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CURRENT CONDITION 
 
The 5 story, 100,000 square foot URS Office Building currently employs slab on grade and 
composite slabs for the upper floors.  Composite slabs consist of wide flange structural steel 
working compositely with the galvanized 20 gage 2” floor deck and 3-1/4” concrete.  Headed 
studs ¾”φ x 4” are spaced evenly across the steel members to achieve composite action.  The 
typical bays are 32’x 33’ and second through fifth floor has identical layout.  

 

 
        Typical Floor Plan 



Technical Report 2  Page 4 

 
        Typical Floor Plan 

 
 

LOADS 
 
Loads are calculated by design parameters given in ASCE 7-05 in conjunction with 2003 
IBC.  Dead load will be calculated according to the actual weight of the permanent 
building components.  Live load will be directly taken out of 2003 IBC.   
 
 Dead Loads (PSF) – actual weight of the permanent building components 

• Structural Steel  ------ 6.5 PSF 
• Metal Deck ----------- 3 PSF 
• Concrete -------------- 43 PSF 
• MEP ------------------- 15 PSF 
• Partition --------------- 20 PSF 
_____________________________________________________________________________________________________________________ 

• Total Dead Load ----- 87.5 PSF 
 

Live Loads (PSF) – from 2003 IBC: Table 1607.1 
• Roof Snow ----------- 25 PSF 
• Office Floor ---------- 50 PSF 
• Corridor --------------- 100 PSF 
• Lobby  ----------------- 100 PSF 
• Retail ------------------ 100 PSF 
• Penthouse Floor ------ 250 PSF 
• Mechanical Unit ----- 150 PSF + weight of equipment 
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The above loads were calculated and utilized in technical assignment 1 to check member 
size and adequacy of design.  The same loads will be used to design alternate floor 
systems.  However the design aids employed define allowable load as total load minus 
self weight.  Therefore the self weight of the member of the alternate system does not 
have to be assumed and checked.  Dead load used to calculate the alternate systems was 
35 PSF or MEP (15 PSF) plus partition (20 PSF) loads.  Live load of 50 PSF was used 
for the office floor. 
 
 

REFERENCE MATERIAL 
 
DESIGN AIDS 
 

• CRSI CONCRETE DESIGN HANDBOOK (2002) 
• MANUAL OF STEEL CONSTRUCTION LRFD 3RD EDITION 
• PCI DESIGN HANDBOOK 5TH EDITION (1999) 
• POST-TENSIONED CONCRETE DESIGN WORKBOOK 
• UNITED STEEL DECK DESIGN MANUAL AND CATALOG OF PRODUCTS 

 
COST DATA 

 
• RS MEANS ASSEMBLIES COST DATA 31ST ANNUAL EDITION (2006) 
• RS MEANS BUILDING CONSTRUCTION COST DATA  

64TH ANNUAL EDITION (2006) 
 
 

ORIGINAL FLOOR SYSTEM 
 
COMPOSITE FLOOR SYSTEM 
 
Analysis of the composite floor system was performed both in RAM and by hand 
calculation.  Hand calculation was done with the aid of the Steel Manual.  Both analysis 
results were in agreement with the construction document.  Below in Figure 1 is the 
largest bay which is 32’x 33’4”.  Typical girders are W24x55 and typical beams are 
W16x26.  Measuring from the top of concrete to the bottom of structural steel, depth was 
found to be 23.6”.  Self weight was calculated 50 PSF and according to RS Means cost 
was found to be $20 per square foot.  If cost of fireproofing is accounted for, the total 
cost would be $20.80 per square foot. 
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     Figure 1 

 
Current floor system draws the best of concrete and steel.  Relatively low self weight 
compared to concrete construction and added stiffness are some of the advantages of 
composite floor system.  Reduction in steel tonnage compared to non-composite system 
is possible and total floor depth is satisfactory.  Disadvantages are the issues of fire rating 
and constructability.  The structural steel members must be fire-proofed which is time 
consuming and costly.  Also composite construction is labor intensive. 
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ALTERNATE SYSTEM 1 
 
COMPOSITE FLOOR SYSTEM – DIFFERENT BEAM SPACING 
 
Under equal loading condition, typical bay had two filler beams instead of three (see 
Figure 2).  With the help of the steel manual hand calculation was performed and new 
member sizes were W24x55 for the girder and W16x31 for the beams.  The floor depth 
was essentially equal to the original system and self weight was approximately the same 
as original system.  For composite construction, RS Means determines cost per square 
foot depending on bay size.  Beam spacing does not contribute to construction cost due to 
the way charts are made.  Although cost reduction is not indicated on RS Means, due to 
savings on labor cost due to less member being erected, larger spacing of the filler beams 
will reduce cost. 
 

