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EXECUTIVE SUMMARY 
 
This technical report concentrates on the existing floor system of Memorial Sloan-Kettering along with 
four efficient alternative systems.  A detailed analysis of each system is provided, discussing the 
advantages and disadvantages associated with that particular design.  Each alternative is then compared 
against the original floor design in order to determine how effective of an option it is.  All four floor 
systems chosen for this report appear to be suitable alternatives for MSK.  Therefore, these results will help 
provide a good basis of which systems would be the most beneficial to further investigate. 
 
This report begins by examining the existing composite system found on the second, third, and fourth 
floors of Memorial Sloan-Kettering.  A typical 30’ x 30’ interior bay was analyzed with hand calculations 
to check the framing members.  After confirming those member sizes, this system was slightly modified 
into a non-composite system and analyzed for a second time.  Member sizes were once again designed for 
and compared to the original. 
 
The other three systems investigated for this report were a one-way concrete joist system, a hollow-core 
precast plank system, and a two-way slab system with drop panels.  All three of these designs are 
considerably different then the original since they deal predominately with concrete instead of structural 
steel.  Because of this, the CRSI 2002 and PCI 2000 handbooks were both referenced to aide in the 
structural design of these systems.  All tables referenced for this report can be found in the appendix.  Each 
system was created for the same interior bay as the original with the same superimposed loads acting on it.  
For each design, the type of floor system is described and then analyzed to determine the correct concrete 
member sizes, reinforcement size and placement, and slab properties.  In addition, advantages and 
disadvantages are discussed for that particular system along with how those characteristics would 
specifically influence Memorial Sloan-Kettering.    
 
After all four alternative floor systems were examined, a comparison chart was created to contrast the cost, 
weight, floor depth, and construction speed of each system against the others and the original.  From this 
chart, it became apparent which systems would in fact work in MSK and which were simply ineffective. 
This report acknowledges the original composite design’s efficiency as well as recommends further 
investigation of both the hollow-core precast plank and one-way joist system as possible floor system 
alternatives. 
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EXISTING FLOOR SYSTEM 
 
Memorial Sloan-Kettering Cancer Center is comprised of four stories above grade.  The 1st floor is made up 
of a one-way concrete slab system while the 2nd through 4th floors consist of composite concrete slab on 
metal decking.  For this technical assignment, the latter will be used as the typical floor system in MSK.  
 
Each overall floor area is approximately 20,000 square feet.  The second, third, and fourth floors all share 
similar beam, girder, and column sizes due to fact that bay sizes remain relatively constant throughout the 
building.  The dead and live loads applied to these floors are identical as well.  Because of these similarities 
found in the framing plans of Memorial Sloan-Kettering, it is possible that the same floor system could be 
used for the entire building. 
 
 
 

 
Typical Floor Framing 

 
 
The current design of a typical floor system in Memorial Sloan-Kettering is composite concrete slab on 
metal decking.  This system consists of a 4 ½” normal-weight concrete slab poured onto 2” 20-gauge 
galvanized metal decking.  The slab is reinforced with 6x6-W2.9 x W2.9 welded wire fabric.  The metal 
floor deck spans in the E – W direction and is continuous over a minimum of two or more spans.  This 
decking connects into the wide flange steel beams through equally spaced ¾” diameter by 4” long headed 
shear studs welded into the center of the flange.  
 
A typical floor framing bay, shown between column lines 18-19 and J-K, has been selected for this floor 
system analysis and will be used for the remainder of the report. An enlarged image of this bay can be 
found on the following page.  This 900 square foot bay is framed in the N – S direction by wide flange steel 
beams which span 30’.  These W6x26 beams are spaced 7.5’ feet on center and tie into W24x94 girders 
which span E – W from column to column.  
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LOADS AND CALCULATIONS 
 
 
The current loading found on the floors of Memorial 
Sloan Kettering are listed below.  All calculations used 
to find these loads are referenced in Appendix B. 
 
Dead Loads:    
 
  Typical Floor: 
                 56 psf      concrete slab                                                  
                   2 psf      metal deck 
                 15 psf      steel framing 
                 15 psf      superimposed dead load 
                 88 psf       
 
 
Live Loads: 
              
               100 psf         Table 4-1 ( ASCE 7-02) 
                                                                                                              Typical Bay Framing Plan 
This live load value was taken from Table 4-1 found in 
ASCE 7 – 02.  Furthermore, the same live load value was used in the design of MSK.  In order to compare 
alternative floor systems effectively, the same live load will be used in this report. 
                  
 
The typical bay being tested in this analysis follows the following load criteria.  The dead load does not 
include the self-weight of the beam. 
 

 
 
 
 

MODIFIED FLOOR SYSTEM 
 
Non-Composite System 
 
The first alternative floor system analyzed in this report is a concrete slab and metal decking on non-
composite wide flange steel beams.  This system is simply a modification of the existing floor system 
because the only alternation would be the lack of shear studs welded between the members and the slab. 
 
