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Pro-Con Structural Study of Alternative Floor Systems

Executive Summary:

The second structural technical report is a summary analysis and comparison of
proposed alternative floor systems to the existing system of the Odyssey. The current
system is a 2-way post-tensioned flat slab located throughout 15 residential levels of the
building. A description of this system over a typical frame/bay is included in the
preliminary sections of the report.

In the remaining sections of the report are the general analysis and descriptions of
the following five alternative floor systems:

« 2-way Concrete Flat Slab

« 2-way Concrete Flat Slab with Drop Panels
« Prestressed Concrete Hollow-Core Plank

« Open Web Steel Joists / Composite Deck

« Composite Deck / Composite Beams

The alternative systems will be analyzed over the typical span conditions of the
current system with loading developed from provisions of ASCE7-02. Properties and
component sizes of each system are determined through analysis located in the Appendix.
A summary of analyses and depictions of typical floor plans and sections are included in
sections of the alternative systems. Advantages and disadvantages of each system are
described throughout the report with a summarizing comparison table in the concluding
sections. The table compares the floor systems by characteristics including overall depth,
constructability, and general cost.

Throughout the analysis of the five alternative systems, the existing 2-way post
tensioned flat slab remains the ideal floor system for the Odyssey’s residential levels.
Both steel designs provided better constructability of the floor system, however each
greatly exceeded comparable floor depths. The concrete sections will require further
investigation to determine weather or not they would be viable alternatives to the existing
system. Primarily, the 2-way concrete flat slab compares most favorably to the existing
conditions and would be the focus of an alternative floor design for the Odyssey.



Floor Loads:

The existing floor system and alternative systems are submitted to loads resulting
from residential space on a typical level. The following loads are taken from
construction design loads, material weights, and provisions of ASCE7-02.

Live Loads:
Residential Units & Corridors 40 psf
Dead Loads:
Concrete Slab (8” slab) 100 psf
Partitions 8 psf
MEP 10 psf
Flooring (1/2 Tile, Wood) 4 psf
Ceiling (1/2” Gyp, Batt, Stud Rail) 5 psf

Existing Floor System Design:

The Odyssey primarily consists of residential space ranging from the 1% — 15"
levels. Each residential level is approximately 21,600 S.F. with similar layouts regarding
apartment locations and associated loading. The 2-way post-tensioned concrete flat slab
is ideal in residential construction, especially with zoning limitations on overall building
height. The thin slab limits excess floor to floor height thereby increasing the number of
floors and maximizing occupancy. Minimized floor to floor height also yield project
savings by shortening internal and external building components including plumbing,
wire/cable, and cladding. A disadvantage of the current system is the cost to implement
the post-tensioned tendons into the floor system. Special equipment and post tensioning
strands must be used which slows construction time and increases project cost.
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The typical existing floor system is an 8” 2-way partially post-tensioned concrete
flat slab with a concrete strength of 5 ksi. A typical bay size found throughout each
frame level is 22°x 25°. Post-tensioned tendons of 7 low-relaxation wire strands drape
between columns in the long direction and through the middle of the short span. The slab
includes continuous bottom reinforcement of #4 bars @ 24” o.c in each span direction.
Top reinforcement of the slab at columns is typically #4 bars expanding 1/3 the span in
both directions. Added reinforcement in the long direction at slab openings in specified

bays is also typically #4 bars. Columns of the typical floor bay are 18”x 26 with varying
quantities of #11 bar reinforcement.
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Alternative Floor System Designs:

The design analyses of the following alternative floor systems were subjected to
initial specifications for comparison to the existing 2-way post-tensioned slab system.
Primarily, minimum total design depths for each floor system were considered in the
analyses. Alterations in floor depth could extend construction above zoning height
limits. As a result, occupancy and residential design would be subject to change by
limiting the total number of levels in the Odyssey. Furthermore, the alternative designs
were chosen to replace the existing system without significant alterations to other
building systems or architectural designs. Examples include ceiling drop panels and
mechanical duct work which require coordination with floor construction to avoid

obstructions.

