. Even
though the material cost of the system is the lowest overall at 16.3 dollars per square foot, the cost
associated to labor and construction is very high. Of all the four systems, the two-way flat plate is
the most complex and labor intensive requiring the use of specialty trades. The system also has a
slow erection time, not only due to forming and shoring, but due to the jacking process as well.
Lastly being a concrete system, the gravity as well as the lateral system of the New York Times
Building would have to be redesigned as concrete systems if selected to be investigated further.

The two-way post-tensioned slab with wide-shallow-beams is a very efficient floor system
which should be considered as a viable alternative to the existing floor system of the New York
Times Building. Though some disadvantages in terms of complexity are present, the system should
still be considered feasible. If no major concerns are issued after collaboration with the other
members of the BIM Thesis Team, a two-way post-tensioned slab system could be considered as
option for the building proposal study.
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Criterion Composite Steel Beam|Composite Castellated Two-Way PT Slab w/
System (Existing) Steel Beam System Two-Way Flat Plate Slab Beams
System Self Weight (psf) 59 56 175 113
Slab Depth (in) 5.5 5.5 14 8
Total Floor System Depth (in) 23.4 26.1 14 16
Constructability Easy Easy Medium Hard
Formwork Required No No Yes Yes
Lead Time Long Long Short Short
Gravity System Impact N/A No Major Yes
Lateral System Impact N/A No Yes Yes
Architectural Impact N/A Possible Major No
Vibration Control Average Above Average Excellent Above Average
Fire Rating (hr) 2 2 2 2
Fire Protection Required Yes Yes No No
System Cost ($/sf)* 28.7 27.3 31.5 16.3
Feasible Yes Yes No Yes
Additional Investigation N/A Yes No Yes

* System costs were determined using Cost Works by RSMeans. The prices shown here are only costs associated to materials.
Labor was not a factor when calculating these values.
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For the second technical report on the structural system of the New York Times Building,
an evaluation was performed between the existing floor system and three alternatives. These
alternatives were schematically designed using a typical 40’-0”x30’-0” bay on the exterior perimeter
of the tower. During the evaluation, two criteria emerged as the main factors in determining the
feasibility of the floors systems. System self weight, being the first factor, has an extreme effect
high rise structures. A small increase in the self weight of a floor panel can translate into a large
increase in the overall building weight. The second factor was that of architectural affects. The
architectural design of New York Times Building tries to conform to the idea of structural
transparency through the use of long spans which provide open areas and spaces.

After evaluating all the systems, two of the designs were found to be feasible as alternative
designs for the New York Times Building. The first feasible alternative was the composite
castellated steel beam system. Of all the systems, it was the only one to have a smaller self weight
that the existing floor structure. Though the system would increase the overall floor structure
thickness, the architectural effects could be negated if the other disciplines are able to utilize the
openings in the castellated members which would reduce the overall floor plenum.

The second alternative would be the two-way post-tensioned concrete slab with wide-
shallow-beams. Though the systems has a greater self weight than that of the existing system, its
ability to span long distances, while still maintaining a small structural depth, allows for open areas
and spaces as desired by the architect. However, it must be considered that this will require that
the entire structural gravity and lateral systems must be redesigned as concrete systems.

A two-way flat plate system was schematically designed for the third comparison. It was
determined that this system should disregarded as an alternative floor system design. This is due to
the system’s inability to span large distances without creating a heavy, inefficient design. System
could have been considered as an alternative if more column lines were added throughout the
structure. However, this would have not conformed to the architectural desire to have large open
bays.
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APPENDIX A - Typical Framing Plan
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APPENDIX B - Existing Composite Steel Beam

After consulting the structural engineer and the general structural design criteria, it was
determined that the metal decking for the existing 5 '2” composite slab was required to be 3” in
depth, have a minimum yield strength of 40 ksi, and minimum thickness of 20 gage. The following
is a table obtained from Vulcraft to find the permissible unshored clear span and superimposed live
load of a typical metal deck type which would conform to this criterion.

(N=9.35) NORMAL WEIGHT CONCRETE (145 PCF)

