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Executive Summary 

 
The purpose of this report is to analyze alternate floor framing systems and 
determine if they are a viable alternative to the existing system.  The existing floor 
system consists of 2 ½” concrete slab over 3” deck that act compositely with the steel 
frame.  Beams sized as W18’s, span 43.5’ in the critical bay and are supported by 
W24-W27 girders.  Alternative floor systems were compared to one another based 
on several criteria, and are listed below.  Most important were weight of the system, 
ability to span long distances, ease of construction, and cost.  Secondary were floor 
system depth, fireproofing, and vibration control. 

• Concrete Pan Joist  
• Precast Hollowcore 
• Non-Composite Slab/Steel 
• Composite Joists 

 
After analysis, concrete and precast systems were determined to be the least 
efficient.  While they are inherently fire resistant, and do not require fireproofing, 
they are inefficient in spanning long distances.  This long span is needed for the 
column free floor plan.  Also, the weight of the system is unfavorable in the high 
seismic region.  Foundation and lateral system redesign would be required, which 
can be very costly.  There benefits were in vibration control and relative cost.  Non-
composite steel joists offer long spans, lighter weight than concrete, and ease of 
construction.  No shear studs are required in this system which saves cost and time 
over the existing.  The members are larger which increases foundation loads, and 
costs, but is worth further investigation.  Lastly, were the composite joists systems 
which offer a light weight and efficient system, and is worth further investigation.  
Joists are able to span long distances and carry the floor load.  These are relatively 
expensive compared to the other systems, because of the need for shear studs.  
However, reduction in overall weight of the building will reduce foundation and 
lateral system costs. 
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Introduction 
 
555 City Center is a 21 story office building located in the heart of downtown Oakland.  
It was designed using the Uniform Building Code, but I have analyzed it with the 
International Building Code 2003.  This code references the ANSI’s minimum design 
loads for buildings, which are provided below for live loads.  The dead loads were 
calculated by myself, and are used for this technical assignment.  Combined, these 
gravity loads will be used in determining alternate floor systems for a critical bay on a 
typical floor in the building.  The entire typical floor framing is shown in appendix. 
 
Live Loads: Taken from table 1607.1 from IBC 2003  

 • Office Floor: 80 psf – Assume any spot could be a corridor at some point  
 • Partitions: 20 psf – Assume 10 psf for seismic calculations  
  

Dead Loads: (Assumed) waiting for confirmation 
 • Metal Deck: 2 psf  
 • Reinforced Concrete: 150 pcf (includes reinforcing)  
 • Steel Structural Members: 15 psf  
 • MEP: 10 psf  
 • Collateral: 5 psf  

 
Design References Used: 
 

• Nitterhouse Precast Concrete Literature 
• CRSI – Concrete Reinforcing Steel Institute 
• LRFD Manual of Steel Construction – Third Edition 
• Vulcraft Steel Joist Catalogs 
• RS Means Assemblies Catalog 2002 

 
 
Existing Structural System 
 
 
The elevated floors, starting from level 2, are composite metal deck systems.  Typical 
floors 3-21 are 3” 18 gage composite deck with 2 ½” of normal weight concrete cover.  
The slabs are reinforced by either #6 @ 13” EW or WWF6x6 W1.9.  The majority of the 
structural system is steel framing.  All structural framing steel is designated as ASTM 
A992, Gr 50, unless otherwise noted.   The building takes advantage of two lines of 
symmetry, one in the N-S direction, and the other in the E-W direction.  The typical 
floors, 2-21, have the same framing, unless otherwise noted. 
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On a typical floor, composite steel deck spans the beams and girders.  Beams are sized as 
W18x55 and W18x60 and span 43’-6”. The girders are sized W18 – W27, and span 30 – 
35’, depending on location in the bay analyzed.  The overall max depth of the floor 
system is 26.7” for a W27, plus an additional 5.5” for the composite deck, for a total of 
32.2”.  For this report, one critical bay was looked at between column lines X4-D2 and 5-
6.  It is not a square bay, but it is analyzed as a 30’x 43.5’ bay for simplicity.  Beams are 
spaced 10’ on center in the long span.  The original and analyzed bay layout is shown 
below.  
 

