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EXECUTIVE SUMMARY 
 
The purpose of this technical report is to analyze and compare alternate structural floor 

systems to the existing post-tensioned floor system. 

 

Existing Floor System 

BWI Hilton Hotel’s existing structural floor system is 

a 7-1/2” thick flat plate post-tensioned concrete 

system transferring load to rectangular reinforced 

concrete columns. 

 

Alternate Floor Systems 

Four alternate structural floor systems were compared to the existing floor system as 

well as against each other to determine the practicality of their application.  The 

following systems were compared on the basis of the following criteria:  depth, weight, 

fire protection, fire rating, and possibility of vibration, cost, lead time for materials, if 

form work is necessary and the degree of difficulty of construction.   

 

1. Composite beam with concrete slab 

2. Girder-Slab with hollow core planks 

3. Two-way flat slab with drop panels 

4. One-way concrete joists 

 

Conclusions 

 After analysis of alternate structural floor systems were completed, the various 

floor systems were compared.  The most viable floor system analyzed would be the 

Girder-Slab with hollow core plank systems.  This system maintains the lowest floor 

thickness of all the systems.  This is important due to the assumed height restriction of 

the building.  This system also has an underside that can be used for ceilings by the guest 

rooms below.  This system costs more than the existing, but by engineering construction 

methods a faster erection of the superstructure could make up for the higher initial cost of 

the system by earlier occupancy. 
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EXISTING STRUCTURAL FLOOR SYSTEM 
Introduction 

The Hilton Hotel at the BWI Airport is an 11-story 280 guest room hotel designed 

referencing ASCE7-02.  The Engineer of Record uses a live load of 40 psf for guest room 

floors, as well as a superimposed dead load of 10 psf.  Calculations for alternative 

structural floor systems were performed using these loads.   

 

Existing Floor System 

Floors 4-11 are typical framing plans for the hotel guest room floors.  The 

existing structural floor system is a two-way post-tensioned reinforced concrete flat plate.   

Thickness of the slab is 7-1/2” while the concrete is specified to reach a f’c = 4000 psi.  

Reinforcing the bottom of the slab is a mat of #4 bars 30” o.c. in each direction.  The top 

reinforcement has various sizes of bars placed in each direction.   Typical forces applied 

on tendons are 295K in the East-West direction while 24K/ft in the North-South direction.  

On the interior of the system, tensioning of tendons was achieved, by two pour strips 4’-

0” that were left unpoured so anchors could be set.  Strips were then poured at a later 

time.  Columns sizes are 14”x26” and 16”x28” with a specified f’c = 4000psi.  Figure 1 

shows the typical framing plan with a typical bay highlighted.  The highlighted bay of 

27’-0” x 22’-0” will be analyzed for alternate floor systems.  A larger plan of this layout 

may be found in Appendix B. 

 

 

 

 

 

 

 

 
 
 
Figure 1: Typical structural floor plan with highlighted bay 
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The Hilton Hotel has certain architectural restraints with the existing system that 

must be considered when selecting an alternate system.  The restraints are as follows: 

1.  The bottom of the existing flat plate is the ceiling of the guest room below, 

with the addition of a coat of plaster to the underside of the flat plate.  This 

can be seen in Figure 2. 

 

 

 

 

 

           Bottom of flat plate  

 

 
Figure 2: Underside of flat plate with a thin layer of plaster in Guest room 

 

2.  An assumed height restriction on the building is imposed due to the close 

proximity of the BWI Airport.  Flight paths of planes may coincide with the 

hotel.  An engineering challenge will be to maintain a similar floor to floor 

height without raising the total height of the building. 

 

 

 

 

         Air Traffic 

 

 
Figure 3: Close proximity to BWI Airport 

 

Both of these constraints make it difficult to engineer an alternate floor system to 

the existing.  There could be possible solutions and ways around these constraints, but a 

cut back or additional cost will have to be accounted for in some other area. 
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ALTERNATE STRUCTURAL FLOOR SYSTEMS 

Alt. 1: Composite beam with concrete slab 
The composite beam and slab system utilizes the construction of a concrete slab 

and beam to work compositely against flexure.  Smaller sized steel beam members can be 

utilized because of the ability of the concrete slab to carry compressive forces during 

bending.  Shear studs welded to the beam transfer forces to the concrete causing the slab-

beam combination to act compositely.  Welding the shear studs to the beam is a very 

labor intensive process which will intern drive construction costs higher.  Beams are 

spaced 9’-0” o.c per bay spanning 22’-0” between girders.  A 2” Lok Floor metal deck 

with a 3” concrete cover was taken from the United Steel Deck Design Manual.  Using 

the composite beam selection tables in the 13th Edition Steel Construction Manual, 

W10x12 beam was used with 9-3/4” diameter shear studs spanning the beam.  For the 

girders transferring load to the columns a size of a W10x15 member was used with 20-

3/4” dia. shear studs spanning the girder.  Section and a typical layout can be seen below.   
 

