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EXECUTIVE SUMMARY           

For this technical report, a study of alternative floor systems for the expansion to Union Station was done. 

A total of four systems, three new and the existing, were designed and compared to determine the 

viability for each one. Currently in Union Station, a post-tension design is used due to the long spans 

required throughout the building for the lower floors and the weight limit allowed on the soil. While this 

system is adequate to handle the criteria for the building, the author of the technical report looked at the 

following alternative floor systems for Union Station: 

1) Pre-Cast Double Tee 
 

2) Composite Floor Deck 
 

3) Flat Plate with Drop Panels 

During discussions between Professor M.K. Parfitt and the author, a different approach will be used for 

this technical report. Instead of using each floor system throughout all levels of Union Station, each new 

floor system was viewed at different levels of the building. This leads to the option of having a transfer 

level in Union Station where two of the new systems would meet and transfer the loads from one to the 

other. Since designing the transfer level is not part of the requirements for this technical report, the author 

and M.K. Parfitt concluded this could be a topic of interest to explore as the depth option for the thesis 

proposal. 

Based on the typical bays used and redesigning the bay layouts to make the alternative floor systems to 

work, the author believes that the use of the pre-cast double tee would be beneficial on the lower floors 

and the composite system would work on the upper levels. Starting on page 8, descriptions of each 

system with advantages, disadvantages and how each system could work in Union Station. To view why 

the author selected pre-cast double tees and the composite system for the two floor systems, refer to the 

conclusion on page 16 of this report. 
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EXISTING STRUCTURAL SYSTEM          

Foundation: 

Union Station’s expansion main foundation system consists of concrete piles and supportive columns that 

rest of spread footers. On the Track Level, the foundation is visible for passengers traveling on a 

locomotive or waiting on the platforms to notice.  

All the columns and piles are located between the eight locomotive rail ways that are part of Union 

Station. Typical diameter size of the columns and the piles are 1 ½’ and are spaced 22’-0” from each 

other (in a straight line between the rails).  

The net soil bearing capacity for the site is 1000 PSF and each column and pile was designed to carry a 

typical load of 250 kips. Fine to coarse sandy clay fill is the typical soil located on the site for Union 

Station according to the geotechnical report. The columns and piles rest upon spread footers which either 

have a dimension of 6’-0” x 6’-0” x 2’-0” or 12’-0” x 12’-0” x 2’-0” (l x w x h). 

 

Lateral System: 

Union Station’s lateral load system is composed of an ordinary reinforced concrete moment frame. 

Lateral loads, as well as the gravity loads, reach the foundation of Union Station by first traveling through 

the beams, then carry through the girders which connect to the columns. From there, all loads travel 

down in the columns to the ground level and then the piles and columns take all the loads into the spread 

footers. Not all beams and girders take part of the lateral system in Union Station. To view the beams and 

girders which do not act as part of the lateral system, refer to Appendix A, Figure 1. 

It is important to note that the existing structure and the addition of Union Station do not share a lateral 

system. Steel Chevrons are used as the lateral system for the existing structure of Union Station. Since 

the expansion and the existing structure do not share a column line, an expansion joint was placed 

between column lines 7 and 7-1 (Refer to Appendix A, Figure 1).  

Since the author will be looking at different floor systems in this technical report, the lateral system for 

each system would change. For this report, the author realizes will not take into account a new lateral 

system. In future technical reports and part of a thesis proposal, the author would investigate the design 

of a new lateral system with the selection of the new floor system(s).  
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Existing Floor System: 

The typical floor system for the expansion to Union Station is a two-way post-tension cast-in-place 

concrete slab with a thickness of 7”. All the beams and girders are post-tension cast-in-place as well. In 

Union Station, the beams span a length of 63’-0”. The girders located in the expansion, carry the load 

from the beams to the columns and have a typical span of 24’-4” throughout the expansion. The concrete 

compressive strength for the slabs, beams, and girders is f’c = 5000 psi. It is to be noted that the floor 

systems for the expansion and the existing structure for Union Station do not connect with each other. 