2-Way Concrete Flat Slab:

The first alternative floor system was a standard 2-way reinforced flat slab design
using 4000 psi concrete and grade 60 reinforcing steel bars. The following design
description is for an interior panel in the long span direction of 25°. Edge panel
conditions are also analyzed and described in the Appendix. The 2002 CRSI Design
Handbook was used for design aid and the load case was adjusted to 1.4D + 1.7L for the
analysis of the system. A 9” slab with a gross weight of 112.5 psf was designed for
minimal floor thickness. Middle strip (M.S.) reinforcement are #4 bars on the top and
bottom of the slab. Column strip (C.S.) reinforcement are heavier bars with #7 bars on
the top at the supports, and #5 bars on the bottom in the mid-span. Column sizes are
designed at a minimum of 19”.

The primary advantage of the 2-way flat slab system is the thickness of the slab.
The thickness maintains comparable floor height conditions with the existing post-
tensioned system. The flat surface of the slab also benefits in coordination of other
building systems integrated with the floor design. A disadvantage to the system is a
slight accumulation of cost for the differential reinforcement found throughout the slab.
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2-Way Concrete Flat Slab with Drop Panels:

Another alternative floor system considered was a 2-way flat slab with drop
panels and the columns. The addition of drop panels would ensure a decreased slab
thickness over the middle of a span, usually the main living areas of the residential
spaces. The interior panel was considered and designed using the 2002 CRSI Design
Handbook. The minimum slab thickness was determined to be 8.5” at the mid-span.
Middle strip reinforcement was found to be #4 bars on the top and bottom of the slab.
With the addition of drop panels to the column strip, the reinforcement was #5 bars at the
top at supports and on the bottom of the slab in the mid-span. Drop panels were found to
extend 5.5” past the floor slab with an 8.33” width. The minimum column size for this
design is 12” sq.

The advantage to this system is the minimum slab thickness achieved by
adding drop panels. The drop panels also provide increased design strength, reducing
column size and reinforcement in the column strips. The drop panels also may improve
lateral resistance through the moment frames which will adjust sizing for concrete shear
walls in the building. Disadvantages to this system are the obstruction of the drop panels
throughout the floor plan. The panels will also require added labor and material costs for
forming. Drop panels may also obstruct spaces near columns by reducing ceiling height
at those spaces.
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Open Web Steel Joists:

A steel joist design was considered as an alternative to concrete floor
construction. The joists are designed with a 4” slab in consideration of maintaining a 2
hour fire rating between floors. The slab sits on 22 gauge 1.5 SB composite metal floor
deck. Open web steel joists support the metal deck and slab and are spaced 5’-0” on
center spanning 22°. The joists designed for this system are 16K7’s with a depth of 16”
and require 2 rows of bridging. Beams spanning 25’ and supporting the joists are
W16X40’s and are non-composite with the slab and metal decking. The beams are sized
for flexure and for a comparable average depth with the joists. The total weight of the
steel joist system is 50psf.

The advantage of open web steel joists is the total reduced weight of the system
compared to a concrete floor. Reduction of weight in the floor system will likely reduce
seismic loading and overall foundation design. Also, the constructability of a steel
system is better than concrete in regard to speed of preparation and erection of the joists.
Conversely, the floor depth increases to 20” with the steel joist system and floor heights
will inevitably need to be increased as a result of space needed for mechanical duct. The
system will have added costs for spray fireproofing; and as a result, the option of running
mechanical duct through joists would be more costly and difficult. Lateral braced frames
will also need to be designed in the joist span direction for lateral resistance lost as a
result of replacing the concrete moment frames and shear walls with steel construction.



Composite Deck / Composite Beams:

An alternative steel system was considered using composite deck on composite
beams spanning into girders. The slab and deck are designed as a 4” slab on 22 gauge 1.5
SB composite metal floor deck. Beam sizes found through flexural design calculations
were W10x15 (18) spanning 25’ into W14x26 (30) girders. In comparison to the other
steel floor alternative of steel joists, the beams will maintain an average floor depth of
18” to the steel joist’s 20”. The reduction of floor depth would make a composite beam
system the better steel alternative to concrete construction. The overall weight of the
composite deck and beam system is 45 psf.

