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Executive Summary

The pro-con structural study of alternate floor systems discusses the existing structural floor
framing of 40 Bond and three alternate framing systems. Each option is examined using typical
bay analysis of a 25’x20° bay. The existing structure is a 9” thick two-way flat plate slab with
#4@12 top and bottom and additional reinforcement at the supports due to increased moments at
these locations. Using ACI 318-08, the minimum slab thickness was determined and is less than
the designed thickness of 9”. The Direct Design Method was then used to design the
reinforcement in the column strips and middle strips in each direction. Both methods of shear,
wide beam action and punching shear, were checked and satisfied, as was the deflection.

The three alternate systems that were analyzed included:
- Non-composite steel framing
- Hollow core precast concrete on steel beams
- Two-way post-tensioned slabs

The non-composite steel framing was designed using the AISC Steel Construction Manual and
Vulcraft Steel Roof and Floor Deck Guide. The preliminary design was composed of 2C20
metal deck with 4.5 slab, W12x19 beams and W18x35 girders. The 4’-0”x6” hollow core
precast panels with 2” topping were selected from the PCI Design Handbook and the supporting
girders were determined to be W18x35 when optimized. The two-way post-tensioned slab was
designed to be 8” thick with 12 tendons distributed uniformly over the long span direction and 12
tendons banded at the columns along the short span. Due to the small amount of tendons over
25’ and 20’ spans it does suggest that the thickness of 8” is conservative and with further
analysis may be determined to work at a thinner dimension with an increased number of tendons.
A minimum amount of mild steel was designed as well for this slab.

The advantages and disadvantages were discussed for each framing system, and it was
determined that the steel framing in both the non-composite and hollow core systems were not
feasible. They increased the floor depth to 22.2” and 27.5” which did not even compare to the 9”
two-way flat plate and the 8” two-way post-tensioned slab. Overall, the post-tensioned slab was
the best choice for further investigation as a possible framing system for 40 Bond. Not only is
the slab depth minimal, allowing for greater floor-to-ceiling heights, but the post-tensioning
allows for longer spans, can carry a greater load, reduces vibration, limits deflection and requires
no additional fireproofing. There are concerns in regards to the construction of the system,
however, because it does require trained contractors and special safety procedures to ensure it is
done correctly. With this is mind, the two-way post-tensioned slab seems like a feasible option
for the structural proposal required by Senior Thesis.
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Introduction

The pro-con structural study of alternate floor systems examines the existing floor framing of 40
Bond that was designed by DeSimone Consulting Engineers (DCE) and analyzes three other
possible systems. The existing design is a two-way flat plate slab and the alternates that were
studied include non-composite steel framing, hollow core precast concrete panels on steel beams,
and a two-way post-tensioned slab. Gravity loads determined in Technical Report 1 were used in
the design to help determine slab thicknesses, member sizes and necessary reinforcement. Aside
from the actual composition of each system, the report aims to compare and contrast the
advantages and disadvantages related to constructability, system weight, system depth, fire
protection and various other criteria to determine which systems may be possible topics for the
structural proposal required by Senior Thesis.

Some information pertinent to understand 40 Bond is that the building is located on a 13,600 ft*
parcel of land located on Bond Street between Lafayette and Bowery Street in New York City.
The footprint of the building is 64’-8” by 134°-4” and the building has an overall building height
of 152°-0” from cellar to the top of the penthouse structure. There is a 20°-0” setback at the
seventh floor with a roof terrace that occupies this space. Typical spans range from 19°-6” x 25°-
0” to 23’-2 %" x 25’-0” and floor-to-ceiling heights range from 11°-10” to 14’-0”. A total of 23
condominium units and 5 townhouses are contained within this building and the plans vary as the
type and number of units change throughout. In addition to the building there is also a 140’-0”
long, 22°-0” high cast aluminum gate located along Bond Street that was designed to withstand
the lateral forces that are present at this site.