For the Ground Level, a 6 ½” concrete slab was used for majority of the floor. A composite design located 

along the west elevation was utilized to help reduce the weight within the weakest are of the site. A 5” 

light weight concrete slab over 1 ½” gage LOK-Floor was used which makes the ground floor total 

thickness to be 6 ½”. Shear studs sized at ¾” x 4 ½” were used in the composite floor design. The typical 

member size for the beams is W27x84 which span 63’-0” and tie into a W33x118 girder. The girders tie 

into the concrete columns that are part of the foundation system.  

There are two typical bay sizes located in the expansion of Union Station, 63’-0” x 27’-6” and 63’-0” x 40’-

0”. Since the tracks running through Union Station were the major consideration in the design as well as 

the bus terminal, the use of long spans was concluded as the best approach for the design. For this 

report, the bay size of 63’-0” x 40’-0” will be analyzed in order to obtain results that can be applied 

throughout the rest of the structure. Figure 2 in Appendix A shows the area used to analyze the existing 

structure.   
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Structural Plan Layout: 

As mentioned in the executive summary, each new floor system will be analyzed for different levels 

throughout Union Station. For the levels consisting of the bus terminal, mezzanine level, and the first 

floor, the use of the pre-cast double tee floor system can be utilized due to the high floor-to-floor levels 

(Refer to Figure 3, Appendix A). For the remaining levels, the use of either the composite metal deck or 

flat plate with drop panels can be used with the use of office space and parking.  

For the pre-cast double tee floor system, the existing spans in the east/west direction are used, but the 

spans in the north/south direction will be reduced in half to 31’-6”. The decision in the reduction of the 

span is to ease the double-tees from being overloaded from the required loads. This decision will also 

help in the location of columns and walls for the floor system. 

To achieve a layout for the composite floor deck and the flat plate with drop panels, revisions of the upper 

floors were done by the author. Since parking and office space are the main uses on the upper floors, 

smaller spans can be achieved in both situations. In Appendix A, Figures 4 and 5 show a basic typical 

structural floor plan for each of the two systems. It should be noted that the plans do not include any 

areas for the elevators and stairs. If the author decides to take the route of designing the transfer level for 

the proposal, more detailed plans in architecture and structural design would be looked at. 
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CODE AND DESIGN REQUIREMENTS         

The following two tables represent codes used for the design of Union Station by the engineers in 

practice and the codes used by the author of this technical report. Since Union Station was designed with 

older edition of codes, values for loads and member sizes could be off depending if any significant 

changes were made for the new codes. 

 

 

Table 1: Codes & References Used by Design Team 

 

 

Table 2: Codes & References Used in Technical Report II 

 

Deflection Criteria: 

Total Deflection:   l/240 

Live Load Deflection:   l/360 

Construction Load Deflection:  l/360 
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GRAVITY LOADS            

The following chart shows the gravity loads were determined from ASCE 7-05 by the engineers in 

practice and by the author of this technical report. All loads were used by the author that the engineers 

used and the author used additional loads that felt were important in include in the calculations. Since 

additional loads were used by the author, loads and members sizes could have increased in some areas 

of the structure. 

 

 

Table 3: Gravity Loads 
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EXISTING FLOOR SYSTEM I: POST-TENSIONING       

Description: 

Post-tensioning is a method of reinforcing 

(strengthening) concrete with high-strength steel 

strands or bars, typically referred to as tendons. A 

typical tendon is composed of 7, ½” Ø with a strength 

of 270 ksi. Each tendon is placed prior to the concrete 

is poured in the form work and one side is anchored. 

Once the concrete is placed and reaches a certain 

strength, each tendon is jacked from the lose end 

until it becomes a tight strand. Additional 

reinforcement is used with the tendons to prevent the 

concrete from failing if any problems arise within the                       Figure 1: Image of Tendons                              

concrete. Figure 1 shows tendons and other                                     Provided by Suncoast-PT                                                    

reinforcement resting in place before concrete is poured.       

Advantages:   

Post-tensioning allows longer clear spans, thinner slabs, and fewer beams throughout a building. Thinner 

slabs mean less concrete is required, which can reduce the cost of the building’s structure significantly. 

Reduction in a building’s weight versus a conventional concrete building can be achieved with the use of 

post-tensioning. This reduces the foundation load and can be a major advantage in seismic areas or in 

places where the soil cannot support a heavy building.  

