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Shawn Jones       Structural Option     Advisor: Dr. Hanagan 
         Hershey Academic Support Center      10/31/05 
 

Technical Report 2 – Alternate 
Floor Systems 

 
Executive Summary 

 
This report is an analysis of possible alternate floor systems for The Hershey Academic 
Support Center found in Hershey, PA.  After analyzing the existing system, feasible 
alternate systems were chosen and considered for the building’s floor system.  
Advantages and disadvantages were contrived and studied to determine if each system 
was worth further investigation.  
 
Existing Floor System – Composite Steel Beams and Girders 
~Advantages: Quick Erection with Lightweight Construction 
~Disadvantages: Needs Fireproofing and Possible Vibration Issues 
 
Floor System #1 – Composite Steel Beams and Girders (No Camber) 
~Advantages: Existing System Advantages and Easier to Fabricate 
~Disadvantages: Existing System Disadvantages and a Possibly Higher Cost 
 
Floor System #2 – Non-Composite Steel Beams and Girders 
~Advantages: Cheaper System with a Shorter Construction Time 
~Disadvantages: Increased System Weight and Possible Lateral Effects 
~Further Investigation: YES 
 
Floor System #3 – One-way Multiple Span Concrete Joists  
~Advantages: Decreased Overall Depth and Less Vibration Issues 
~Disadvantages: Longer Construction Time and a Heavier System 
~Further Investigation: YES 
 
Floor System #4 – Two-way Flat Slab with Drop Panels  
~Advantages: No Fireproofing or Vibration Concerns 
~Disadvantages: Thick Slab with Drops and Very Heavy Weight 
 
Floor System #5 – Two-way Waffle Flat Slab  
~Advantages: Very Thin Floor System with Little Vibration Effects 
~Disadvantages: More Expensive System and Longer Construction Time 
~Further Investigation: YES 
 
Floor System #6 – Open Web Steel Joists  
~Advantages: Lightweight System with a Faster Build Time 
~Disadvantages: Increased Floor Depth with Difficult Fireproofing 
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General Introduction 
 
The Hershey Academic Support Center is part of the Hershey Medical Center complex 
and is owned by The Pennsylvania State University.  Constructed from March 1999 to 
August 2000, The Penn State Geisinger Health System was designed as the primary 
occupant, but was dissolved before the building was occupied.  Currently the building is 
used for auxiliary purposes of the Hershey Medical Center and accommodates 680 
people.  The building itself can be considered in two sections, an East and a West wing.  
The wings are structurally identical with the only difference between them found in the 
center section. The building footprint encompasses a total area of 150,000 square feet.  
The total height of the building over 5 stories is measured as 56’-0” with the height to top 
of the roof including the Mechanical Penthouse being 69’-0”.  The building consists of a 
conventional structural steel system with composite beam floor framing and a precast 
concrete and glass facade.  Moment connections placed at the columns as well as braced 
steel frames help to resist the wind and lateral loads throughout the building. 
 
Dead Load (Office Floor): 
~Decking = 2 psf 
~2.5” Lightweight Concrete = 40 psf 
~Steel = 5 psf 
~MEP = 10 psf 
~Plenum Air System = 10 psf 
~Finishing = 3 psf 
~Total Office Dead Load = 70 psf 
 
Live Load: 
Main Floor = 100 psf (with corridors and partitions) 
 
Existing Floor System – Composite Steel Beams and Girders 
 
The floor system at the Hershey Academic Support Center utilizes a composite beam 
floor framing system with 3” 20 gage Vulcraft galvanized steel metal decking and 6x6 
W1.4XW1.4 Welded Wire Fabric between the steel members and the concrete.  The 2.5” 
Lightweight concrete along with the decking give an overall slab thickness of 5.5” and a 
total system depth at the girder of 26.5”.   To hold together the decking and concrete slab, 
0.75” ø x 4.5” long headed steel studs were used.  The most common connection used in 
a typical bay between the beams and columns is a L6 x 4 x 7/8 x 0’7” steel angle moment 
connection with 4 bolts to a beam and 2 bolts to a column.  Each typical bay is 28’ by 
32’-8” and consists of W21x50 and W21x44 girders with W16x31 interior beams that 
have a ¾” camber.  Material strength is given as 4000 psi for the concrete slab and Fy = 
50 ksi ASTM A-572 steel in the beams and girders.  Spray on cementitious fireproofing 
was used to meet the fire rating required for the building.  The floor framing plan and a 
typical interior bay are shown below in blue. 
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One inherent advantages of the current system are that it can be quickly erected and at a 
generally low cost.  Another advantage of the existing system is that the floor depth is 
comparatively shallow and can accommodate most building height restrictions.  The 
structure for this system is lightweight, allowing smaller column sizes as well as a 
smaller foundation.  One disadvantage of the system is that it requires fireproofing to 
meet the 2 hour fire-rating necessary.  Another disadvantage is the labor required to weld 
the shear studs, which can slow down time and be costly.  Vibration issues may come 
into play with such a light system, but overall, this system works well for the Hershey 
Academic Support Center. 
 
