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Executive Summary 
 
This technical report deals specifically with the flooring system of Eight Tower Bridge 
located in Conshohocken, Pennsylvania.  This sixteen story steel high-rise office tower 
currently employs a concrete slab poured over 2” metal deck in full composite action 
with wide flange steel beams.  This report introduces five alternative flooring systems for 
the office tower.  They include: 
 

 Long span open web steel joists 
 Short span open web steel joists 
 Long span one-way concrete pan joists 
 Short span one-way concrete pan joists 
 Precast hollow core concrete deck 

 
The five systems were evaluated on a number of different criteria including overall 
system weight, fire rating of the assembly and most importantly, and overall system 
depth. 
 
Of the five alternative systems presented, both the long span open web steel joist system 
and precast hollow core concrete deck were deemed to have too deep of an overall 
system thickness, which cancelled out any possible benefits the system might have.  The 
best alternative to further investigate was decided to be the short span, one-way concrete 
pan joist system. 
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Existing Floor System 
 
Eight Tower Bridge is a sixteen story steel framed office tower with a rooftop 
mechanical penthouse.  The entire structure is dedicated to office space with the 
exception of the ground floor which houses limited parking facilities, a small retail 
area and a three story main entrance lobby.  The geometry of the building allows for 
repetition in the floor layout for each level of Eight Tower Bridge.  Floors 3-15 have 
been designed with almost identical members, neglecting the columns.  A typical floor 
of Eight Tower Bridge is approximately 21,800 sq. ft. with close to 19,450 sq. ft. of it 
being occupiable office space.  
 
There are six different variations of flooring systems used in Eight Tower Bridge.  The 
systems differ only in reinforcement and slab thickness, and have been designed to 
carry a range of loads found in different parts of the building (i.e. the mechanical 
room of each floor has a thickened slab).  A deck slab schedule is included in Appendix 
E for comparison between different slabs.  This floor system study will only deal with 
one of these slab decks. 
 
The typical bay being studied in this report falls between column lines 1 and 4.1 and F 
and G.  The existing floor system employed at this typical office bay consists of 
poured concrete on metal deck with full composite action between the wide flange 
steel beams.  Full composite action is developed between the beams and the concrete 
deck slab through ¾” diameter, 4” long shear studs spaced evenly along the length of 
the beam.  Beams span a typical 44’4” spaced at every 9’4” on center, and are sized to 
at W18x40.  The deck has 2” flutes and has been specified to a minimum of 20 gauge 
A446 steel with 2” overlap.  The deck supports 3-1/4” lightweight concrete reinforced 
with 6x6-W1.4xW1.4 welded wire fabric, bringing the total slab depth to 5-1/4”.  The 
total floor system has a depth of 23-1/4”.   
 
Development of Floor Loads 
 
Floor loadings for a typical bay are listed below.  The typical bay being designed for 
in this report has arbitrarily been chosen to be from the 6th floor.  Live load reductions 
corresponding to this location are applied.  Other load cases are present in different 
parts of the building, but the loads below will be the only conditions applied to the 
bay being analyzed.  The typical bay can be seen below in figure 2.1. 
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Figure 2.1- Typical Bay 

Loading: 
 Live Load    Dead Load      
  Office Live Load: 50 psf  Superimposed DL: 20 psf 
             Partitions: 15 psf              CMEP: 5 psf 
         Total: 65 psf            Carpet/misc.:  5 psf 
                 Total: 30 psf 
 
 Live   Dead     
 Office 50 psf CMEP 5 psf   
 Partitions 15 psf Misc./Carpet 5 psf   
      Slab 39 psf   
 Total 65 psf Total 49 psf   
         
Tributary 

Width 
(ft) 

Tributary 
Area 
(ft^2) 

AI 
(ft^2) 

LL 
Reduction 

Live Load 
(psf) 

Dead 
Load 
(psf) 

Total 
Load 
(psf) 

Span 
(ft) 

Max 
Moment 

(k-ft) 
9.33 414 827 0.483 65 49 109 44.33 249.9 

Table 2.1- Load development 
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Alternative Floor Systems 
 
Open Web Steel Joist, Long Span  
 
The first alternate flooring system being investigated is an open web steel joist system 
framing into non-composite steel girders spanning in the long direction.  The system is 
comprised of 26K12 open web steel joists spaced at 3’ on center.  Joists span 44’4” and 
frame into non-composite 50 ksi W21x44 wide-flange girders.  The joists were selected 
from New Columbia Joist Company catalog with loads based on a maximum tensile 
stress of 30 ksi.  The girder designed for this system was an interior girder, so exterior 
wall loading was not taken into consideration.  The joists support 4000psi light weight 
concrete poured over steel form metal deck with a total slab thickness 3-1/2”, and 
reinforced with 6x6-W2.0xW2.0 wwf.  The deck is 80 ksi Tensilform 75 deck 
manufactured by Wheeling and has been designated with a 2 hour fire rating by 
Underwriter Laboratories for the given assembly.  The total depth of the system is 29-
1/2”, as seen below in figure 2.2.  Relevant calculations can be found in Appendix A. 
              
