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EXECUTIVE SUMMARY: 
 

Purpose 

An investigation on alternative floor systems aside from the existing two-way post-
tension flat plate concrete system of Ingleside at King Farm was made in this report.  
Three alternative systems were studied: 

1) Two-Way Flat Plate with Reinforced Interior and Exterior Beams 
2) Hollow Core Planks on Steel Girders 
3) Composite Metal Deck on Steel Girders 

Analysis 

For the analysis of each floor system, design criteria and serviceability issues were 
addressed.  These factors include cost, floor depth, system weight, deflection, 
fireproofing, impact on existing architectural and column layout, vibration, accoustics, 
and constructability. 

A typical bay was chosen in one section of the building for simplification of analysis 
using hand calculations, structural theories, and design charts.  Efforts were made to 
preserve the existing column layout, and any changes to the location of columns were 
kept to a minimum of 10 percent offset.  

Results 

The design criteria found for each floor system were compared with each other to 
determine its feasibility for further investigation.  It seems that the existing system is the 
superior choice among the systems that were analyzed.  The existing post-tension 
system preformed better than the three alternative systems in many of the categories.  It 
was most predominate in deflection control, structural depth, cost, most flexible in terms 
of the building’s floor geometry, time wise to construct, and in preserving the existing 
architectural plans and structural system. 

Further investigation topics on the two-way concrete systems include polymer fiber 
reinforcements, and ways to improve the shear capacity and decrease its construction 
time even more.  As for hollow-core precast planks, the system is the most expensive, 
and least flexible of the four systems that were analyzed; and thus will be further 
studied.  The composite system does offer some possibilities, and pulturded shapes 
may be studied for its higher strength and comparable cost to that of steel.  Vibration is 
an associated issue with the use of light weight systems, and various damping 
techniques and construction can investigated with this composite system.  In addition, 
column elements were not analyzed in this report, but will be in the next report for lateral 
resistance.  A staggered truss system or an exterior load bearing system (possibly 
tubular steel frame) is likely to be used in conjunction with the feasible systems 
analyzed in this report.          
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INTRODUCTION 

This pro-con structural study report examines the existing floor system of Ingleside at 
King Farm and three alternative floor systems.  The existing floor system is primary a 
post-tension two-way flat plate system.  Several alternative systems that were analyzed 
and compared with the existing system were reinforced concrete two-way flat plate with 
concrete beams, hollow core precast concrete panels on steel girders, and composite 
metal deck on steel girders.  Gravity loads determined in technical report one were used 
to design the alternative floor systems, along with their respective self weight of the 
building materials used.  Criteria to address and compared with for the floor systems 
include cost, system weight, floor depth, constructability, fire proofing, construction time, 
vibrations, and its impact on the existing architecture and structural layout.    

There are four expansion joints built into the building.  The primary reasons for these 
expansion joints are due to the shrinkage of the concrete, reduce the amount of 
strength lost caused by the relaxation in the tendons, and to maintain a continuous 
construction schedule by preventing idle time; while the concrete in one section of the 
building is curing, the formwork and layout of reinforcements or concrete placement 
may be possible in another building section.  A majority of the structural analysis and 
floor system design was done in section one of the building.  Section one of the building 
has a more regular column grid than the other sections.  See Figure 1 for the section 
divisions of the entire building, which has an approximate floor area of 790,000 square 
feet.    
 

 

 

 

Figure 1: Building sections 
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EXISTING STRUCTURAL SYSTEM 

 
Foundation 
 
The sub level of the building is mainly used as a parking garage and contains most of 
the building’s mechanical rooms.  The loads from above are transferred down by 30” x 
18” reinforced concrete columns with 10 #8 bars to spread footings.  Beneath the 
spread footings is 3 feet of compact fill and then soil with a bearing capacity of 50 ksf.  
The 30” x 18” reinforced columns extends all the way to either the 6th or 7th floor.  The 
structural slab in the foundation and sub level parking garage is a 5” concrete slab on 
grade reinforced with 6” x 6” W2.9 / W2.9 welded wire fabric over a vapor barrier and a 
4” porous fill.  It utilizes standard weight concrete with a 28 day minimum compressive 
strength of 4000 psi.    
 
