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Executive Summary                                         . 
 
 The intention of this report is to explore alternative floor framing systems for the 
Duquesne University Multipurpose Athletic Facility.  Four alternative systems were 
chosen and evaluated. 
 

• Modified composite steel framing 
• Concrete pan joist construction 
• Composite open web steel joists 
• One way concrete slab 
 

To begin, a single representative bay was chosen from the existing framing 
system layout.  The geometry of this bay was used in the design of all four alternatives.  
For ease of design, several design aids and engineering software programs were 
consulted during the compilation of the enclosed calculations.  For the existing steel 
framing, a RAM model was created, and used to model the modified steel construction.  
For the concrete alternatives, the CRSI Handbook was consulted.  The gravity loading for 
this exercise is the same as was used in Technical Report 1. 
  
 
Here is an overview of the alternative systems designed in this report. 
  
 

Floor System Slab Used Beams Girders 

Modified Composite Steel 4.5" NWC slab on 2" composite metal deck W12x14 (8) W24x62 (24) 

Concrete Pan Joists 3" NWC slab 30" forms, 6"x20" ribs 17x26 

Composite Steel Joists 2.5" NWC slab on 2" composite metal deck 12VC existing 

One Way Concrete Slab 6" NWC slab 16x22 18x22 

 
 
 A comparison chart summarizing all of the systems is listed on page 9 of this 
report, detailing the positive and negative attributes of each evaluated system.  The chart 
outlines constructability, cost, effects on lateral and foundation systems, and floor depth.  
After the evaluation of each floor system, I have concluded that the only other feasible 
floor system that should be evaluated further is the composite steel joist construction.  
Each other system negatively impacts the building in ways that warrant no further 
inspection. 
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Introduction                                                      . 
 

Duquesne University’s Multipurpose Athletic Facility is currently under 
construction on Pittsburgh’s Forbes Avenue.  The building is supported by a steel 
superstructure, including a composite steel floor system.  Each of the first three floors are 
framed in rectangular bays, ranging in size from 20’x20’ to 21’x34’.  The upper athletic 
and ballroom floors are also composite steel, but are framed with longer spans (79’6”) 
due to the open plan of the gymnasiums below. 

 
Currently, the typical floor depth does not exceed 30.5” (W24, 4.5” concrete, 2” 

metal deck).  While a W24 is the largest member within the interior floor bays, most 
members fall in the range of W12’s through W18’s.  When looking at the gymnasium and 
ballroom levels, the floor depth is at most 42.5” (W36, 4.5” concrete, 2” metal deck).  
Since the upper gymnasium floors differ from the typical floor bays, I will concentrate 
the comparisons on a typical floor bay as shown below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 Highlighted Section shown with description of existing floor system 
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Gravity Loading 
 

Live Loads (ASCE 7-02, Table 4.1) 
 
Lobbies and Public Spaces………….............100 PSF 

Corridors (above first floor)………………... 80 PSF 

Mechanical…………………………………. 75 PSF (assumed) 
Athletic Floors………………………………100 PSF 
Stairs and Exits…………………………….. 40 PSF 
Offices……………………………………… 50 PSF 

 
Dead Loads
 
Partition Allowance……………………….. 20 PSF 
Reinforced Concrete Slab………………….. 150 PCF 

MEP………………………………………... 5 PSF 

Metal Decking……………………………... 2-3 PSF (deck catalog) 

Joist/Beam Weight…………………………. Specific to each member 
 
 
 
Alternative Systems 
 
In this report, I will be evaluating four alternative floor systems against the existing 
composite construction, including: 
 

• Modifying the existing bays will be evaluated in the hopes that the smaller beam 
spans will yield a lighter overall floor system. 

• A one way concrete slab with beams and girders will be assessed to determine 
if a concrete system will be structurally and economically comparable to steel. 

• Concrete pan joists will be checked to compare another fully concrete system’s 
performance against the existing steel. 

