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Executive Summary 
The Gateway Commons building in Ithaca, New York is a mixed-use development building 
being used for retail and residential apartments.  It has a basement floor below grade and six 
floors above grade at a height of 62 feet.  CMU walls supporting precast concrete hollow core 
planks make up the building structure.  The building façade uses a combination of brick, an 
Exterior Insulation Finish System (EIFS), and metal panels.   
 
The objective of this report is to explore alternative floor framing systems for the Gateway 
Commons building and analyze their feasibility.  The feasibility of each system was based on 
cost, constructability, floor depth, fire resistance, and the impact on the lateral system and 
foundation.  A framing plan for each alternative was developed and representative bays were 
designed and compared against the other alternatives.  The four alternatives that were analyzed 
are: 
 

• Hollow Core Planks on Steel Beams 
• Two Way Slab with Edge Beams 
• Composite Steel 
• Non-Composite Steel 

 
Based on the findings of this report the hollow core planks on steel beams system and the non-
composite system were discarded as possibilities.  The two way slab with edge beams and the 
composite design were both considered as possible alternatives to the existing hollow core 
planks on CMU walls system.  Due a lower cost and a shallower floor depth than the composite 
steel design, the two way slab with edge beams was chosen as the best alternative to the existing 
system.   
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Introduction 
 
Gateway Commons located in Ithaca, New York is a mixed use project containing retail and 
residential spaces.  It has a basement floor below grade and six floors above grade at a height of 
62 feet.  The basement has a floor to floor height of 11’-4” and the floors above grade have 
height of  10’ except for the first floor which has a height of 12’.  The total building area is 
43,000 square feet.  The ground floor is retail spaces and the others contain residential 
apartments.  Construction for this project was completed in April of 2007.  A typical floor plan 
of the building is shown in Figure 1. 
 
The building has a basement space between grid lines A and D.  The floor for this space is a 5” 
thick slab on grade.  Between grid lines D and E there is a compacted structural fill instead of 
basement space.  The slab on grade that lies on that compacted structural fill is the first floor’s 
floor system between grid lines D and E.  Between grid lines A and D hollow core planks are 
supported by concrete foundation walls that transfer the loads from above onto strip footings. 
 
Located above the concrete foundations walls are CMU walls.  Some of the walls are part of the 
gravity framing system and only support the gravity loads bearing on them.  Other walls are part 
of the lateral system and are designed to resist lateral forces from wind and seismic.   
 
The walls that are part of the lateral system are considered intermediate reinforced masonry shear 
walls.  These walls span in both the N-S and E-W directions.  These shear walls are classified as 
wall types MW2 and MW3.  These shear walls are highlighted in green on the plan in Figure 1.   
 
The walls that are part of the gravity framing system are considered wall type MW1.  These are 
all of the other walls on the plan that are not highlighted in green.  These walls support the 
precast concrete hollow core floor planks that act as the flooring system.  The roof is constructed 
out of the same hollow core planks and is also supported by CMU walls as well as two different 
steel shapes that support the roof planks at their 2’-8” overhang.  The building sections in 
Figures 2 and 3 should also help describe the structure of the Gateway Commons building.   
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Figure 1 – Typical Framing Plan 
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Figure 2 – Section A 
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Figure 3 – Section B 
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Loads 
This gravity load information was obtained from the general notes page of the building plans.  
These loads were used by the engineer to design the gravity load bearing walls.  For this report 
these loads will be used to size members for the alternative systems.   
 
Live Loads 
 
First Floor………………………………....100 psf 
Second – Sixth Floor……………………...40 psf 
Sixth Floor Terrace………………………..100 psf 
 
Dead Loads 
 
First Floor………………………………....100 psf 
Second – Sixth Floor……………………...70 psf 
CMU Walls………………………………. 55 psf 
Brick Façade………………………………40 psf 
Green Roof or Roof Top Pavers…………..95 psf 
Other Roof Areas………………………….75 psf 
Mechanical Equipment……………………5 psf 
Partition walls……………………………..10 psf 
 
 Snow Loads 
 
Ground Snow load (Pg)……………….......45 psf 
Flat Roof Snow Load (Pf)…….….….…....32 psf 
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Codes and References 
This section lists the codes and reference material used to design the Gateway Commons 
building by the original engineer.  The codes and reference material used to design the 
alternative systems in this report are also listed below.  Tables listing the material properties of 
the existing system’s structural components are also shown below.  
 