There are some advantages to selecting a non-composite system over a composite one.  The time of 
construction would be slightly reduced due to the fact that shear studs would not have to be welded in place 
prior to the pouring of the concrete slab.  This aspect could also lower the installation cost because field 
welders would not have to be hired to complete this task. 
 
Despite these advantages, a number of disadvantages surface with the decision to use a non-composite 
system.  With this design, the concrete and steel are not working together, causing the steel member to take 
the entire moment.  Because of this, the sizes of the steel beams supporting these floors tend to heavier and 
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larger then those required for composite floors.  When calculating the required size of a non-composite 
beam for this bay, the most economical choice was a W18 x 35.  Compared with the existing beam size of 
W16 x 26, these new structural members are 2” deeper, taking away space from MEP equipment or 
increasing the floor to floor heights. 
 
 
ALTERNATIVE FLOOR SYSTEMS 
 
The remaining three systems analyzed in this report change Memorial Sloan-Kettering’s floor system from 
steel framing to concrete.  Both the CRSI 2002 and PCI 2000 design manuals were referenced to aide in the 
structural design of these systems.  Although MSK is currently framed in structural steel, these systems are 
being looked at to determine whether they would be an effective alternative to the composite slab on steel 
members.  The three concrete systems being investigated are: a one-way joist system; hollow-core precast 
planks; a two-way slab system with drop panels. 
 
 
One-Way Concrete Joist System 
 
A one-way concrete joist system was looked at as a possible alternative to Memorial Sloan-Kettering 
because of its similarities to the current floor system.  The joists are arranged in one-direction in between 
larger, parallel supports much like steel beams in between girders.  This system also benefits longer spans 
like the one chosen for this report.  The deep concrete joists allow for adequate stiffness and efficient 
reinforcement placement while keeping the slab at a minimal thickness, thus reducing potential dead load.  
Another positive attribute related to the construction of this system is that the pan forms can be re-used 
multiple times to reduce cost. 
 

The concrete joists were designed to span 30’ in 
the N – S direction, taking on the role of the 
current steel beams.  After going into the CRSI 
tables, an adequate design was found on page 8-
24.  This page can be referred to in Appendix D.  
This design calls for 16” deep joist ribs supporting 
3” of top slab.  These ribs are 6” thick and are 
spaced 36” on center.  A cross-section of this 
system is displayed to the left.  Each joist is 
reinforced with two bottom bars (one #5, one #6) 
and have top reinforcement of #5 bars spaced 9”               

on center.  
 
Joist-band beams were also selected to take the place of steel girders for this system.  These beams would 
span from column to column in the E – W direction and transfer the loads taken from the concrete joists 
into the columns.  An effective design calls for a 24.5” deep by 24” wide concrete beam reinforced with 
two #14 bottom bars and five #14 top bars.  Again, this table is referenced in Appendix D. 
 
One variable that was considered for this design was keeping the depth of the joists close to the current 
depth of the beams.  A W16 x 26 beam supporting 4.5” of slab has a total depth of approximately 20.5”.  
The design chosen for this bay has a total depth 19”, reducing the member depth by over an inch and 
providing more room for the MEP system.   Another advantage to this system is that it meets the required 
two-hour fire rating without the need to fire-proof. 
 
This one-way joist system also has certain drawbacks not seen in the current system.  One of the largest 
disadvantages of this system is the amount of time required for construction of each floor. Formwork and 
steel reinforcement must be correctly set before the concrete can been poured.  Once the concrete is set in 
place, construction workers must wait until the concrete cures before removing the pans and beginning the 
next floor.  On top of this, shoring must be set in place to support the formwork until the concrete is able to 
support its own weight.  
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Hollow-Core Precast Planks 
 
A hollow-core precast plank system was chosen as the next alternative concrete floor system analyzed for 
MSK.  These precast, pre-stressed planks are created in concrete plants, which allows for higher quality 
products and quicker assembly once brought on site.  Because steel strands are pre-stressed within these 
planks, load capacity and span ranges are larger then normal reinforced concrete.  Deflection can also be 
controlled by altering the camber of the plank.  These hollow-core strips can also rest on steel girders or 
inverted tee beams depending on the infrastructure of the building.  
 
When designing for a typical bay chosen, the hollow-core precast planks would span 30’ in the N-S 
direction from support to support.  Tables from the PCI design handbook were used to assist in this 
system’s design.  The sufficient size chosen was a 4’-0” wide by 8” thick precast hollow-core plank with a 
2”normal weight concrete topping.  This plank is reinforced with six #8 strands which have a straight 
tendon profile throughout the entire strip.  A cross-section of this system is displayed below.  
 

 
 
This hollow-core system has some advantages not offered by other concrete systems.  The most noticeable 
would be its rapid construction period.  As mentioned earlier in the report, these planks are brought on site 
fully cured.  Only the 2” concrete topping needs to be applied once in place, and because the planks are at 
full strength, no shoring is required for added support.  Another advantage to this system would be its 
thickness.  Even with the 2” concrete topping, these hollow-core planks are only 10” thick allowing for 
more MEP space, higher ceilings, or decreased floor to floor heights.  As with the other concrete systems, 
no additional fire proofing is required to meet the necessary two-hour fire rating.    
 