System #1 – Composite Steel Beams and Girders (No Camber) 
 
Using my existing system and the RAM steel software, I changed the design to pin 
connections at the columns with no camber allowed on the beams.  The spacing of 28’ by 
32’-8” was kept the same as well as the 4000 psi concrete strength and A-572 beam and 
girder steel.  The input RAM data was a 2.5” Lightweight slab (115 pcf), 4.5” long 3/4”ø 
studs, Fy = 50 ksi, and Vulcraft 20 gage 3” steel decking.  With the camber removed and 
the new connections, the beams changed from a W16x31 with ¾” camber to a W18x35 
without camber.  This new beam would be enough to support the pre-construction weight 
of the building without needing the ¾” camber previously used. 
 
The new beam would make the floor system 2” deeper and 4 psf heavier, but would save 
the camber in the system.  In terms of a cost comparison, the transportation of beams that 
are 16” is a lot easier than 18”, so it would increase the cost.  If the camber is performed 
in shop, it is not that expensive to have 
it done.  The extra weight from the 
change in system would have to be 
factored into the foundation, but an 
increase of only 4 psf is not likely to 
make major changes.  Overall, this 
system is still a valid option, but the 
existing system is probably more cost 
efficient. 
 
Beams: 
W18x35 
øMn = 249’k 
Mu = 198.6’k 
 
Girders: 
W21x50 
øMn = 413’k 
Mu = 408.1’k 
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System #2 – Non-Composite Steel Beams and Girders 
 
The next system used for the floor is a non-composite floor system that was analyzed for 
my building with RAM Steel. The new dead load on the floor system was recalculated to 
be 47 psf for the 28’ by 32’-8” bay.  The decking stayed at Vulcraft 20 gage 3” 
galvanized steel decking at Fy = 50 ksi strength steel.  The RAM results yielded larger 
girders and larger beams for each typical bay.  The girder size increased to W24x76 in 
both directions and W21x44 interior beams. 
 
This new system will increase the total weight in the building, so this might impact both 
the column sizes as well as the foundation.  The depth of the overall system increased by 
3” but the 2.5” of slab was removed so there should not be any problems with increased 
building height.  The main advantage to this system is the cost saved on the labor and 
materials from the shear studs.  Building time will also be decreased as a result of the 
lower labor necessary which is another advantage of this system.  The loss of the 
composite system may have a negative effect on the lateral building system, but with all 

the moment connections in place, 
this effect would not be huge.  
Vibration control for this system 
would be better overall than the 
original composite system as well.  
All in all, this system is a viable 
choice but more in-depth studies 
would need to be done to see the 
total weight effects on the columns 
and the foundation drastically. 
 
Beams: 
W21x44 
øMn = 358’k 
Mu = 199.8’k 
 
Girders: 
W24x76 
øMn = 750’k 
Mu = 413.5’k 
 

 
System #3 – One-way Multiple Span Concrete Joists 
 
The next system I chose to analyze is a one-way multiple span joist system that was 
compiled from the 2002 CRSI Handbook Tables.  The total load calculated for the system 
was 161.82 psf over a span of 33’.  Using page 8-25 from CRSI, I obtained a design of 
20” Deep Ribs with a 3” Top Slab giving my system a total depth of 23”.  The system 
would contain 30” forms with 6” ribs @ 36” center to center for the interior span.  
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Reinforcement for the system is designed as #5@11” o.c. for the top bars and 2-#5 
bottom bars.  The total weight of the system is calculated to be 91 psf. 
 
