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EXECUTIVE SUMMARY

The second technical report consists of comparative analyses of proposed alternate floor 
systems for the Soho high rise condo.  The existing structural system of the 13 story 
project consists of a two-way flat plate slab.  A description of the system over a typical 
bay is contained in the following section of this report.

To remain consistent with typical design practice of residential construction, alternate 
floor systems were analyzed that provided a small floor sandwich dimension.  These 
systems include:

• Redesigned two-way Flat Plate w/ Light weight concrete
• Post tensioned two-way Flat Plate
• Precast Slab-Girder
• Composite Steel

Alternative systems were analyzed using loadings following ASCE 7-05.  In some cases 
existing span condition were modified for alternate systems to remain consistent with 
typical and economical design/construction practices for these systems.  Sizes and 
properties of these systems have been determined through analyses located in the 
Appendix.  Each section includes a depiction of a typical floor plan as well a summary of 
analyses.  Advantages and disadvantages of each system are described throughout the 
report with a summary table included in the conclusion.  The table includes overall depth, 
constructability, cost, vibration concerns, column size, lead time, and Fireproofing.
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FLOOR LOADS AND DEFLECTION CRITERIA

Typical residential floor levels are submitted to the following loads per engineering 
judgment and minimum design loads from ASCE 7-05.

Dead Loads
Construction Dead Loads:

Concrete  150 PCF
Steel Framing                                       10 PSF

Superimposed Dead Loads:
¼” Glass and Framing 20 PSF
Partitions 20 PSF
Finishes and Misc.                   5 PSF
MEP 10 PSF

Live Loads
Typical Floor 40 PSF

Deflection
•Total = L/240 
•Live Load = L/360 
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EXISTING STRUCTURAL SYSTEM

The Soho high rise consists of residential space floors 2-13.  Residential levels consist of 
roughly 14000 SF for floors 2-5 and 5000 SF for floors 6-13.  Column layout and typical 
bays vary in size to accommodate the variations in apartment layout and architectural 
floor plan.  The flat plate slab construction is ideal for residential construction in 
Manhattan, due to limited building heights imposed by the city of New York.  The 
overall floor depth of the system is small limiting overall floor to floor height, thereby 
increasing the number of floors and maximizing rentable floor space.  The flat plate 
allows easy coordination with other trades due to the flat profile of the underside of the 
slab.  The main downfall with flat plate construction is the cost that is associated with
differential reinforcement requirements of column strips versus middle strips.  Another 
downfall of any cast in place concrete construction is the increased weight of the building 
thus increasing column sizes, foundations and seismic forces.   

The floor system of the Soho high rise is typically a 10-1/2” two-way normal weight 
concrete flat plate with bays range in size from 13 feet by 21 feet to 25 feet by 25 feet.  
Typical reinforcement is #4 @12” bottom steel and #5 @ 16” top steel.  Additional 
reinforcement is required at most of the columns because of the inadequacy of the 
uniform steel to resist the increased moment. In a number of cases as many as 10 
additional # 7 bars are required. The columns in the Soho high rise are primarily 
standard reinforced concrete with varying sizes, shape and reinforcement depending on 
their location in the building.  The most typical shapes are 20x14 and 12x19, both with 6 
#9 bars as reinforcement.  

Figure 1:
Typical Flat Plate Construction
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ALTERNATE STRUCTURAL SYSTEMS

Redesign of Two-way Flat Plate w/ Light weight Concrete

Two-way flat plate construction is the most used structural system for residential 
buildings in Manhattan.  The existing system uses a 10 ½” thick slab, however when 
minimum slab thickness is checked for deflection criteria a 9” slab is possible.  This
increased slab depth is primarily due to the cantilever sections located at the building 
corners.  By adding edge beams in these locations 1 ½” of concrete can be eliminated 
from each floor level resulting in a significant loss in total building weight and concrete 
cost.  These loads can further be reduced by using light weight concrete for the slabs.  
The same design strengths can be used and although the material cost is higher a savings 
in overall cost can be achieved, because of smaller beam, column and foundation sizes. 
By using concrete containing lightweight aggregate better thermal properties, better fire 
ratings, reduced autogenous shrinkage, improved contact zone between aggregate and 
cement matrix, less micro-cracking as a result of better elastic compatibility, more blast 
resistance, and better shock and sound absorption can be achieved.