TOTAL S0l Max. Unshored Superimposed Live Load, PSF
SLAB DECK Clear Span Clear Span (ft.-in.)
DEPTH TYPE 1 SPAN 2 SPAN 3 SPAN -0 76 8-0 86 9'-0 9'-6 10=0 | 10-6 | 11-0 | 116 | 120 | 12-6 | 13-0 | 13'-6 | 14-0
avLl2z 92 10-7 11'-8 216 185 176 161 148 109 a9 90 83 76 70 64 59 54 50
5.00 3vLizo 108 1211 13-4 241 216 196| 178 163 150 138] 129 93 85 78 72 66 61 57
(t=2.00) | 3VLM® 120 144 147 265 | 237 | 214 194 178 | 163 | 151 140 131 122 15 79 73 67 62
45 PSF avLne 12-10 151 15%1 289 261 238 218 201 186 173 161 151 142 134 127 92 86 B0
3vLle 13'-5 15-7 1511 327 294 267 243 223 206 191 178 167 156 147 139 132 96 &89
avLizz 8'-8 9'-8 1011 247 222 20 184 137 124 113 103 94 87 80 73 67 62 57
5.50 3VLIZO 10-1 124 12-9 275 247 223| 203 186 171 159 116 106 97 89 82 76 70 65
(t=2.50) avine 11'-4 13-8 14-2 302 270 244 222 203 186 172 160 148 107 98 a0 83 77 7
51 PSF avLha 12'-5 14-7 14-7 330 298 271 248 229 212 197 184 173 162 153 112 105 98 92
VLG 12'-9 1411 15-5 373 335 304 277 255 235 218 203 190 178 168 159 117 109 102

The following is the framing plan for the floor panel of interest as designed by the structural
engineer. Please note that the design shown on the following pages resulted in a different number
of shear studs than depicted here in Figure 18. This difference was assumed to be minor and
negligible for this report.

4'-8" 40’

i
e [:} 5 W18x35 [40] c=1" l—‘

c=3/4
10

f

a1/

W17x19[3] W18x35 [40] e=1 1/2 "

AU
raml

©

—

0
14:22 [30]
W13x40

J l:l W18x35 [40] ¢=1"

Figure 18: Existing Framing Plan

27 | Page

te)



Andres R. Perez
Structural Option-IPD/BIM Team 3

Dr. Andres Lepage
10/30/2009

The New York

Times Building
New York, NY

Technical Report #2

Check Aastel Dgck:.%:

Erow. Swrvewuehe Qeaym COr levie |

C_MLL_Sar*_r_\g:.pug;d. Live Loke
Span = el
; (24 ps'-L
s ' SLhs v

—‘.T:y;:r_, ’\ e LohADiNG

=70 xt (oFFeE conmig)
She = TS e

ToAL sev e LD = IS pf o

bse  3viLil (VuecesrT)

a1 Z//l i NN Goae, SLAR

g b .?:” BQCE;»

- ~ 4o &L Yigen

s h: ;

E" Min, 20 a,ua_a.

-

£ Feow Vulceart ( ZVL , 145 etF Coned
¥
© 2 Max. UuSHor€o CSleae SPAN,
r~ @©
58 |
S 2 S'AY e ‘% wo'—-u'' = wq”
=Z W

2 SAN

o

I‘_'._‘ Max Clehe SPAN  BETWEES Beawus
B € + = o' =4

g

o

:ﬁ le', - 172 =

(]

Cuse | 1Bxag)

95 e Ter 3vel22

28 | Page



Andres R. Perez

The New York Times Building

Structural Option-IPD/BIM Team 3 New York, NY
Dr. Andres Lepage Technical Report #2
10/30/2009
Pgam Cusce
‘ et
Lok byl L L
& _é_ Tere Wem = "
- i A il
£
$ W
= Swol = ST f (') = S2e plf (Sue
E‘ S = 2C F«Fuo‘) = 2% Fiﬁ ( SuPE poIE)
¥ L =70 pefle) = 00 plf
o {2
s 2
e ot (26 SL+0.2F) + (&(07) = 204 kLF
o
- Pt
8 My = (2.04)C4odT = do8 'k
E 8
n
& Vo = 2ot (£Y)= 408 b
Aswe ' a ="
T’-.'_ = S—‘/‘L ‘% = g”
Tie w8 x3T bdMnz 4x ' > BFL
e L -
S5=9' &— Cotnwss Z @n = Lo
= — 4_’?:!0‘
4
Gz T8 - 2.0 —emt " oLl ek
0558 e (o B H(2)
At STLoS
Q= 200%
= STUDS = E‘.’o_v'_ = o Swes x2 = 32 STUM
7. 2 '%me

29 | Page



Andres R. Perez

The New York Times Building

Structural Option-IPD/BIM Team 3

Dr. Andres Lepage
10/30/2009

New York, NY

Technical Report #2

Engineer's Computation Pad

No. 937 811E

@ STAEDTLER’

ey (A4F)

&
A- St o SUATY4)d(u28) - 2.8
{84 ET 284( 29003/ |IT7O)

4

:.L'B: H.’D.n

L . (dey 125, 202 As 28
240 T2

240
Howevar | M'gu.e‘ w/ | AH Churee s, A=25-S= v"’fd'z‘;:
4
Cosbrorion & (A f—.-{%o) T =510
& (8§ \(9&1_)(49)*('?15) - LiS3 i
284( 29000)(S0)
_ﬁ-q—"/.;._uc).usm_.: 38 YA e
240
2 ¢
wa (A3 ) Top = 1170
A=(SXo.D(d0) *(1T20) - 118 =—£ ¢/ — ok
184 ( L09 | (|(TO) 4o4 360

