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Executive Summary 

Structural Technical Report 2 
 
 Within this report, are five (5) preliminary floor systems designed to functional as 
alternates for The HUB on Chestnut, located in Philadelphia, Pennsylvania.  The original 
system is a post-tensioned two-way flat slab.  The selected group consists of a hollow-
core concrete slab, two-way flat plate, two-way flat plate with dropped panels, one-way 
concrete joist, and a composite steel beam. These options were selected to comply with 
the architectural and structure constraints of the designed building.  With a repetitive 
design in levels 3 through 9, a critical bay was selected from the 7th level.  This bay 
represents the largest spans and is nearly symmetrical in both directions.  A few minor 
modification to the existing structural layout where incorporated to provide simplicity in 
the preliminary designs.  Each alternate system was designed based on a 30’ x 30’ 
exterior bay.  Several systems have been designed in accordance with applicable industry 
codes.  Such codes include the 2002 CRSI Design Handbook, PCI Handbook 6th Edition, 
AISC 3rd Edition Manual, as well as manufacturers design manuals.     
 
Many factors are considered in selecting a sustainable floor system.  The system first and 
for most must provide a safe and adequate floor that can support all superimposed 
loading conditions.  It is assumed the provided design aids have been incorporated to 
meet the requirements of deflection. Other criterion that affects the selection is 
constraints due to architectural aesthetics, fire rating, constructability, scheduling, and 
economical costs.  The HUB is subjected to all of these features and each, along with 
others, will be incorporated into the selection process.  Although five of the six systems 
are concrete structures, no bias opinions have been implemented towards either material.  
The application of a concrete design provides many alternatives that are suitable for the 
existing structure.    
 
The alternative floor system will be selected using a points system.  Each design will 
receive a point ranging from 1 to 6.  The more efficient and desirable systems will be 
awarded a low value.  The system which receives the lowest total point value will be 
considered to be the most applicable design.  Each system can be evaluated and 
compared to other another based on their total tallied points. 
 
Further research can involve several systems.  Two feasible designs are the application of 
open-web joists and non-composite steel beams.  Both designs are part of standard 
industry practice but were not incorporated for comparison.  The composite steel beam 
was already considered.  Although non-composite design may or may not be more 
economical, a lower floor depth will be controlled by composite design.  
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Structural Technical Report 2 
Study of Alternate Floor Systems 

 
The objective of this study is to explore various flooring systems that can function 
as alternatives to the existing design.  Within this report, the reader will be 
introduced to the five (5) systems that have been selected: 
 

Hollow-Core Concrete Slab        One-Way Concrete Joists        Two-Way Flat Slab     
                           

              Two-Way Slab with Drop Panels            Composite Steel Beam 
 

Each flooring system provides both advantages and disadvantages when integrated 
with the admirations and requirements of the designers, as well as the owner.  The 
systems will be compared among one another to provide a systematic selection 
process based on a ‘points system’.  The points system will provide a flooring 
system that will incorporate fundamental design criteria, construction restraints, 
architectural aesthetics, and economical costs.  
 
For preliminary design purposes, the existing structural layout has been modified.  
The center column line has been shifted one-foot (12”) in the East /West direction 
and the exterior columns have been transferred to the slab edge.  No adjustments 
along each column line have implemented which will maintain their ambiguity 
within the partition walls.  This slight revision will provide symmetry and 
simplicity in designing each system.  In the illustration provided on the next page, 
the green area indicates the critical bay that will be analyzed in each flooring 
system. 
 
The critical bay is located on the 7th level.  This bay was selected for several 
reasons. The first reason is to account for the largest typical bay within the 
structure.  Also, levels 3 through 9 provide the dominant common floor space. 
These seven levels serve as residential occupancy and have a redundancy in the 
architectural layout.  The five flooring systems will be designed based on a typical 
30’ x 30’ exterior bay required to support a superimposed dead and live load.  
 