 
Typical Floor Frame 
 
Ingleside at King Farm’s primary structural system is a two-way flat plate post-tension 
concrete structure with 270 ksi unbonded ½ diameter 7 wire tendons.  The post-tension 
concrete slabs are 8 inches thick for typical floors with a compressive strength of 4500 
psi.  All Concrete used in this building’s construction is normal weight.  There are no 
drop panels or beams supporting these typical slabs.  The only drop panels in the 
building are found on the sub level columns holding up the 12 inch thick slab (f’c=6000 
psi) that is supporting the weight of the court yard, and the 6th floor columns supporting 
the 7th floor loads due to the offset W 8 x 31 wide flange columns found on the 7th floor.  
All the drop panels are 5’ x 5’ x 10”. 
 
Due to the irregular column gird of the building, bays range from 15 feet to 29.5 feet.  
For the analysis of alternative floor systems, a bay area of 30’ x 30’ is utilized for a more 
conservative design, which is the typical interior bay area for the building.         
 
 
Lateral System 
 
Ingleside at King Farm has eleven shear walls to resist lateral loads from the sub level 
up to the 7th floor.  Seven of the walls are ordinary reinforced concrete shear walls 
located at stairwells and elevator shafts with #4 horizontal reinforcing bars and #8 
vertical reinforcing bars.  Typical spacing of these bars is 12 inches.  All these walls 
have a compressive strength of 5000 psi.  The remaining four reinforced concrete shear 
walls have boundary elements and are 15 feet in length; two in east/west direction and 
two in north/south direction.  Spacing of vertical and horizontal reinforcements is 30 
inches and 12 inches respectively.  Typical clear cover is 1 ½ inches for the 
reinforcements.   
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On the 7th floor, in addition to the shear walls, there are also moment connections to 
resist the lateral loads.  Based on lateral load analysis in technical report one, it was 
discovered that the loads were largest at the 7th floor roof line.  Thus, these moment 
connections (framed seated beam connection) justify the high wind loads that were 
calculated in technical report one. 
 
 
Columns 
 
The building contains over 140 reinforced columns, which are either 18” x 30” or 12” x 
30”.  Due to the building’s irregular column grid, some columns are miss-counted for in 
the column schedule.  These reinforced concrete columns extend from the sub level to 
the 6th floor.   
 
All 7th floor columns are W 8 x 31 steel rolled.  There are approximately 152 of these 
steel columns and 33 of them are offset from the concrete reinforced concrete columns 
below.  Thus, 5’ x 5’ x 10” drop panels are present on the 6th floor to aid with the load 
transfer and punching shear resistance for the offset columns. 
 
The column schedule also does not account for the 6” x 6” x 3/8” steel tubular columns 
that are located in section two of the building where a majority of the public areas are 
found.  These HSS columns support the gravity loads of areas whose roof line is at the 
first floor and second floor level.   
 
 
Other Structural Elements 
 
Several structural elements that have not been analyzed for this report, but they will be 
at a later time.  They include structural components for the canopies, building envelope 
supports and load paths into the structural slabs, the steel joists and tubular steel 
members supporting the roof and roof up lift.   An analysis of these structural members 
for structural strength and serviceability shall be done for the future, and as well as how 
the various systems work together.  
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Figure 2: Existing structure with Structural Elements Highlighted - West 
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Figure 3: Existing structure with Structural Elements Highlighted - Center 
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Figure 4: Existing structure with Structural Elements Highlighted - East 
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CODES AND STANDARDS 
 

Codes and Standards in Original 
Design 

Codes and Standards used for this 
Report 

IBC 2003 International Building Code 2006 

ASCE 7-98: Minimum Design Loads For 
Buildings and other Structures. 