• Composite Steel Joists is another option for the typical bays and the long span 
areas of the floor framing. 
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Design References/Software 
 
 This report will be completed with the use of several structural design aides and 
other resources.  They include: 
 

• AISC Manual of Steel Construction, 13th edition 
 
• Vulcraft Steel Roof and Floor Deck catalog 

 
• Vulcraft Composite Steel Joist and Joist Girder catalog 

 
• CRSI Handbook 

 
• R.S. Means 2006, Assemblies Cost Data 

 
Software: 

• RAM Structural System 
 
• Enercalc Structural Engineering Library 
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Existing Floor System                                     . 
 
 
The existing floor framing is composed of 
20’x20’ to 21’x31’-34’ bays, topped with 
4.5” of normal weight concrete on 2” 
composite metal decking.  In this system, 
beams span in the long direction and the 
girders span in the short direction.  The 
girders short span allows the designer to 
carry the large beam forces with relatively 
small members, reducing the overall weight 
and depth of the floor system. 
 
 
Comparison of the existing framing to the 
alternative choices can be found in the 
appendices of this report. 
 
 
Advantages 
 
Weight:  The overall weight for this typical floor bay is approximately 54,500#.  The use 
of steel framing greatly reduces the weight as compared to concrete.  This lighter 
structure will impact the foundation design and, if seismic forces should control over 
wind forces, the lateral system as well. 
 
Floor Depth:  In this particular bay, the floor depth is measured at 24.2”.  This relatively 
small floor depth is favorable for the coordination of MEP equipment, architectural 
aspects of the structure, and maintaining required floor to ceiling heights. 
 
Constructability:  The use of steel framing allows the buildings skeleton to be erected 
quickly and efficiently.  Once the decking is in place a working platform is immediately 
available for use by all involved.   
 
Disadvantages
 
Cost:  See comparison chart 
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Modified Composite System                         . 
 
 
The modified composite system is modeled 
in the same typical 21’x31’-4” bay as shown 
in the existing system.  The slab remains as 
specified, 4.5” of concrete on a 2” 
composite deck.  The beams are now spaced 
in equal intervals (6.25’) and span in the 
short, 21’ direction.  In this new system, the 
beams are a considerably smaller depth, but 
the girders have become deeper, and almost 
two times heavier. 
 
 
 
 
Comparison of the existing framing to the 
alternative choices can be found in the 
appendices of this report. 
 
 
 
Advantages 
 
Weight:  The overall weight for this typical floor bay virtually the same as the existing 
system, weighing in at 54,400#.  The amount of shear studs is less, but only by 8 studs. 
 
Disadvantages
 
Floor Depth:  Although the beam depth has decreased by 6 inches, the girder depth has 
increased from a W18 to a W24 sized member.  The new floor depth is 30.2”, decreasing 
possible floor to ceiling height and crowding/restricting MEP space availability.  
 
Labor:  The increased number of beams means there are more connections to make.  The 
labor costs associated with increased man hours may drive up costs. 
 
Cost:  See comparison chart. 
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Concrete Pan Joists                                          . 
 
 
This system uses the same 21’x31’4” bay 
as the existing system.  The joists are 
able to span the existing dimension and 
take up less floor space.  The slab is now 
23” thick as compared to the 30.2” 
modified bay and the 24.2” existing bay.  
The system is composed of 30” forms 
and 6”x20” ribs spaced at 36” c.c.   The 
girders, however, are deeper that the slab, 
potentially causing room height 
problems.   
 
 
 
Comparison of the existing framing to the 
alternative choices can be found in the 
appendices of this report. 
 
 
 
Advantages 
 
Floor Depth:  The pan joists are 1.2” 
more shallow than the existing system.  
The girders are 3 inches deeper, but 
should not effect the placement of MEP equipment. 
 
Constructability:  Reusable, pre-fabricated formwork is not only an advantage in cost of 
construction but a savings in storage space on site.   
 
Disadvantages
 
Weight:  The addition of a concrete floor system adds a significant amount of weight to 
the structure.  This added weight will have a great impact on the size of the foundation 
system. 
 
