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Executive Summary 
 

 The following technical report provides a structural study of the 

existing and four alternative floor systems for the S&T Bank Corporate 

Headquarters in Indiana PA.  The purpose of this report is to evaluate 

whether or not any of the systems is a viable alternative floor system to the 

existing floor system. 

 The four alternative systems that were analyzed are… 
• Composite Decking w/ Steel Beams 
• One-Way Concrete Joist Slab System 
• Pre-cast Pre-stressed Hollowcore Plank 
• Two-way Flat Slab w/ Drop Panels 

To make an educated decision on whether or not any of the systems 

would be a good alternative, several factors were considered.  Among those 

considered were… 

• Cost 
• Time of Construction 
• Depth of System 
• Vibration Control 
• Fire-proofing 

After the analysis of each system, a comparison of Pros and Cons 

helped to determine which systems would be a good alternative. 

•  The existing system is an adequate system 
•  Composite is an efficient alternative 
•  One-Way Joist is not a viable alternative 
•  Pre-stressed Hollowcore is not a viable alternative 
•  Two-Way Drop Panel is a viable alternative 
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Pro-Con Structural Study of Alternate Floor Systems 
 

Introduction: 

This document will first present some general conditions of S&T 

Bank’s Corporate Headquarters in Indiana, PA.  Then the existing structural 

floor system of Bank will be described in full detail.  As is the purpose of this 

report, the following paragraphs will present four alternative structural 

floor systems.  These systems will finally be critiqued according to cost, time 

for erection, fire-ratings, vibrations, and other various topics. 

S&T Bank Corporate Headquarters is a 4 story, steel frame building.  

At the foundation, spread footings support the building while it rests on site 

class C soil.   The basement floor is a concrete slab and the walls are 

masonry block.  The 1st through 4th floors consist of non-composite decking 

with a 3” concrete topping that rests on joists.  The building is an office 

building, except for the bank that resides on the first floor.  About 50% of 

the floors above are used as a lobby space for bank customers.  For this 

reason, the live loads determined in IBC 2003 are for an office lobby area.  

This live load is 100psf.  The dead loads for the layout are as follows… 

Dead Loads: 
   Structural Framing Weight: 6.42psf 
   Slab/Decking Load:  40psf 
   Superimposed Dead Load: 12psf 
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The floor layout is very basic and very repetitive from floor to floor.  A 

typical bay is 28’ by 28’.  At the intersection of beams and columns, moment 

connections are used to provide lateral load support.  The basic layout of 

the building is described in the figure below. 

 

 
Figure 1a: Typical Floor Layout 
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Existing Structural Floor System 

To describe the existing floor, a typical multiple bay layout is shown 

below.  With the exception of the joist system, this layout will also be used 

for alternate system analyses later in the report.   

 

 
Figure 1b: Typical Floor Layout 

 

The 1st through 4th floor construction is a 3” concrete topping, 

reinforced with 6x6 W1.4 x W1.4 WWF and rests on Bowman 28 Gage SF-1 

galvanized decking.  This non-composite decking then sits on typical 24k4 

joists spaced at 2ft o.c.  The 28-day strength of the concrete topping is 

3000psi.  The depth from the bottom of the joist to the top of the slab is 27”, 

which is coincidently the same depth as the girder in this span (W24x68 
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plus 3” slab).  The total depth of the system is 27”.  An example of this 

system can be seen below in figure #1c. 

 
Figure #1c: Floor Construction Detail 

 
This current system is sprayed with fire-proofing so that the system as 

a whole has a 2 hour fire-rating.   

Now that the existing system is described, four alternate systems will 

be proposed. The four systems that will be investigated are… 

1.) Composite Decking 

2.) One-Way concrete Joists System 

3.) Pre-stressed Pre-Cast Hollow-Core Planks 

4.) Two-way Concrete Slab with Drop Panels 
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Alternate System #1: Composite Decking 
 
 Composite decking construction helps to uniformly form together the 

beam, deck form, and concrete using shear studs placed along the beams.  