 

 
 

 

 

Figure 4:  Left: Composite beam with concrete slab,   Right: Composite girder and slab 
 
 

 

 

 

 

 

 

 

 

 

Figure 5: Composite beam with concrete slab plan 

27’-0”

22’-0”
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 Alt 2: Girder-Slab with hollow core planks             Figure 6: Section of Girder-Slab  
Girder-slab is a fairly new structural floor 

system being used in the industry.  Utilizing a 

steel shape member and pre-cast hollow core 

planks, the combination creates a monolithic floor 

slab assembly. Construction of this system is 

fairly easy with planks being brought to the site in 

pieces and placed onto the steel D-shape 

members.  D-beams and planks are grouted upon 

placing of planks.  Construction time is significantly shorter than that of a cast-in-place 

system due to the lack of a cure time for the pre-cast planks.  This system’s overall cost 

may be considerably higher than the others, due to the confined pool of manufacturers 

and contractors to choose from.  Plank sizes where taken from the Nitterhouse Concrete 

Products catalog.  Planks will span 27’-0”.  D-beams will span 20’-0” in the opposite 

directions.  The typical bay size of 27’-0” x 22’-0” was changed to 27’-0”x 20’-0” for 

this system, so hollow core planks could fit bays evenly.  Loading on this bay required 

the largest D-beam size of DB9x46 to be used.  Calculations were performed using ASD 

and procedures outlined in the Girder-Slab design guide.  A typical layout can be seen 

below.   

 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 7: Girder-Slab plan  

20’-0”

27’-0”
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Alt 3: Two-way flat slab with drop panels 
 The two-way flat slab is similar in layout to the existing framing system, the two-

way flat plate, except for the drop panels.  The drop panels are necessary to carry forces 

due to punching shear, where the existing system accounts for punching shear with the 

added compressive forces on the concrete due to post tension.  This system can utilize 

smaller columns than the existing flat plate system.  The construction of the two-way flat 

slab is fairly easy.  Obtaining a required fire resistance rating is done simply by 

construction of the system with no additional proofing needed.  The two-way flat slab 

system was sized using the CRSI Handbook 2002.  Results from the handbook yield a 

slab thickness of 9” with a drop panel size of 9’x9’x7” and a column size of 12”x12”.  A 

typical layout and section can be seen below.   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Plan of flat slab with drop panels 
 

 

 

 
 

 

Figure 9: Section of flat slab with drop panels 

27’-0”

22’-0”
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Alt 4: One-way slab with concrete joists 
 The one-way concrete slab and joist is a monolithic system that frames 

perpendicular to joist band beams which transfer load to concrete columns.  Fire proofing 

will not be necessary due to the properties of concrete.  Problems concerning vibration 

should not be an issue due to the stiffness of the structure.  Constructing the slab joist 

system will be more difficult than a flat plate or slab system due to the added formwork. 

The required dimensions of this system came from the CRSI Handbook 2002.  For the 

given span of 27’-0” concrete joists spaced 36” o.c. will be utilized.  A 3” thick slab with 

10” deep by 6” wide ribs using a 30” pan are specified.  The joist band beams should be 

36” wide with a depth equivalent to that of the joist system for ease of construction.  A 

typical layout and section can be seen below.   

Figure 10: One-way slab with concrete joists 
 
 
 

 

 
 

 

 

Figure 11: Section of one-way slab with concrete joists 

27’-0”

22’-0”
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Two-way Post 
Tension Flat 

Plate
Composite Beam w/ 

Concrete slab

Girder-Slab       
w/ Hollow Core 

Planks

Two-way Flat 
Slab w/ Drop 

Panels
One-way Slab w/ 

Concrete Joist

Depth (in) 7.5 15 10 9+7 13

Weight (psf) 93.75 50.2 103.3 122.25 61

Column Size (in) 16x28 W14 W14 12x12 24x24

Fire Protection N Yes Yes N N

Fire Rating (hr) > 2 1.5 - 2 2 - 3 > 2 1 - 2

Vibration No Possible Possible No No

Cost (USD/ft2)

Material $6.12 $9.15 $10.13 $5.75 $5.75

Labor $7.74 $4.68 $4.23 $7.55 $8.15

Total $13.86 $13.83 $14.36 $13.30 $13.90

Lead Time N Yes Yes N N

Form work Y N N Y Y

Constructability Medium/ Difficult Medium/ Difficult Easy Medium Difficult

Practical 
Alternative

XX No Yes No No

COMPARISON 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 1:  Comparison of structural floor systems 
 

CONCLUSIONS 
 Engineering an alternate system that works as well as the existing post-tensioned 

system will be a challenge.  Though investigation of alternate systems yielded some 

advantages compared to the existing system.  Composite beam and slab system is 

considerably lighter than the existing system which would reduce seismic design loads on 

the structure.  The depth of the beams causes the total floor thickness to increase which 

would intern cause an increase in building height if floor to floor heights remained the 

same. The goal of keeping a similar floor to floor height with the same number of floors 

is difficult when the building is in an assumed restricted height area having close 
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proximity to the BWI airport.  The alternative that would maintain a similar floor 

thickness to the existing system would be the Girder-slab system which is only 2.5” 

thicker.  Girder-slab system is approximately 10 psf more than the existing system.  

Increase in the weight of the structure would make it necessary to conduct a structural 

capacity check of the foundation, which could result in a redesign.  Of all the alternate 

systems, the least viable alternative is the two-way flat slab with drop panels.  This 

system is the heaviest system of all considered in this investigation as well as having the 

deepest floor thickness.  A redesign of the foundations would be inevitable.  Cost of this 

system is the cheapest among all other systems though.  The last system considered was 

the one-way slab with concrete joists.  Problems concerning this system are the floor 

thickness and intensity of material and labor during construction.  System advantage of 

the one-way slab is the low cost.  The vibration of each floor system was just briefly 

considered.  An in dept study would have to be done when an alternate system is chosen.  

The most viable alternative system would be the composite the Girder-Slab 

system.  Floor thickness is a concern due to the reality of an assumed height restriction.  

The other architectural constraint previously mentioned is the underside of the slab acting 

as the ceiling in the hotel guest rooms for each floor below.  Increased cost may be a 

major factor when engineering the Girder-Slab, but schedule and speed of construction 

might be able make up for the added cost with a superstructure assembled in less time 

and hotels rooms being occupied earlier. 
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