Applicable Codes and ReferencesOriginal Design 
 

• 2002 Building Code of New York State (BCNYS) 
• ASTM Standards 
• NCMA Tek Notes 
• ACI Standards 
• ASCE 7-98 

 
Applicable Codes and ReferencesThis Report 

• AISC steel manual 
• PCA slab 
• The Nitterhouse Concrete Products website 
• RAM Structural Systems 
• The United Steel Deck design manual 
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Alternative Systems  
In this report I will evaluate four alternate floor systems and compare them against the existing 
masonry bearing walls and precast hollow core concrete plank system.  The impact that each 
proposed system will have on the buildings foundation will be discussed.  New lateral systems 
will also have to be proposed for the alternative systems.  All of the new systems use columns 
instead of walls as their vertical supports.  Columns should be placed in areas where walls were 
originally in order to maintain the same floor plan.  Light gauge steel framing will be used to 
create interior partitions where the masonry walls use to be.  The four systems evaluated in this 
report include: 
 

• Hollow Core Planks on Steel Beams 
• Two Way Slab with Edge Beams 
• Composite Steel 
• Non-Composite Steel 
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Existing Floor System 
Between grid lines A and D, the basement floor slab-on-grade and loads from the concrete 
foundations walls are transferred onto strip footings with a 28-day strength of f’c = 3,000 psi.  
These strip footings sit on undisturbed indigenous soils composed of sand and gravel with an 
allowable bearing capacity of 5,000 psf .  The footings will have a concrete strength of f’c = 
3,000 psi.  The foundations walls will have a concrete strength of f’c = 3,000 psi or 4,000 psi 
depending on the type of wall.  Between grid lines D and E the footings sit on a compacted 
structural fill that has an allowable bearing capacity of 5,000 psf.   
 
A plan of a typical floor for the existing system is shown in Figure 4.  The walls that are part of 
the gravity framing system are considered wall type MW1.  These are all of the other walls on 
the plan that are not highlighted in green.  Unlike the concrete foundations walls these walls are 
constructed out of 8” thick concrete masonry units (CMU).  These walls support the precast 
concrete hollow core floor planks that act as the flooring system.  A wall schedule describing 
how these walls are reinforced can be found in Figure 5.   
 
The primary flooring system for the elevated floors of the building is precast concrete hollow 
core planks.  The planks span in the east/west direction.  On the first floor the planks have a 
thickness of 10”, but on floors two through six the plank thickness is 8”.  The planks on the first 
floor have a 2” thick concrete topping.  All planks have a maximum width of 4’ and are allowed 
to have a minimum width of 1’-6”.  Planks located at interior bearing partitions must be 
connected with a 6’ long #3 bar or 5/16” diameter strand grouted into the keyway, as shown in 
Figure 6.  Planks are often connected to exterior CMU walls with #4 dowels that are bent into the 
keyways, as shown in Figure 7. 
 
The structure is laterally supported by intermediate reinforced masonry shear walls in the N-S 
and E-W directions.  Like the load bearing walls for the gravity framing system the shear walls 
are also 8” thick CMU walls.  However, the shear walls are designed to resist the lateral loads 
due to seismic and wind forces.  There are two different shear wall types, MW2 and MW3.  The 
shear walls are highlighted in green on the floor plan in Figure 4.  The wall schedule in Figure 5 
describes the reinforcing for both shear wall types. 
 