 
Disadvantages: 

Unless a building’s design has long spans or needs to be lighter than normal, post-tensioning should not 

be considered as the design. When jacking the tendons to meet the required strength, it is important to 

jack at a consistent rate. If jacked improperly or not placed correctly before the concrete is poured, a 

tendon can snap and rupture through the concrete. This problem can not only cause a delay in the 

completion of the building, but can also be dangerous to a life around the tendon when it snaps. 
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Design for Union Station: 

In the design phase for Union Station, realizing there are trains traveling through and stopping, a bus 

terminal on the ground floor, and parking on the upper levels, post-tensioning is considered a good choice 

for a floor system for the entire building. Taking advantage of the long spans, reduction of amount of 

columns, and slab thickness post-tensioning can offer, the use of this slab system was a fine call by the 

designers. The typical bay in Union Station has around 20 tendons spanning in the east-west direction of 

the building. Since long spans exist in the structure, post-tensioned beams and girders were used as well 

to help the slab from reaching a critical deflection. One main disadvantage with using this system within 

Union Station is how difficult the system is to install. The time for a post-tension system for erection is 

longer than most of the other structural systems used in practice and more labor is required to install this 

floor system. 

Appendix B contains calculations for the existing post-tension structure. The author calculated the 

balanced load and the effective force used in the existing bays. From the calculations, the results are 

within 15% from the designer. One major cause of the difference in results could the assumptions the 

author used. Another is the possibility of a calculation error somewhere in the process. Since there are 

post tension beams and girders that tie into the slab and columns, the author recognizes that the 

knowledge at the time of this technical report is not sufficient enough to continue on with checking the 

system. For the third technical report, the author will use this report to check the existing structure.  
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ALTERNATE FLOOR SYSTEM I: PRECAST DOUBLE TEES      

Description:  

Double tees come in variety of sizes and can span long 

distances. Typically the most common sized used is 

12’-0”. A double tee is supported by either an inverted 

“T” beam or “L” beam, which is used for an edge. From 

either the “T” or “L” beam, the loads travel to columns 

which can be spaced further than what most typical 

layouts are designed for. Typically, ½ ø, 270k tendons 

are used as the reinforcement bars for all the precast 

members. Figure 2 shows a general layout of a double tee                 Figure 2: Double Tee System                                

connection to an inverted “T” beam.        Provided By FRS 

Advantages: 

Using precast concrete double tee beams can give you several advantages for a floor system. The most 

beneficial use of precast is its quick and steady installation. There is no down time on the job site required 

for concrete to be formed, poured, finished and set. Double tee products arrive on-site and can be placed 

immediately. Precast products provide the consumer with a high quality product that is fabricated in a 

controlled working environment and can be installed year round. No additional fire protection is required 

for a double tee since it is incorporated by the plant that creates the members. 

Disadvantages: 

While using precast double tees can save you time in erection, specialized labor must used to install the 

products. Depending on where you project is located and the time given for erection, finding the correct 

group of installers might be difficult. The depths of the stems on each precast member can cause 

problems for a project that requires a high floor to floor height. Also, a topping slab might be required as 

well. Not only does this reduce the floor height, but you also must account for continuity in the topping as 

well. 
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Design for Union Station: 

Using PCI Design Handbook, 6th Edition, the designed floor system incorporates the use of precast 8’-0” 

wide double tees spanning a length of 40’-0”. The selected tees utilize lightweight concrete and are 24” 

deep with a 2” normal weight concrete topping for continuity of the floor surface. This gives an overall 

depth of 26” with a 4” finished slab depth. The tees are reinforced using (4) ½ ø, 270k tendons within 

5,000 psi concrete. The 4” thick slab depth is adequate for the 2 hour required fire rating. The inverted “T” 

beams are designed as 34IT36 beams and the edge “L” beams are designed as 20LB32 beams. Refer to 

Appendix C for calculations regarding the double tee floor system. 