For this system, the joists that are currently present in the existing system 

will need to be replaced with beams, which will then form into girders.  The 

USD Design Manual and Catalog was used to choose decking when 

subjected to live load.  With the live load of 100psf and a serviceability 

factor of 1.0, the tables were entered.  It was determined that the decking 

suitable for the load is 22 gage 2” Lok-Floor with 4 ½” normal weight 

concrete topping.  With a span from beam to beam of 8’-0” the decking can 

carry a live service load of 230psf.  However since WWF is not being 

considered, there must be a 10% reduction of this capacity.  Therefore the 

allowable load for the decking can be 207psf.  207psf > 100psf so the 

system is adequate.   

 Next RAM Steel was used to determine the intermediate beam sizes, 

new girder sizes, and amount of shear studs.  This output was then verified 

by hand calculations.  It was found by RAM that intermediate beams should 

be W8x10 spaced at 7’-0” which then formed into W18x35 and W21x48 

girders.  From hand calculations, the beams should be W10x15 spaced at 7’-

0”.  The girders from RAM matched the girders from hand calculations.  I 
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have decided to use the beams determined from the hand calculation 

solution.  A representation of this can be seen below in Figure #2a. 

 
Figure #2a: Composite Member Layout Using Hand Calculations 

 
 

The numbers in parenthesis are the number of shear studs along the 

member.  The decking in this figure spans from top to bottom. 

The total weight of this system is designated at 42psf, according to 

the USD design manual.  The total depth of the system is 25.5”; this includes 

the depth of the girder and the depth of the decking with the concrete 

topping.  The deflection limitations for the decking and the beams, 

length/360, are taken care of in the design manual and in the RAM 

calculations, respectively.  Actual deflection calculations and member sizing 
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can be seen in Appendix A-1.  To meet an adequate fire rating, the beams 

and girders would need to be sprayed with fire-proofing.  A 4.5” slab depth 

is good enough to provide a 2 hour fire-rating.  A detail of this system can 

be seen in figure #2b. 

 
Figure #2b: Composite System Detail 

 

Alternate System #2: One-Way Concrete Joist 
Construction 

 
 Concrete joist construction is a method of construction consisting of a 

monolithic combination of regularly spaced joists and a thin slab of concrete 

cast in place to form an integral unit with the supporting beams, columns, 

or walls.  The application of this type of system would require a redesign of 

steel beams into concrete beams, and the steel columns into concrete 

columns.  Switching from a steel system to a concrete system would also 

increase the total building weight significantly.  Due to the increased 
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building weight, footing sizes will need to be checked to verify they are still 

adequate to carry the applied loads. 

The existing spans for the non-composite decking run in the E-W 

direction.   The one-way joist system will also span in this direction.  The 

concrete joists will experience less deflection over the shorter non-typical 

spans; therefore this system will work well with the current layout of the 

frame (see Figure 1b). 

The CRSI Handbook was used to determine an adequate one-way 

concrete joist floor system that fit multiple spans of 28’ and a uniform load 

of 186.8psf.  A typical layout of this system can be seen below in figure#3a.   

 
Figure#3a: Layout Plan 
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Entering the table on page 8-30 of the CRSI Handbook with a span of 

28’ and a factored load of 186.8psf, it was determined that 30”/6” one-way 

joist system with 16” deep ribs and a 4.5” top slab would carry a load of 

225psf for an interior bay.  The factored usable superimposed loads 

provided by the tables uses a wu =1.4DL+ 1.7LL and already reduces the 

system’s self-weight.  Since 225psf > 186.8psf, the suggested system is 

adequate.  The system for the applied load does not need to be checked for 

deflection, as says the CRSI Handbook.  A diagram of the chosen system can 

be seen below (Figure #3b).  Top reinforcement consists of #5 rebar spaced 

at 11” o.c.  Bottom reinforcement consists of 2-#5 rebar evenly spaced. 

 
Figure #3b: Description of Chosen One-Way Slab System 

 

The corresponding girder/joist-band beam that would be necessary 

to carry this type of a floor system is a 20.5” deep by 24” wide cast-in-place 

concrete beam.  Top reinforcement consists of 2 #11’s; the bottom 
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reinforcement is 8 #10’s (see Appendix A-2).  To provide shear strength, 21 

#5 stirrups spaced 1@2”, and 20@8” for each end are required.  A 

representation of this can be seen below in Figure #3c. 

