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Structural Tech Report #2 
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1.0  Executive Summary 
  

Introduction 
This report analyzes and compares alternate floor systems to the existing floor system at Fordham 
Place.  The alternate systems were chosen based on design considerations listed below.  
Assumptions were made and each system was compared based on the advantages and 
disadvantages to determine a viable alternate system. 

   

Existing Floor System 
Composite steel beams with composite slab on metal deck 

This system is suited very well for Fordham Place.  It is really quick and easy to 
erect which can be important in a busy city like Bronx.  It is also more 
economical than concrete systems because there is no height limitation in Bronx, 
therefore floor sandwich depth is not a factor. 
 

Alternate Floor System 
Two – Way flat plate 

A two – way flat plate is an average design.  Concrete is primarily used to 
decrease floor sandwich depth.  However, as noted before that is not major 
factor.  Also if a two way system would be used, a two – flat slab with drop 
panels is a more efficient design. 

Two – way flat slab with drop panels 
As discussed above this system is better than the flat plate because the extra 
concrete in the drop panels gives the system a higher moment capacity where it is 
needed (column supports). 

Two – way waffle slab 
This system was considered because it performs the same as any other two way 
system, but the geometry allows a design that does not require as much concrete 
as the other two – way systems.  However, it is very unsightly and will not work 
well with duct work. 

One – way pan joist 
One – way concrete floor systems are primarily used for bays that are not so 
square.  This bad thing about this design, and the other concrete systems, is they 
do not work well with duct work and electrical lines. 

Open web steel joist 
This is a risky design for and office building due to its suseptability to floor 
vibrations.  It is the designers engineering judgment, but I would avoid Open web 
steel joist. 

Non – composite steel beams with concrete slab on metal deck 
 This is a good design; however a composite design yields smaller members, and 
therefore is the better design. 
 

Conclusion:  Structurally, all options are viable.  However only the steel systems and the flat slab 
with drop panels are architecturally and structurally viable.  The best system is the current 
composite steel beams with composite slab on metal deck. 
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Floor Design Considerations 
 

Cost, Constructability, Floor sandwich depth, Flexibility of floor (holes for ductwork 
etc.), Vibrations, Weight, Fire Protection, Durability, Erection time. 

 
Building Description 
  

Fordham Place is a 15 story office / retail building that is located at 400 East Fordham 
Road, Bronx, NY.  The 174060 sq. ft tower is going to tie into an existing 6 story SEARS 
building.  In the new tower, structural engineers used modern design, taking advantage of 
composite action using steel beams with a 6 ¼ “ concrete slab.  The slab will be 
supported by 3” composite floor deck with 3” headed shear studs within the slab.  Steel 
columns are used to transfer load to foundation, where it will be supported by a number 
of 150 ton piles.  The main lateral resisting system is made up of steel concentrically 
loaded chevron braced frames.  
The framing plan of a typical office floor at Fordham Place is quite complex.  Columns 
are shifted from bent to bent leaving no “typical” bay.  Due to the implications brought 
about by these “not so typical” bays when comparing floor systems and the difficulty in 
communicating the results to a client or architect, I decided to try and simplify the 
framing plan.  The main goal in doing this is to be able to produce a typical square bay 
that is structurally equivalent to the current design.  To do this, typical beam spacing and 
span was kept at 9’-4” and 27’-9” respectively, which in turn did not change tributary 
areas.  Therefore the beam design should theoretically be the same.  The girder’s span of 
which I plan analyze will stay at 28’.However columns will be shifted so that the bay will 
be a 27’-9” x 28’ square bay.   To prove that this proposed typical bay is indeed the same 
as the current design, I modeled this typical square bay in RAM using the exact design 
criteria that was used for the current design.  When this was done, the square bay design 
was very similar as the current bay design.  From this point on, I will be analyzing and 
comparing different floor systems using the proposed square bay. (Pictures show the 
differences between the two designs) 
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2.0 Existing System 
2.1 Composite steel beams with composite slab on metal deck 

The floor system of Fordham Place consists of structural steel W sections that 
support metal deck and concrete slab.  The W shape beams and girders are 
A992 grade 50 and support a light weight concrete (115pcf) slab of 6.25 in.  The 
concrete’s compressive strength is f’c = 3000psi for all floors.  Reinforcing of 
concrete is done with high strength billet deformed steel bars with fy = 
60,000psi as a minimum.  All floor deck is 20 gage 3” deep galvanized 
composite deck and is continuous over 2 spans at the joints of the deck.  All 
shear studs are headed studs of grade 1015 or 1020 cold finish carbon steel.  
Studs, at a maximum are spaced every 12”.   

