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EXECUTIVE SUMMARY 
 
In this pro-con study of floor systems for the Baltimore Hilton four floor systems were 
analyzed.  Those systems were the existing two-way flat plate slab, one-way slab, 
hollow-core precast panels on concrete beams, and composite steel framing.  After the 
analysis of the systems it was found that the existing two-way flat plate slab was the 
best option of the four.  It had the lowest total system depth, a short lead time and it cost 
the least out of the four.  It was found that a fifth system could be analyzed to see how it 
compared to the existing system.  The fifth system would be a pre-stressed, post-
tensioning system.  Hopefully the fifth system will provide a viable option for an alternate 
floor system. 
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INTRODUCTION 
 
The Hilton Baltimore Convention Center Hotel (HBCCH) is located right in downtown 
Baltimore next to the Baltimore Orioles stadium Camden Yards, and located blocks 
away from Inner Harbor.  HBCCH is broken up into two podiums, East and West.  The 
eastern podium is a 4-story building that houses a junior ballroom, meeting rooms and a 
multipurpose restaurant.  The western podium is a 21-story building that houses the 
main hotel lobby, parking garage, grand ballroom with corresponding kitchen, meeting 
rooms, pool/health club, and 757 hotel rooms.  The grand ballroom has moveable 
partitions located in the ceiling that allow multiple events to take place there.  The 
western podium offers over 900,000 SF of hotel space.  The structure of the western 
podium consists of concrete beams, columns and shear walls to resist lateral loading.  
The green roof above the grand ballroom is supported by special joists and while the 
pool above the grand ballroom is supported by steel beams. 
 
For the second technical report of HBCCH an existing bay’s floor system was analyzed 
and compared to three other floor systems.  The existing floor system is a two-way flat 
plate slab and the alternative systems are a one-way slab, hollow-core precast panels 
on concrete beams, and composite steel framing.  Figure 1 shows the selected bay to 
be analyzed.  The bay is on the 5th floor. 
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FOUNDATION SYSTEMS 
 
The foundation of the western podium consists of caissons and spread footings.  The 
spread footings will bear on firm natural soils and have a minimum bearing capacity of 
4ksf.  The drilled caissons will have straight shafts to bear on gneiss rock and have a 
minimum safe bearing capacity of 100ksf.  The depths of the bottoms of the caissons 
vary from 14 feet all the way up to 32 feet below level B2’s floor slab.  The compressive 
strength of the drilled caissons and spread footings are 3500 psi, while the caisson caps 
that the columns bear on have a compressive strength of 4000 psi. A typical caisson 
section is shown in figure 2. 
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Fig. 2 

 
 
 
 
 
 
 
FLOOR SYSTEM 
 
The floor system consists of two-way slabs whose thicknesses range from 8” thick on 
the floors with hotel rooms to 11” in the underground parking garage.  The slabs shall 
are reinforced with 6x6-W1.4xW1.4 WWF, except for the slab-on-grade which is 
reinforced with 6x6-W2.1xW2.1 WWF as seen in figure. 3.  Drop panels are located on 
the B1, 1st, Mezzanine level, 2nd, 3rd, and 15th floors.  The drop panels vary from 5” up to 
11” in thickness.  Typical spans for floors consisting of hotel rooms are 26’-10”.  The 
column system layout is a very uniform layout consisting of typical exterior bays of 26’-
10” x 18’-8” and interior bays of 26’-10” x 19’-7”.  All columns consist of either a gravity 
resisting member or a combination of lateral and gravity resisting members.  Column 
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sizes vary from 12” x 18” columns to 44” x 30” Columns.  Sloped columns can be found 
on the second and third floors of the western podium.  A typical sloping column is 
shown in figure 2 as well as a typical concrete column post on beam detail is shown in 
figure 2. 
 