Architectural Design Concepts

40 Bond Street was designed by the Swiss firm Herzog & de Meuron with New York based
Handel Architects. The idea behind this luxury residential building was to reinvent the cast iron
building typology that is prevalent in this lower Manhattan neighborhood. The building consists
of one cellar that houses a fitness center, storage space and equipment rooms. The first and
second floors are devoted to five through-building, 2-level townhouses. The layout then changes
to accommodate four condominium units on each level from the third to the sixth floor. Once
again, at the seventh floor the plans change incorporating a 20°-0” setback and reduced number
of condominium units including only two per floor from levels 7 to 9. The tenth floor is a full
plan condominium with a penthouse structure that rises 20°-0" above the main roof. Itis in the
penthouse that a direct relation can be made between architectural concepts and structure. A 44’-
0” clear span is achieved with two hidden columns and the core shear wall as supports leaving
nearly three completely glass walls.
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The south face also enforced some strict tolerances in regard to
structure. Operable floor-to-ceiling windows are held in place
with green glass mullions (Figure 1). This entirely glass facade
limits the variation in columns to less than %”. The north facade
contains the same windows but the glass mullions are exchanged
with pre-patina copper. These mullions then serve as a grid for the
perimeter columns along the north and south faces. Small 10”x10” 4
concrete columns are located behind these mullions and space at 3
6’-3” on center between the second and tenth floors. The variation
in layout, fluctuating column dimensions, and necessary setbacks : L . :
resulted in different transfer locations that required beams to Figure 1 - South Facade
redirect the loads.

With many buildings located in cities such as New York, there is always an awareness of retail
value. The more space there is to offer the more expensive the unit may be. The flat plate
concrete system allows for tall floor-to-ceiling heights that remain unobstructed because of the
limited number of beams and girders dropping into the space. In order to preserve the
architectural design, maximize area and create appealing spaces, the concrete structure deviates
from what is typical in the design and construction of a residential building to create an
aesthetically pleasing and interesting structure. As a result of such specialization, however, this
90,000 sf building had a very high cost in comparison to its size which is attributed to such
things as formwork required for transfer beams and many slender columns.

Structural System

Foundation

The geotechnical engineering study was performed by Langan Engineering & Environmental
Services on September 10, 2004. In this study it was found that the water level was
approximately 42.8’ below the existing ground surface. The cellar extends 12’-8" below grade
and therefore there was not a concern in regard to increased uplift pressures at this level. Langan
noted that the bearing materials were suitable for a shallow foundation and that the
recommended allowable bearing pressure would be 5 kips/ft?. As a result, a 30” reinforced
concrete mat foundation was designed with bearing walls and buttresses supported by a strip
footing.

The 30” slab is 5 ksi normal weight concrete (NWC) and increases to a thickness of 48” and 84”
within the core shear walls where the elevator pit is located. Reinforcement varies throughout
this mat slab. Buttresses ranging in size from 14”x29 %2” to 18”x79” are located around the
perimeter. Interior columns ranging in size from 12”x22” to 28”x28” have an increased strength
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of 8 ksi. Located at columns 3B, 3C and 3F (Figure 2), there are also foundation mat shearheads
to resist punching shear due to high loads that continue from the roof down to the foundation.
@O—- ¥

| | | ‘
! Shear Heads Required
L _ _ _Shear
-l » Heads

Required

| Shear Heads

Required

-

AR RN
d LA L bbAde Lbbhbbddd

Figure 2 — Foundation Plan with Typical Column Grid and Shearhead Locations Noted

Superstructure

The ground floor is a 9” two-way flat plate slab (NWC) with a compressive strength (f’¢) of 5.95
ksi and typical reinforcement of #4@12 top and bottom with various sizes and spacing of bars at
column locations. Located at the south face is a slab step that transitions to a 12” slab for the
townhouse entrances. Typical to the floors above, there are also 3” slab depressions at the
fireplaces and toilet areas and 14” slabs within the core. Perimeter columns ranging in size from
10”x24” to 16”x58” are located on the north, south and east walls while a 12” thick shear wall
runs along the west face. The interior columns dimensions are then 12”x22”, 22”x22” and
28”x28”. All of the columns from the foundation to those supporting the fourth floor have a
concrete strength of 8 ksi. There are beams located around the stair openings in the townhouses
and collector beams that tie together the core shear walls which are typical on all floors.
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The second and third floors have the same two-
way flat plate slab as noted above minus the

TYPICAL 10"%10" ——,

slab step. Particular to the second floor is the i Ve

introduction of the 10”x10” concrete columns RIQED / o sty
7 7 \ { | i 1" DEPRESSION 1l

spaced at 6’-3” on center along the north wall e

that extend up the remaining height of the

building. Because these closely spaced e —_ —
columns need to transition to fewer columns 77| noes
below, 14”x40” transfer beams (f’c = 10 ksi,
typical to all transfer beams) run the full length V'
of this wall. The beams around the townhouse
stair openings are also present on the second
floor. The third floor then has the introduction of the 10”x10” columns spaced at 6’-3” on center
along the south face. The transfer beams at this level are 60”x16” and extend the full length of
this wall. These columns continue to the seventh floor where they step back 20°-0” due the
setback at that level. This thin, wide transfer was implemented to limit the intrusion into the
space below. Also, all the 10”x10” columns only have a 7” slab encroachment that has a 1” slab
depression around each column (Figure 3).