Open web steel joists are efficient      Figure 2.2- Section of alternate floor system 1 
engineered products.  The relative 
light weight of each joist can reduce 
the size of beams and columns, 
reducing the overall building weight, 
thus lowering the overall cost of the 
project.  The open webs of the joists 
permit passage for other systems 
through the member such as 
mechanical duct work, electrical 
conduit and plumbing systems.  
Additionally, construction with open 
web joists is relatively quick.  Once each joist is erected, decking can be laid across 
them to form a working surface or to begin pouring the concrete slab. 
 

 
        Figure 2.3- Open-Web Steel Joist, Long Direction 
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Open Web Steel Joist, Short Span (Alternate 2) 
 
This alternative flooring system is comprised of the same decking and slab thickness, 
but contains open-web trussed spanning in the short direction of the bay.  The joists 
selected are open-web 22k6 joists spaced at 4’0” on center, again from the New 
Columbia Steel Joist Company.  The joists are framed into non-composite 50 ksi wide-
flange steel girders sized at a W18x40 spanning 44’4”.  The total depth of the system 
is 25-1/2” and still retains a 2 hour fire rating designated by Underwriter 
Laboratories.  Calculations for this system can be found in Appendix B. 
 
A joist with a smaller depth could be selected for this system due to the decrease in 
span from the system above, which decreases the load per linear foot on the truss.  
The joists were also allowed to be spaced an additional foot apart for this system.  The 
Tensilform 75 steel deck is capable of spanning 4’0” for both systems, but became the 
limiting factor for the selection of a joist spanning the long direction.  Orienting the 
joists in the short direction as shown below in Figure 2.4 resulted in a longer center to 
center spacing, in shallower system depth. 
 

 
      Figure 2.4- Open Web Steel Joist, Short Direction 
 

Figure 2.5- Section of alternate floor system 2  
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Concrete Pan Joist Girders, Long Span (Alternate 3) 
 
The third alternate floor system being evaluated is a one-way concrete joist system in 
the long span direction.  The CRSI 2002 design handbook was used as the guide to 
this design.  The system uses 4000psi strength concrete and 60ksi strength reinforcing 
bars in design.  The clear span was found to be 41’10”, but designed as a 42’ end span.  
The joist girder system selected from the CRSI handbook uses 40” forms with 10” ribs 
spaced at 48” center to center.  The ribs are 18” deep with a top slab of 4.5”, bringing 
the total depth of the system to 22.5”.  The maximum factored usable superimposed 
load for this system is 447 lb/ft2, which is greater than the calculated 396 lb/ft2.  Top 
reinforcing consists of # 6 bars at 9.5” on center, while bottom reinforcing consists of 
a single #8 bar.  The one-way concrete joist frames into a rectangular concrete girder 
found to be 36”x24.5”.  Both a cross section and typical bay layout for this system 
can be seen below in figures 2.6 and 2.7. 
 
     Figure 2.6- Typical cross section of one-way joist 
The advantages of using a one 
way concrete pan joist system 
include the ability to span rather 
long distances and the overall 
relative lightweight of the 
system.  The depth of the system 
can be minimized depending on 
the span condition. 
 
Disadvantages of this system 
include costly formwork 
assembly and tear down, as well as concrete curing time.  Both of these factors can 
result in increased labor costs and lost time on the project schedule. 

 
                       Figure 2.7- Typical bay layout for one-way concrete joist system, long span 
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Concrete Pan Joist Girders, Short Span (Alternate 4) 
 
The forth alternative flooring system 
being evaluated is similar to 
alternative three, but spanning 
perpendicular to the original span.  
Similar to alternative 2, the floor 
system depth can be reduced when 
spanning in the short direction.  The 
CRSI 2002 handbook was again used 
as the design aid for this system.  
Columns were assumed to be 
30”x30” square, but were not       Figure 2.8- Cross section of concrete girder in short span 
checked for strength.  The system was designed for a clear span of 26’0”, which 
resulted in the selection of a joist system with 40” forms and 8” ribs spaced at 48” on 
center.  The ribs are 12” deep with a top slab of 4.5”, yielding a total system depth of 
only 16.5”.  The maximum usable load for this system is 686 lb/ft2, greater than the 
calculated 396 lb/ft2.  Top reinforcing consists of #8 bars at 8”, which bottom 
reinforcing consist of 1 #5 bar.  A concrete girder was also selected from the CRSI 
2002 handbook and sized at 30”x 42”.  The typical cross section of the concrete joist 
system is shown to the right in figure 2.8. 
 