 

Fig. 3 

 Fig. 4 

 
 
LATERAL SYSTEM 
 
The lateral resisting system for wind and seismic loads consist of rigid moment frames 
that are inherent in monolithic concrete-framed construction.  A shear wall system is 
used as well for resisting wind and seismic loads.  Shear walls are located around the 
elevator shafts and stairwells.  The shear walls thickness ranges from 12” up to 18”.  A 
shear wall plan for the elevator is shown in figure 5. 
 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 8 of 49 
 

 
Fig. 5 

 
 
 
 
 
 

DESIGN LOADS 
 
All of the design loads for this technical report were calculated referencing ASCE 7-05: 
Minimum Design Loads for Buildings and Other Structures.  All dead, live and snow 
loads can be seen in Table 1 below. 
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Almost all lateral loads were calculated by hand and inserted into the tables on the 
following pages.  The hand calculations can be found on pages 31-35 in the Appendix.  
After calculating the lateral loads it was concluded that Seismic controlled over Wind. 
 
 
 
 
 
FLOOR SYSTEMS 
 
Two-Way Reinforced Flat Plate - Existing 
 
This two-way reinforced flat plate system designed by RTKL includes an 8” NWC slab 
with 15 #5 top reinforcing as well as 5 #4 and #4@10” o.c. mat reinforcing for the 
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bottom reinforcing.  The top reinforcing changes to #6 bars around columns to help 
resist the increased moment. 
 
A typical interior bay analysis, done at the 5th floor, was completed using the Direct 
Design Method reviewed in Reinforced Concrete: Mechanics & Design by Wight and 
MacGregor with the loads determined by ASCE 7-05.  The bay was split into two 
frames, Frame A and Frame B noted in figure 6, which were checked for minimum slab 
thickness and reinforcement design.  The slab thickness of 8” did not exceed the 
minimum of 9.27” so deflection was checked using RAM (deflection results can be seen 
in the appendix under two-way flat plate). The reinforcement was found to be larger 
than that designed due to mat reinforcing not being taken into account.  The typical bay 
was taken as 27’x20’ to simplify calculations rather than looking at the 26’10”x18’8” 
bays and 26’10”x19’7” bay.  There are calculations reviewing the wide beam action and 
punching shear within the slab which did not prove to be an issue and did not require 
any additional shear reinforcement.  Deflections found using RAM were found to be 
within the limits of l/480 for long-term deflection.  All supporting calculations for this 
analysis can be found in Appendix A. 

 
Fig. 6 

ONE-WAY SLAB – OPTION #1 
 
 
This system was designed by hand calculations per ACI 318-05 using an f’c of 4,000psi 
and a fy of 60,000psi.  The slab thickness was calculated to be 9” with cracking 
controlling the flexural rebar placement.  #4 rebar was placed at 12” o.c. at the top and 
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bottom of the slab for flexural strength.  To allow for a 2 hour fire rating between floors a 
clear cover of ¾” was used as per ACI 318-05.  The slab spans over the short direction 
of the 26’10”x19’9” and 26’10”x18’8” bays to a concrete beam on either side.  The bays 
were used to be 27’x20’ for simplification of calculations.   The concrete beam was 
designed to have a depth of 21” and a width of 16”.  The beam contains 14 #11 bars for 
flexural strength.    Additional details and calculations can be found in the Appendix 
section of this report. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HOLLOW-CORE PRECAST PANEL ON CONCRETE – OPTION #2 
 
This system was designed using PCI Edition 6.  As per the design guide it was found 
that a 96-S, 4’-0”x6” with a 2” normal weight topping is appropriate.  The superimposed 
service load in psf for that particular member is 68psf which is more than the calculated 
load.  The precast slab is supported by concrete beams that frame into the concrete 
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columns.  The concrete beam was sized using ACI 318-08 and found to be 19” in depth 
and 14” in width. 
 

 
Fig. 7 – Precast Hollow Core Planks 
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COMPOSITE STEEL FRAMING – OPTION #3 
 
This system was designed by using RAM Steel and the Vulcraft Steel Deck Design 
Guides, 2008.  The bay designed consists 2” normal weight concrete (145pcf) on 
2VLI18 3”x18Ga. steel decking.  The composite steel decking was found to hold 228psf 
which is more than the required load.  The beams were designed using RAM Steel and 
found to be W8x10, W16x26 and W10x12 with the beams requiring a maximum of 18 
shear studs, 22 shear studs, and 19 shears studs, respectively.  A camber of 1-1/4” was 
used. 
 
