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EExxeeccuuttiivvee  SSuummmmaarryy  

  

 
This paper is designed to investigate alternative solutions for the floor system 
of the Christiana Hospital project.  After completing this investigation I will 
compare these alternate systems to each other and to the original system to 
see in what areas each performs best.  In the end I will explain which system I 
feel best suits the Christiana Hospital and potentially find other systems that 
warrant further research. 
 

 
 

The five alternate systems that will be analyzed are as follow: 
• Non-Composite Steel Frame 
• Composite Steel Frame 
• Prestressed Hollow Core Plank 
• Waffle Slab 
• Shear Reinforcement in Slab Immediately 

Surrounding Columns (Replaces Drop Panels) 
 

Conclusion: 
After analyzing and gaining a better understanding of the five alternative 
solutions it was obvious that the current floor system is the best system for 
this application.  The existing floor system works well for the large spans and 
somewhat varying column placement in the building.   
 
Looking at the five alternatives it is obvious that both the non-composite and 
the hollow core plank systems do not work well in this situation.  Due to the 
varying layout these designs are not at all advantageous.  They also create 
large member sizes that cause the floor thickness to be much deeper than the 
original floor system produced.  On the other hand, three alternatives that 
will be further researched are the composite floor system, the waffle slab, and 
replacing the drop panels with shear reinforcement.  While these three 
alternatives performed well enough to be researched further, I feel that the 
current two-way flat slab is the best solution for this structure. 
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Gravity Loading 
 

 

Floor Live Loads 

Occupancy or Use Uniform Live Load (psf) 

Assembly Space 100 

Typical Hospital Floor 60 

Corridor 80 

Mechanical Rooms 150 

Stair 100 

Roof 15 

Partition 20 

 

Floor Dead Loads 

Occupancy or Use Dead Load 

Reinforced Concrete 150 pcf 

Steel Members Varies 

Floor Superimposed 15 psf 

Roof Superimposed 15 psf 
 

Snow Loading 

Item Value 

Ground Snow Load (Pg) 25 psf 

Exposure Category B 

Roof Exposure Partially Exposed 

Exposure Factor (Ce) 1.0 

Thermal Factor (Ct) 1.0 

Occupancy Category IV 

Importance Factor (Is) 1.2 

Flat-Roof Snow Load 

Pf = 0.7CeCtIsPg 
21 psf 
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EExxiissttiinngg  FFlloooorr  FFrraammiinngg  

  
  

The framing of the Christiana Hospital project is currently a combination of 
both concrete and steel.  The main portion of the hospital is concrete with a 
stand alone adjacent steel framed conference wing.  The concrete portion of 
the building stands 8 stories with one level underground and a penthouse 
roof.  The structure contains varying spans, a majority being in the range of 
30’, which are created using a typical 9½ inch thick two-way flat slab with 5½ 
inch drops or shear caps.  This slab transfers load to 24 inch square columns 
which in turn take the load down to a mat foundation.  To prevent rotation 
and lateral displacement due to wind or seismic loading shear walls are 
strategically placed perpendicular to the buildings perimeter. 
 
The conference wing is a 3 story structural steel frame with a majority of 
beams having pinned connections and spanning around 30 feet.  In the center 
of this area is a larger span of over 60 feet.  The buildings loads are 
transferred to the beams using a 3¼ inch, light weight concrete, structural 
slab over a 2 inch deep by 18 gage galvanized composite metal deck creating 
a total slab thickness of 5¼ inches.  The load in the beams is transferred to 
steel girders which are attached using a pinned connection to W-shaped 
columns.  These columns continue down to 4000 psi concrete spread footings.  
The wind and seismic loading in this area is distributed using concentrically 
braced frames. 
 