Figure 3 — Typical Perimeter Column Detail

All floors between level 4 to the penthouse level use a 9” two-way flat plate slab with #4@12 top
and bottom plus various reinforcement at columns and a reduced compressive strength of ;=5
ksi. Similar slab depressions and increased slab thickness at the core are present. The columns
supporting the fifth floor and above also have a reduced compressive strength of f’c = 5 ksi. The
columns along the north and south facade remain 10”x10” while those located on the east and
west walls and within the interior vary between 12”x22” to 28”x28”. There is also the
introduction of 22” diameter (@) circular columns that are used on some floors dependent on the
tenant’s request in their condominium. In addition to the beams within the shear wall core, there
are also spandrel beams along the east and west faces.

At the fourth floor a transfer beam is present along the east wall (Figure 4). This 12”°x50”
transfer was designed after construction began due to the presence of an adjacent chimney
encroachment on site. Then at the seventh floor the setback takes place. It is here that loads
increase due to the roof terrace provided by this setback. A 20”x24” transfer beam along line 2
is needed due to the introduction of the 10”x10”

2 3 4

7TH FLOOR

cotumn - | T T-coumn kil TRANSFER BEAM
3-GA T < 3-GA 20" x 24

__INTERIOR |

! COLUMN
4TH FLOOR A 36
TRANSFER BEAM
12" x 50"

Figure 4 — Transfer Beam at Fourth Floor Figure 5 — Transfer Beam at Seventh Floor
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columns along this line (Figure 5).

The penthouse level and its roof are a great
example of what can be achieved when using
concrete. The dimensions of the penthouse are
23’-4” x 44°-6” and it has a thickened 19” slab
with #4@12 top bar reinforcement and #5@8
bottom bar reinforcement. A 44’-0” clear span is
achieved with the support of the concrete shear
walls to the east and two 28”x16” columns to the
west. The loads from the two columns need to be
transferred and a 32”°x24” beam is used to direct
these loads to nearby columns, one of which is Figure 6 —Penthouse Roof Structure

only 10”x14”. The roof above this long span

structure is a combination of upturned beams, inclined piers, and two separate 8” slabs with
#5@12 top and bottom spanning between its two supports (Figure 6). Located on the other side
of the core is an enclosed elevated mechanical room. Additional loads due to the equipment and
its surrounding 8” CMU walls will be applied at this level.

Lateral System

The lateral system is a combination of 12” ordinary reinforced concrete shear walls (Figure 7).
Within the core shear walls there are the stair, elevator and mechanical shafts. The typical
horizontal reinforcement in these walls is #4@12 while the vertical reinforcement ranges from
#A@12 to #8@6 depending on the level they are located on and which portion of the shear wall

is being examined. The west
‘ @??? ‘ shear wall is reinforced with
@O— - ; % T‘ i ; i — #4@12 as the horizontal
‘ - | reinforcement and a range of
Cinter of gty | L vertical reinforcement from
A i‘F*:r\* ﬂ_é ' | #4@12to#7@12. All shear
' ' walls supporting the ground
(D—-— ———F——JI'— - -—#—-——4— floor to those supporting the
fourth floor have concrete
O— - ' ' — with f’¢ = 8 ksi while those
]| || EEEEEEEEEEEE supporting the rest of the
R T T R IR I building have an f’¢ = 5 ksi.
N @éé@@g é éééé@ ®€géé®é@g€g@ The presence of the west

shear wall allows for the

Figure 7 — Typical Plan with Lateral System Highlighted center of rigidity to move
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closer towards the middle of the plan. Because the core shear walls are not centralized within the
building they draw the rigidity to the east. When the center of rigidity is not in line with the
resultant lateral force there is eccentricity and moments due to torsion become a factor. These
wind and seismic loads travel through the rigid diaphragm (flat plate slab) to the shear walls and
then down into the foundation. This load path is governed by the concept of relative stiffness.

Loads

Gravity Loads

The determination of gravity loads by DCE was done using the New York City Building Code
(NYCBC 2003), while American Society of Civil Engineers (ASCE) 7-05 was the main
reference for this report. A different standard was used to comply with the requirements of AE
Senior Thesis; ASCE 7-05 was the logical reference. Another note is that DCE chooses not to
use live load reductions in their design. In order to keep the loading consistent, the reductions
will be not be factored into the live loads determined by code. The loads that were determined
from each reference as well as the design loads are noted in Table 1.