As can be seen below in Figure 2 the alternative redesign resulted in significantly less 
steel for the same bay size used in technical report 1 of 25’x 25’.  Two mats of #5 bars 
@16” each way were used with 9 additional # 5 bars located at columns to resist the 
larger negative moments. Edge beams were added at the cantilevered corner sections of 
the building to counteract the increased deflection resulting from the decrease in slab 
depth.  The size of these beams was deflection controlled and resulted in a 12”x 27” 
section.  This will fall within the existing ceiling cavity designed by the architect of 29 
½” and will have no impact on the mechanical systems that are present in the rest of the
interstitial space.  The full analysis as well as the design assumptions used can be seen in 
Appendix-A.

Figure 2
Redesigned Two-way 

Flat Plate System
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Figure 3
Typical Corner Cantilever

Post Tensioned 2-way Flat Plate 

The main advantage of post tensioned concrete design is the thickness of the slab that can 
be achieved over long spans.  By inducing compressive stresses overall moments through 
the section are decreased, resulting in a thinner slab.  This results in lower building 
weight, smaller member sizes and decrease in construction and material costs.  The 
downfall, however, is that special tendons must be used resulting in added cost from 
materials and special equipment. This may also have a significant schedule impact. As a 
result of these additional compressive forces the slab has added resistance to cracking.

The design of a post tensioned system resulted in a 9 ½” slab depth with an increased bay 
size of 23’4”x33’4”.  Banded tendons will span the short direction at column strips with 
an overall effective compression force of 416 kips each.  Evenly distributed tendons will 
span the long direction and have an effective compressive force of 26 kips per foot.  
Rigid steel reinforcement is used to account for the superimposed dead and live loads on 
the floor plate.  Uniform #4 bars @ 12” o.c. span each way top and bottom with 12 
additional #4 bars spanning the long direction being required at the columns.  A more 
detailed analysis can be seen in Appendix-B.  
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Figure 4
Post Tensioned Flat Plate

Precast Slab-Girder 

A precast slab-girder system is a specialized proprietary system designed for residential 
construction to compete with flat plate concrete construction.  A comparative floor depth 
can be achieved with this system, because the precast planks are at the same elevation as 
the supporting girders.  Bearing connections to the bottom flange of the beam are used to 
achieve this small floor depth as can be seen in Figure 5. To further limit the floor depth 
pre-fabricated columns are used with “gooseneck” connections to gain the added girder 
capacity associated with moment connections as can be seen in Figure 6.  Special 
sections, called “D”-beams, with smaller top flanges must be fabricated for the girder to 
accommodate the precast planks. These “D” beams also have web knockouts to allow for 
grouting of the hollow core planks through the steel web achieving a floor system with 
continuous diaphragmatic action. The weight of this system is low compared to other 
systems, because the precast planks that are used are hollow core. Slab-girder 
construction results in a reduction of schedule of up to 25% compared to standard flat 
plate construction.  Additional cost for fireproofing of the steel and coordination of steel 
and precast contractors may result in added construction cost. An added premium must 
also be paid for the use of this proprietary system.
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Figure 6
Typical “Gooseneck” Connection

Figure 5
Typical Girder-Slab Construction

To economical use a girder-slab system, as with any other prefabricated unitized system, 
equal bays sizes are preferred.  A typical bay size of 20’x 23’-4” with 3 bays in the 
buildings short direction and 10 bays in the buildings long direction were chosen.  
Columns must be added at building corners, as the existing 15’ cantilevers cannot be 
achieved in this system without significant additional detailing and fabrication.  Precast 
planks span the long direction of the bays and the girders span the short direction 
providing the most efficient use of materials.  To resist the typical floor loading 8”x 4’ 
hollow core precast spandeck was chosen with 4 ½” diameter prestressed strands.  
DB 9x46’s were chosen for the steel girders spanning between columns.  A 2” non-
structural LWC topping was used as recommended by the manufacturer to cover the top 
flange of the beam as well as improve stiffness, thermal resistance and acoustical 
performance of the floor system. An overall system depth of 10” can be achieved which 
is comparative to the existing flat plate system.  Section properties as well as design 
calculations for both the precast spandeck and girders can be seen in Appendix C.