This paper will focus on the main building comprised of concrete framing.  
One of the larger more typical bays will be looked at in order to gain a better 
overall view of my framing alternatives.  The bay size that will be looked at is 
30’ x 28’-6”.  Loads, as stated in the previous section, will be used for the 
member sizing and building plans can be viewed in the Appendix. 
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FFrraammiinngg  AAlltteerrnnaattiivvee  ##11  

NNoonn--CCoommppoossiittee  SStteeeell  FFrraammee  
  

  
The first framing alternative taken into consideration was a non-composite 
steel framing system.  This system consists of a 2” lightweight concrete slab 
placed on 22 gage 2” high x 6-1/8” pitch x 24-1/2” wide Versa-Deck S (see 
Appendix pages 13-16).  The metal deck then spans to W16x89 joists that are 
simply supported by W21x166 girders.  Although these beam and girder sizes 
are not the most economical they were chosen based on their size in an 
attempt to keep ceiling to floor heights to a minimum for architectural 
reasons. 
 
Pros: 

• Quick erection time after the fabrication is complete. 
• Less room for error in the erection process. 
• Lighter than the concrete frame creating lower seismic loads allowing 

for the foundation to be redesigned. 
 

Cons: 
• Most likely more costly than concrete due to fact that the shapes were 

chosen to be smaller in depth to try and keep the floor thickness small 
making them less economical. 

• Steel members will require additional fireproofing that will add both 
labor and material costs. 

• The floor thickness has been increased to 26½” or 2’-2½”.  While this 
new thickness may not directly effect the building aesthetically, due to 
the fact that there is a 3’-4” allowance for structural use including a 
drop ceiling, it will most likely have a negative affect on the way the 
MEP is designed and installed. 
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FFrraammiinngg  AAlltteerrnnaattiivvee  ##22  
CCoommppoossiittee  SStteeeell  FFrraammee  

  
  
The second framing alternative taken into consideration was a composite 
steel frame.  The frame consists of a USD 2” Lok-Floor with 3¼ inches of 
concrete placed on top.  The concrete and decking work in composite action 
with the beams below using ¾” diameter shear studs spaced evenly.  The load 
is transferred from the slab to the W14x22 beams below and the composite 
action is formed using 22 studs.  This load is then transferred to W18x35 
girders which are directly attached to the columns (See Appendix page 17). 
 
Pros: 

• The floor thickness is not nearly as deep as when the non-composite 
system was looked at.  This system has a depth of only 23”.  While this 
may merely be a 3½” difference from the non-composite floor, the 
cost of the composite floor will be lower due to the fact that more 
economical shapes were allowed to be used. 

• Erection time for this frame will also be quicker than that of concrete 
once the members are fabricated. 

• The composite action will work well with vibrations. 
• Since the conference wing is also constructed using a composite floor 

system, it may cut down on the amount of sub contractors needed for 
the job making the job slightly easier to manage. 

• Lighter than concrete frame creating lower seismic loads and allowing 
for the foundation to be redesigned.  

 
Cons: 

• More difficult to fireproof than the original concrete system.  Spray on 
fireproofing or extra layers of gypsum will be required to be added 
around the members. 

• While the floor depth is thinner than both the non-composite and the 
hollow core plank systems, it is still deeper than the original floor 
system which may cause trouble for the MEP engineers. 
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FFrraammiinngg  AAlltteerrnnaattiivvee  ##33  
PPrreessttrreesssseedd  HHoollllooww  CCoorree  PPllaannkk  

  
 
The third framing alternative taken into consideration was a prestressed 
concrete hollow core system on non-composite steel girders.  This system is 
composed of 8” x 4’ Spandeck with a 2” cast-in-place concrete topping.  The 
deck spans 28’-6” to W24x162 steel girders.  These girders were controlled by 
the deflection criterion of L/360 and the size with the smallest depth was 
chosen in an effort to keep the floor thickness as small as possible.  
Calculations and tables can be viewed on pages 18-20 of the Appendix. 
 
Pros: 

• Quick erection time after fabrication is complete which will cut down 
on labor costs. 

• Because the concrete and prestressing for these panels is done in a 
controlled environment the quality and strength of the panels can be 
higher than that of concrete formed in the field. 

 
Cons: 

• Due to the weight of the panels they cause the girders supporting 
them to be quite large.  These large girders in addition to the 8 inch 
deck and 2 inches of concrete topping add up to a 35” floor thickness.  
This is much larger than the current construction using a 9½” two-way 
slab.  As in alternative #1 this may not interfere architecturally due to 
the drop ceiling but will definitely interfere with the MEP design and 
installation. 