Although the composite beam system is the better steel alternative, the overall
floor height would increase 10” over the original design. Consequently, design
adjustments to other building systems would need to be considered and overall building
height may surpass zoning limits. The advantage to using steel is the constructability of
the system. Erection of the system is quicker without the need of formwork and shoring;
however, placement of shear studs and fireproofing may have time and cost implications
in comparison to concrete construction. Also, the lateral and foundation systems would
require design adjustments with respect to the lighter steel system.

Prestressed Concrete Hollow-Core Plank:

A prestessed hollow-core plank system was chosen as another alternative concrete
design for the floor system. Hollow-core plank seemed reasonable based on the
similarities in construction advantages it shares with a post-tensioned flat slab. These
designs achieve shallow depth to span ratios and thereby minimize floor height. The
design used was referenced from the PCI Design Handbook and is a (4’x 8”) 4HCB +2
hollow-core plank with a 2” topping. The concrete design strength is f’c=5000psi and the
prestressing are 6 straight low-relaxation strands. The planks span 25’ and rest on
inverted tee beams supported at the columns. The beams are 281T20 with 9 (1/2”) low-
relaxation strands and span 22’. The overall weight of the prestressed hollow-core plank
system is 109 psf.
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The main advantage to constructing the floor system with prestressed beams and
hollow-core planks is constructability through the speed of erection. Although the
hollow-core plank is only 8” thick the total system depth would be dependent on the
beams at 20”. The total weight of the hollow-core plank system is not significantly
lighter than the other concrete alternatives proposed and therefore would not have
advantages in seismic design.
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Summary Comparison Table:
FLOOR System Depth System Weight Fireproofing Lateral/Foundation |Building Systems | Constructability “Approx. - Cost Per S.F.

SYSTEMS {in.) ipsf) (2 Hr) Investigation Investigation 1-5 (--=Better) hat. Inst. Total
P.T. Cone. Slab 8" 116 Mo Mo Mo 2 530 726 1256
Cone. Slab 9" 115 Mo Mo Mo 3 520 705 1225
Cone. Slab wi Panels 14" 118 Mo Mo YesMo 2 520 7.20 12.40
Hollaw-Care Plank 2" 109 Mo esMo YesMo B 13.11 525 18.36
Steel Joists -Comp/Deck 20" 50 Yes ¥es Wes 4 773 426 11.93
Camp Beams/Deck 15" 45 Yeg eg es 3 5.30 475 13.55

* Cost Averaged Per Bay Size, Quantity, Weight, Etc.




Comparison Conclusion:

A number of concrete and steel systems were chosen as alternatives for
comparison to the existing floor system. Sizes were determined for a typical frame/bay
by using design calculations and referencing design aids. Maintaining both floor depth
and building system designs were the focus when comparing systems to more accurately
determine viable alternatives to the existing system.

Throughout this comparison the 2-way post-tensioned flat slab remained the ideal
system for the design of the Odyssey’s residential floors. The alternative steel systems
had good constructability and reduction in system weight which compared favorably to
the existing system. However, both designs had increased floor depth to over 2x the
existing depth and must be disregarded. The hollow-core plank system was also very
good in terms of constructability. While overall weight is comparable to the post
tensioned system, the cost and depth of the system increased substantially. An
investigation into alternative supporting members may prove hollow-core plank as a
suitable alternative for floor construction. The remaining concrete designs are very
similar to the post-tensioned slab with only minor variations. The drop panels maintain
decent floor depths throughout the mid-span, but may cause obstructions to other
building systems around the columns. The flat plat system is the most appropriate
alternative to the existing floor system. It maintains a shallow floor depth without the
space hindrance of drop panels. Also, the cost implications of added reinforcement are
offset by the removal of the post tensioning. With more investigation into the concrete
systems, the 2-way flat plate slab will be the primary focus as the alternative to the
existing floor structure of the Odyssey.




Appendix

References:
CRSI Design Handbook 2002
PCI Design Handbook 5™ Edition 1999
LRFD Manual of Steel Construction 3" Edition 2001
New Columbia Joist Co. — Steel Joists & Girders 2002
Wheeling Deck Products

R.S. Means Assemblies Cost Data 2000
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