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Executive Summary 
 
Within this second technical report you will find a study of alternate floor framing 
systems for Dulles Town Center Building One.  Four different floor systems were 
designed, analyzed and then compared using certain criteria.  Some factors used for 
comparison were total depth, cost, fire rating, constructability, and effect on building.  
Building One currently utilizes a post-tension beam and non-post-tension one-way slab 
system because it was originally designed as a ‘spec’ building.  The post-tension beams 
are able to span large distances providing large open areas for office space.  The beams 
are heavily loaded, though, which make the beams very wide and moderately deep.  
This gave reason to investigate other floor framing possibilities.  The following are the 
alternative systems that were analyzed in this report: 
 

1. Composite Metal Deck Floor System on Steel Beams 
2. Flat Slab System with Drop Panels 
3. Precast Hollow-Core Plank System 

 
After reviewing these systems, the post-tension beam and one-way slab (existing) 
system and the composite metal deck system appear to be the most adequate framing 
options.  They are both able to handle the long spans and loads the building requires, 
while keeping the total floor depth reasonable.  They each have their own, additional 
advantages, which will be discussed later in this report.  Changing the building from 
concrete to steel could have significant effects on the architecture and cost of the 
building.  The lateral system will most likely remain moment frames, but with the 
lighter system the overturning moment will become a factor that will affect the 
foundation.  These issues will be addressed in technical report three.          
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Introduction 
 
The Dulles Town Center Building One project consists of seven stories of office space 
above grade and one story below grade that includes rentable space, storage, 
mechanical rooms, a loading area, a trash room, building service offices, and a workout 
space.  It is located in Dulles, Virginia; five minutes north of Dulles International 
Airport and 25 miles outside of Washington, D.C.  The building’s architectural use of 
precast concrete and glass curtain-wall have helped set the tone for the modernist 
themes conveyed along the Route 28 corridor.  At night, this building is one of the most 
recognizable buildings along Route 28 with its linear neon focal points. 
 
The building is approximately 202,000 square feet and reaches a height of 118 feet above 
grade.  The building has an open floor plan and an average floor-to-floor height of 12’-
6” making it ideal for office space.  A typical bay is 20 feet by 40 feet, and consists of a 
post-tension concrete beam and non-post-tension one-way slab system.   
 
The post-tension concrete beams allow for long spans and an open floor area, making it 
flexible for any tenant.  The large bays, however, place large loads on the beams and in 
effect, post-tensioning is needed.  They leave little room for a lateral system, as well. 

This report will analyze and compare three alternative floor systems for Dulles Town 
Center Building One.  Each system’s effectiveness will be evaluated using criteria 
regarding safety, construction, serviceability, and cost.  The purpose of this analysis is 
to become more knowledgeable of the alternative framing options, as well as the 
existing, and decide which are practical for a more detailed study.  Please recognize that 
all calculations and designs are preliminary and will be adjusted if deemed necessary to 
progress further in investigation.  
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Existing Structural System Overview 

Floor Systems 
The typical floor is a post-tensioned beam and non-post-tensioned one-way slab system.  
The 7” thick slab is of normal weight with continuous edge drops that are 3’ wide and 5 
½” deep along the east face to help support the precast concrete and ribbon window 
façade.  The typical bay, as seen in Figure 1, is 20’ x 40’ with a typical beam length of 
40’.  Slab reinforcement consists of #4 top bars spaced at 6” on center and #4 bottom 
bars at 12” on center.  Reinforced concrete beams are located at stairwells and elevator 
shafts.  This system will be used as a standard for comparison for the possible 
alternatives. 
 

Typical Floor – Typical Frame 

 
Figure 1 

 

Foundation 
The foundation system consists of a slab on grade with strap beams and caissons.  The 
slab is 5” thick and reinforced with 6x6 – W2.0xW2.0 welded wire fabric.  It sits on a 6 
mil. polyethylene vapor barrier over 6” of washed, crushed stone.  Strap beams ranging 
from 24”x 36” to 48”x 48” rest on a 2’-0” thick foundation wall to help support the slab 
at grade changes.  The cast-in-place caissons are capped with reinforced concrete and 
have shaft diameters that range from 30” to 75”. 
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Lateral System 
The lateral resistance system is comprised predominantly of concrete moment frames 
with typical columns being 24” x 24”.  In addition, there is an eccentrically braced steel 
frame, or K-Brace, located on the roof within the architectural fin.  This consists mostly 
of galvanized steel HSS members connected by fillet welds.  The K-Brace is fillet welded 
to a 12” x 1’-0” x ½” steel plate tied into the concrete roof with (4) ¾” dia. x 12” 
galvanized lightgage studs. 
 