• While the hollow core planking acts great in the event of a fire the 
steel members that this planking is resting on will require some 
additional form of fireproofing whether it be sprayed on or additional 
gypsum or drywall. 
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FFrraammiinngg  AAlltteerrnnaattiivvee  ##44  
WWaaffffllee  SSllaabb  

  
 

The fourth floor alternative taken into account was a waffle slab.  The waffle 
slab is composed of standard 30”x30” domes.  Using CRSI to design the slab, 
column strip and middle strip reinforcement can be seen below (See pages 
21-22 of the Appendix. 

 
Column Strip Middle Strip 

# of 
Ribs 

Short 
Bars 

Long 
Bars 

Top 
Bars 

# of 
Ribs 

Short 
Bars 

Long 
Bars 

Top 
Bars 

5 #6 #6 21#6 5 #5 #5 15#4 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pros: 

• Considerable reduction in dead load as compared to conventional 
solid flat slab construction. 

• Use of drip panels or support beams not needed. 
• Easily accommodates electrical and mechanical utilities. 
• Has inherent fire resistance. 
• Only 13” thick. 
 

Cons: 
• Difficult to form and construct due to non uniformity in building. 
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FFrraammiinngg  AAlltteerrnnaattiivvee  ##55  
SShheeaarr  RReeiinnffoorrcceemmeenntt  ((NNoo  DDrroopp  PPaanneellss))    

  
 

The final floor system that was taken into consideration was a 9½” two-way 
flat slab utilizing shear reinforcement in the slab immediately surrounding 
the columns.  This system is merely a modification of the original two-way 
flat slab and is an attempt to reduce floor thickness by adding shear 
reinforcement where the 5½” drops originally were.  By calculating the 
amount of shear reinforcement needed I found that it is possible to replace 
the 5½” drops with #3 double u-stirrups.  Refer to pages 23-24 of the 
Appendix for calculations. 
 
Pros:  

• Thinner floor depth around columns. 
• Existing two-way slab works well for the building geometry. 
• No additional fireproofing need. 
• Carpenters do not need to form the 5½” drops. 

 
Cons: 

• More expensive for stirrup placement as opposed to forming a 
concrete drop panel. 

• Will take longer to place stirrups as opposed to formwork. 
• May not be noticed due to interior hung ceiling. 
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CCoommppaarriissoonn  &&  CCoonncclluussiioonnss 
  

 
 

 Existing 
  

Non-Comp. 
Steel 

Comp. 
Steel 

Hollow 
Core Plank 

Waffle 
Slab 

Shear 
Reinf. 

Floor 
Thickness 

9 ½” 26 ½” 23” 35” 13” 9 ½” * 

Add. Fire 
Protection 
Required 

No Yes Yes Yes No No 

Prefab Time No Yes Yes Yes No No 
Formwork Yes No No No Yes Yes 
Fast 
erection 
time 

No Yes Yes Yes No No 

Foundation 
Redesign 

No Yes Yes No Possibly No 

Possible 
Solution 

Yes No Yes No Yes Yes 

* Requires no drop panels around columns. 
 
 
Conclusion: 
After analyzing and gaining a better understanding of the five alternative 
solutions it was obvious that the current floor system is the best system for 
this application.  The existing floor system works well for the large spans and 
somewhat varying column placement in the building.   
 
Looking at the five alternatives it is obvious that both the non-composite and 
the hollow core plank systems do not work well in this situation.  Due to the 
varying layout these designs are not at all advantageous.  They also create 
large member sizes that cause the floor thickness to be much deeper than the 
original floor system produced.  On the other hand, three alternatives that 
will be further researched are the composite floor system, the waffle slab, and 
replacing the drop panels with shear reinforcement.  While these three 
alternatives performed well enough to be researched further, I feel that the 
current two-way flat slab is the best solution for this structure. 
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AAppppeennddiixx
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30’-0” 



Joseph Sharkey  13 
Technical Report #2   
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Non-Composite Deck 

 



Joseph Sharkey  17 
Technical Report #2   

28’-6” 

30’-0” 

RAM Steel Design 
Composite Floor Layout – Shape (# of Shear Studs) 
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Prestressed Hollow Core Plank 
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Value Used 
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Shear Reinforcement 
(No Drop Panels)
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