Advantages 

• Does not need to be fireproofed 
• Less expensive 
• Small floor depth 
• Planks can be installed quickly and are quality insured due to being manufactured off site  

Disadvantages 
• CMU walls take longer to construct than steel framing 
• Assembly of the planks requires a high level of skill 
• CMU is a heavy building material 
• The amount of load bearing walls in the building leaves less flexibility for future 

modification of the floor plan  
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Figure 4 – Typical Framing Plan 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 – Wall Schedule 
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Figure 6 – Floor Planks at Interior Walls  Figure 7 – Floor Planks at Exterior Walls 
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Hollow Core Planks on Steel Beams 
The steel framing plan for a typical floor is shown in Figure 9 with the bay that was chosen to be 
designed for this system highlighted in red.  Specifications and load tables provided by the 
Nitterhouse Concrete Products website were used to design the hollow core floor system that 
spans in the east-west direction across the steel framing.  Load tables were used to select a plank 
size based on a live load a 100 psf, a superimposed dead load of 15 psf, and 68 psf due to the self 
weight of the planks.  It was determined that untopped 10 inch thick planks reinforced with ½” 
diameter steel strands will support the given loads at a span of 28 feet.  After the hollow core 
planks were designed the beams that supported them were designed.  The representative bay that 
was chosen to be designed for this system is shown in Figure 8 with beams sizes labeled.  In this 
bay W12x19 span 27’-6”.  The W12x19 beams support a brick façade on the exterior and at the 
interior they only act as lateral support for the columns.  The hollow core planks are supported 
by W24x76 that span 31’-5”.  The beams were designed by simple hand calculations and the 
AISC Handbook was referenced to aid in the design.  The designs were based on moment 
capacity and deflection.  These calculations can be found in the Appendix A along with the load 
table for the hollow core planks. 
 
Some additional concerns due to changing the building structure are the lateral system, 
foundation, and fireproofing.  Concrete or masonry shear walls are an option for this structure’s 
lateral force resisting system.  This design will not call for as many shear walls as the original 
design due to the new layout and reduction in weight.  Also, due to this reduction in weight the 
wind may become the controlling lateral force acting on this building.  Steel moment frames are 
also another option for the structure’s lateral system.   The foundation should be able to support 
the loads generated by this framing system since this is a lighter system than masonry.  The way 
this system is connected to the foundation will be different due to different materials.  
Fireproofing for the steel beams will be necessary but the hollow core planks are concrete and 
have a 2 hour fire resistance rating. 
 
Advantages 

• Longer spans with higher load capacities  
• This system can be constructed quickly 
• This system weights less than the existing masonry system 

 
Disadvantages 

• Long lead time 
• Assembly of the planks requires a high level of skill 
• Fireproofing for the steel 

 
 
 

       Figure 8 – Hollow Core Planks on Steel Beams 
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Figure 9 – Steel Framing Plan 
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Two Way Slab With Edge Beams 
The framing plan for a typical floor redesigned as a two way slab with edge beams is shown 
below in Figure 10.  Two design strips were analyzed.  Design strip one runs in the north-south 
direction and design strip two runs east-west along the edge.  A live load of 100 psf and a 
superimposed dead load of 15 psf were used to design this system.  Both design strips are labeled 
on the plan in Figure 10.  The PCA-Slab computer program was used to design both of these 
strips.  Normal weight concrete with a compressive strength of 5,000 psi was used for the design.  
A 10” slab and 14”x20” edge beams around the whole perimeter were needed for the design.  
Both are reinforced with number 6 bars.  All columns are 16”x16”.  Instead of using costly shear 
reinforcement to resist punching shear around the columns, drop panels with a depth of 3” below 
the slab were designed for this function.  The design results from the PCA program can be found 
in Appendix B along with a slab deflection diagram and a diagram showing the reinforcing in the 
column strip, middle strip, and the edge beam.   
 
The slab in this design is thicker and heavier than the hollow core planks used in the existing 
system; however a significant amount of weight is lost by switching from CMU walls to concrete 
columns.  Concrete or CMU shear walls are a good option for the lateral resisting system of this 
building.  Less shear walls should be used in this design and they should be located in a way that 
the center of rigidity and the center of mass are close to each other so that the lateral forces 
create less of a torsion effect.  The same strip footings and foundation walls should be able to 
support this new structure.  Fireproofing will not be necessary because the entire structure is 
concrete. 
 
Advantages 

• Fireproofing is not required 
• The use of columns instead of walls allows for more flexibility with the floor plan. 
• Least expensive alternative 

 
Disadvantages 

• Precautions will need to be taken for holes made in the slab for running mechanical and 
electrical equipment.   