Dead Loads   Partitions 20   lb/ft2  Live Loads    Residential Use 
  MEP  5      lb/ft2    
  Collateral 5      lb/ft2   [ASCE7-02]       40 lb/ft2 
    30    lb/ft2  
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            30’ x 30’
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POST-TENSIONED TWO-WAY SLAB     [EXISTING]    
 
The HUB on Chestnut has been designed and constructed using a two-way post-
tensioned floor system.  The typical 9-inch slab, with 5,000 PSI high compressive 
strength concrete, is supported by three column lines oriented on each exterior 
edge and through the middle in the long geometry of the building.  The column 
grid creates 12, nearly square bays, with #4 bars spaced continuously at 30” in 
each direction.  Additional reinforcement (5 - #8 bars) is placed at the top and 
bottom in both directions where mild reinforcing is needed.  As illustrated above, 
the post-tensioning strands are placed along each long column line and at 
intermediate bays.  The typical tendon is a half-inch 270k seven-wire strand.  The 
jacking forces range from 85k to 435k.  The lower stressed tendons are spanned in 
the short direction. 
 
A post-tensioned system is a welled designed system.  The tensioning provides a 
strong concrete slab that can withstand a substantially higher loading than other 
conventional concrete slabs.  A thinner slab thickness is one of the most popular 
attributes of post-tensioning.  The tendons and anchors can be well hidden in the 
case of architectural examination.  A creditable aspect is the elimination of 
fireproofing.  Fireproofing is an additional cost and can be beneficial to the 
building budget if eliminated or reduced.  Some disadvantages also come with this 
design.  Post-tensioning can be less effective during construction.  Each tendon 
must be carefully placed causing longer construction intervals.  The tendons can 
not be stressed until the concrete has reached its setting strength which is 
detrimental to the schedule.  Although this system is very effective, the cost is 
excessive compared to other systems.  The tendons and high strength concrete are 
very costly along with the hiring of another subcontractor to provide the jacking.  
Please refer to Technical Report 1 for any concerns with the existing structure. 
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HOLLOW-CORE CONCRETE SLAB      
   
Precast concrete planks have several 
advantages.  The most beneficial use 
of precast is the quick and steady 
installation.  The product can arrive 
on-site and be put into place.  No 
down time is required for concrete to 
be finished and set.  The concrete 
planks, although hollow, can provide 
an adequate rigidity to resist lateral forces.  Precast products provide the consumer 
with a quality product that is fabricated in a controlled working environment and 
can be installed in all weather conditions.  The floor system devised will 
incorporate the use of precasted 8” x 4’ hollow-core slabs spanning 30’.  The 
planks will be reinforced using 6- ½ ø, 270k tendons within 5,000 PSI concrete. An 
additional 2” topping of concrete will be used to created an even finished floor 
which is an aspect desired by the design architect.  The U.L. J917 is adequate for a 
1-1½ hour fire rating.  The entire supporting structure was not designed.  The use 
of concrete ledger and inverted T beams will be needed.  These beams can be 
integrated into the wall system which will allow for an exposed total depth of 10 
inches.  Please see Appendix II for loading, selection, and application. 
 
TWO-WAY FLAT SLAB         
 
A two-way flat concrete slab provides the 
architect with a uniform floor system.  There 
are no edge beams, dropped panels, and other 
obstructions to hinder his/her design.  Both 
architects and engineers are subjected to using 
free column spacing and placement.  This 
selection uses a 10” thick slab with 4,000 PSI 
compressive strength and 60 KSI reinforcing.  
The formwork is simple and uniform which 
allows for quick construction.  Another 
advantage is the consistent and continuous 
reinforcing in each direction.  This design does not include the use of shearheads.  
Some disadvantages come into play with flat monolithic slabs.  The slab is very 
sustainable to punching shear.  Usual design resists this action by creating large 
columns and thicker slabs.  Again, the use of a thickness concrete slab eliminates 
the application of fireproofing and provides an adequate 2-hour rating. Please refer 
to Appendix III for loading, selection, and application.
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TWO-WAY FLAT SLAB WITH DROPPED PANELS     
 
The two-way slab with dropped panels is an 
alternate to flat slabs and slabs with beams.  
The dropped panels provide the slab with 
the strength needed to eliminate obstructive 
deep supports.  Also, the dropped panels can 
be incorporated for architectural aesthetics.  
This design will reduce the action of 
punching shear and can reduce the size of 
the support columns.  Dropped panel 
systems will sustain higher loading than the 
flat plat system.  The selected design 
indicates the use of 10’ x 10’ dropped panels 9” in depth.  The concrete consist of 
4,000 PSI compressive strength and 60 KSI reinforcing.  A total depth of the system 
is 11.5”.  With the extra time to construct the formwork, the cost of this selection 
can be much higher than flat plate design.  A dropped panel design can cause 
construction delays in placing the reinforcement.  The discontinuity may hinder 
the schedule and quality of the finished product.  Please refer to Appendix IV for 
loading, selection, and application 
 
