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Executive Summary 
 

This technical assignment will focus on the flooring system for Overlook Towers.  The existing system is 
described in detail along with the design considerations and loading calculations.  Four alternate flooring 
systems are also analyzed and considered a potential system for the building.  Through rough 
calculations, computer models and economic considerations the systems will be compared and a 
conclusion will be made whether the chosen system is a viable option for the building conditions. 

The existing floor system for Overlook Towers is a composite deck supported by A992 wide-flange steel 
frames.  The deck is com posed of 3 ¼” lightw eight concrete (115 pcf) and a 3” 18 gauge composite steel 
deck.  The following are the four alternate systems: 

 Open-web Steel Joist 

 Pre-cast hollow-core plank 

 Pre-cast Double-T plank 

 Post-tensioned slab 

The option that can be ruled out immediately is the open-web steel joist system.  It is just not practical 
for an office building.  Vibrations would be too much of a problem.  Another problem with the system is 
its difficulty to fireproof.  This may be a possible roofing system, but not for a flooring system.  The pre-
cast hollow core planks can also be eliminated; the self weight alone is enough for disqualification.  This 
system may allow for a quicker erection time and easier fireproofing than steel joists; however, it is still 
not practical when compared to the last two alternatives.   

The existing system is one of the better options.  This is a common system to work with and relatively 
cheap to construct.  Post-tensioning and the double-T plank were found to be viable alternatives to the 
current system.  Both systems have smaller depth and roughly weigh the same.  The double-T, in all 
probability, will require a larger foundation but may reduce construction time, considering it is pre-cast.  
The complexity of post-tensioning concrete may be reason enough to exclude this option.  Although the 
system would cost more, the 46’ span is easily achieved.   
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Existing Conditions 

Building Summary 
Overlook Towers is a nine story, 260,000 square foot steel office building.  The floor plan is open with 
only a few columns interfering with the office space.  The majority of the supporting structure is along 
the perimeter of the building and around the central core.  The two typical bay sizes are highlighted 
below in the partial framing plan.  The typical beam sizes are also noted on the drawing, actual sizes vary 
depending on level.  Each bay is spaced approximately thirty feet.  The longest span in the building is a 
distance of forty-six feet, which runs from the exterior wall to the interior core.  Since this will be the 
determining factor in the design of the system, I w ill be concentrating on a bay size of 46’ x 30’.  The 
flooring system will be designed considering only live load and dead load.  Loads due to wind and 
seismic forces are omitted. 

 
Partial Framing Plan (typ.) 

 

Loading Conditions 
The loading conditions to be used in the design of each system are as follows: 
(In accordance with IBC 2000) 
 

Live Loads Dead Loads 
Office 100 psf Mechanical 5 psf 

Corridor 100 psf Misc. 5 psf 
Lobby 100 psf Floor Weight  See Appendix 

 
For my calculations I will be using a live load of 100 psf and an initial 10 psf dead load.  Since this is an 
open plan office building, an allowable load of 20 psf for moveable partitions is included in the office live 
load.   

Key Plan 
 

1 Key Plan 
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Existing Floor System 
The existing floor system  is a 6 ¼” 
composite beam and deck, supported 
by a steel frame.  The slab is 3 ¼” of 
lightweight concrete (115 pcf) with a 
28-day strength of 4000 psi.  Below 
the slab is a 3” 18 gauge com posite 
deck.  Shear reinforcing is provided 
by ¾ ” headed shear studs.  The 
typical beam size is W24x55 spaced 

at 12’-6” o.c.  The beams frame into a 
W21x44 exterior girder and a 
W24x55 interior girder.  Although the beams are not spaced evenly with the column lines, I will be using 
a bay size of 46’ x 30’ throughout the report.  