Typical Floor - Concrete Moment Frame  

 
Figure 2 
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Codes and References 
 
These are the codes and references used to assist in the preliminary design and 
evaluation of the existing and alternative floor systems. 

 

• Codes 
Building Code Requirements for Structural Concrete (ACI 318-08),  

American Concrete Institute (ACI) 
International Building Code 2006 
Minimum Design Loads for Buildings and Other Structures (ASCE 7-05), 
 American Society of Civil Engineers (ASCE) 
Steel Construction Manual, 13th Edition,  

American Institute of Steel Construction (AISC) 
 

• References 
CRSI Design Handbook 2002, 
 Concrete Reinforcing Steel Institute  
Design of Concrete Structures, 13th Edition, 
 Nilson, Darwin, and Dolan 
PCI Design Handbook, 6th Edition, 
 Precast/Prestressed Concrete Institute (PCI) 
RS Means – Assemblies Cost Data 2009, 
 RS Means Company 
RS Means – Building Construction Cost Data 2009, 
 RS Means Company 
Steel Roof and Floor Deck, 
 Vulcraft Company 
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Pro-Con Analysis of Existing Structural System 
 
The post-tension beam and one-way slab system is more than ample to carry out the 
structural requirements of Dulles Town Center Building One.  Its ability to handle the 
required loads while keeping its lengthy spans makes it ideal for any ‘spec’ building.  
With this system open floor plans and typical 12’-6” floor-to-floor heights were 
achieved.  The large post-tension beams help minimize deflection on each floor while, 
along with the thick slab, also provide the stiffness and damping needed to keep 
vibrations to a minimum. 
 
   Typical Post-Tension Beam      The first floor framing is made up of a 
                           flat slab system and cuts the typical bay  
           size down to 20’ x 20’, easily distributing 
           the building’s loads over a caisson system  
           which is adequate to muscle the weight. 
           The construction of this system, although 
           not the most efficient, is relatively   
           cheap (approximately $21.00 per ft2) and  
           fairly easy to construct, being as Building 
           One is located in Northern Virginia where 
     Figure 3             concrete is the preferred building material. 
           
The beams, while keeping the total floor depth to 24”, have tendons that drape to 
within 1 ¾” of the bottom of the beam, providing the floor system with only a 1-hour 
fire rating.  This requires that additional fire protection be added to reach the 2-hour 
minimum.  Construction time is also slow due to forming and curing times. 
 
Overall, the post-tension beam and one-way slab system is an excellent option for this 
project, not only because it achieves the open office plan which is attractive to 
prospective tenants, but also meets the brutal structural requirements set forth by this 
seven-story architectural masterpiece.  
 

 
 

 



David Geiger‐ Structural Option                                                                                               Technical Report II    
Dulles Town Center Building One  Page 9 
 

Alternate Floor System Discussion 
 

System 1:  Composite Metal  Deck with Steel Beams 
 
                                                                           Framing Layout for Composite Steel System 
      

 
 
 

 
 
 
 
 
 
 
 
 
Evaluation: 
This system allows concrete and steel to  
work together in order to achieve long 
spans while still being able to carry large 
 loads.  To preserve a smaller floor depth,   
which ended up being 25”, only W18           Figure 4 
shapes were considered in the design  
process.  This unfortunately resulted in very large steel members, which in the long run  
will be costly.  The approximate cost is already one of the higher ones at $23.57 per ft2  
according to RS Means.  While a 2-hour fire rating was reached with the 5” thickness of  
the slab and metal deck, these large steel members will be required to get spray-on  
fireproofing. With minimal concrete used in this system, vibration control due to lack of  
stiffness for dampening and lateral load resistance due to weight change, they could  
become problems down the road. 