Lateral System:  Because of the added weight, wind forces may no longer control the 
design of the lateral force resisting system.  Consequently, the system may need to be 
more stringently designed, possibly as shear walls, or another concrete system. 
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Composite Steel Joists                                    .                  
 
 
The composite steel joists are laid out at 
10’ intervals and have a reduced slab for 
the typical bay:  2.5” NWC slab on 2” 
composite deck.  The open web joist span 
31’4”, sized at 12VC1800/850/300 joists 
with (40) ¾” shear studs. 
 
 
 
Comparison of the existing framing to the 
alternative choices can be found in the 
appendices of this report. 
 
 
Advantages
 
Weight:  These composite joists weigh 
37 pounds per foot, very comparable to 
the existing W-shape weights.  The big 
savings comes in the reduction of the 
floor slab from 6.5” to 4.5”.  This 
reduction saves 19,000# typical bay. 
 
Floor Depth:  The depth of this system is 
16.5”.  This reduction in depth, coupled 
with the open web spaces as possible paths 
for MEP make this system favorable. 
 
Long Span Capabilities:  These joist 
have the ability to span up to 100’ thus 
giving the designers this option for all 
spans throughout the building. 
 
Disadvantages
 
Constructability:  The steel joists are connected to their   
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One Way Concrete Slab                                  . 
 
 
The one way floor slab is the second 
concrete floor alternative explored in 
this report.  Although it is shallow, it is 
heavy like the pan joist system 
previously evaluated.  The beams and 
girders are both 22” deep.  The slab is 
consistent with the existing slab, 
6”/6.5”.   
 
 
 
 
Comparison of the existing framing to 
the alternative choices can be found in 
the appendices of this report. 
 
 
 
 
Advantages
 
Floor Depth:  The floor depth has 
been reduced to 22” from 24.2” in he 
existing system, and 23” in the pan 
joist system. 
 
Disadvantages
 
See concrete pan joist system disadvantages. 
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Comparison                                                       . 
 
 

Floor Framing System Advantages Disadvantages 
Cost 

($/ft^2) 
Further 

Investigation 
          
Existing:  Composite Steel  Light weight system Cost $20.35  N/A 
  24.2" floor depth       
  Constructability       
          
Modified Composite Steel Light weight system Cost $20.35  No 
  Constructability 30.2" floor depth     
    Increased labor     
          
Concrete Pan Joists Reusable forms Heavy weight alternative $17.20  As a concrete alternative 
  23" floor depth Foundation impact   for typical bays 
  Lateral system impact   
          
Composite Steel Joists Lightest floor system Shipping/availability $17.20  Yes 
  16.5" floor depth Erection time/welding     

  
MEP routed through 
joists       

  Long span capability       
          
One Way Concrete Slab 22" floor depth Heavy weight alternative $18.75  No 
    Foundation impact     
    Site storage of formwork     
          

 
 
 
Conclusion
 
 After the preliminary design of the 4 alternative floor framing systems, only one 
appears to be well suited for further inspection.  The composite open web steel joist 
system seems to be the most favorable system in terms of cost, weight, and floor depth.  
Also, the joist construction is able to handle long spans, making this system attractive for 
possible design of the gymnasium and ballroom areas.  Of the other options, the 
composite steel construction seems to make the most sense in terms of weight, and 
constructability.  It is the most expensive floor system per square foot, but makes up for 
itself in weight and overall capability.  
 
 Of the concrete systems, the pan joists are relatively shallow compared to all other 
systems, and are cheaper per square foot than the one way system.  However, both 
concrete systems yield obvious weight issues, leading to lateral system impact as well.  
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Appendices                                                       . 
 
Modified Composite System
 
* Entire floor system was redesigned in RAM Steel.  The following is a check of a beam 
in the new span and spacing. 
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Concrete Pan Joists 
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CRSI Handbook, 2002 
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Composite Steel Joists
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One Way Slab
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