American Institute of Steel Construction  
13th Edition 

Rockville, MD City Codes: Local 
amendments 

ASCE 7-05: Minimum Design Loads For 
Buildings and other Structures. 

 American Concrete Institute: Building 
Code Requirements for Structural 
Concrete 318 - 05 

 Post-Tensioning Institute (PTI) 1st edition 

 
 
 
MATERIAL STRENGTH SUMMARY 
 

Structural Steel 

Wide Flange Shapes Fy= 50 ksi 

Hollow Structural Steel (HSS) Fy=46 ksi 

Anchor Rods Fy=55 ksi 

Channels Fy=36 ksi 

Angles Fy=36 ksi 

Concrete 

Structural Slab Supporting Court Yard F’c = 6000 psi, Normal wt.  

Slab on Grade/Foundation F’c = 4000 psi, Normal wt. 

Floor Slab F’c = 4500 psi, Normal wt. 

Cast-in-place Columns F’c = 5000 psi, Normal wt. 

Cast-in-place Walls F’c = 5000 psi, Normal wt. 

Shear Walls F’c = 5000 psi, Normal wt. 

Reinforcements 

Deformed Bars ASTM A615, Fy=60 ksi  

Welded Wire Fabric ASTM A18, Fy=70 ksi  

Post-Tension Tendons ASTM A-416-74, 270 ksi 
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BUILDING DESIGN LOAD DISCUSSION: 
 
Gravity Loads 
 
Static and dynamic loads acting on the building were determined in order to analyze the 
structural behavior of the building.  Information regarding the building’s weight, code 
compliant loadings and material specifications were provided and referenced from the 
construction documents, specifications, AISC 13th edition, ASCE 7 - 05, and IBC 2006.  
The table below summarizes the type of gravity loads and the system it applies to.   
 
 

Floor System Loads 

Load 
Type 

Material / Usage Load Reference 

Dead 
Load 

Normal Weight Concrete 150 pcf ACS 318 

Cold-formed, light gauge steel stud walls 
with insulation and 5/8" gypsum board 

5 psf WDG 

Brick Masonry 40 psf AISC 13th ed. 

Partition Walls 15 psf Engineer's Judgment 

Miscellaneous 10 psf Engineer's Judgment 

Live 
Load 

Lobbies and Common Spaces 100 psf ASCE 7 - 05 

Theater Stage 100 psf ASCE 7 - 05 

Corridors 100 psf ASCE 7 - 05 

Living Units 40 psf ASCE 7 - 05 

Balconies 60 psf ASCE 7 - 05 

Parking Garage 40 psf ASCE 7 - 05 

Retail Spaces 100 psf ASCE 7 - 05 
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Roof and Terrace System Loads 

Load 
Type 

Material / Usage Load Reference 

Dead 
Load 

Normal Weight Concrete 150 pcf ACS 318 

Steel 
by 

shape 
AISC 13th ed. 

Steel Deck 2 psf USD 

Green Roof 100 psf ASCE 7 - 05 

Ballast, insulation, and waterproofing 
membrane 

8 psf AISC 13th ed. 

Miscellaneous (MEP, Ceilings, etc…) 15 psf Engineer's Judgment 

Live 
Assembly Spaces 100 psf ASCE 7 - 05 

Roof 30 psf ASCE 7 - 05 

Snow 

Ground Snow Load 25 psf 
ASCE 7 - 05 & IBC 

2006 

Terrain Category B 
ASCE 7 - 05 & IBC 

2006 

Ce Exposure 
1 

ASCE 7 - 05 & IBC 
2006 

Ct Thermal Factor 
1 

ASCE 7 - 05 & IBC 
2006 

Importance Factor 
1 

ASCE 7 - 05 & IBC 
2006 

Flat Roof Snow 17.5 psf 
ASCE 7 - 05 & IBC 

2006 

 
 