ONE-WAY CONCRETE JOISTS        
 
One-way concrete joists are an alternate to 
steel joists.  The cost is substantially less 
compared to the current high cost of steel.  
The monolithic slab and joist integration 
provides a much more rigid flooring system 
than the flat slab.  A deep pan between joists 
can provide a cavity to mount and hide 
mechanical duct work.  Several disadvantages 
are associated with one-way joists.  The 
cumbersome formwork is not very 
economical but the finished product may be 
worth the extra time and cost.  The selected system consists of 10” deep ribs with 
a width of 6” spaced 26” on center using 4,000 PSI.  A monolithic 3” topping is 
applied to provide a stable uniform deck finish.  All concrete is cast-in-place with 
60 KSI integrated continuously at the top and bottom.  A joist-band beam has also 
been designed for this application.  The design requests a 24.5” x 24” doubly-
reinforced member to act as an interior support.  Please refer to Appendix V for 
loading, selection, and application.
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COMPOSITE STEEL BEAM         
 
A steel beam with a concrete slab-on-
deck composite system is a very 
common floor design.  This applied 
design consist two W10 x 26 joists 
spaced evenly at 10’ on center within the 
30’ x 30’ bay.  The girder is sized as a 
W18 x 46.  A 2” United Steel Deck 
metal decking, model UF2X, is in filled 
with 6.5” of 4,000 PSI normal weight 
concrete.  The total depth above top steel flange is 6.6”.   A W4 x W4 welded wire 
mesh is placed in the slab system.  The composite action is constructed of 12 shear 
studs attached to each joist beam and 15 studs attached to the girder.  To avoid any 
design change with the stair opening, the joists are run parallel to the long 
geometry of the structure.  This arrangement is also more economical because all 
the girders will be run in the long direction in each bay.  The application of a steel 
joist with slab-on-deck system provides a quick and steady installation over 
concrete.  No lead time is needed to allow for an acceptable strength to be 
acquired as there is in concrete construction.  In today’s economy, the price of 
steel is significantly higher than that of concrete.  This type of system also 
includes an application of sprayed fiberous concrete fireproofing. 
 
SYSTEM SELECTION          
  
As previously stated in the introduction, a particular floor design will be selected 
based on a points system.  The group of systems, including the existing, will be 
compared based on fundamental design criteria, construction restraints, 
architectural aesthetics, and economical costs.  Each item will be scored in a 
particular section and issued a point value between 1 and 6.  The most desirable 
design with be given a 1, the next feasible design will be issued a 2, and so on.  
Each system with be ranked in accordance by ascending order.  No two systems 
can share a common value.  After the numbers are tallied, the floor system with 
the least amount of points will be chosen as the paramount design. 
 
Table Key  I Post-Tensioned Flat Slab 
   II Hollow-Core Concrete Slab         
   III Two-Way Flat Slab     
                              IV Two-Way Flat Slab with Drop Panels             
   V One-Way Concrete Joists         
   VI Composite Steel Beam 
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I II III IV V VI
Economic Cost 5 1 2 4 5 6
Floor Depth 1 3 2 4 5 6
Loading Capacities 2 4 6 5 3 1
Fire Proofing (Rating) 4 3 2 1 5 6
Design Flexibility 2 6 1 4 5 3
Mechinical Placement 3 1 2 5 4 6
Constructability 5 1 2 3 6 4
Installation 4 1 2 3 6 5
Time Elapse 5 1 3 4 6 2
Weather Conditions 5 1 3 4 6 2
Quality 4 1 3 5 6 2
Aesthetics 2 3 1 4 6 5
Maintenance 3 2 1 4 5 6

Total 45 28 30 50 68 54

System

 

Alternate Systems Evaluation Table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION            
 
In the above selections, six (6) floor systems have been devised to serve the 
gravity loading conditions for The HUB on Chestnut located in Philadelphia, 
Pennsylvania.  In the group, five (5) systems are concrete support structures while 
the other is steel framing.  No bias is directed towards any material.  Concrete 
structures have several applicable systems that would be functional.  Two other 
steel systems may be applicable with steel construction.  One is the open-web steel 
joist, and the other is non-composite steel beam.  A steel joist could be further 
researched but the non-composite should be denied due to depth constraints 
compared to the other systems. 
 