A big advantage to this system is the use of lightweight concrete.  Steel structures are known for their 
quick erection and are less expensive compared to other systems.  Fabrication is performed in the 
factory, thus reducing the time for on-site preparation.  However, there is a possibility of down time due 
to the members not being delivered to the site in a timely manner.  As with all steel structures, the 
major downfall to this system is the need for fireproofing.  Since all structural members require 
fireproofing, extra time and money is required for installation.  This is a very suitable system for this 
building type and occupancy. 

 

Enlarged Bay Plan 

Floor Section 
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Alt. 1 – Open Web Steel Joists 
 
For this system I will remain with a steel frame but replace beams with LH-series steel joists.  Joists and 
slabs are designed using the Steel Joist Institute design tables (see Appendix B).  The forty-six foot span 
will require a spacing of 2’-6” and a slab thickness of 2 ½ ”.  Two rows of bridging are also needed.  The 
concrete used in this system will also be lightweight concrete, but with a compressive strength of 3,000 

psi.  In order to achieve a deflection of  with a live load of 250 psf, I chose to use a 24LH11 LH-series 

joist.   

There are not many advantages to this system when compared to the composite slab and beam.  The 
overall floor thickness is only a few inches less than the current system.  This could help in some cases, 
but for the building location a height restriction was not an issue.  One advantage, however, is the 
efficient use of steel.  Steel joists weigh less than the W-beams, 55 plf for a wide flange and 25 plf for a 
steel joist.  These systems have an easy constructability with little on-site preparation.  Considering the 
long spans and the tendency for joists to cause floor vibrations this system would not be the best choice. 

 

Joist Framing Plan 
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Alt. 2 – Hollow Core Plank 
 
For my second alternative, I used a precast hollow core 
system.  Design aides were obtained from the Spancrete 
Industries product catalog.  With a live load of 110 psf, an 
8” hollow core plank system can be used.  The planks are 
48” w ide w ith a span of 15’.  There are two assembly 
options for this system, which are illustrated below.  
Method one will be quicker and will require less work.  
Method two will allow for a more efficient use of space.  
Another advantage to this method is that it allows for 
more bracing of the beam, giving it increased lateral 
support.  Several variations exist for each method.  A 2” 
optional layer of structural concrete is offered for each 
assembly.   

The hollow-core plank system is good for a fast paced 
project because of the precast concrete.  Time need not 
be reserved for curing a concrete deck.  Erection will be faster and valuable time and money will be 
saved. The beams will still need to be fireproofed; however, the concrete planks have a fire rating of two 
hours.  One downfall to this system is its weight; a heavier floor will require larger beams.  The concrete 
planks alone are almost twice the weight of a composite deck.  Taking into account all nine stories, this 
will add a considerable amount of load to the foundation.  Money saved on the flooring system may 
have to be spent on the foundation. 
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Alt. 3 – Pre-cast Double-T Plank 
 
Another pre-cast concrete alternative is the Double-T 
plank.  Spancrete design tables were used as a design aide 
(see Appendix B).   To reduce the overall depth of the 
system , I chose to span the planks in the 30’ direction.  
Considering the loading conditions and a 30’ span a 
Spancrete 8DT24-N 48H can be used.  Each plank is 8’-0” 
w ide by 24” deep w ith a 30’ span.  Since no structural 
topping is required the depth w ill rem ain at 24” and an 
average weight of 55 psf.  This system is heavier than the 
current one, which will require design changes to the 
columns and foundation.   

The double-T plank is also precast, so its advantages are 
similar to the hollow-core planks.  One advantage with 
using this system when compared to the hollow-core 
plank is its weight.  The plank itself is 6 psf and there is no 
need for a beam to break up the span.  The double-T will 
not require fireproofing, as it already has a 2 hour rating.  No curing time is needed for a concrete deck 
or the 2” structural concrete topping, which can reduce construction time.    Since all components of this 
system are pre-fabricated, temperature and weather conditions will have less of an impact on the 
schedule.  Any other system with cast-in-place concrete, designers and contractors will have to take into 
account appropriate temperatures for curing the concrete. 