Double Tees can be a good choice for a floor system for the ground level, mezzanine level, and first floor 

since the floor heights are higher than normal. This will not create problems with the depths of the double 

tees for each of the floors. Since double tees can span a long length, ground floor can still achieve the 

architecture of the bus terminals as well for the track level. The only major issue that can be noticed as of 

right now is that the placement of the columns and walls for the loads that come from the double tees 

beams. A further investigation in the future would be necessary to see where issues would arise.  
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ALTERNATE FLOOR SYSTEM II: COMPOSITE FLOOR DECK      

Description: 

Composite floor deck is complied of three main 

components; metal deck, concrete, and a steel 

member. The load path for this system starts with the 

concrete and the metal deck. To have the loads 

travel from the floor to the steel members that act as 

the beams in the composite design, steel shear studs 

are used as transfer points in the system. Once the 

loads reach the beams, they travel through the 

girders and then to the columns. The amount of 

shear studs used on each beam is determined by the       

thickness of the slab (concrete and metal deck) as well                      Figure 3: Composite Deck                                            

as the span used in a bay. The size of the metal deck,                             Provided by EPIC                                                      

beam and girders depends on the load used in a single bay.                                                                    

Figure 3 shows a section of a composite floor deck.      

Advantages: 

A composite floor system is one that can be erected quickly and easy to construct in the field. The system 

also comes with a fire rating that can either be sprayed on or if the engineer designs according to 

ANSI/UL 263, no additional fire proofing is required. In office areas, this is ideal for open column free 

tenant spaces and also works well as an acoustical barrier. Construction for this floor system is quick 

which helps reduce the cost the time to complete the structure down.  

Disadvantages: 

One major concern when using a composite system is possible lower floor to ceiling heights. If a beam or 

a girder becomes deeper than expected, the use of the system would not be practical. In the case that the 

steel members are deep, then the structural system would be heavier than other systems. A heavy 

building could cause problems in a seismic region or a site that has weak soil.  
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Design for Union Station: 

Using the Vulcraft floor deck catalog, a 2VL16 metal deck with a total thickness of 5 ¼” was determined 

as the adequate design. The author took advantage of using ANSI/UL 263 by using 3 ¼” of lightweight 

concrete (110 pcf) on top of a 2” thick metal deck. This results in no additional fire proofing required for 

the floor system. Each beam designed in the bay looked are a W16x31 and span a length of 30’-0”. A 

total of twenty ¾” Ø shear studs will be used to transfer the load from the floor to the beams. The beams 

connect to a steel girder which was sized as a W21x62, span a length of 39’-0” and uses 38 shear studs. 

Refer to Appendix D for calculations regarding the double tee floor system. 

For the upper levels of Union Station, this would be an adequate system to use for both the office spaces 

and the parking. A thin slab works for the upper levels which increases the floor height. The composite 

design also has low transfer of vibrations between levels. This would be beneficial for the levels with 

parking above the office spaces to prevent sound transfer from each level. The floor system is easy to 

construct and is time saving during construction. One concern for this floor system to consider is areas 

that would have a significant deep member. When the author redesigned the floors as a preliminary 

design, there is an area that spans a length of 42’-0”. This bay has the potential of the girder being 

deeper than normal (Refer to Appendix A, Figure 4). For future investigation, the author would consider 

redesigning the layout to reduce the length of the bay to prevent the chance of a deep member. 
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ALTERNATE FLOOR SYSTEM III: FLAT PLATE WITH DROP PANELS     

Description: 

A flat plate floor system is essentially a flat slab floor 

with no beams in the structure. The drop panels are 

a thicken portion of the slab which can either be in a 

rectangular or circular region centered on the 

columns. Each drop panel helps increase the shear 

strength of the floor system in the critical region 

around the column and provide increased effective 

depth for the steel in the region of high negative 

bending moment over the support. Typically flat 

slabs are used for live loads of 100 psf or more and 

for spans up to 30 feet.                                 Figure 4: Flat Plate W/ Drop Panels  

                Provided by Univ. of Cal. Berkeley 

Advantages: 

Flat plate with drop panels can manage a significant amount of live load with a relatively small slab 

thickness. The thin section of flooring allows for a higher floor-to-floor dimension. A flat plate also fits well 

with a grid of columns and bays. Since the concrete is dense, no additional fireproofing is needed for the 

floor system. The floor system has above average as an acoustical barrier for vibration in the floors. 

Concrete needs minimal formwork and only basic field labor. Columns can also be made of reinforced 

concrete which would lead to the use of shear walls to handle the lateral forces. 