 
               Figure 2 

 
This modified composite system still has the advantages of the original system.  Along 
with the aforementioned advantages, larger spacing of filler beams will reduce 
construction cost and increase constructability.  A possible drawback is the vibration 
problem.  Adequacy of the current deck size was checked and 20 gage steel deck can still 
be used for this floor system (see appendix D). 
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ALTERNATE SYSTEM 2 
 
WAFFLE SLAB 
 
Using the CRSI design handbook, waffle slab (see Figure 3) was designed and selected 
as the second alternative to the original floor system.  Typical bay of 32’x 32’ was used 
along with live load of 50 PSF and dead load of 35 PSF.  These loads were factored to 
find adequate reinforcing of a waffle flat slab with 30”x 30” voids with 6” ribs @ 36”.  
Depth of 13”, self weight of 95 PSF was calculated.  Price RS Means indicated was 
$20.35 per square foot. 
 

 

 
Figure 3 

 
An advantage offered by the waffle slab is its floor depth.  Having reduced more than 10” 
of total floor depth could result in higher floor to ceiling height or reduce building height 
leading to reduced cost.  Also the price per square foot compared to the original system is 
reduced.  Greatest concern is the significant increase in self weight.  This added load 
could increase member sizes and even affect the foundation.   
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ALTERNATE SYSTEM 3 
 
HOLLOW CORE 
 
PCI design handbook was referenced to design the hollow core planks (see Figure 4).  
The hollow core planks were designed to span 32’ and carry total service load of 85 PSF.  
4’x 8” light weight concrete hollow core with 2” topping was selected for the third 
alternate floor system.  Six number 8 straight (68-S) strands were used to span 32’.  The 
8” member and 2” topping add to 10” of total depth.  68 PSF is the self weight of the 
hollow core plus the topping.  And cost of this floor system is $21.30 per square foot. 
 

 

 
           Figure 4    
Using the hollow core offers many advantages.  First and foremost, hollow core planks 
can reduce construction time.  Added to possible reduction in construction time are very 
small floor depth and the option to run MEP through the hollowed out areas of concrete.  
Ease of construction is another positive for this system due to its prefabrication.  A 
downside is the increase in self weight.  This added weight may require redesign of the 
foundation systems. 
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ALTERNATE SYSTEM 4 
 
DOUBLE TEE 
 
The fourth floor system investigated was the double tee (see Figure 5).  With the aid of 
PCI design handbook, 8’x 24” light weight concrete double tee with 2” topping was 
selected.  4 number 8 straight strands were used to span 32’.  24” member with 2” 
topping made the total floor depth 26” and total self weight added up to 65 PSF.  The cost 
of construction was $20.38 per square foot. 
 

 

 
             Figure 5 

 
The double tee is a cost effective alternative to the original construction.  Being a 
prefabricated member, erection time can be reduced.  The major downfall to this system 
is the 26” floor depth compared to the original 23.6” floor depth.  Also the added self 
weight requires foundation design check. 
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ALTERNATE SYSTEM 5 
 
POST TENSIONED SLAB 
 
Post tensioned two-way flat slab was considered a possible alternative floor system (see 
Figure 6).  Design of the slab was according to the post-tensioned concrete design 
handbook by Atlas Prestressing Corp.  Bay size of 32’x 32’ was selected and the 
thickness of slab for the span was 8.5”.  Calculated self weight of the slab is 106 PSF.  
According to RS Means, cost of this floor system is $20.25 per square foot. 
 

 

 
Figure 6 

 
Post tensioned slab is found to have the least cost per square foot of construction.  Add 
advantage to the cost is significant reduction in floor depth.  Thickness of the slab being 
only 8.5”, building height could be dramatically reduced.  Reduction in building height 
will save cladding cost, cost of heating and cooling, and the cost of wires and pipes 
throughout the building.  Large increase in self weight is a concern.  Also for post-
tensioned slab, the building would be designed as a concrete structure.  Therefore 
redesign of foundation can be expected. 
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COMPARISON CHART 
 

SYSTEMS DEPTH
(inch) 

SELF WEIGHT 
(PSF) 

COST ($/SF) 
material + labor 

ORIGINAL 
composite 

23.6 
 

50 
 

20.80 
13.90 + 6.10 + 0.80*

ALTERNATIVE 1 
change in beam 

spacing 

23.8 
 

50 
 

20.80** 
13.90 + 6.10 + 0.80*

ALTERNATIVE 2 
waffle slab 

13 
 

95 
 

20.35 
10.65 + 9.70 

ALTERNATIVE 3 
hollow core 

10 
 

68 
 

21.30 
16.10 + 5.20 

ALTERNATIVE 4 
double tee 

26 
 

65 
 

20.38 
15.90 + 4.48 

ALTERNATIVE 5 

*Cost of fireproofing 

post tension 
8.5 

 
106 

 
20.25 

11.54 + 8.71 

**Although not indicated in RS Means the change in beam spacing should  
  lead to reduced labor cost 

 
 