• Concrete requires curing time before the additional stories can be constructed. 
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Figure 10 – Framing Plan for Two Way Slab with Edge Beams 
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Composite Steel 
The steel framing plan for a typical floor is the same as the framing for the hollow core planks 
design and is shown in Figure 9.  The bay that is being designed is highlighted in red.  A live 
load of 100 psf and a superimposed dead load of 15 psf were used to design this system.  The 
slab is made of 2” steel deck with 3-1/2” light weight concrete topping.  To give the slab a 
composite action with the beam, ¾” diameter 4-1/2 in” long shear studs are used.  Joists are 
framed in between the girders in order to meet span requirements for the 19 gauge steel deck.  
The unshored span length of 9.2’ falls within the 10.01’ maximum required span length for a 2” 
deep 19 gauge steel deck with a 5.5” deep light weight concrete slab.  The section in the United 
Steel Deck design manual used to design the slab and determine the maximum span length can 
be found in Appendix C.  After the slab was designed and the number of joists needed to support 
it was determined, the beams were designed using RAM Structural System.  W16x26 joists with 
a camber of either 1” or 1-1/4” were chosen to support the deck.  The joists are supported by 
W18x35 and W21x48 girders that span 27’-6”.  The W18x35 girder also supports a brick façade 
on the exterior of the building.  Columns are oriented so that the girders are framed into the 
column flanges for a simpler connection.  A design of the representative bay is shown in Figure 
11.  Beam sizes are labeled with camber if they have any, the numbers of shear studs on each 
span are in parenthesis, and reactions are given in kips.  Appendix C also contains summaries of 
the beam designs and beam deflections.   
 
Since this structure is much lighter than the existing one wind will more than likely be the 
controlling lateral load on the building.  Moment frames and eccentrically braced frames are 
good option for the lateral resisting systems.  The foundations should be able to support the loads 
generated by this framing system because it is much lighter than the existing masonry structure.  
The way this system is connected to the foundation will be different due to different materials.  A 
3-1/2” thick concrete slab will automatically provide the two hour fire protection required for the 
floor.  The steel beams and columns will have to be fireproofed.    
 
Advantages 

• Fast construction time 
• Lighter weight system 
• High strength to weight ratio 

 
Disadvantages 

• Increases floor to floor height 
• Cost of labor for installing shear studs  
• Fireproofing needed for beams and columns  
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Figure 11 –Composite Steel 
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NonComposite Steel 
The steel framing plan for a typical floor is the same as the framing for the hollow core planks 
design and is shown in Figure 9.  The bay that is being designed is highlighted in red.  A live 
load of 100 psf and a superimposed dead load of 15 psf were used to design this system.  The 
United Steel Deck design manual was used to design the non-composite slab.  A 6.5” deep slab 
using light weight concrete with a 19 gauge 3” deck was chosen.  The slab weights 42 psf.  A 
5.5” deep slab would have fulfilled the maximum span length requirements but it would not have 
been thick enough to provide adequate fire protection.  With the slab designed RAM Structural 
Systems was then used to design the beams.  W18x35 joists with a camber of ¾” span 31’-5”.  
W24x55 and W24X68 girders span 27’-6”.  A design of the representative bay is shown in 
Figure 12.  Beam sizes are labeled with camber if they have any and reactions are given in kips.  
Appendix D contains the United Steel Deck design manual section used to design the slab, 
summaries of the beam designs, and beam deflections.   
 
This design uses the same framing plan as the composite design but the beams in this design are 
larger due to the non-composite nature.  Moment frames and eccentrically braced frames are 
good option for the lateral resisting systems.  The foundations should be able to support the loads 
generated by this framing system because it is much lighter than the existing masonry structure.  
The way this system is connected to the foundation will be different due to different materials.  A 
3-1/2” thick concrete slab will automatically provide the two hour fire protection required for the 
floor.  The steel beams and columns will have to be fireproofed.    
 