Table 1 - Gravity Loads

Description NYCBC (2003) ASCE 7-05 DCE Value  Design Value
DEAD (DL)
Concrete 150 pcf 150 pcf 150 pcf 150 pcf
LIVE (LL)
Condominiums & Townhouses 40 psf 40 psf 40 psf 40 psf
Corridor (first floor, main lobby) 100 psf 100 psf 100 psf 100 psf
E:rc])i;;i)dor (serving independent 40 psf 40 pst 40 pst 40 psf
*Exterior Balconies 60 psf 100 psf 60 psf 100 psf
SUPERIMPOSED (SDL)
Finishes, MEP, Partitions 20-25 psf 20-25 psf 20 psf 25 psf
**Concrete Pavers 40 psf 40 psf 40 psf 40 psf
SNOW (S)
***Snow 30 psf 21 psf 30 psf 30 psf

*In NYCBC, exterior balcony LL is 150% of adjacent areas. Therefore (40psf)x(1.5)=60psf.
** Superimposed load on 7th Floor and Penthouse terraces will be replaced as 40 psf over area.

*** Snow load calculations are located in appendix. Due to greater live load required on roof terraces,
the roof live load on these areas will be 100 psf.
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Floor Systems

Two-Way Reinforced Flat Plate - Existing

Material Properties Loading:

Concrete: 9" slab (NWC) Dead (self weight): 112.5 psf
22”x22” columns Live: 40 psf
f'e = 5000 psi Superimposed: 25 psf

Reinforcement: f, = 60,000 psi

Description

This two-way reinforced flat plate system designed by DCE includes a 9” NWC slab that
contains #4@12 top and bottom. Additional reinforcement is placed at supports, to resist
increased moments at these locations and range from #4 to #6 bars at varying spacing, depending
on the magnitude of the moments.

A typical interior bay analysis, done at the 6" floor, was completed using the Direct Design
Method reviewed in Design of Concrete Structures by Nilson, Darwin, and Dolan with the loads
determined by ASCE 7-05. The bay was split into two frames, Frame A and Frame B noted in
Figure 8, which were checked for minimum slab thickness and reinforcement design. The slab
thickness of 9” exceeded the minimum of 8.42” and the reinforcement was found to be the same
as that designed by DCE, or resulted in a fewer number of bars, due to the absence of lateral
loads in this analysis. The typical bay was taken as 25’x20’ to simplify calculations rather than
looking at the 25’x20’ bay, 25’x19.5” bay and 25’°x23.25” bay separately. There are calculations
reviewing the wide beam action (one-way) and punching shear (two-way) within the slab which
did not prove to be an issue and did not require any additional shear reinforcement. Deflections
were also computed and found to be within the limits of 1/480 for long-term deflection. All
supporting calculations for this analysis can be found in Appendix A.

Advantages

This particular floor system was a likely choice for 40 Bond. In New York City, midrise
residential buildings are most often concrete structures and the use of a flat plate system is both
economical and advantageous. The smooth slab makes it possible to have an exposed ceiling
because there are a limited number of beams penetrating into the area. The smooth slab also
allows for larger floor-to-ceiling heights than those that would be provided by a steel frame.
Large spans could not be done with this system, but 40 Bond has moderate spans reaching a
maximum of 25°, which is within the limits of flat plate design. There is also no additional
fireproofing needed.
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Disadvantages

As with all flat plate systems, shear is often a concern. There is a transfer of moments from the
slab to the columns, which increases shear stresses at these connections. 40 Bond, however,
does not have any shear related issues in the elevated slabs due to the 9” slab thickness required
for the 25’ spans. The only locations within the building that were designed with additional
shear reinforcement were at columns B3, C3 and F3 at the basement level. Another issue that
was unable to be resolved due to the use of the two-way flat plate slab was the presence of
transfer beams. These beams are needed at building setbacks, transitions from many slender
columns to fewer, larger columns, and at the penthouse structure to allow for the long clear span.
Other systems may help to eliminate the large transfer beams which will not only be aesthetically
pleasing as fewer beams drop into the space, but will also reduce the labor and cost associated
with preparing the formwork.

Panel A

00"

|
L2 for fi=

—20%0"

L2 for fy

—u

b
bbb b L bbddd bbbbbbddd

Figure 8 — Slab and Column Spot Check Locations
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Non-Composite Steel — Option #1

Material Properties

Concrete: 4.5" slab (2.5" topping)

fe = 3,000 psi
Steel: f, = 50,000 psi
Reinforcement: f, = 60,000 psi
Metal Deck: 2C20 - 3 span
Description

This non-composite steel system was designed
using a typical bay of 25°x20” with
intermediate beams spaced equally at 8’-4”.
The Vulcraft 2C20 non-composite deck is able
to span 10°-7” unshored given a 3-span
condition, which is greater than the 8’-4”
spacing proposed for this layout. The 2C20
system is accompanied with a total slab depth
of 4.5” satisfying the load and deflection
limits of this system.