GMa T 415" e Sdog't ex

GVn = 169 ¢ 7 d0Ble e

use wWiax3s [32] c=| "

30 | Page



Andres R. Perez The New York Times Building

Structural Option-IPD/BIM Team 3 New York, NY
Dr. Andres Lepage Technical Report #2
10/30/2009

Glzbt-:yr_ Crece

I

- S st i # T W, =10
o' =¢ |_/0'=0" | 1p'=0"
O L
& So!
S
: ¢
g T CPL= 0S2x 28 + ogS ¥ 4 OomMys= 13,8
w S 8dBL = p.2T x28 > L.2&
E-g Ll = o) X R |7 EL
&<
c 2
Z W
i Phooren LoAD
[
L Puz L2l 128+ 6,3) +~ WlMS) = 52,126
’_
B b_'f%'s.
=
n Me= Pa =(Sz2)( 10! ) = S2.2 'k
®
Vo= S2,12k
Aenc fﬂ/zdc)
Alz pd?3
28 P
G212 o (38X 351280 Trep > 528 &
240 (z8) 21200) Try

Ter V\l ‘Biio "I:bl?_m" ACDL — ol




Andres R. Perez

The New York Times Building

Structural Option-IPD/BIM Team 3 New York, NY
Dr. Andres Lepage Technical Report #2
10/30/2009
ASBUMf_ Gc:i“ rz = SUL”- _l‘/z = sfl ¢M»L-"°-36 .LG#“'
A-]
2h= 38) & h—(é? 29 . 7.5 =90" € conTioLs
4
g G7_36 . - > |7 L Asowprion NG
S (e BD&EXAs)
[
é despe az 2" Yo= Sh'- 2/7—: 47" 4"‘4-.:9-3&@*-‘4
w 9 e S i = E
5o ”
§§ a = T§) = 114 &2 e
s 2 (0.8 X420
=Z W
©
2 £ soes
B "
w ZQn: 3‘;\
2
n Honpss 3L E - 2o T 4o LSS
& /8.3 Lo
Curee. —Tema A (A& f/za-j T ua'yomd'
Az (.3 7%(1728) . 29" = _f ¢ £ ee
(28)( 290%) ( 72D 274 240
Cuece s (A24/200)
Az (78)Y3km2e) = e 2L o e
(28 ¢ 210%) (| 0T0) S8 T60
OMn=SZ2'E 582 2'c e
Use. W lB\i‘*‘fﬂ];égj_L_ Dve = lq e > SLii2e —ok
Gusmwg Swmesh SW
Gre € Deew = S2 pof
Favang = (3S_pueacaadcay + (do E)(20X2) = 6 pot
EDICD
SWe= S_jgié__mg

32 | Page



Andres R. Perez The New York Times Building

Structural Option-IPD/BIM Team 3 New York, NY
Dr. Andres Lepage Technical Report #2
10/30/2009

According to the AISC Steel Construction Manual, “castellated beams are currently designed
and fabricated as a proprietary product” and are designed based on criterion put in place by the
manufacture. (AISC, p.2-21) Therefore, a design program provided by CMC Steel Products was
used to perform the schematic design of this alternative system.

Several assumptions were made when designing this proprietary system. The design of the
composite slab was taken to be the same as that for the existing floor system (please refer to
Appendix B). Also, the design program only enables one to design a composite castellated beam
with metal deck running perpendicular to the member. Therefore, the design for the edge girder is
not entirely correct but is assumed to be within reason for this preliminary design. However, this
issue must be addressed if a composite castellated beam system is investigated further as a viable
alternative floor system.