 
Existing Bay     Analyzed Bay 
 
 
Design Considerations
 
When identifying possible alternative floor systems, several factors were taken into 
account 

• Must be able to span long distances to keep column free spaces 
• Weight of system 
• Fire rating 
• Depth of system 
• Ease of construction 
• Price 
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Alternative Floor Systems 
 
 
Concrete Pan Joists 
 
Concrete pan joist, also known as one-way joist floor systems, consist of evenly spaced 
concrete joists spanning in one direction.  A reinforced concrete slab is cast integral with 
the joists to form a monolithic floor system.  The one way joists frame into beams that 
span between the columns, perpendicular to the joists.  These systems are effective for 
column layouts short span in one direction and long span in the orthogonal.  It is 
preferable to span the joists in the short direction in rectangular bays, to achieve 
maximum economy.   
 
Fire resistance is inherently provided by the concrete, so no additional fireproofing is 
required for the system.  The joists also provide adequate stiffness over long spans and 
minimize structural depth of the system from 32” to 20.5”.  The formwork for the system 
is the majority of the cost at 58%.  However, because of the redundancy of the system, 
the formwork can be reused over and over again to reduce construction costs.  These 
costs become an issue because of the need to set up formwork, set time for bars, waiting 
for concrete to cure, shoring, and teardown of formwork.  The increased system weight is 
both good and bad.  While the added weight helps to reduce floor vibrations and noise, it 
also requires the columns to become larger, and ultimately the foundations.  Seismic 
issues also arise because the diaphragm has changed.  Also, the extra weight of the 
concrete will increase the base shear on the building, and require a new lateral system 
analysis.   
 
The system was designed, using the CRSI Design Guide for standard one-way joists, to 
span the 30’ distance.  A 30” form with 6” ribs @ 36” c.c, with a total depth oh 20.5” was 
selected.  The ribs are 16” deep and covered with a 4.5” top slab.  Number 5 bars @ 9” 
on top, and (1) #6 and (1) #7 in the bottom provide the adequate reinforcing.  A joist band 
beam was not designed, but one would be required to span perpendicular to the joists 
along the column line.  
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   Pan Joist Cross Section 

 
   Pan Joist Framing  

 
 
Precast Hollowcore Plank 
 
Precast hollowcore planks were chosen for another alternative floor system from the 
Nitterhouse design literature.  Precast concrete offers several advantages over the original 
floor system.  They are cast in a controlled environment which increases their quality 
over cast in place concrete.  They are also prestressed which gives them a higher capacity 
and span length than normal weight concrete.  Also, being concrete, the system is 
inherently fire resistant, but the wide flange beams they rest on, are not.  They must be 
fireproofed, or replaced with inverted tee beams as the structural support.  The planks 
also offer superior durability, natural sound attenuation, and vibration control. 
 
There are several disadvantages of precast, including transportation cost and lead time.  
Precast must be ordered in advance, and transported to site.  Transportation costs can 
become relatively expensive if the manufacturer does not operate locally.  Because the 
planks are very heavy, 102.5 psf for those selected, this limits the amount that can be 
carried to site in one load.  This will also increase transportation costs and project 
schedule.  However, once on site, the construction is extremely fast.  Only a 2” topping is 
needed to be placed before it is complete.  There is no curing time, shoring, and 
formwork needed which will lead to a decrease in project schedule.  The weight of the 
system will also impact the design of the lateral system and increase foundation size, 
which increases project cost.  
 
The hollowcore selected comes in 4’ pieces and spans 30’ in the bay.  A 12” x 4’ 
Spandeck-UL-J917 with a 2” cast in place topping, with a capacity of 187 psf was 
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selected.  The reinforcing pattern consists of 6 – 1/2" diameter, 270 K Lo-Relaxation 
strands.  The planks span between two girders, both sized to be W40x149.  However, a 
W24x192 may be selected as an alternate size.  It is heavier but reduced floor system 
depth.  The overall depth of the system including the plank is 52.2” for W40 and 39.5” 
with the W24.  Realistically, another girder, or column line should be added in order to 
decrease the size and weight of the beams used to carry the planks. 
   
 

 
 Precast Hollowcore Framing 
 
 

 
 Hollowcore Plank Cross Section 
 
 

 6



Non-Composite Slab and Steel 
 
This system is just like the original, except that the beams and girders do not have 
composite action with the slab.  This means that the beam will take all the moment, and 
not transfer any to the slab.  The locations of the beams are every 10’, and span the long 
direction.  A 3” deck with 2 ½” concrete cover spans perpendicular to the beams.  The 
benefit of this system is its ease of construction.  Shear studs are no longer needed to help 
transfer load, so there is a material and labor cost savings.  Welders are not needed to be 
on site as often, and no time is needed to install.  Schedule decreases and floors go up 
quicker.  Another benefit of steel is its reduction of dead load in the building compared to 
concrete. 
 