Calculations were completed using the AISC
Steel Construction Manual to size the beams
and girders at this interior bay. Controlled by
deflection, the sizes determined can be seen in

Figure 9. At this stage of preliminary

40 Bond Street

New York, NY

Loading

Dead (self weight): 45 psf
Live: 40 psf
Superimposed: 25 psf

W18x35

H—

2C20

Wi12x19
W12x19
W12x19
Wi12x19

W18x35

Figure 9 —Non-Composite Steel Layout

consideration, columns have not yet been designed. Supporting calculations for the slab and

framing can be found in Appendix B.

Advantages

This system has several advantages including the speed in erection and lower cost due to the
absence of shear studs. It is a fairly lightweight system in comparison to concrete within the
same bay as well. There is no need for formwork which reduces labor cost related to preparing
the forms and because the decking is able to span 10°-7” during unshored construction there is
also no need for shoring. Additionally, there is flexibility in laying out other building systems
due to the service plenum that will be produced by the drop ceiling.
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Disadvantages

In New York City it is most common to construct midrise residential buildings with concrete. A
reason for not using steel is the deeper floor system that results from its implementation. In
addition to the 4.5” slab depth, the W18x35 girders add another 17.7”, bringing the total system
depth to 22.2”, which is much greater than that achieved using concrete flat plate slabs. This
reduces the floor-to-ceiling height and in some instances where building height limits are
enforced, could lead to fewer floors in the building. In the case of 40 Bond, reducing the floor-
to-ceiling height would negatively impact the architectural concept as well.

Other disadvantages to this system include possible floor vibrations and the need for additional
fire protection to obtain a 2 hour fire rating. Lead time is another issue because fabrication,
detail and transport are all required for the steel. Lastly, there is the issue with the existing
lateral force system of ordinary reinforced concrete shear walls. If these shear walls are to
remain, special connections need to be considered as the two materials frame together. Unions
in New York City also require that no trade is above the steel erectors, so to use this system with
the existing shear walls, a plan must be formulated to organize how the concrete and steel will be
constructed. Otherwise, a steel lateral system may have to be designed.

Feasibility

In regards to 40 Bond, the disadvantages outweigh the advantages when looking into non-
composite steel floor framing. After this comparison, it is suggested that no further investigation
be done on this system.
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Hollow Core Precast Panels on Steel — Option #2

Material Properties Loading

Concrete: 4’-0”x6” with 2” topping Dead (self weight): 74 psf
f. = 5,000 psi Live: 40 psf
' = 3.500 psi Superimposed: 25 psf

Tendons: 96-S
fou = 270,000 psi

Description

W12x19

Particular to the hollow core precast concrete

plank system is the slight adjustment to all bays

within the building. Because these precast b
panels come in 4’-0” increments it seems most N
logical to have the bays as 25’x20” and 25’x24’ 2 NW topping
rather than the actual 25°x20’, 25°x19°-6" and @ _ W12x19 _
25’x23’-2 ¥2* bays. In regards to this analysis,

an interior 25’x20’ bay was used and is shown
in Figure 10. At this point, column design has

not been completed. @ @

Wi18x35
Wi18x35

A 6” thick plank with 2” topping was selected Figure 10 —Hollow Core Precast Planks on Steel Layout
using the PCI Design Handbook. The span of

25’-0” was achieved using 96-S strands within the hollow core panel. This designation relates to
the number of strands (9), the diameter of strands in 16ths (6) and that the strands are to be
straight (S). This assembly is capable of holding a service load of 87 psf which exceeds the

value of 80 psf calculated using the live load, superimposed load and an additional 15 psf for the
2” concrete topping.

The beams that the precast will frame into were determined with the AISC Steel Construction
Manual and are sized as W18x35. Supporting calculations may be found in Appendix C.

Advantages

The hollow core precast system has numerous benefits. The construction can be completed
quickly which allows for earlier occupancy in the building and the possibility to fast-track the
project. This product is durable, low maintenance and it is easy to construct year-round because
no curing time is needed. It also attenuates noise and is recognized as a LEED rated system.
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Disadvantages

There are also many disadvantages associated with the use of this system. The bay sizes would
have to be adjusted to accommodate the width of the precast panels and in turn result in an
increase in building size that may or may not be acceptable. At this time, the vibration
associated with this system is unknown.

As with all steel systems, there is also a deeper floor system, 25.7” in this study that reduces the
floor-to-ceiling height within the space. This can become an issue in instances were building
height limits are present and within 40 Bond it would sacrifice open space provided by the high
ceilings. Although the lead time is relatively short for the panels, it is longer for the steel to
account for fabrication, detailing and transportation. The steel also requires spray fireproofing to
obtain the appropriate fire rating. There is a concern with the connections required at the
concrete shear walls and its impact on design and cost. In addition, effort must be put forth to
determine the scheduling that would be required for the interaction of trades in New York City.