Loads: 
 Dead load (superimposed) = 15 psf 
 Live load = 78 psf 
 (Live load reduction was used) 
  
Material Properties: 
 f’c = 4000 psi 
 fy = 40 ksi (metal deck) 
  = 50 ksi (beams/girders) 
  = 60 ksi (shear studs)  
  
 3”, 19 gage metal deck 
 Normal weight concrete (145 pcf) 
 Total Slab Depth = 5” 
 Total weight = 44 psf 
 ¾” diameter shear studs 
 Refer to Appendix A for design 
 



David Geiger‐ Structural Option                                                                                               Technical Report II    
Dulles Town Center Building One  Page 10 
 

In order to keep the 20’ x 40’ bays, not only were large steel members required to span  
the 40’, but additional beams were needed to shorten the span at which the deck was to  
run.  The floor depth was maintained to within an inch of the current one by only using  
W18 shapes.  This will allow the floor-to-ceiling height to remain at approximately  
9’-6”. 
 
Construction time will also quicken due to the erection of steel being much faster than  
that of concrete.  This is owed to the absence of curing set backs.  In addition, the floor  
slab is not required to be cut as much and therefore minimizes time between pours. 
 
Typical Composite Steel Floor System In conclusion, because this system can 

maintain the bay area and total floor 
depth while also having the proper fire 
rating and cutting down on construction 
time, it is a viable alternative to Dulles 
Town Center Building One’s structural 
system. 

 
 
 

   Figure 5 
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System 2:  Two-Way Flat Slab System with Drop Panels 
 
       Framing Layout for Flat Slab System 

 
 
 
 
 
 
 
 
 
Evaluation: 
Two-way flat slab floor systems are very  
useful in that they are durable and absorb 
vibrations very well, while also achieving 
the necessary fire ratings. Two-way flat  
slab systemsare optimal when dealing with    
square bays.  Dulles Town Center Building One’s   Figure 6 
typical bay is 20’x40’ making it easy to turn it into               
two 20’x20’ bays (40’x40’ was unavailable).  Deciding on a maximum slab depth of 7”  
and using the 1.4D + 1.7L combination, the CRSI Handbook was used to design the  
drop panels, reinforcement, and column size.  The first floor framing is already a flat  
slab system, so the foundation plan would not change except for pile sizes.  Since there  
are no beams in this system, the total depth, including the drop panels, is 11”; much  
lower than that of any other system.  
 
Due to the addition of columns at the current floor system’s mid-span, the open office  
floor plan has diminished, taking away a huge selling point for the owner.  The total  
floor depth has been reduced dramatically, though, improving the floor-to-ceiling  
height.   

Loads: 
 Dead load (superimposed) = 15 psf 
 Live load = 100 psf 
  
Material Properties: 
 f’c = 4000 psi 
 fy = 60 ksi (reinforcement) 
  
 Normal weight concrete (145 pcf) 
 Slab depth = 7 in. 
  
 Refer to Appendix A for design 
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Construction will be much like that of the    Typical Flat Slab System 
post-tension beam one-way slab system; lots of  
forming and curing time.  It won’t however, have 
beams or post-tensioning to worry about.  Each  
level will be almost exactly the same, therefore  
formwork could be used multiple times.  
 
Overall, this system is really neither better nor worse 
than the current one.  It introduces new columns  
to the floor plan, obliterating the open office space,  
but at the same time significantly lowers the total   Figure 7 
floor depth.   The fire rating and vibration control  
are good and the foundation is minimally effected. 
This system seems enticing with its 11” total floor depth, but is unusable due to its  
interruption to the open floor plan, a major selling point to future tenants. 
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System 3:  Precast Hollow-Core Plank System 
          

    Framing Layout for Plank System 
 
 
 
 
 
 
 
 
 
Evaluation: 
The last system analyzed was the precast 
hollow-core plank system.  This system is 
beneficial in that it can cover large spans  
while also keeping the total floor depth  
reasonable.  It is able to achieve this with  
the use of pretensioning, which make     Figure 8 
intermittent beams unnecessary.  W14x48 
beams were placed every 20’, though, because it’s assumed they will be needed to help  
support lateral loads.  This will be investigated further in technical report three if  
deemed necessary.  The planks come 4’ wide making it a perfect fit in either direction of  
the 20’x40’ typical bay.  Both directions were analyzed using tables found on the Molin  
Concrete Products Company website, but having the planks run the 40’ seemed more  
reasonable due to the massive steel shapes that were necessary if ran the other way. 
 