Using the evaluation table, the hollow-core concrete slab is best suited to be an 
alternate system to the existing design.  This floor system is most applicable in all 
areas of design.  The next selection could be the two-way flat slab.  The most 
undesirable system is the one-way concrete joists.  The existing condition is a well 
designed floor system but is out ranked by the other options.   
 
 



 
 
 
 

 
 
 
 

APPENDIX   I 
 

SOURCES 
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         SOURCES   
 
 
 
- Hollow-Core Concrete Slab  
 
 Nitterhouse Concrete Products   
  
 Precast and Prestressed Concrete Design Handbook [PCI 6th Edition] 
 
- Two-Way Flat Slab    
  
 Concrete Reinforcing Steel Institute, 2002 [CRSI-02] 
  Design Handbook 
 
- Two-Way Flat Slab with Drop Panels  
 
 Concrete Reinforcing Steel Institute, 2002 [CRSI-02] 
  Design Handbook 
 
- One-Way Concrete Joists   
 
 Concrete Reinforcing Steel Institute, 2002 [CRSI-02] 
  Design Handbook 
  
- Composite Steel Beam   
 
 American Institute of Steel Construction, 3rd Edition [AISC] 
 
 United Steel Deck, Inc. [USD] 
  Deck Design Manual 
 
- Cost Analysis 

 
 Cost Works Database 2005 
 
 RS Means Assembly Costs 2006 



 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX   II 
 

HOLLOW-CORE CONCRETE SLAB 
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HOLLOW-CORE CONCRETE SLAB 
 
 

[In accordance with Nitterhouse Concrete] 
  
Loading Conditions 
 
 Dead Loads 
  Partitions 20  lb/ft2 
  MEP  5     lb/ft2 
  Collateral 5     lb/ft2  
    30 lb/ft2 
 Live Loads 
  Level 7 → Residential  
    40  lb/ft2 

Superimposed Service Load 
  
      wu = DL + LL 
  = 30 lb/ft2 + 40 lb/ft2 
  = 70 PSF  
 
Factored Load      
 
                 wu = 1.2DL + 1.6LL 
  = 1.2(30 lb/ft2) + 1.6(40 lb/ft2) 
  = 100 PSF  
 
 NITTERHOUSE Design Aid   
 
Select 8” x 4’ Span Deck® U.L. - J917 
  2” CIP Topping  
   (6) Strand - ½ Ф, 270K 
 
 103 PSF > 70 PSF 
 
*Load value is controlled by service stress 
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APPENDIX   III 
 

TWO-WAY FLAT SLAB 
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TWO-WAY SOLID FLAT SLAB 
 
 
[In accordance with CSRI 2002] 
 
Loading Conditions 
 
 Dead Loads 
  Partitions 20   lb/ft2 
  MEP  5     lb/ft2 
  Collateral 5    lb/ft2  
    30   lb/ft2 
 Live Loads 
  Level 7 → Residential  
    40  lb/ft2 

 
Factored Superimposed Load 
  
      wu = 1.4DL + 1.7LL 
  = 1.4(30 lb/ft2) + 1.7(40 lb/ft2) 
  = 110 PSF  
 
 CRSI Design Aid (9-30)     f’c = 4,000 PSI 
         Grade 60 KSI  
Select   Square Edge Panel 
   Without Shearheads 
     

l1 =  l2 = 30’       150 PSF > 110 PSF          Total Slab Thickness - 10” 
Depth 
             
Exterior Columns – 39” x 39” minimum 
Interior Columns – 33” x 33” minimum 
 
Reinforcement (E.W.) 
 Column Strip →20 - #5 Bars [Exterior Top] 
   → 10 - #8 Bars [Bottom] 
   → 18 - #8 Bars [Interior Top] 
 
 Middle Strip  → 16 - #5 Bars [Bottom] 
   → 10 - #6 Bars [Interior Top] 
 
 Total Steel → 4.21 PSF  [Edge] 
   → 4.26 PSF [Edge-Corner] 
   → 4.41 PSF  [Corner] 
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APPENDIX   IV 