Feasibility

This system does not seem like a likely candidate for further investigation. Its benefits are
outweighed by the many disadvantages of its use within 40 Bond.
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Two-Way Post-Tensioned- Option #3

Material Properties Loading
Concrete: 8" slab (NWC) Dead (self weight): 100 psf
f. = 5,000 psi Live: 40 psf
fa = 3,000 psi Superimposed: 25 psf
Tendons: Unbonded Tendons
1/2" diameter - 7 wire strand
Ay = 0.153 in?
fou = 270,000 psi
Reinforcement: f, = 60,000 psi
12 Uniformly
Distributed Tendons
Description | \/\ |
A two-way post-tensioned slab was designed @ .- / — i
for a typical 25°x20’ bay shown in Figure 11.
Conservatively, the span/depth ratio was taken i
2= | L=

to be 40 which resulted in a preliminary slab
thickness of 8”. After following an example
provided by the Portland Cement Association, it

was determined that 12 tendons, providing @

12 Banded
Tendons

I~
R —
©

26.6K resistance/tendon, were needed in both \/\

the long and short directions. The number of =

tendons implies that the slab depth may @

SUCCGSSfU“y work at a thinner dimension if Figure 11 —-Two-Way Post-Tensioned Layout

further study is done and as a result a larger
number of tendons would be required.

These tendons are banded in the short span direction and uniformly distributed in the long span
direction. This is a typical layout for this type of construction and works particularly well in
regards to placement of tendons at openings. The only large opening is the core located within
two shear walls and its long dimension is perpendicular to the uniformly distributed tendons.
Dead end anchors may then be placed on either side of the opening. In addition to the tendons
required, there is also a limited amount of mild reinforcing that is needed. Additionally, at this
point in design, column sizes were taken to be the same as those used in the existing flat plate
system. Calculations supporting the design can be found in Appendix D.

Advantages
This system appears to be the most advantageous of the three proposed systems reviewed in this

report. Post-tensioned slabs allow for a thin floor which immediately challenges any system
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containing steel framing. The 8” slab thickness determined in this analysis is actually thinner
than the 9” two-way flat plate slab used in 40 Bond and it has potential to be even thinner.
Similar to the existing design, there would be a clean concrete surface at the ceiling as well. The
rigidity and denseness of post-tensioning limit the effect of vibrations and the balanced load
provided by the tendons also reduces deflection. This system could be used in 40 Bond without
adjusting the layout and would actually increase the floor-to-ceiling height.

40 Bond employs the use of several transfer beams throughout the building. The implementation
of post-tensioning may alleviate the need for or at least reduce the size of the current beams,
which would save both time and money associated with construction. These slabs have the
ability to carry large live loads and can permit larger spans as well. This function may reduce
the number of columns due to larger bay sizes. Finally, a short lead time is associated with this
construction.

Disadvantages

Although there are many benefits of using this system, there are also some disadvantages and
concerns related to it. Most of these negative aspects are related to construction. This system is
very labor intensive and has the potential to be dangerous. There are extra safety procedures
required and experienced contractors are needed to successfully construct this system. In New
York City, there are very few people experienced with post-tensioning so that is definitely a
concern for suggesting its use in 40 Bond.

General construction issues also include the need for formwork and shoring. It is also very
difficult to cut openings after the concrete is poured in fear of cutting the stressed tendons
located throughout the slab. These concerns should be understood and analyzed if this system is
to be considered.

Feasibility

The advantages of implementing a two-way post-tensioned slab are very promising when
considering an alternate framing system for 40 Bond. The concern is present in regards to
construction and whether at this time post-tensioning a building in Manhattan is reasonable.
Two other post-tensioned buildings, The Opal in Queens and 140 West 42™ Street in Manhattan,
have been designed, which suggests that it is possible to use this system and therefore can be a
consideration for further investigation. The ability to reduce the number of transfer beams and
columns will be very beneficial when considering redesign. The formwork and installation of
formwork required for those members is definitely costly so limiting the need will save a
reasonable amount of money.
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System Comparison
Existing Option #1 Option #2 Option #3
Coénrﬁz:ii;on Two-Way Non-Composite Hollow Core Two-Way Post-
Reinforced Flat Steel Erame Precast Panel on Tensioned Flat
Plate Steel Plate

Slab Self Weight  112.5 psf 45 psf 74 psf 100 psf

Slab Depth 9" 4.5" 8" 8"