 
Figure #3c: Joist-Band Beam Section 

 
The total depth of this system is 20.5”, which is 6 ½” less than the 

existing system.  As mentioned before, concrete beams and columns would 

have to be designed for the application of this system.  If the material costs 

are not higher for this system, the labor costs will be.  Formwork will need 

to be purchased and it will require time for it to be placed.  Rebar also takes 

time to be placed in the proper place.  It will also require more time to erect 

since the concrete takes time to set.  Fire-proofing the one-way joist system 

is not needed since the shallowest depth is 4.5” and it is all concrete.  The 

weight of the concrete is 150pcf.  The overall weight of this system is much 

higher than the existing metal deck system.  Because of this, vibrations for 

this system would be lower than the current floor system. 
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Alternate System #3: Pre-stressed Pre-Cast 

Hollow-Core Planks 

The pre-cast pre-stressed hollow-core plank is a concrete floor system 

that eliminates useless concrete in the center of the plank which in turn 

provides a lighter weight floor system.  Once the planks are set in place atop 

of the steel or concrete girders, a concrete topping is poured to make the 

floor act more uniform.  The planks can be attached to the steel in a number 

of ways.  A typical way of attaching the plank to the girders is to have a 

steel plate integrated on the bottom of the plank and then weld that 

section of the plank to the girders.  However this would create a 36” deep 

floor system, which is undesirable.  Pre-stressed steel strands in the hollow-

core create a negative bending moment in the concrete which helps to 

counteract the positive bending moment developed in the member from 

gravity loads.  Because of this, the system can carry heavier loads that a 

simple concrete slab. 

The PCI Handbook provided design tables for hollow-core plank floor 

systems.  To determine a correct floor system, the tables must be entered 

with service loads only, i.e. no load factors.  With a span of 28’ and a load of 
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112psf, an appropriate system was chosen.  The floor system chosen can be 

seen in Figure #4a and Figure #4b. 

 
Figure #4a: Layout Plan 

 
 
 

 
Figure #4b: Typical Hollow-Core Section 



Daniel Hancock 
Structural Option 
Dr. Hanagan 
 
S&T Bank 
Corporate Headquarters 
Indiana, PA 
 

- 14 - 

Pictured in the figure is a 4HC10+2 plank.  This translates to a plank 

that is 4’ wide and 10” deep.  It has 4 pre-stressed strands in the bottom of 

the plank.  These strands are ½” in diameter and have strength of 270ksi.  

On top of the plank is a 2” concrete slab, where f’c=5000psi.  According to 

the charts in the PCI Handbook, this system carries a service load of 113psf 

which is greater than the applied load of 112psf, therefore it is adequate.  

The weight for this plank is also listed at 93psf.  This is more than twice the 

weight of the existing system, so the girders have to be redesigned.  The 

existing steel girders will be replaced by inverted concrete tee beams.  

Again, using the PCI Handbook, an appropriate inverted, pre-stressed tee 

beam was designed (see Appendix A-3).  To carry a distributed load of 

5.404klf the following tee beam was found (figure #4c).   

 
Figure #4c: Tee Beam Detail 

 



Daniel Hancock 
Structural Option 
Dr. Hanagan 
 
S&T Bank 
Corporate Headquarters 
Indiana, PA 
 

- 15 - 

The total depth of the system is 32”.  The concrete plank is thick 

enough so that it doesn’t need any fire-proofing.  This system increases the 

weight of the building therefore vibrations would be less than the existing 

system. 

Alternate System #4: Two-Way Flat Slab w/ Drop 

Panels 

Two-way flat slabs with drop panels provide the ability to 

compensate for longer spans and heavier loads, while keeping the slab 

system itself thin.  This system will require the design of concrete columns to 

replace the existing steel columns.  The CRSI Handbook will be an efficient 

tool used to decipher a compatible two-way slab for the present spans and 

loads.  Compared to the one-way joist system, the two-way flat slab system 

will have a smaller depth.  The system analyzed has a depth of 18”, 

according to the CRSI manual, as compared to 20.5” of that in a one-way 

joist system. 