There are some disadvantages to this system as well.  First off, hollow-core planks are designed for regular-
shaped frames.  However, the east and west sides of MSK maintain a curved façade, creating irregularly 
shaped exterior bays.  Another negative aspect to this system would be the need to have cranes on site in 
order to put the precast strips into place.  Furthermore, specialized workmanship is often required to ensure 
correct placement. 
 
 
Two-Way Slab System with Drop Panels 
 
A two-way slab system with drop panels was the last alternative analyzed for Memorial Sloan-Kettering’s 
floor design.  This system is typically used for square bays with longer spans, much like the one chosen for 
this report.  By adding a drop panel around each column, punching shear is avoided and more moment can 
be taken at the supports. This in turn reduces the overall slab thickness and steel reinforcement in the bay.  
Smaller columns can also be used compared to a two-way system without drop panels. 
 
Once again, the CRSI tables were referenced for this system and an appropriate design was found on page   
10-29.  This design calls for an 11.5” thick slab with 10’ x 10’ drop panels, 9” deep around each support. 
Refer to the image below.  Reinforcement for the slab is broken down between the column strip and 
moment strip.  The column strips requires (17) #6 bars as top reinforcement and (14) #6 bars as bottom 
reinforcement.  The middle strip requires (15) #5 bars as top reinforcement and (13) #5 bars as bottom 
reinforcement.  All reinforcement must also be distributed equally throughout each assigned strip.  A 
minimum column size of 19” x 19” must be provided for this two-way system as well.  
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There are a number of structural advantages by 
using a two-way system with drop panels.  Like 
the hollow-core planks, this system offers 
minimum thickness for a bay this large.  
Compared to the existing composite system that 
has a depth of 20.5”, this two-way slab is only 
11.5” for most of the bay. The drop panels 
descend an additional 9” around each column, 
but even at those points the slab becomes 20.5”.  
Another benefit of the two-way system would 
be its lack of structural members.  Because there 
are no beams or girders, MEP equipment can 
run in either direction without anything 
hindering its path.  This could allow for a more 
effective MEP layout throughout the building. 
 
Like all floor alternatives, this two-way slab 
system comes with a few disadvantages.  The first would be its increased construction period.  Like the 
one-way joists, this system must have formwork and steel reinforcement placed before the concrete can be 
poured.  Although the two-way slab is flat, additional formwork must be produced for each drop panel.  
Shoring must also be provided to support the slab until it is fully cured.  Another negative aspect for this 
system would be the added dead weight applied to the structure.  An 11.5” slab has a self-weight of 144 
psf, and that does not even take into consideration the weight of the drop panels.  This additional weight 
will affect both the infrastructure’s column sizes and foundation. 
 
COMPARISON CHART 
 

 
 
CONCLUSION 
 
After analyzing the four alternative floor systems and comparing each to the existing design, certain 
advantages and disadvantages become evident with each option.  The original composite floor system 
offers both economical and structural advantages to MSK, making it apparent why this design was initially 
chosen.  The modified version of this system saves a small amount of construction time but is also more 
expensive.  Because no clear advantages exist with this non-composite design, there is no reason to 
consider it as a possible alternative.  Despite a longer construction period, the one-way concrete joist 
system offers a smaller overall floor depth and seems to be an effective alternative at this time.  The 
hollow-core precast plank system also reduces floor depth as well as increases construction speed. As a 
result, this system would also be an efficient choice and should be further investigated.  The final option of 
a two-way slab with drop panels adds to much additional dead weight to the structure and therefore is not 
worth considering in further designs of Memorial Sloan-Kettering.  At this time, both the one-way joist and 
hollow-core plank systems appear to be the two best alternatives.     
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APPENDIX A: REFERENCES 
 
CRSI Design Handbook 2002 
 
PCI Design Handbook – 5th edition 
 
Manual of Steel Construction – 3rd edition 
 
RS Means 2005 
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APPENDIX B:  LOAD CALCULATIONS 
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APPENDIX C: EXISTING FLOOR SYSTEM 
 
Composite Slab on Deck Check: 
 

 
 
 



 10

Composite Slab on Deck (continued) 
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Composite Slab on Deck (continued) 
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APPENDIX D: ALTERNATIVE FLOOR SYSTEMS 
 
Non-Composite Slab on Deck 
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One-Way Concrete Joist 
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Joist-Band Beam Design 
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One-Way Concrete Joist Design Table 
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One-Way Joist Properties 
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Joist-Band Beam Design Table 
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Hollow-Core Precast Planks System 
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Hollow-Core Plank Design Table 
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Two-Way Slab System with Drop Panels 
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Two-Way Slab Design Table 
 
 
 

 