Steel systems require spray on fireproofing or encasements to achieve necessary fire 
ratings.  This is an expensive added cost.  Also, because the beams act alone from the 
concrete, they will become larger to accommodate the added moment.  This increased 
weight increases column size, which increases foundations and cost.  It also affects 
seismic issues with the lateral system negatively.  Vibration control is more of a problem 
with steel than concrete because of weight.  Steel is more susceptible to floor vibrations 
and sound attenuation. 
 
Beam sizes showed an increase in size as expected.  They jumped from W18x55 to 
W27x84, controlled by total load deflection.  The girders, however, remained relatively 
unchanged from a W24x55 to a W24x68.  More calculations would need to be done to 
determine the appropriate size of the girder compared to the beam it is supporting. 

 
Non-Composite Framing 
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Composite Steel Joists 
 
This system is ideally suited for commercial construction where large column free areas 
are desired.  This system takes advantage of the interaction between concrete slab and 
steel joists through shear studs like the original steel system, resulting in smaller 
members.  Floor to floor height is reduced because mechanical systems can be routed 
through the open webs of the joists.  However, shear stud installation is labor intensive 
and expensive to the project. Erection and connections are simplified due to standard end 
bearing seats which mean faster construction.  Weight savings over large W-shapes 
reduces building weight, which reduces foundation size and cost.  It also reduces the 
overall base shear and seismic reaction on the lateral system.  Floor vibrations can be a 
problem with steel structures, but over the long spans provided by the joists, it is reduced.   
 
Joists were designed and chosen from the Vulcraft Composite Joist and Decking Catalogs 
online.  In the analyzed bay, the joists are spaced every 6’ o.c. and span 43.5’.  The 
existing decking, 2 ½” concrete over 3” deck, was used to determine a correct joist size.  
However, once picked from the chart it was given that the decking could be made smaller 
to a 2” deck, for a total of 4.5”.  The joist designation found was an 18VC 1200/600/450 
with 32- ¾” diameter shear studs per span.  This is an 18” joist with 4.5” decking, for a 
total of only 22.5” depth.  Two rows of bridging between joists is needed to prevent 
movement and rotation.  The loads from the joists were then used to determine a girder 
size to support them.  A W24x55 was calculated to adequately carry the joists. 
 

 
  Composite Steel Joist Framing 
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        Composite Joist with MEP through web 

 
 
Comparison of Alternative Floor Systems 
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Conclusions 
 
After analysis, it was found that any of the alternative systems could work as floor 
systems in the building.  However, some are far more efficient and better suited for a high 
rise office building in a high seismic region.  The concrete pan joist system can be ruled 
out as an alternative and further investigation.  While it does offer small system depth, it 
is not enough to make up for the shear weight of the system, and the foundation and 
lateral system redesign that comes with it.  Also, it would be difficult to span a band 
beam 43.5’ under the presented loading. An extra set of columns would need to be 
installed, which would go against the column free floor plan.  Precast hollowcore plank 
can be ruled out as well.  While it is relatively cheap and easy to construct compared to 
the other systems, its weight disqualifies it as a viable alternative.  Foundation redesign 
and lateral system redesign would result, like with pan joists.  Non-composite slab system 
with steel beams provides the column free spaces the building needs.  Although the 
beams are larger than the composite system, they do not require shear studs.  Shear stud 
installation is costly and labor intensive.  Schedule of the project would be shortened, and 
in turn, the cost.  Lastly, is the option of using composite open web steel joists.  The joists 
are relatively lightweight compared to the existing system and still span the required 
43.5’.  They provide the column free space needed, and are fairly easy to construct.  
While vibration can be an issue in steel forms, the long span of the joist helps to 
minimize the effects.  For these reasons, it is a viable alternative floor system.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 10



Appendices 
 
 

A. Existing Framing Plan 
 
B. Composite Beams Calcs/Charts 

 
C. Concrete Pan Joists Calcs/Charts 
 
D. Precast Hollowcore Calcs/Charts 

 
E. Non-Composite Slab and Steel Calcs/Charts 

 
F. Composite Steel Joists Calcs/Charts 
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A.  Existing Framing Plan ( Bay chosen shaded) 
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B.  Composite Beams (Current System) 
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C.  Concrete Pan Joists  
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D.  Precast Hollowcore 
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E.  Non-Composite Slab and Steel 
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F.  Composite Steel Joists 
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