One of the first advantages to this system is that the overall depth is decreased by 3.5” 
from the original system, so there would be more ceiling space overall.  There would also 
not be any spray on fireproofing required with this system as another cost saver.  In terms 
of building time, this system would likely take longer than the existing system to 
construct.  Another issue to consider is that the overall weight in this system is more than 
the existing system.  This could cause an increase in column size as well as in the 
foundation, which must be considered. 

 
 
System #4 – Two-way Flat Slab with Drop Panels 
 
Next, I chose to analyze a two-way flat slab with drop panels for extra support over the 
33’ span.  Again, I used the 2002 CRSI Handbook Tables to solve for the system.  The 
total calculated load is the same as the one-way system at 161.82 psf.  Assume that the 
drop panel weight is equally distributed and that there are square spans, panels, and 
column sizes to use the tables conservatively.  For the loading and spans given, you get a 
slab design of 11” thick and 11’ x 11’ x 11” drop panels.  The reason the system is 
designed like this is because the drop panel fits within the distance of the column strip 
and that punching shear is a huge contributor to the overall design.  The reinforcement in 
the column strip is 15-#7 top bars and 11-#7 bottom bars with the middle strip 
reinforcement at 11-#7 top bars and 18-#5 top bars.  The overall self weight of the system 
was calculated to be 156.91 psf. 
 
The main issue with this system is that 
the very thick slab and drop panels 
would cause a lot of concrete cost as 
well as slow down the overall building 
construction time.  Another big issue is 
that my building bay is not perfectly 
square so the system could possibly get 
even bigger than it is now.  The overall 
weight of the system is double the 
original weight, which does stop 
vibrational issues but will definitely 
affect the columns and foundation 
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negatively.  The system would save space on the overall thickness (22” instead of 26.5”) 
and there is no fireproofing necessary, but these advantages do not outweigh the 
disadvantages for this system, so it will not be considered. 
 
 
System #5 – Two-way Waffle Flat Slab 
 
The following selected system was a two-way waffle flat slab system to see if a two-way 
system could be possible for my building.  Consider a load of 161.82 psf, a 33’ clear 
span, and square interior panels and use page 11-20 from the 2002 CRSI Handbook to 
find the appropriate system.  The specifications selected were a 30” x 30” system with 6” 
voids and ribs at 36”.  The rib depth would be 10” and the slab depth at 3” for a total 
system depth of only 13”.  Basic reinforcement is required for the column strip and 
middle strip as well as a #3 Stirrup at 4” that extends over two modules.  The column 
strip would need 5 ribs with 2-#7 bars per rib on the bottom as well as 30-#6 bars for the 
top interior.  The middle strip requires 6 ribs with both #5 long bars and #6 short bars on 
the bottom.  The top interior uses 10-#6 bars in this system.  The overall weight of the 
system was calculated to be 94.98 psf. 
 
The biggest advantage of the two-way waffle system is that the overall floor depth is cut 
in half from 26.5” to 13”.  This reduction in thickness would allow more building 
flexibility in the ceiling area for electrical and mechanical utilities. This type of flooring 
system tends to be more expensive in both labor and formwork.  This extra formwork 
also leads to a longer construction time overall.  As with the other concrete systems, 
spray on fireproofing would not be required.  The overall weight of the system provides 
extra vibration support at the cost of increased member sizes below.  All in all, this could 
be a viable system depending on what factor was most important in design. 

 
 
System #6 – Open Web Steel Joists 
 
For my last system, I chose to model an open web steel joist system for the structure.  
This system would be modeled to obtain a 2-hour fire rating, so a 3” Normal weight 
concrete slab will be used.  For a total superimposed dead load of 110.74 psf, the Vulcraft 
Decking manual suggests 3” .6C26 Decking as well as 4x4 W2.9 x W2.9 WWF.  For a 
total slab thickness of 3.5” and a self-weight of 41 psf, the total uniform load is 469.22 
plf and the total live load is 257.22 plf.  The NCJ Joist Manual’s Economy Table suggests 
the use of 26K9 Joists at 3’ o.c. over the 33’ span.  For the Girders, LRFD specifies that 
for an 1112.96’k load, a W27x102 girder would be used. 
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One of the first advantages of this system is that the overall system is lightweight so it 
doesn’t need big columns or foundations.  Large girders are needed to support the 
systems so the overall thickness at the girders will increase from the existing system by 
4”.  This system can be easily erected, so it has a short building construction time as a 
result.  In terms of 
fireproofing, open web 
steel joist systems are 
known to be hard to 
fireproof with spray on 
fireproofing, so extra cost 
and labor can be accrued 
there.  All in all, this 
system is workable for 
my building but provides 
no clear advantages to the 
current system, so it will 
not be considered. 
 