CONSIDERATIONS 
 
Various systems were considered in alternative floor system analysis.  Few systems that 
were not included in the written report but shown in the appendix were non-composite 
floor system and multi-span one way joist.  Weighing the improvement versus the 
downside led to their exclusion in this report.  Increase in cost and floor depth without 
much in return made the non-composite system very unappealing alternative.  On site 
curing leading to increase in construction time along with significant increase in the self 
weight discounted the one way joist. 
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CONCLUSION 
 
Of the alternative systems reported in this document, two systems will not be considered 
for further analysis.  The waffle slab is not a viable option due to drastic increase in self 
weight.  Almost doubling the self weight will lead to increase in member size and may 
necessitate redesign of the foundation.  Also the double tee will not be pursued due to its 
increase in floor depth. 
 
Although vibration was not considered in this preliminary design, the change in beams 
spacing offered a cost effective alternative floor system.  The deck currently employed 
was found to be adequate.  If floor vibration is in the acceptable range, this floor system 
would be worth pursuing.  The hollow core may offer a substantial reduction in 
construction time and prefabrication increases the ease of construction.  Hence hollow 
core is another viable alternative.  Post-tension offers cost savings and the reduced floor 
depth makes it an attractive alternative.  With the knowledge of its performance, current 
system is an efficient and reliable floor system.  
 
 
 
 
 

 
 
 
 
 
 
 



Technical Report 2  Page 14 

 
 
 

APPENDICES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



Technical Report 2  Page 15 

APPENDIX A: CALCULATIONS 
 
• Original: composite floor system – page 15, 16 
• Alternative 1: change in beam spacing – page 17 
• Alternative 2: waffle slab – page 18 
• Alternative 3: hollow core – page 19 
• Alternative 4: double tee – page 20 
• Alternative 5: post tension – page 21 
• Consideration: non composite – page 22 
• Consideration: one way joist – page 23 

 
 
Original – COMPOSITE FLOOR SYSTEM 
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Original – COMPOSITE FLOOR SYSTEM 
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Alternative 1 – CHANGE IN BEAM SPACING 
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Alternative 2 – WAFFLE SLAB 
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Alternative 3 – HOLLOW CORE 
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Alternative 4 – DOUBLE TEE 
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Alternative 5 – POST TENSION 
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Consideration – NON COMPOSITE 
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Consideration – ONE WAY JOIST 
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APPENDIX B: DESIGN AIDS 
 
• Original: composite floor system – page 24 
• Alternative 1: change in beam spacing – page 24 
• Alternative 2: waffle slab – page 25 
• Alternative 3: hollow core – page 26 
• Alternative 4: double tee – page 27 
• Alternative 5: post tension – page 27 

 
 
 
Original – COMPOSITE FLOOR SYSTEM 
 MANUAL OF STEEL CONSTRUCTION LRFD 3RD EDITION 
 
 
Alternative 1 – CHANGE IN BEAM SPACING 
 MANUAL OF STEEL CONSTRUCTION LRFD 3RD EDITION 
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Alternative 2 – WAFFLE SLAB 

 
CRSI Design Handbook 2002 page 11-20 
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Alternative 3 – HOLLOW CORE 

 
PCI Design Handbook 5th Edition page2-27 
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Alternative 4 – DOUBLE TEE 

 
PCI Design Handbook 5th Edition page2-10 
 
 
 
 
 
Alternative 5 – POST TENSION 
POST-TENSIONED CONCRETE DESIGN WORKBOOK 
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APPENDIX C: COST DATA 
 
• Original: composite floor system – page 28 
• Alternative 1: change in beam spacing – page 28 
• Alternative 2: waffle slab – page 28 
• Alternative 3: hollow core – page 29 
• Alternative 4: double tee – page 29 
• Alternative 5: post-tension – page 30 

 
 
Original – COMPOSITE FLOOR SYSTEM 

 
RS Means page 98 
 
 
 
Alternative 1 – CHANGE IN BEAM SPACING 
RS Means page 98 
 
 
 
Alternative 2 – WAFFLE SLAB 

 
RS Means page 71 
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Alternative 3 – HOLLOW CORE 

 
RS Means page 78 
 
 
 
 
Alternative 4 – DOUBLE TEE 

 
RS Means page 79 
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Alternative 4 – DOUBLE TEE 

 
RS Means Building Construction Cost Data page 108 
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APPENDIX D: DECK CAPACITY 
 

 
United Steel Deck Design Manuel and Catalog of Products page 39 
 
The 20 gage 5.25” slab depth composite construction is more than adequate to carry the 
office live load of 50 PSF and the corridor live load of 100 PSF through the 11’ span. 
 