 

 
 

Fig. 8 -Typical Composite Steel Detail
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FLOOR SYSTEM COMPARISONS 
 
A comparison of all of the systems was performed for this report.  Theses comparisons 
consisted of factors such as weight, slab depth, system depth, foundation impact, fire 
rating, fire protection, column size, effect on the column grid, architectural impact, 
constructability, formwork, lead time, and system cost.  The comparisons were put into 
the following table.  Strong advantages for the system were highlighted in green, while 
the strong disadvantages were listed in red.  Values that were neither a strong 
advantage nor a strong disadvantage were left blank. 
  
 

Comparison 
Criteria 

Existing Option #1 Option #2  Option #3

Two‐way 
Reinforced Flat 

Plate 

One‐way 
Reinforced Slab 

Hollow Core 
Precast Panel on 

Concrete 

Composite 
Steel Frame 

Slab Self Weight  112.5 psf  112.5 psf  74 psf  62.5 psf 
Slab Depth  9"  9"  8"  5" 

System Depth  9"  21"  27"  20.7" 
Foundation Impact  ‐  Little  Moderate  Moderate 

Fire Rating  2 hour  2 hour  1.5‐2 hour  1.5‐2 hour 
Fire Protection  None  None  Spray  Spray 
Column Size  18x24  18x24  18x24  W10x33 

Effect on Column 
Grid  ‐  None  Little  None 

Architectural Impact  Existing 
Greater Floor 

Depths 
Deepest Girders 

Greater Floor 
Depths 

Constructability  Medium  Medium  Easy  Easy 
Formwork  Yes  Yes  No  No 
Lead Time  Short  Short  Long  Long 
System Cost  $8.78/SF  $9.04/SF  $14.23/SF  $10.15/SF 

More In Depth 
Analysis 

Yes  No  No  No 
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CONCLUSION 

 
After analyzing the different floor systems it was found that the current two-way flat plate 
system is the best for the building.  The only other options that have potential to be 
considered are a two-way pre-stressed, post-tensioning system.  The only downside of 
the existing system is the weight of the system which impacts seismic loads in the long 
run.  The two-way system is the cheapest of the four systems analyzed, has the least 
overall system depth and a short lead time. 
 
The one-way slab turned out not to be a viable option even though it’s cost is low and 
the slab thickness is the same as the two-way flat plate system.  Also there wouldn’t be 
an effect on the column grid and a minimal effect on the foundation system.  The 
downside to the one-way slab is the system depth is about twice as much as that of the 
two-way system which is going to cause greater floor depths which causes lower floor-
to-ceiling heights. 
 
The hollow-core precast panel on concrete beam system also turned out to not be a 
viable option.  Even though the precast system weighed less, had a lower slab depth 
and easier constructability compared to the existing system it had a higher cost, higher 
total system depth.  It would impact the foundation system, require spray on fire-
protection and has a long lead time and some effect on the column grid. 
 
The composite steel frame system turned out to not to be a viable option as well.  Even 
though it has least weight and slab depth out of the four systems analyzed it has the 
second highest cost, third highest total slab depth and a long lead time compared to the 
other systems which makes it not viable. 
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APPENDIX 
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Two-way Flat Slab (Existing) 
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Long Direction Deflection 
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Short Direction Deflection 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 28 of 49 
 

 
One-way Slab 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Page left blank intentionally) 
 
 
 
 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 29 of 49 
 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 30 of 49 
 

 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 31 of 49 
 

 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 32 of 49 
 



Technical Report 2     Hilton Baltimore Convention Center Hotel 
Chris Simmons                                                                                                                                                          Baltimore, MD 

Page 33 of 49 
 

Hollow-core Precast Panel on Concrete Beams (Option #2) 
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Composite Steel Framing (Option #3) 
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