With this system the large spans were maintained and the column grid was untouched. 
A W14x48 was assumed as a necessary evil to help with lateral loads in the east-west  
direction and unfortunately increased the typical total floor depth to 28”.  The floor  
depth is 32.5” in just a few places where loads from the planks are picked up.  

Loads: 
 Dead load (superimposed) = 15 psf 
 Live load = 100 psf 
  
Material Properties: 
 f’c = 9000 psi 
 f’ci = 3500 psi 
 f’ct = 3000 psi 
 fpu = 270 ksi (prestressed tendons) 
  
 Total weight = 117 psf 
 Slab depth = 12 in. 
 Structural topping = 2 in. 
  
 Refer to Appendix A for design 
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         Typical Hollow-Core Plank   The planks are precast concrete which  
       means they are cast off-site and brought  
       to the site when needed.  Although this  
       requires a large lead time, when they  
       arrive they only need to be set into 

place.  This speeds up erection time and  
helps cut back on labor requirements in 
the field.  The planks also have voids 
that span their entire length, reducing  

       weight and allowing for MEP  
       equipment to run through it.  The 
       reduction in weight helps save in 
  Figure 9    material costs.  This system is still the  
       most expensive out of the four systems 

costing approximately $23.94 per ft2. 
 
As a result, the hollow plank system seems like it would work, but steel erection would  
have to stop at every level in order to install the precast planks, leaving the contractor  
with a lot of lag time.  The typical total floor depth is good, but at those certain areas it  
increases to a whopping 32.5” deep, reducing the floor-to-ceiling height enormously.   
The weight is close to that of the current system, which would have left the foundation  
almost as-is, but the cost and large lead time make it unattractive to investigate further.  
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System Comparison 
 
The results found within this alternative floor system study and preliminary design for  
Dulles Town Center Building One are shown below in the form of a comparison chart.   
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Conclusions 

 
In closing, the existing system achieves large, open spaces while maintaining a  
reasonable total floor depth.  Although additional fire protection is needed due to the  
1-hour fire rating, the concrete is able to dampen most vibrations found in an office  
building.  Constructability is medium, but the approximate cost of $22.75 per ft2 makes  
it a candidate for further investigation.  
 
The composite metal deck system, although not as good with handling vibration, is able  
to keep the span of the original system, maintain a reasonable total floor depth, and  
decrease the building weight.  The approximate cost of $23.57 per ft2 is not much higher  
when compared to the others, but when considering changing an all-concrete building  
to a composite system there could be some hidden, non-monetary costs, especially  
when considering Northern, VA, is predominantly concrete structures.  This floor  
system will be investigated further. 
 
Due to the column grid and need for large spans, the flat slab system is not the best  
choice as an alternative floor system.  The system’s approximate cost of $14.54, its  
outstanding vibration control and 2-hour fire rating, along with its unbeatable total  
floor depth of 11” should put it as a major front-runner for further investigation.   
Unfortunately, without being able to maintain the large open area for office space 
the flat slab system with drop panels is just not feasible.  If it comes down to it, this  
system could be re-evaluated and possibly investigated further. 
 
In regards to the precast hollow-core plank system; although vibration control was  
ample and only some additional fire protection on the steel members would have been  
needed, total construction time could increase.  This system did, however, keep the  
20’x40’ unobstructed bays, but with large, long-spanning concrete planks, beams  
became too big and increased the total floor thickness.   Floor-to-ceiling height is too  
important for office buildings, which unfortunately means this floor system will not be  
investigated further.  
 
This leaves the post-tension beam and one-way slab system (existing) as one of the ideal  
floor systems for Dulles Town Center Building One.  The alternative, a composite metal  
deck system.  And even though changing an all-concrete building to an almost-all-steel  
building is drastic, they are both considered for further investigation.    
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Appendix A 
Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



David Geiger‐ Structural Option                                                                                               Technical Report II    
Dulles Town Center Building One  Page 18 
 

Composite System Calculations 
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Two-Way Flat Slab with Drop Panels 
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Precast Hollow-Core Plank on Steel Beam 
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Appendix B 
Costs 
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Post-Tension Beam and One-Way Slab System 
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Composite Metal Deck System on Steel Beam  
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Two-Way Flat Slab System with Drop Panels 
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Precast Hollow-Core Plank System on Steel Girder  

 