Advantages 

• Faster erection time due to lack of shear studs  
 
Disadvantages 

• Not as efficient as a composite steel design  
• Heavier and deeper beams compare to composite design 
• Fireproofing needed for beams and columns  
• Most expensive 
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Figure 12 –Non-Composite Steel 
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Comparison 
The results of the comparison study are shown in the table below.  Cost was determined by using 
RSMeans Assemblies Cost Data 2007.  All of the systems were analyzed for cost based on a 
30x30 bay.  The non-composite design is ruled out because the composite is more efficient and 
because it is the most expensive.  The hollow core planks on steel beams system is ruled out 
because it is a bit more expensive than systems 2 and 3 and it is also the deepest floor system.  
Systems 2 and 3 are the cheapest of the alternatives and both seem to be possible solutions.  The 
2 way slab with edge beams appears to be the most feasible because it is cheaper, thinner, and 
does not require fireproofing.   
 
 
 

Floor Framing 
System 

Existing   System 1 System 2 System 3  System 4
hollow core 
planks on 
CMU walls 

hollow core 
planks on steel 

beams

2 way slab with 
edge beams 

composite 
steel 

non‐
composite 

steel
Total Depth   8"  34" 13" 26.5"  30.5"
Slab Depth  8"  10" 13" 5.5  6.5
Fireproofing  no  yes no yes  yes
Lead Time  long  longest shortest long  long
Weight  heaviest  lightest heavy light  light

Constructability  labor 
intensive 

no formwork, 
fastest to 
construct

formwork,  
curing time 
required,   

longest to build

no formwork,  
shear studs   no formwork 

Cost ($/SF)  17.65  23.65 21.89 22.55  28.36
              
Possible Solution  ‐  no yes yes  no
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Conclusion 
Four alternative floor systems were designed and compared to each other to determine which 
will be the best alternative to the existing hollow core planks on CMU walls structural system.  
The four alternatives are hollow core planks on steel beams, a two way slab with edge beams, 
composite steel, and non-composite steel.   
 
The two way slab with edge beams and the composite steel design both appear to be viable 
solutions.  The hollow core planks on steel beams and the non-composite steel systems were both 
discarded as possible options.  The non-composite steel system is the most expensive and proves 
to be less efficient than the composite design.  Although the hollow core planks on steel beams is 
the fastest to construct its materials have the longest lead time of all of the systems.  It also has 
the deepest floor system and costs more than the two way slab with edge beams and the 
composite steel design.   
 
The two way slab with edge beams proves to have advantages over the composite design.  It is 
cheaper although not by much.  The two way system has 20” deep beams but they are located on 
the building perimeter and do not affect the floor depth.  The composite system has a floor depth 
of 26.5” due to the beams; this will cause an increase in the floor to floor height.  The existing 
system proves to be the cheapest and have the shallowest floor system when compared to the 
alternatives.  The two way system however proves to be the best choice out of the four 
alternatives. 
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Appendix A: 
 

Hollow Core Planks on Steel Beams 
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Planks 
 
This load table from the Nitterhouse Concrete Products website shows that this plank is able to 
span 27’-6” while loaded with 164 psf.  This is the factored loading due to the live load, 
superimposed dead load, and the self weight of the planks. 
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Beam Design 
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Appendix B: 
 

Two Way Slab with Edge Beams 
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Design Strip 1 
 
This is a deflection diagram for the slab.  The largest deflection in the slab is 0.129”. 
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This is a diagram of the top and bottom reinforcing that PCA Slab designed for the column strip 
and middle strip.  
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Design Strip 1 
 
This is a deflection diagram for the slab.  The largest deflection in the slab is 0.186”. 
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This is a diagram of the top and bottom reinforcing that PCA Slab designed for the column strip 
and middle strip. This diagram also shows the reinforcing for the edge beam. 
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Appendix C: 
 

Composite Steel 
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Composite Slab Design  
 
The United Steel Deck design manual was used as a design aid as described in the report.   
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Beam Design Results 
 
The beams that were being designed for the representative bay are highlighted in the reports. 
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Appendix D: 
 

Non-Composite Steel 
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NonComposite Slab Design  
 
The United Steel Deck design manual was used as a design aid as described in the report.   
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Beam Design Results 
 
The beams that were being designed for the representative bay are highlighted in the reports. 
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