System Depth o 22.2" 25.7" 8"

DRI 0.307"<0.625"  1.19"<1.25" 0.846" < 1.0" FUTTET ST MEZT60
Vibration Control  Great Poor Further study needed Great

Fire Rating 2 hour 1.5-2 hour 1.5-2 hour 2 hour

Fire Protection None Spray Spray None

Architectural Existing gegatiVef'l " Nega_tiv_e -Reduces  Benefit - Increases
Impact educes floor-to-  floor-to-ceiling floor-to-ceiling height

ceiling height height

Constructability ~ Medium Easy Easy Hard

Formwork Yes No No Yes

Lead Time Short Long Long Short

System Cost™ $19.96/SF $24.85/SF $32.50/SF $20.36/SF
Feasibility Yes No No Yes (Investigate)

* The system cost is a rough estimate using RS Means Assemblies Cost Data and RS Means
Facilities Construction Cost Data.
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Conclusion

After reviewing the comparison between each of the four systems is seems that the two-way
post-tensioned system is the most feasible alternate floor framing system and is comparable to
the existing two-way flat plate slab that was designed by DCE. There is concern in regards to
the post-tensioned construction because of the intensity of the labor practices and the risks
associated with them. Experienced contractors are needed to be able to successfully construct a
post-tensioned project because the method and understanding of how it works is crucial for the
project to be safe as well.

The benefits that would be gained from this particular system are the ability to increase the floor-
to-ceiling height with a slab thinner than the existing 9” two-way flat plate and the opportunity to
employ longer spans. The tendons within the slab help to carry additional live load, reduce
vibrations and limit deflection because of the balanced load that is produced by these stressed
members. There is no additional fireproofing required and the layout of the building does not
need to change. A post-tensioned slab also has the possibility to eliminate or significantly reduce
the transfer system of 40 Bond. In doing this there would be less beam intrusion into spaces and
a reduced cost due to fewer forms needed.

The other two systems, non-composite steel framing and precast hollow core concrete planks on
steel, had benefits to their implementation, but these advantages were outweighed by the
disadvantages in both cases. The most severe factor in both was the deep system depth. It would
reduce the floor-to-ceiling heights and require drop ceilings to enclose the structure. There were
also issues with the interaction of the steel systems with the existing concrete shear wall lateral
system. Finally, in common practice, concrete construction is the typical means for midrise
residential buildings in Manhattan so it is logical that a concrete system would seem more
applicable and feasible in comparison.

At the completion of this technical assignment, it has been decided that due to the information
discovered through this set of analyses that the two-way post-tensioned slab system deserves
further investigation as a possible proposal topic for AE Senior Thesis.
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Appendix A
Two-Way Flat Plate — Existing
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VULCRAFT \ W Wan Wt

2 C CONFORM T T

Interlocking side lap is not drawn to show actual detail.

MAXIMUM CONSTRUCTION CLEAR SPANS (S.D.l. CRITERIA)