 

Conclusions 
 

Existing Floor System – Composite Steel Beams and Girders 
 

Advantages Disadvantages 
~ Quick Erection ~ Requires Fireproofing 
~ Low Cost ~ Shear Stud Labor and Cost 
~ Shallow Floor Depth ~ Possible Vibration Issues 
~ Lightweight 
 
This system works well for the Hershey Academic Support Center.  There are no major 
disadvantages in the system and quite a few advantages to be seen. 
 
 

System #1 – Composite Steel Beams and Girders (No Camber) 
 

Advantages Disadvantages 
~ Same Initial Advantages ~ Same Initial Disadvantages 
~ Easier to Fabricate ~ Members Slightly Larger 
 ~ Possible Higher Cost 
 
This system is possible for the Hershey Academic Support Building but does not provide 
any major advantages to the previous system.  The transportation of W18x35 beams 
would offset the savings from a W16x31 beam with camber.  Consideration: NO 



9 of 21 

 
 

System #2 – Non-Composite Steel Beams and Girders 
 

Advantages Disadvantages 
~ Cheaper Cost ~ Heavier System 
~ Faster Build Time ~ Possible Lateral Effects 
~ Lesser Vibration Effects 
 
The Non-Composite system shares a lot in common with the original system in terms of 
advantages and disadvantages.  While this is true, it does have a few extra advantages and 
disadvantages than the original system as seen above.  The heavier system requirements 
will have to be checked to make sure the column size and foundation size aren’t greatly 
affected, but overall, this would be a viable system to use.  Consideration: YES 
 
 

System #3 – One-way Multiple Span Concrete Joists 
 

Advantages Disadvantages 
~ Decreased Depth ~ Longer Construction Time 
~ No Required Fireproofing ~ Heavier System 
~ Lower Vibration Issues 
 
This One-way system could be considered as an option for the floor framing system in 
the Hershey Academic Support Center.  This system contains one major advantage 
(decreased total depth) and one major disadvantage (heavier total weight), so it is worth 
the time to design and see how this system matches up.  Consideration: YES 
 
 

System #4 – Two-way Flat Slab with Drop Panels 
 

Advantages Disadvantages 
~ Lower Overall Thickness ~ Thick Slab and Panels 
~ No Fireproofing ~ Floor System Not Square 
~ Vibration Not an Issue ~ Very Heavy System 
 
This Two-way system should not be considered as a flooring option for my building.  The 
disadvantages of this system are all major concerns especially that the system is twice as 
heavy as it was previously.  This new system weight will definitely cause the columns 
and foundations to be increased in size, causing many cost issues.  Consideration: NO 
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System #5 – Two-way Waffle Flat Slab 
 

Advantages Disadvantages 
~ Half Total Floor Depth ~ More Expensive Overall 
~ No Fireproofing ~ Longer Construction Time 
~ Small Vibration Effects ~ Heavy System 
 
The Waffle slab system plays off the one major advantage that the floor depth is very thin 
comparatively to other systems.  This works particularly well for places that have a rigid 
height requirement or that need lots of space between floors.  The Waffle system can be 
more expensive as well as longer to construct, which is why it is often overlooked in this 
kind of construction.  All in all, this could be a viable system and should be analyzed 
further.  Consideration: YES 
 
 

System #6 – Open Web Steel Joists 
 

Advantages Disadvantages 
~ Lightweight ~ Increased Floor Depth 
~ Short Construction Time ~ Difficult Fireproofing 
 
This system resembles the existing system in the Hershey Academic Support Center.  The 
advantages and disadvantages outweigh each other over and that leaves nothing special to 
be found in this system.  Since there are no major positive changes, there is no reason to 
complete further work on this problem.  Consideration: NO 
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Appendix – Existing System 
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Appendix – Alternate System 
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2002 CRSI Handbook Design Table 
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