 

 

Double-T Section 
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Alt. 4 – Post-Tensioned Slab & Beam 
 
While researching different concrete systems, I found a post-tensioned system  to w ork best w ith a 46’ 
span.  This system is commonly used in parking structures, but is applicable towards office buildings 
requiring long spans.  Beam sizes were rather large for the current bay arrangement without the use of 
post-tensioning.  Post-tensioning will allow for a more efficient design when compared to the other 
systems, but with increased complexity.  Using the CSI concrete beam tables, beam depth would be 
approximately 6” smaller than conventionally reinforced beams.  It was found that the beam depth can 
be 24”.  The concrete will be lightweight with a compressive strength of 4,000 psi and steel yield 
strength of 60,000 psi.  Post-tensioning will offset 90% of the slab dead weight, allowing for smaller 
beam sizes.   

Although a more difficult system to construct, it definitely has its benefits.  Beams will only be located 
on the column lines spanning the N-S direction.  More clear space is available for the other disciplines.  
Having cast-in-place concrete becomes an issue when considering the construction time.  Proper curing 
temperature must be considered in the winter months.  Money would have to be spent to enclose and 
heat the structure during the cold weather.   
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Comparison of Systems 
 
 
 

 
 

System 

 
Existing 
System 

 

Alt. 1 - 
Steel Joists 

 
Alt. 2 - 

Hollow-core 
 

 
Alt. 3 - 

Double-T 
 

 
Alt. 4 - 
Post-

Tensioning 
 

 
Possible Impact on 

Foundation 
 

n/a None 
Larger 

Foundation 
Larger 

Foundation 
None 

Possible Impact on 
Schedule 

n/a No Shorter Shorter Longer 

 
Fireproofing 

 
Required 

Required 
(most difficult) 

Required 
 

Required 
 

Not Required 

 
System Depth 

 
≈  30” ≈  27” ≈  32” ≈  24” ≈  24” 

Average Weight  
(Per squre foot) 

40 psf 38 psf 64 psf 55 psf 48 psf 

 
Viable Alternative 

 

 
n/a 

 
No No Yes Yes 
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Appendix A – Floor Weights 
 

Existing System: 

 Floor Weight:  35 psf 

              Beam:  55 plf @  24” deep 
  

 Avg. Weight:   

Open-Web Steel Joist: 

 Floor Weight:   27 psf 

                Joist Weight:  25 plf @  24” deep 

  Avg. Weight:   

  

Hollow Core Plank: 

 Plank Weight:    61 psf 
               Beam:  90 plf 

  Avg. Weight:   

Pre-cast Double-T: 

            8’ x 24” W eight:      55 psf 
  Beam:  84 plf 

Post-Tensioned Slab: 

  Floor Weight:   
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Appendix B – Design Tables 
 

wTL = 100 psf(2.5’) + 38 psf(2.5’) = 345 plf                        wLL = 250 plf 

 

Open Web Steel Joists 

 

 

Non-composite Slab 
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Hollow Core Plank 
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Appendix C – Rough Calculations 
 
JOIST CALCULATIONS 

 Joist Load:  25 plf (46’)(11 joists) = 12.65 kips  

   wu = 1.2(421) + 1.2(38 psf)(46’) + 1.6(100 psf)(46’) = 9.96 klf 

     Beam Moment:      →      W30x99 (ΦMn = 1170’k   / ΦVn = 417k) 

PRE-CAST HOLLOW CORE 

    Beam Moment: wu = 1.2(61 psf)(15’) + 1.6(100 psf)(15’) = 3.5 klf 

        →      W30x90 (ΦMn = 1060’k /ΦVn = 374k) 

DOUBLE-T CALCULATIONS 

   Beam Moment: wu = 1.2(55 psf + 10 psf)(30’) + 1.6(100 psf)(30’) = 7.14 klf 

        →      W24x84 (ΦMn = Mn840’k / ΦVn = 306k) 

    
    

    