 
The miscellaneous gravity loads consist of lighting, plumbing, telecommunication, ACT, 
ductwork and anything that is not regarded as a live load.  Because the building’s roof is 
a mansard roof, snow drift will accumulate in the lower flat roof areas.  The drift loads 
are not determined for this report, but will be for the analysis and design of the lateral 
system.   
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FLOOR SYSTEMS ANAYLSIS 

The gross square footage of each floor level above grade is approximately 480,500 SF.  
Due to the massive size of the building and its irregular column grid, a small portion of 
the building was chosen for analysis and treated as a typical bay based on its column 
grid regularity, number of bays, and max span.  The interior columns of Frame B is 
offset within less than 10 percent of the 18 feet span, and hence can be regarded as 
part of Frame B for frame analysis based on ACI code.  The portion of the building that 
was chosen for the computational analysis of the existing floor system is shown in 
Figure 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Plan of floor section used for the analysis of the existing system  
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EXISTING FLOOR SYSTEM ANALYSIS (Two-way Post-tension Flat Plate) 

The existing floor system, which is a two-way post-tension flat plate, was analyzed to 
serve as a reference in comparison with the alternative floor systems.  The existing floor 
system design was hand calculated to verify the assumed basic loadings and design 
criteria with those used by the designer.  The design calculations can be found in the 
Appendices of this report.   

The numbers of banded tendons for Frame B were calculated to be the same as that 
specified by the designer, which is (18) tendons each with 7-wire strands.  An exterior 
column of Frame B, Column B1, was chosen for punching shear analysis due to the 
nature of having the highest bending moment at the exterior span and support.  It had 
failed in the punching shear analysis based on the calculations.  Thus, reinforcement 
bars were needed.   

Comparing the amount of reinforcements calculated with the designer’s specifications, 
there seemed to be adequate top reinforcements for the critical section at Column B1.  
The designer’s specified more reinforcements than the calculations had required.  This 
was due to the dead load of the exterior wall system that was not factored into the 
calculations.  If the exterior wall’s dead load (brick masonry) was to be included, then 
the amount of rebar reinforcements calculated may be equivalent to that of the 
designer’s specifications.  The dead load from the brick masonry was not accounted for 
in the analysis of this report.  It will be accounted for in future analysis as the transfer of 
the exterior walls’ dead load to the slabs will be studied.  The brick masonry does not 
envelope parts of the building where balconies and window dormers are present.     

A computer model of the building’s structural system will be made in the future for more 
accurate design.  Figure 6 compares the designer’s structural specifications with the 
hand calculated design based on the assumed loading scenario.  

 

Advantages and Disadvantages of a Two-way Post-tension Flat Plate System 

Pros Cons 

 Deflection and vibration control  Large amount of formwork 

 Less floor depth 

 Crack control 

 Allows for the placement of columns 
in an irregular grid 

 High labor cost for tendons layout 

 Flexible floor design (geometry 
wise) 

 

 Reduced amount of steel 
reinforcements  

 

 Increase of construction speed 

 2 hour fire rating 
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Figure 6: Existing system - comparison of calculated designed VS Designer’s  

Note: Figures are not shown to scale 
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TWO-WAY REINFORCED CONCRETE FLATE PLATE WITH CONCRETE BEAMS 

The same floor section used to analyze the existing floor system is used to analyze this 
alternative system.  Instead of post-tension, it will utilize rebar reinforcements and 
concrete beams in order to give the floor slab more shear resistant.  As shown in the 
calculations for the existing system, punching shear is a major issue around the 
columns, especially exterior columns.  With the interior and edge beams, it will minimize 
the amount of reinforcements required for shear.  However, based on the analysis and 
calculations, shear reinforcements is still required for punching shear.  That can be 
solved by increasing the depth of the beams, or by increasing the thickness of the slab.  
Drop panels may also be used to remedy the shear resistance requirements.  The 
disadvantage of this system is that the alignment of the columns had to adjust for the 
placement of beams and girders.  