 

TWO-WAY FLAT SLAB 
WITH DROP PANELS 
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TWO-WAY FLAT SLAB WITH DROP PANELS 
 
 
[In accordance with CSRI 2002] 
 
Loading Conditions 
 
 Dead Loads 
  Partitions 20   lb/ft2 
  MEP  5     lb/ft2 
  Collateral 5     lb/ft2  
    30   lb/ft2 
 Live Loads 
  Level 7 → Residential  
    40  lb/ft2 

Factored Superimposed Load  
  
      wu = 1.4DL + 1.7LL 
  = 1.4(30 lb/ft2) + 1.7(40 lb/ft2) 
  = 110 PSF  
 
 CRSI Design Aid (10-29)     f’c = 4,000 PSI 
         Grade 60 KSI  
Select   Square Edge Panel 
   With Drop Panels 
    No Beams 

l1 =  l2 = 30’    200 PSF > 110 PSF       Drop Panels → 10’ x 10’ 
           9” Depth 
Total Slab Depth between Drop Panels – 11.5” 
Exterior Columns – 16” x 16” minimum 
Interior Columns  – 19” x 19” minimum 
 
Reinforcement (E.W.) 
Column Strip → 14 - #5 Bars [Exterior Top] 
  → 12 - #8 Bars [Bottom] 
  → 18 - #6 Bars [Interior Top] 
 
Middle Strip  → 14 - #6 Bars [Bottom] 
  → 16 - #5 Bars [Interior Top] 
 
Total Steel → 3.79 PSF 
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APPENDIX   V 
 

ONE-WAY CONCRETE JOISTS 
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ONE-WAY CONCRETE JOIST 
 
[In accordance with CSRI 2002] 
 
Loading Conditions 
 
 Dead Loads 
  Partitions 20  lb/ft2 
  MEP  5    lb/ft2 
  Collateral 5    lb/ft2  
    30  lb/ft2 
 Live Loads 
  Level 7 → Residential  
    40 lb/ft2 

Superimposed Service Load 
  
      wu = 1.4DL + 1.7LL 
  = 1.4(30 lb/ft2) + 1.7(40 lb/ft2) 
  = 110 PSF  
 
 CRSI Design Aid (8-15)     f’c = 4,000 PSI 
         Grade 60 KSI  
Select   Clear Span – 30’-0” 
   End Span Condition 
    20” Form + 6” Ribs @ 26” c.-c. 
 
Factored Load → 118 PSF > 110 PSF        
 
Joist System → 10” Deep Rib + 3” Top Slab → Total Depth – 13” 
 
Reinforcement (E.W.) 
Top Bars  → #5 @ 8.5” o.c.   Self Weight  → 70 PSF (8-13) 
   
Bottom Bars  → (1) #5, (1) #6 per rib  Total Steel → 1.46 PSF 
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 JOIST-BAND BEAM 
 

[In accordance with CSRI 2002] 
 
Loading Conditions 
 
 Dead Loads 
  Partitions 20   lb/ft2 
  MEP  5     lb/ft2 
  Collateral 5     lb/ft2 
  Joists  70   lb/ft2 
    100 lb/ft2 
 Live Loads 
  Level 7 → Residential  
    40 lb/ft2 

 
Superimposed Service Load 
  
      wu = 1.4DL + 1.7LL 
  = 1.4(100 lb/ft2) + 1.7(40 lb/ft2) 
  = 208 PSF  
   
Loading per Foot → (30 ft)(208 lb/ft2) = 6240 lb/ft 
  
 CRSI Design Aid (12-105)     f’c = 4,000 PSI 
         Grade 60 KSI  
Select   Clear Span – 30’-0” 
   24.5” Depth 
    24” Width 
 

L1 = 30’  9.10 > 6.24          Self-Weight → 1.4(150 lb/ft3)(24.5/12)(24/12) 
       858 lb/ft       
Check:    9.10 > 7.10  
 
Reinforcement (E.W.) 
 
Top Bars  → 4 - #14 [One Layer]    
 

Bottom Bars  → 2 - #11  [One Layer]   
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APPENDIX   VI 
 

COMPOSITE STEEL BEAM 
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 COMPOSITE STEEL BEAM 
 
[In accordance with AISC 3rd Edition] 
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