  
Design Criteria: 
 DL = 60psf     F’c = 4ksi (LWT)  
 LL = 80psf     fy = 60ksi 
 Wu = 1.2DL + 1.6LL    Typical bay size: 28’ x 27’9” 
        =200psf 
  

Advantages 
 Reduces floor vibrations induced by walking  
 Composite action yields smaller member sizes 
 Easy to erect 
 Works well with ductwork and electrical lines running through 
floor 

 Relatively light system 
 No cost for formwork 

Disadvantages  
 Floor sandwich depth is large   
 Needs additional fire proofing to meet standards 
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3.Alternate systems 
3.1Two – way flat plate 

I chose to consider this system as an option because the bays at 
Fordham place are square and do not span a very long distance.  This 
geometric setup makes a two way system an efficient design.  This 
system was designed by hand per ACI and using CRSI.  When 
designing with CRSI, load factors were 1.4DL + 1.7LL as opposed 
to 1.2DL + 1.6LL.  There were differences in the two designs but it 
was just the selection of bar sizes and spacing.   
 
Advantages 

 Small Floor sandwich depth compared to that of a steel system 
 Reduces floor vibrations induced by walking  
 Concrete provides required fire protection rating therefore 
eliminating the need for any additional fire proofing. 

 
Disadvantages  

 A two way concrete floor system is not a preferred design for 
an office building because office buildings usually use a 
central heating system which means holes will be cut in the 
slab for ductwork.  These holes decrease the capacity of the 
concrete significantly.   

 This system will be heavier than a typical steel building 
making the foundations larger.  This heavier system will 
produce a greater seismic loading, increasing the need for a 
larger lateral force resisting system. 

 Construction costs will be larger due to the formwork and 
shoring than that of a steel building where metal deck is used.   
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3.2Two – way slab with drop panels 
This system was considered because the drop panels allow a smaller 
slab depth compared to that of a flat plate.  This was hand calculated 
and designed per ACI 02.   
 
Advantages 

 The drop panels provide extra strength to resist negative 
moment at the supports as opposed to just a flat plate 

 Punching shear at the columns are a common controlling 
design, making drop panels a very efficient design with 
respect to the amount concrete used. 

 Reduces floor vibrations induced by walking. 
 Small floor sandwich depth compared to that of a steel system 
 Concrete provides required fire protection rating therefore 
eliminating the need for any additional fire proofing. 

 
Disadvantages 

 A two way concrete floor system is not a preferred design for 
an office building because office buildings usually use a 
central heating system which means holes will be cut in the 
slab for ductwork.  These holes decrease the capacity of the 
concrete significantly.   

 This system will be heavier than a typical steel building 
making the foundations larger.  This heavier system will 
produce a greater seismic loading, increasing the need for a 
larger lateral force resisting system. 

 Construction costs will be larger due to the formwork and 
shoring than that of a steel building where metal deck is used.   
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3.3 Two – way waffle slab 
A two – way waffle slab provides the all of the same advantages as 
that of a two way flat plate or flat slab with drop panels.  The waffle 
shape of the slab reduces the amount of concrete required. The voids 
are 19” x 19” with a 5” rib totaling 24” width per member.  Total 
depth of the slab is 11”(8”rib with 3” topping).  I selected this size 
because there will be (28’ - 0” / 24”) = 14 joist per bay.  This will 
eliminate the need for any kind of extra labor and equipment cost 
needed to form the slab to fit the bays.  This system was designed 
using CRSI’s load tables.   
 

Advantages 
 At column supports, the waffle slab is a solid concrete slab.  
This is done to resist punching shear and negative moment. 

 Less concrete used than that in a flat plate or flat slab with 
drop panels. 

  Reduces floor vibrations induced by walking. 
 Concrete provides required fire protection rating therefore 
eliminating the need for any additional fire proofing. 

 
Disadvantages 

 The waffle slab is not a favorable design because most 
architects don’t like way it looks.   