Entering the table on page 10-25 of the CRSI Handbook with a span 

of 28’ and a factored load of 186.8psf, a two-way flat slab system was 

chosen (as seen in figure #5a and Figure #5b).  Appropriate supporting 

work can be found in Appendix A-4. 
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Figure #5a: Layout Plan 

 

 
Figure #5b: Two-Way Flat Slab w/ Drop Panels 

Panel Specs: 

  Slab:   10.5” thick 
  Drop Panel:  9’-4” by 9’4” 
     7.5” thick 
   

Reinforcement: Top:   15-#6 -----------> Column Strip 
     Bottom: 12-#6 
     Top:  13-#5-------------> Middle Strip 
     Bottom: 11-#5 
   

Total Steel:  3.07psf 
  Total Depth:  18” 
  f’c:   4000psi 
  fy:   60ksi 
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 With a depth of 18”, the two-way drop panel system is 9” 

shallower than the existing joist-deck system.  As with the one-way joist 

system, the labor costs for this system will skyrocket since it must be poured 

in place.  Again, these cost increases are mainly due to formwork cost, 

material cost, time to set the formwork, and time for the concrete to cure.  

Since the slab is 10.5” thick, no additional fire-proofing is required.  The 

weight of the concrete is 150pcf. This system increases the weight of the 

building therefore vibrations would be less than the existing system. 

System Comparisons: 

 Although detailed descriptions are beneficial to understanding a 

systems function, when presented separately the systems are hard to 

compare.  The following chart is a comparison of each of the proposed 

alternate floor systems.  This chart shows the good things the system has to 

offer, the bad things the system has to offer, and whether it should be 

considered for further analysis. 
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System Pro Con Possible 
Solution 

Existing 
Non-

Composite 
Metal Deck 

Foundation size 
Low Cost 

Moderate Erection 
Time 

Vibrations 
Fire-proofing 

27”deep 

 

Alternate#1 
Composite 

Foundation size 
25.5” Deep  

Moderate Erection 
Time  

Shear Stud Cost 
Vibrations  

Fireproofing YES 

Alternate #2 
One-Way  

Joist 

20.5” Deep 
Low Vibrations 
No Fireproofing 

Foundation size 
Long Erection Time 

Formwork Cost 
Material Costs 

High 
concrete 

costs: 

NO 
Alternate #3 

Precast 
Hollowcore 

Fast Erection Time 
Low Vibrations 
No Fireproofing 

Foundation size  
Higher Cost 

32” Deep 

Very Deep 
System: 

NO 
Alternate #4 
Flat Slab w/ 
Drop Panel 

18” deep 
Low Vibrations 
No fireproofing 

Foundation size 
Long Erection Time 

Formwork Costs 
YES 

Conclusion: 

 Every floor system described in the report is a good floor system given 

certain building conditions.  However the problem of design lies in 

construction issues such as cost, system depth, schedule/time for erection 

etc.  Of the four floor types suggested, only two of them will be looked into 

with a more scrutinizing eye.   

The composite decking system is just like the existing non-composite 

system except that it is more efficient.  The shear studs along the steel 

members make the concrete and steel work more uniformly.   
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 The other system that has potential as an alternate is the two-way flat 

slab with drop panels.  This system will need formwork and more time to 

erect because of the curing time of concrete, but the system is 9” thinner 

than the existing system.  Since the concrete slab is 10.5” thick (min) no 

additional fire-proofing will be required.   

 A one-way joist system wouldn’t be ideal for this building for a couple 

of reasons.  Though it is only 20.5” deep, the system would be heavier than 

the existing system and require a redesign of the foundation.  There would 

also be added costs and time to form all of the joists and slab.  Due to these 

reasons, this system would not be an ideal choice. 

 The pre-cast Hollowcore plank floor system also is not a consideration 

for further analysis.  The main reason is that the system is 32” deep.  This 

alone is enough to omit it from an ideal system.  There would be lead time 

for the pre-cast members but if coordinated properly the erection time 

would be less than any of the formed concrete systems.  Pre-cast is also 

typically more expensive than formed concrete, so overall costs would go 

up.  So, the increased costs and depth of the system makes this a bad choice 

as a floor system. 
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Appendix A-1: 
 

Composite Decking 
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Appendix A-2:  
 

One-Way Concrete Joist 
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Appendix A-3:  

 
Pre-Stressed HollowCore 

Plank 
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Appendix A-4:  
 

One-Way Concrete Joist 
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