Disadvantages: 

Use of a concrete flat slab needs a rather exact ratio of column spans, which doesn’t always guarantee 

an open plan. In fact, this ratio requires a smaller sized bay which could mean more columns, which can 

lead to a heavier building. The increased amount of concrete requires an increased amount of 

reinforcement. Since the columns are also reinforced concrete there is a complicated construction of 

intermingled reinforcement where columns and floors meet which can extend construction time. 
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Design for Union Station: 

Using the design requirements from ACI 318-08, a 7 ½” slab composed of lightweight concrete (120 pcf) 

with a 3” drop panel was determined to be sufficient to carry the required loads.  No additional fire 

proofing for the floor system is required because the required depth coverage is used from ACI. Number 

5 bars were used as the reinforcement steel throughout the 30’-0” x 19’-6” bay analyzed in this technical 

report. The assumption of using an 8’-0” x 8’-0” drop panel and a 24” x 24” column was used and the 

author realizes the dimensions of the panel could be smaller. Since (16) #5 bars were determined as the 

reinforcement for the middle strip of the slab, the author believes there are sufficient bars in the slab. 

Looking at a higher bar size can result in a decrease of bars used. Further investigations would be 

needed to determine the most efficient flat slab with drop panel system for Union Station. Refer to 

Appendix E for calculations regarding the double tee floor system. 

For the upper levels of Union Station, a flat plate with drop panels would work efficiently in the parking 

areas. The columns could be placed accordingly to allow for the maximum amount of spaces. The system 

can work for the office areas, but the office areas would not have an open floor area. Vibrations would not 

be transferred between levels since the slab acts as an acoustical barrier. Since there are more columns 

for this system, the weight of the building has the potential of becoming heavier. Due to the weakness of 

the soil on the site, this system on the upper levels could cause problems with the foundation. As stated 

in the above paragraph, further investigation would have to be conducted in order to determine the 

efficiency of the flat plate with drop panels.    
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CONCLUSION            

Throughout this technical report, each system was looked by the advantages, disadvantages, and how 

each system could work for Union Station. While the existing post-tension system works adequately in the 

entire structure, the author believes it is not the best system for Union Station. Since the major concern 

for Union Station was the location of the tracks, the use of long spans was determined to be used 

throughout the building. Respecting the concept used by the design team, the author suggests using two 

different systems in Union Station.  

Using the integration of double tees for the lower levels and a composite steel system for the upper 

levels, the author believes this would be a valuable alternative design approach to Union Station. Both of 

the systems are lighter than the existing and have a lower cost for the material and installation. The 

double tees would not have an effect on the floor heights since they will be used on the ground floor, 

mezzanine level, and first floor due to the high floor heights already. All the uppers with the composite 

steel system would have a reduced thickness of the slab allowing for an increased floor height. 

The author believes the use of flat plate with drop panels would not be the best system for the upper 

floors in Union Station. While the cost of the system is the least expensive of all four systems and the slab 

thickness is the close to the original, the weight is higher than the others. This is a concern for the site 

because the soil is not capable of carry a heavy structure. 

Below, Table 4 summarizes the comparisons for all four systems. As mentioned before in this technical 

report, if this is decided upon the author to investigate these two systems as a proposal, more detailed 

drawings, location of columns, bays, transfer level, and new lateral system would have to be designed. 

 

 

Table 4: Comparison of Floor Systems 
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APPENDIX A: PLANS & SECTIONS 
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Figure 1: Non-Lateral Members on Typical Floor 



Joseph W. Wilcher III                       Union Station Expansion 
Structural Option    Washington DC 
 
Adviser: M. K. Parfitt  Technical Report II  October 24, 2008 

  Page 19 of 45 
 

 

 

Figure 2: Area Used To Design Existing Post-Tension Design  
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Figure 3: Section of Union Station 
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Figure 4: Composite Floor Deck Layout 
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Figure 5: Flat Plate w/ Drop Panel Layout 
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APPENDIX B: POST-TENSION CALCULATIONS 
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APPENDIX C: DOUBLE TEE CALCULATIONS 
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APPENDIX D: COMPOSITE FLOOR SYSTEM CALCULATIONS 
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APPENDIX E: FLAT PLATE WITH DROP PANELS CALCULATIONS 
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