Figure 7
Girder Slab 
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Composite Steel

Steel has the highest strength to weight ratio of any building material and as such results 
in the lightest framing system possible.  Composite steel construction takes this a step 
further and uses the floor slabs compressive strength to increase the load capacity of a 
given wide flange shape.  Typical Composite construction can be seen below in Figure 9.  
The floor depth is shallower than typical steel construction, however a depth as small as 
concrete construction is not achievable impacting plenum space and total building height.  
This is a widely used method of construction and the majority of contractors are familiar 
with the characteristics of composite construction.  As a result, there is no learning curve 
associated with composite construction.  Steel construction often has a shorter 
construction schedule than concrete although lead time for fabrication is higher. Costs 
for formwork and its impact on schedule are avoided with steel construction by the use of 
metal deck. Additional cost for fireproofing must be factored into the decision between 
concrete and steel construction.

Figure 8
Typical Composite Steel Bay

Composite steel construction benefits from the use of standard bay sizes.  A 
typical bay of 23’4” x 28’7” divides the high rise condo in to 3 bays in the short 
direction and 7 bays in the long direction.  The large increase in bay size and 
decrease in overall column dimensions will counter the constraints associated 
with the rigid grid provided by a steel system.  Spanning the long direction 
between girders, evenly spaced W10x26’s resist the typical floor loads associated 
with condo construction.  Cambering of beams is an economical method used in 
steel construction to limit service deflections.  In this case a 1” camber has been 
introduced on the W10’s.  A larger steel shape would be required to meet the 

Wide Flange 
Beam

Metal 
Deck

Shear 
Stud

   
28’-7”

23’-4”

Figure 9
Typical Composite Construction
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same deflection limitations if camber is not used.  W12x53 girder’s span the short 
direction of the bays and result in a total floor depth of 16 ¾”.  Although this 
results in roughly a 6” larger floor sandwich than the existing two-way system,
HVAC ducts, plumbing and electrical conduit may be integrated into the space 
between the beams.

CONCLUSION

A number of alternative concrete and steel systems have been analyzed for the Soho high 
rise.  Bay sizes were changed in some cases to effectively compare alternate floor 
systems.  The focus of the comparison was to achieve a viable alternative system with a 
similar floor sandwich depth.

Through the comparison a concrete flat plate remained the ideal system for the high rise.  
The redesigned flat plate system provided a better solution to the floor framing than the 
original with a decrease in floor depth and a 29% decrease in service loads. The total cost 
of the redesigned flat plate was also one dollar cheaper per square foot.  On a project of 
this size significant cost implications will result.  The other alternative systems all 
provided viable options although due to the irregular column layout of the high rise 
condo the composite steel and slab-girder systems may result in some architectural layout 
implications.  The post tensioned flat plate provided the largest bay sizes with the 
composite steel providing the second largest, however the cost associated with the PT 
system is 30% higher than the existing flat plate.  The structural depth of the floor 
sandwich was comparative for all systems excluding the composite steel.  Additional 
investigation would be required to analyze its impact on building systems.   

Flat Plate Redesigned 
Flat Plate

PT Flat 
Plate

Slab-
Girder

Composite 
Steel

Weight (psf) 210 150 195 115 125
Depth (in.) 10 1/2 9 9.5 10 16 3/4
Vibration N N N N Y
Constructability Medium Medium Hard Easy Medium
Lead Time Short Short Short Long Long
Formwork Yes Yes Yes No No
Fireproofing No No No Yes Yes
Cost ($/SF)
Material $4.28 $3.80 $6.12 $6.85 $6.60
Labor $6.40 $6.05 $7.74 $3.12 $4.10
Total $10.68 $9.85 $13.86 $9.97 $10.70
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APPENDIX

APPENDIX-A………..…...…………Flat Plate Redesign
APPENDIX-B………..………Post Tensioned Flat Plate
APPENDIX-C……………..………………...…Slab-Girder
APPENDIX-D………………………….….Composite Steel
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Flat Plate Redesign               APPENDIX-A
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Post Tensioned Flat Plate                                          APPENDIX-B
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Slab-Girder                                      APPENDIX-C
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D-Beam Dimensions Table

D-Beam Properties Table
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Composite Steel                                                         APPENDIX-D

Typical Composite Steel Bay

28’-7”

23’-4”
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