Advantages and Disadvantages of a Two-way Reinforced Concrete Flat Plate System 
with Interior and Exterior Beams 

Pros Cons 

 Deflection and vibration control 

 Provide more shear capacity for 
areas around columns 

 Flexible floor design (geometry 
wise) 

 2 hour fire rating 

 Large amount of formwork 

 More steel reinforcements are 
required  

 Relocation of columns for the 
placement of beams and girders 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Two-way reinforced concrete flat plate with beams 
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HOLLOW-CORE PRECAST CONCRETE PLANK FLOOR SYSTEM 

PCI design charts were used along with an altered column grid and girder layout to 
design this alternative system.  The planks will rest on W 12 x 106 girders with 50 ksi 
strength based on calculations (see appendix).  Loads are be transferred by W shape 
columns, which are not designed in this report.  Per PCI 2.2.4, for deck members with 2 
inch topping, 15 psf superimposed load, and 40 psf live load; the service load was 55 
psf.  Depth was not a factor since the largest plank depth listed in the charts is 12 
inches, and the minimum story height of Ingleside at King Farm is 10 feet.   

The primary design criteria that were used to determine the most efficient member size 
were the weight of the system, span length, and deflection.  Light weight concrete is 
preferred due to the cost of transporting the materials to the site, and for other 
advantages such as higher thermal insulation and higher fire rating.  As for the span 
factor, planks’ span length  of 15, 20, 23, 28, and 29 ft will be used (planks’ width is 4 
feet).  See appendix for design charts.  Columns were re-aligned (re-off setting in the 
north-south direction) for the bays to meet the span length of the panels used.  Custom 

sized planks are needed for the floor areas such as balconies, around floor openings, 
and window dormers. 

Design considerations for this alternative system include moment connections to help 
transfer lateral loads, and the redesigning of the column grid for the placement of steel 
girders and columns.  This system will help reduce the construction time as curing and 
form work is not required.  However, there is the issue with the geometry of floor 
sections where window dormers are located, which is the building’s perimeter. Thus, 
custom sizes are required.  The hollow planks will also reduce the overall weight of the 
building system. 

 

Advantages and Disadvantages of Hollow-core Precast Concrete Plank Floor System 

Pros Cons 

 Building weight reduction 

 Faster construction compared to the 
existing system 

 No formwork 

 2 hour fire rating 

 Relocation of columns for the 
placement of beams and girders 

 Custom made shapes for the 
building’s perimeter 

 Shipping cost (high oil prices) 

 Increased floor depth 

 Requires moment connections 
  

 

The next few figures summarize the design of a typical floor using hollow-core precast 
concrete planks. 

 



Tat Dung Stephen  Ingleside at King Farm   
Structural Option 2008-2009  Technical Report No. 2 
 
 

Page | 18  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 (a): Precast hollow core planks on steel girders – section one 
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Figure 8 (b): Precast hollow core planks on steel girders – section two 
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Figure 8 (c): Precast hollow core planks on steel girders – section three 
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COMPOSITE METAL DECK ON STEEL GIRDERS FLOOR SYSTEM 

The United Steel Deck Catalog, along with hand calculations were used to determine 
the deck.  The steel members were sized based on live loads and total loads deflection 
criteria, and were chosen from the AISC Steel Construction Manual 13th Edition.  The 
composite action is contributed by ¾” diameter shear studs.  The column gird used for 
the Hollow-core Precast Plank system was used for the design of this floor system as 
well. 

This composite system is simple to construct, light weight, and shallow.  However, 
moment frames would be required to help transfer lateral loads and will likely to 
increase cost of materials.  In addition, a large amount of shear studs are required 
resulting in an increase cost in labor hours.   