This system has the same advantages and disadvantages as alternate system number 
4, but the advantage that is most obvious is the reduction in system depth.  This 
system allows for the depth of the floor to be reduced nearly six inches.  When dealing 
with a high-rise office tower like Eight Tower Bridge, 6 inches per floor correlates to 
height reduction of 8’, close to a fully story height.  This affects the overall building 
weight, seismic and wind calculations, an also building cladding costs.  A designer 
may be particularly interested in such a reduction when facing height restrictions.   

 
               Figure 2.9- Typical bay layout for one-way concrete joist system, short span 
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Precast Concrete Hollow Core Deck (Alternate 5) 
 
The final alternative flooring 
system developed is the use of 
precast concrete hollow core deck 
on wide flange beams.  The 
Nitterhouse Precast Concrete 
Systems catalog was used as the 
design aid for this system.  The 
planks were designed to span in 
the short direction of the typical 
bay.  After developing an 
unfactored floor load of 95psf, it 
was determined that an 8”x4’            Figure 2.10- typical 8” spandeck cross section 
prestressed span deck with 2”  
cast-in-place concrete toping.  The allowable superimposed load in psf for this system is 
listed as 132 lb/ft2.  The 8 inch deep deck is cast from 5000psi concrete and reinforced 
with ½” diameter, 270k Lo-Relaxation prestessing tendons.  The typical section of 
the precast spandeck is shown above in figure 2.10. 
 
The precast spandeck will sit on wide-flange steel girders that span 44’4”.  There were 
two girders sized from LRFD Manual of Steel Construction that meet the required 
moment capacity of 1645 k-ft for an interior girder.  The most economical member 
was a W33x130 beam.  However, to minimize the depth of the system, a shallower 
but heavier W27x146 was selected as this system’s girder.  The overall system depth is 
therefore 37”.  The two inch topping was necessary in order to ensure an even floor 
finish, as the girder would have to be cambered due to deflection. 
 
Precast concrete members pose many advantages.  They can be cast in a controlled 
area, ensuring quality in strength.  Hollow core plank and deck systems are relatively 
light in weight due to their hollow cores, which also pose thermal and acoustical 
benefits. 
 
 
Conclusion 
 
Out of the five alternative systems proposed, the two systems that seem to pose no 
real advantage or improvement to the structure are the precast hollow core concrete 
deck and the open web steel joist spanning the long direction.  While both of these 
systems are fairly light and do work for the required loadings, the increase in floor 
system depth is too much.  Weight reduction is not an issue with this structure, as the 
bulk of the weight lies at the building core, and not at the perimeter where our typical 
bay lies.  Choosing a system that may be lighter than the current system does not 
pose an advantage if the overall structure height is increased. 
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The remaining 3 alternative systems may have been viable options for the flooring 
system of Eight Tower Bridge.  Most notably would be the one-way concrete pan joist 
system spanning in the short direction.  The decrease in floor system depth of almost 
6” could prove to be a very cost effective for the project.  This system would also 
eliminate the need for long material lead time for steel members.  However, the 
addition of form work assembly and disassembly, as well as concrete curing time may 
add time to the schedule.  Additionally, the system requires a very large concrete 
girder, which may ruin all advantages of the system entirely.  It may be worth while 
to investigate what shallow concrete framing members are available to span such a 
length.  A summary table of the existing and alternative flooring systems is listed 
below. 
 
Summary of Alternative flooring systems:  
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Appendix A 
Calculations for Alternative Floor 

System 1: 
 

Open Web Steel Joist, Long Span 
 

 
 
  
 



 11



 12



 13



 14

 



 15

Appendix B 
Calculations for Alternative Floor 

System 2: 
 

Open Web Steel Joist, Short Span 
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Appendix C 
Calculations for Alternative Floor 

System 3: 
 

 
 

Concrete Pan Joist Girders, Long Span 
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Appendix D 
Calculations for Alternative Floor 

System 4: 
 

 
 

Concrete Pan Joist Girders, Short Span 
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Appendix E 
Calculations for Alternative Floor 

System 5: 
 

 
 

Precast Hollow Core Concrete Deck 
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Appendix F 
 

 
 

Slab Schedule for Eight Tower Bridge 
 
 

 