CASTELLATED BEAM INFORMATION LOADING INFORMATION EXPAND'D. SXN. PROP'S
Job Name 70 Span Beams nnorm Distibuied Loads VG WL B
Beam Mark # Beam Live Coad 700 Iid Fre-comp % Yo Anet 5376 in"2
Span 40.000 ft Dead Load 250 pif Pre-comp % 80% Agross §.688 in*2
Spac. Left 10.000 ft Concentrated 170Nt Loads Ix net 499.73 in“4
Spac. Right 10.000 ft Load # Magnitude Dist from Percent CL Percent |Jix gross 552.07 in"4
Mat. Strength-Fy 50 » (ksi #) {Kips) Lft. End (ft) (%) Pre-Comp. |Sx net 44 56 in"3
Round Duct Diam. 11.109 in P1 0.00 0.00 0% 0% Sx Qross 50.45 in"3
DuctW x H 6.250in 10.874in P2 0.00 0.00 0% 0% rx min 7.97 in
Castellzted Beam CB21X22/26 h 4 P3 0.00 0.00 0% 0% ly 7.95 in"4
Root Beams (T/B)  |W14X22 W14X26 P4 0.00 0.00 0% 0% Sy 3.18 in"3
d 13.74 13.91 COMPOSITE INFORMATION COMPOSITE SXN. PROP'S
bi 5 5.025 Concrete & Deck: ~ [Shear Studs: n - 744
tf 0.335 042 conc. strength - fc' (psi) 4500 w |stud dia. (in)  3/4" w |beffec. 120.00 in
tw 0.23 0.255 conc. wt. - wc (pcf) 150 = |stud ht. (in) & Actr 40.215 in"2
CASTELLATION PARAMETERS: conc. above deck - tc (in) 2 1/2 studs perrib |1 N.A. ht. 2313 In Deck
e 5.500 in rib height - hr (in) 3 composite % 100% w |liir 1655.97 in"4
b 4.000 in rib width - wr (in) 6 Stud Spacing: leffec. 1655.97 in"3
dt 3.500 in N=22 Uniformly Dist. Sxconc 548.05 in"3
5 19.000 in RESULTS WARNINGS Sxsteel 7160 "3
g 20.650 in Failure Mode | Interaction Status CONSTRUCTION BRIDGING
phi 599.623 dey Bending 0.989 <=1.0 ORIl End Conneclion lype Cuuble dip W
no 13.650 in Web Post 0.882 <=1.0 OKIl Min. No. Of Bridging Rows 1
WO 13.500 in Shear 0.819 <=1.0 0Kl Max. Bridging. Spacing (ft) 31
Cancrete 0.283 <=1.0 OKIl
Pre-Comp. 0.409 <=1.0 OKll
Overall 0.989 <=1.0 OK!!
CMC Steel Products Pre-Composite Deflec. 0.904" =L/531 -
Live Load Defleclion 0.840" =LaT2
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CASTELLATED BEAM INFORMATION LOADING INFORMATION EXPAND'D. SXN. PROP'S
Job Name Edge Girder Unitorm Distributed Loads Avg. wi 16.5 pIt
Beam Mark # Girder Live Load 700 pIf Fre-comp % 0% Anet 3.550 in"2
Span 30.000 ft Dead Load 250 plf Pre-comp % 100% Agross 6.180 in*2
Spac. Left 5.000 ft Concentrated Point Loads Ix net 24523 in"4
Spac. Right 20.000 ft Load # Magnitude Dist from Percent DL Percent [ix gross 278.92 in"4
Mat. Strength-Fy 50 ¥ (ksi (#) (kips) Lft. End (ft) (%) Pre-Comp. |Sx net 23.54 in"3
Round Duct Diam. 9.825 in P1 0.60 10.00 100% 100% Sx gross 258.08 in™3
Duct W x H 5.600in 9.631in P2 0.60 20.00 100% 100% rx min 672 in
Castellated Beam CB18X14/19 v P3 0.00 0.00 0% 0% ly 3.06 in"4
Root Beams (T/B)  |W12Xx14 W12X19 P4 0.00 0.00 0% 0% Sy 154 in*3
d 1 12.18 COMPOSITE INFORMATION COMPOSITE SXN. PROP'S
bf 397 4.005 Concrete & Deck: Shear Studs: n 744
tf 0.225 0.35 conc. strength - fc' (psi) 4500 ¥ |stud dia. (in)  1/2" ¥ |beffec 90.00 in
tw 0.2 0.235 conc. wi. - we (pcf) 150 w |stud ht. (in) 5 Actr 30.236 in"2
CASTELLATION PARAMETERS: conc. above deck - tc (in) 2 1/2 studs perrib |1 N_A. ht 20.79 In Deck
e 5.000 in rib height - hr (in) 3 composite % 100% w fitr 944 58 in"4
b 3.500 in rib width - wr (in) 6 Stud Spacing: leffec. 944 58 in"3
dt 3.000 in 1 12 11 Sxcanc 340.09 in"3
S 17.000 in RESULTS WARNINGS Sxsteel 4543 in"3
dg 18.070 in Faure Mode | Interacton Status CQNSWIONBRW
phi 59.880 deg Bending 0.918 <=1.0 OKlIl End Connection type Doubleclip W
ho 12.070 in Web Post 0.904 ==1.0 OKIl Min. MNo. Of Bridging Rows 1
wo 12.000 in Shear 0.850 <=1.0 OKlI Max. Bridging. Spacing (ft) 26
Concrete 0.269 ==1.0 0Kl
Pre-Comp 0.642 <=1.0 OKlI
» Overall 0.918 <=1.0 OK!!
Pre-Composite Defiec. 0.842" 427 -
Live Load Deflection 0.466" =L/773
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APPENDIX D - Two-Way Flat Plate
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