A possible solution is to utilize a staggered truss system in which the amount of 
columns and moment connections could be reduced, and would result in longer bay 
spans.  However, it would greatly impact the architectural plan of the building in which 
the trusses will have to cut through certain rooms, or partition walls would have to be 
relocated. 

As for construction, formwork and cure time may not be needed, but additional labor 
cost, transportation cost, and the lead time due to mill procedures would be the 
disadvantages.   

 

Advantages and Disadvantages of a Composite Steel and Metal Deck Floor System 

Pros Cons 

 Building weight reduction 

 Simple Construction 

 Faster construction compared to the 
existing system 

 No formwork 

 2 hour fire rating with spray on fire 
proofing 

 Relocation of columns for the 
placement of beams and girders 

 Shipping cost (high oil prices) 

 Long lead time due to shapes being 
rolled and shipped from the mill 

 Requires moment connections 

 Additional depth due to the girders 
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Figure 9: Composite metal deck on steel girders 

 



Tat Dung Stephen  Ingleside at King Farm   
Structural Option 2008-2009  Technical Report No. 2 
 
 

Page | 23  
 

FLOOR SYSTEMS COMPARISON 

 System 1 
(existing) 

System 2 System 3 System 4 

Issues to 
Address 

Two-way Post-
tension Flat 

Plate 

Reinforced 
Concrete Two-
way Flat Plate 
With Beams 

Precast Hollow 
Core Planks on 
Steel Girders 

Composite 
Metal Deck on 
Steel Girders 

Cost $17.18/sq ft $19.95/sq ft $23.88/sq ft $19.35/sq ft 

Floor Depth 8” 
8” on 12” deep 

beams 

6” slab with 2” 
topping on 12” 

girders 

4.5” slab on 
deck, on 18” 

girders 

System Weight 150 psf 150 psf 74 psf 34 psf 

Architecture 
Plan Impact 

None None 

None 
(Yes if used with 

a staggered 
truss system) 

None 
(Yes if used with 
a staggered truss 

system) 

Existing 
Column Grid 
Impact 

None Significant Some Significant 

Fire Rating 2 hour 2 hour 
2 hour (Spray 

on) 
2 hour (Spray 

on) 

Deflection Little Little Medium high 

Vibration and 
Accoustics 

Little to None Little Little Medium to High 

Construction 
Difficulty 

Hard Medium Easy Easy 

Lead Time Short Short Medium Long 

Further 
Investigation 

Absolutely Maybe No Yes 

 

Comparison Criteria 

When comparing the four floor systems, criteria of each system that were analyzed 
includes cost, floor depth, system’s weight, its impact on existing architectural plans and 
column grid, fire rating, vibration, construction difficulty, deflection, and lead time.  

Cost 

The main reference for the cost comparison was made using RS Means Assemblies 
2009 data.  The cost data indicated in the comparison table is based on a typical 30’ x 
30’ bay.  The cheapest system is the existing post tension system as less steel 
reinforcements are needed, and less building material due to a thinner floor depth.  The 
most expensive is the precast hollow core planks system, which does not account for 
custom made shapes.  Thus, using precast hollow core planks is out of the question.   

 



Tat Dung Stephen  Ingleside at King Farm   
Structural Option 2008-2009  Technical Report No. 2 
 
 

Page | 24  
 

Depth 

The average floor depth for the alternative systems, which includes the depth of the 
supporting beams and girders are 20 inches.  Ingleside at King Farm is a mixed used 
building with most of its commercial areas on the first floor, which is about 14 feet in 
height.  The typical residential floor height is 10 feet.  If the other alternative systems are 
used, the average 20” will greatly dwarf the height of the residential floors.  A majority of 
the residential apartments are high priced suites and condos.  Thus, the existing system 
is the superior choice. 

Weight 

The major factor in determining the weight each floor system is its thickness and 
material.  Precast hollow planks and composite metal deck offers the lightest weight.  
However, the weight of a system will also affect the accoustical and vibration 
performances of a building. 