| Total | | MW CONCRETE LW CONCRETE
Slab WEIGHT N-9 145 PCF WEIGHT -14 110PGCF
Depth DECK PSF 1 SPAN 2 SPAN 3 SPAN PSF 1 SPAN 2 SPAN 3 SPAN
2c22 44 611 9-0 ” 34 7-8 %10 10-2
4.5 2C20 45 32 10-3 10-7 I 34 %0 1-3 1-7
(t=2,50) 2c18 45 10-2 12-4 o 35 11-2 13-1 13-1
2C18 | 46 10-5 12-8 12- 11 36 1-7 13-8 13-10
SLAB INFORMATION
Total Slab Theo. Concrete Volume |  Recommended
Depth, in, | Yd* /100 f? 21t Welded Wire Fabric
4 0,02 0.250 BxB - W1 AW1A4
41/2 1.08 0.292 Bx6 - W1 AxW1.4
5 1.23 0.333 6x6 - W1.4xW1.4
51/4 1.31 0.354 6x6 = W1.4x\Wi.4
51/2 1,39 0.375 BXG - W2, TxW2.1
6 1.54 0.417 66 - W2.1XW2.1
61/4 1,62 0.438 66 = W2.1XW2.1
6 1/2 1.70 0.458 Bx6 - W2, Tx\W2.1
SECTION PROPERTIES
Design Deck Section Properties
Deck
Type Thickness Weight Iy I Sy Sa Va Fy
in. psf nft in‘/t in in°ift bhsift ks
I&22 0,0295 1.8_2 0_324 _321 0263 0@66 133__'2 50
2C20 0.0358 1.97 0.1089 0.106 0.341 0,346 2698 50
ALLOWABLE UNIFORM LOAD (PSF)
TYPE | NO. OF DESIGN CLEAR SPAN (ft-in)
NO. SPANS CRITERIA 5-0 5-6 B-0 6-6 7-0 -6 8-0 8-6 9-0 9-6 10-0 | 10-6 | 11-0
Fb = 30,000 210 174 146 124 107 93 82 73 65 58 52 48 43
1 Defl. = /240 170 128 98 77 62 50 42 35 29 25 21 18 16
Defl. = /180 227 170 131 103 83 67 55 46 39 33 28 25 21
Fb = 30,000 200 167 141 121 105 92 81 72 64 58 52 47 43
2022 2 Defl. = /240 408 306 236 186 149 121 100 83 70 59 51 44 38
Defl. = /180 544 409 315 248 198 161 133 111 93 79 68 59 51
Fb = 30,000 243 204 173 149 129 113 100 89 80 72 65 59 54
3 Defl. = 11240 319 240 185 145 116 95 78 65 55 47 40 34 30
Defl. = /180 426 320 246 194 155 126 104 87 73 62 53 46 40
Fb = 30,000 272 225 189 161 139 121 106 94 84 75 68 62 56
1 Defl. = /240 215 161 124 98 78 64 52 44 37 31 27 23 20
Defl. = 11180 286 215 166 130 104 85 70 58 49 42 36 31 27
Fb = 30,000 263 219 185 158 137 120 106 94 84 75 68 62 56
2C20 2 Defl. = /240 515 387 298 235 188 153 126 105 88 75 64 56 48
Defl. = 11180 687 516 398 313 250 204 16 118 100 86 74 65
Fb = 30,000 322 269 228 196 170 149 131 17 104 94 85 77 70
3 Defl. = /240 403 303 233 184 147 119 94 82 69 59 50 44 38
Defl. = /180 538 404 311 245 196 159 131 109 92 78 67 58 50
]

From Vulcraft Steel Roof and Floor Deck Guide
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Appendix C

Hollow Core Precast Panel on Steel — Option #2

(This page left blank intentionally)

Page 33 of 49



Technical Report 2 40 Bond Street

Samantha D’Agostino New York, NY
Strand Pattern Designation HOLLOW-CORE Section Properties
76-S 4'-0" x 6" Untopped Topped
14 LS - Normal Weight Concrete B = R B
| = strag t =
Diameter of strand in 16ths | = 763 in* 1840 in°

No. of strand (7) ¥ = 300 in. 4.14 in.
4'-0" o= 3.00 in. 3.86 in.
- > 2" Q B oRA i3 308 |ng
Safe Inads shown include dead load of 10 \ | | D = g = e SR S
pst for untopped members and 15 psf for P R — 1 5 = 254 in? 425 in®
topped members. Remainder is live load. e o~ o 2~ & by = 1600 in. 1600 in.
Long-time cambers include superimposed }_ﬁOOuOCQQO\ & w = 195 pif 265 pif
dead load but do not include live load. i |
? 49 psf 74 psf
Capacity of sections of other configura- VIS = 173 in.
tions are similar. For précise values, see - '
local hollow-core manufacturer. fe = 5,000 psi
fe = 3,500 psi
| 4HC6+2 |
Table of safe superimposed service load (psf) and cambers (in.) 2" Normal Weight Topping
Strand
Designation =R,
Code 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
305 258 220 188 162 139 119 97 78 62 47 35
66-8 02 02 02 02 02 02 02 02 461 01 00 -01
— 02 02 02 01 01 00 -01 -02-03-05-07 —-0.9
358 304 260 224 194 168 146 122 101 82 66 52 39
78-S 03 03 03 03 03 03 03 03 03 02 01 01 00
P— |02 02 02 02 02 04 01 00
390 336 291 253 221 194 170 46 35
968 04 04 05 05 0S5 05 0S5 01 00
04 04 04 04 04 02 03 ! 10 —1.4
878 398 346 302 265 234 206 182 158 138 11/ 100 85 71 59 47
06 06 07 07 07 07 08 08 07 07 07 08 05 04 03
— 05 06 06 06 05 05 04 04 02 01 -01 —03-05-0.8—-12
3 97.5 382 335 204 260 231 205 181 167 137 119 102 88 75 63
0.7 08 08 02 09 02 1.0 10 08 08 08 08 08 07
WL 07 07 07 07 07 D6 06 05 04 02 00-02 —0.5-08

baseq = .
on strain compatibility; bottom tension limied to 6. 1., see pages 2-2—2-6 for explanation.

From PCI Design Handbook
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Appendix D

Two-Way Post-Tensioned — Option #3

(This page left blank intentionally)
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