 A two way concrete floor system is not a preferred design for 
an office building because office buildings usually use a 
central heating system which means holes will be cut in the 
slab for ductwork.  These holes decrease the capacity of the 
concrete significantly.   

 This system will be heavier than a typical steel building 
making the foundations larger.  This heavier system will 
produce a greater seismic loading, increasing the need for a 
larger lateral force resisting system. 

 Construction costs will be larger due to the formwork than that 
of a steel building where metal deck is used.   
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Conclusion:  A waffle slab is primarily used in apartment buildings 
because costs and durability are major design considerations.  It is not 
a preferred design for an office building. 
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3.4 One – way pan joist 
The typical bay at Fordham Place is square, making a two way system 
a much more preferred design.  However I chose to look at a one – 
way pan joist system also to compare differences.  The joists are 30” 
forms with a 7” rib totaling 37” width per member.  Total depth of the 
members are 19”(16”rib with 3” topping).  I selected this size because 
there will be (27’-9” / 37”) = 9 joist per bay.  This will eliminate the 
need for any kind of extra labor and equipment cost needed to cut the 
joist to fit the bays.  Material strengths are f’c = 4ksi and fy = 60 ksi 
for concrete and steel respectively.  This system was designed using 
CRSI. 
 

Advantages 
  Reduces floor vibrations induced by walking. 
 Concrete provides required fire protection rating therefore 
eliminating the need for any additional fire proofing. 

 Joists are shop fabricated which eliminates additional cost for 
formwork. 

 
Disadvantages 

 Floor sandwich height (19”) is a little deeper than that of the 
two way systems, but still significantly less than that of a steel 
building. 

 This system will be heavier than a typical steel building 
making the foundations larger.  This heavier system will 
produce a greater seismic loading, increasing the need for a 
larger lateral force resisting system. 

 
 

Conclusion:  The one way joist system is not a reasonable design 
because of the duct work that needs to travel through the floors in a 
ordinary office building. 
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3.5 Open web steel joist 
Open web steel joist were a design option because they are 
significantly less than other options.  Since floor sandwich depth or 
cost control most designs, I will design and compare two different 
sizes of steel joists.  One will be designed based on the smallest depth 
of a member, and the other will be designed based on economy. This 
system will be designed using The New Columbia Joist Company 
design guide.   
 

Advantages 
 Very inexpensive system 
 Easy to construct 
 Not as heavy as other systems therefore reducing foundation 
sizes and seismic loads 

 Construction time will be short 
 

Disadvantages 
 Open web steel joist are prone to floor vibrations 
 Floor sandwich depth is large 
 Additional fire proofing required 

 
Design Parameters: 
Span: 28’ – 0” (taken from centerline to centerline of supporting 
members) 
Spacing: 24” 
LL = 1.6*80psf*2ft = 256psf 
Wu = 1.6*80psf*2ft + 1.2*60psf*2ft = 400psf 
∆LL = l/360 
 
Design Results: 
18K9 spaced at 2ft with two rows of bridging (shallowest member) 
22K6 spaced at 2ft with two rows of bridging (most economic member) 
Both have 20 gage 2” Lok-floor metal deck with 1 shear stud per foot.  
Total slab thickness = 5” 
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Conclusion: Open web steel joist is a risky design due to floor vibrations.  
Because Fordham Place will house numerous occupants, floor vibrations 
will be unacceptable.  Therefore I would stay away from this design. 
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3.6 Non – composite steel beams with concrete 
This system was considered as an option for Fordham Place because I 
wanted to see the differences between a Non - composite and 
composite floor system.  This system was designed using RAM 
Structural System per LRFD. 

 
Advantages 

 Less labor cost than composite because there are no shear 
studs 

 Easy to erect 
 Construction time will be short 
 Reduces floor vibrations induced by walking 
 Relatively light building weight 

 
Disadvantages 

 Material cost are greater because members need to be bigger  
 Floor sandwich depth is large 
 Additional fire proofing required 

 
 
Conclusion:  This is a good design however, the composite system is better 
because it reduces member sizes. 
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The following is the RAM output of a typical non-composite girder 

 



 

 

 

 

 
 

24/26 

The following is the RAM output of a typical non – composite beam 
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The following is the RAM output of a typical composite beam 
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The following is the RAM output of a typical composite girder 

 