Fireproofing 

Ingleside is a mixed-use building.  Thus, a 2-hour fire rating is the typical requirement 
for such construction type.  The three alternative systems were initially chosen based on 
fireproofing requirements.  While the Precast core planks and composite metal deck 
offers fireproofing, the steel girders they rest on does not.  Spray on fireproofing is cost 
effective, but it is not environment friendly.  Yet a steel system does compose more 
recycled components.  A composite steel and concrete encased system is a possible 
further investigation if the composite metal deck is to be considered.      

Layout Changes 

Due to the utilization of beams and girders, the three alternative systems will require 
that the columns be relocated or additional columns are needed.  This will result in the 
changes of the architectural plans.  Thus, the existing system offers a more flexable 
structural floor design.  In addition, the window dormers also contribute to the un-
uniform perimeter of the building.  Any precast systems will have to be custom made or 
manually adjusted.   

Lead Time 

Although the project is not fast track, time is still a considerable factor as it affects cost, 
such as the rental of cranes and other equipments.  Unlike cast in place system, the 
composite steel system may acquire lead time for the shipment of materials from the 
mill.  This also includes the hollow core planks as custom sizes are required.  In 
addition, approximately 90% of the condos are sold out, and the date of completion is 
delayed.  Systems that require more lead time will result in more unhappy 
clients/owners. 

 



Tat Dung Stephen  Ingleside at King Farm   
Structural Option 2008-2009  Technical Report No. 2 
 
 

Page | 25  
 

Deflection 

The two-way concrete flat-plate systems offer the best deflection control.  Ingleside 
being a mixed-use building, design loads cannot be 100 percent certain.  A typical floor 
construction of a typical thickness and typical amount of reinforcements may offer great 
serviceability in one section of the building, but not another that is of public usage on the 
same floor.  Having to deal with numerous member sizes and construction details on 
the same floor may affect the speed and cost of construction and labor.   

Accoustics/Vibrations 

Although accoustics and vibrations were not analyzed in depth in this report, the 
performance of the floor systems in these two areas can be predicted or categorized 
based on the stiffness of the structure and its weight.  The denser and heavier a 
structural element is, the less sound energy it will be conducted or transferred by the 
material, and stiffer structural components will also help dampen the transfer of sounds.  
The concrete systems are likely to be the most affective systems in dealing with 
accoustical and vibration performances.  Numerical statistics shall be obtained from 
models or calculations if the structural system is to be further investigated.     
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CONCLUSION 

The evaluation of the feasibility of the floor systems was based on multiply factors.  
After careful analysis, it appears that the existing two-way post-tension flat plate is the 
best floor system of choice.  Rockville is within proximity of Washington DC.  Thus, a 
concrete system was the choice the designers made.  Due to the un-uniform perimeter 
of the floor, a cast in place system was selected.  Any precast systems will require 
additional changes or custom made components, and connections will complicate the 
cost of material and labor.  The post-tension aspect of the system reduced the amount 
of long term creep and deflections.  Disadvantages with the existing system are the 
shear capacity, and the affect of pre-stress lost due to time and shrinkage.  If further 
investigation is decided for this system, a study on possible solutions for the system’s 
disadvantages is possible.    

Composite Steel is another viable option.  The geometry is not as flexible as the two-
way flat-plat concrete systems.  It also requires a more regular aligned column grid, 
connections, and solutions to limit serviceability issues such as creep, deflection, 
accoustics, and vibrations.  If further investigation is decided for this system, a study on 
staggered truss system and pultrusion polymer shapes or light gage is possible.  A 
staggered truss system will reduce the amount of required columns and allows for 
longer spans. 

The reinforced concrete two-way flat plate system with interior and exterior concrete 
beams is very much like the existing system.  Its most apparent difference is the higher 
shear capacity, and the greater amount of steel reinforcements used.  A possible topic 
for further investigation with this floor system includes the usage of polymer fiber 
reinforcements in place of the steel.   
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