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Executive Summary 

 
The purpose of this report is to analyze the current floor system in place at the St. 

Elizabeth Hospital Inpatient Facility and compare it against a few possible alternative systems, 
determining if another system may be a more reasonable solution, and if so, by what means.  
 
Existing Floor System 
 The current floor system of the St. Elizabeth Boardman Hospital is a two-way slab 
system comprised of a 4” light weight concrete slab on 2” – 20 gage galvanized composite 
decking with 5” long ¾” diameter shear studs and a 6x6-W2.1xW2.1 welded wire fabric 
reinforcement system.  The framing for the buildings super majority of the beams for the floor 
framing are 21” in depth with a typical span of 34’, while the girders for the building are sized on 
average at W30x90 where the façade is brick and W18x40 where the outer façade is the 
aluminum panel curtain wall system.  The floor to floor height of each story two through seven is 
14’-8” tall, while the floor to floor height for the ground floor is 15’-4” in height. 
 
Alternative Systems 
The alternative systems that have been analyzed for comparison are as follows: 

 Non-composite lightweight slab on steel framing. 
 Two-way slab with drop panels. 
 Hollowcore planks on steel framing. 
 Waffle slab. 

 
The alternative systems analyzed were 
calculated using the typical 34’x 29’-4” bay 
shown here. 
 
Conclusion 
 Due to the building’s shape and layout it 
seems as though a concrete structural system 
would not be an acceptable alternative without 
making some minor, if not substantial, changes 
to the building plan and column grid system.  
Though the concrete design alternatives do 
offer smaller floor thicknesses, building height 
doesn’t seem to pose an issue for the hospital’s location.  The best system for the existing design 
appears to be the one currently in place.  Steel framing systems allow for much more flexibility 
in design and can be built to suit most situations.  Though some analysis and design to resist 
vibration concerns as well as additional fireproofing must be accounted for with steel designs, to 
meet the architectural layout provided steel would be most effective. 
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Structural System Overview 
 
Foundation 

The foundation for the St. Elizabeth Hospital Inpatient Facility consists of 16” diameter 
auger cast grout injected piles with a capacity of 50 tons and an f’c of 4000 psi, including (4) #6 
vertical bars for the top 20’ of the piles and #3 ties spaced at 16” on center.  The vertical 
reinforcement from each pile is to extend 18” into its corresponding pile cap or grade beam with 
a 90۫  hook of 2’-0” in length.  Several of the column piers will be constructed on existing 
footings, subsequent reinforcement bars are to be drilled and grouted into the existing footing 
with Hilti epoxy adhesives, providing a minimum embedment of 8”. 
 
Floor System 

The floor system of the St. Elizabeth Hospital Inpatient Facility is a two-way slab system 
comprised of a 4” light weight concrete slab on 2” – 20 gage galvanized composite decking with 
5” long ¾” diameter shear studs and a 6x6-W2.1xW2.1 welded wire fabric reinforcement 
system.  The majority of the beams for the floor framing are 21” in depth with a typical span of 
34’.  On the first two floors, the new addition’s floor systems are connected to the existing floor 
slabs as well as the masonry walls by ½” diameter Hilti adhesive anchors spaced at 24” on 
center, with a minimum embedment of 4½”.    
 
Superstructure  

The framing for the structural system consists by in large of wide flange structural steel 
members.  The typical column size for the building is within the range of W12x40 to W12x136, 
while there are a minimal number of W10 and W14 columns throughout the atypical areas of the 
new addition.  The girders for the building are on average W30x90 where the façade is brick and 
W18x40 where the outer façade is the aluminum panel curtain wall system.  The floor to floor 
height of each story two through seven is 14’-8” tall while the floor to floor height for the first 
floor is 15’-4” in height.   
 
Lateral System 

The bracing system for the lateral load resistance consists of several types of bracings on 
each story comprised of HSS members, including chevron braces, knee braces, and cross braces.   
 
Roof System 

The roofing system is a flat roof which consists of structural steel members similar to that 
of the floor system.  The area where the HVAC units rest has a slab of 4½” light weight concrete 
on 2”- 20 gage galvanized composite decking with 6x6-W2.1xW2.1 welded wire fabric 
reinforcement.  While the remainder of the roof area, including the penthouse roof, is constructed 
of 1½”-20 gage galvanized wide ribbed steel roof deck.  
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Design Loads 
 
Dead Loads 
 

 First Floor Second Floor Typical Floors 
Above Roof 

Concrete Slab 46 psf 46 psf 46 psf 52.5 psf 
Metal Decking 2 psf 2psf 2 psf 2 psf 
Steel Members 70 psf 70 psf 70 psf 62 psf 

Partitions 20 psf 20 psf 20 psf ---- 
Collateral 20 psf 20 psf 20 psf ---- 

     
 Total Area     

Total Weight     

 
 
Live Loads 
 

Roof 30 psf 

Public Areas 100 psf 

Lobbies 100 psf 

First Floor Corridors 100 psf 

Corridors Above First Floor 80 psf 

Patient Rooms 60 psf 

Light Storage 125 psf 

Catwalks 25 psf 

Mechanical 175 psf 

Stairs 100 psf 
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Typical Floor Plan for Seven Story Addition 

 
 
Typical Framing Plan for Seven Story Addition 

Typical Bay Along Exterior Wall Featuring Brick Façade  
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Non-Composite Lightweight Slab on Steel Framing 
 
 The first alternative system analyzed is one quite similar to the system currently in place 
at the hospital.  This non-composite slab system is a concrete slab that is placed directly onto 2”-
20 gage steel decking spanning across simply supported steel joists which then transfer 
respective loads into girders and so on.  The one main difference between this system and the 
one currently in use within the hospital is the component that creates the composite action in the 
original design, the shear studs used in the flooring system.   
 
Advantages 
 The main advantage to using a non-
composite slab system is the lack of shear studs 
being used in the floor system.  First of all, not 
having shear studs causes the construction 
process to be simpler, lowering construction 
costs for both material and labor.  Also, the lack 
of studs lowers the dead load of the floor system, 
making a lessening of the beam and girder sizes 
possible.  In general, with the exception of any 
amount of lead time, steel erection can be a very 
quick process 
 
 
Disadvantages 
 One main disadvantage with steel is that there is a greater possibility for vibration issues 
to arise in a steel framing system, especially when the steel and concrete slabs aren’t used in 
composite action as in this redesign.  Also, as in the original design, the steel beams will require 
some amount of additional fireproofing to ensure that they can resist any deflection that would 
occur due to extreme heat during a fire. 
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Two-Way Slab with Drop Panels 
 
 This alternative flooring system is an entirely concrete structural system with steel 
reinforcing bars spanning in both the latitudinal and longitudinal directions.  For analysis 
purposes the column grid is laid out in a three bay system spanning the short (North-South) 
direction, with columns in the long (East-West) direction spaced at every 34’ on center.  The two 
end bays in the short direction span a length of 29’-4” and have a slab thickness of 10¼”, while 
the interior bay spans 24’-0” and can support a floor system with a slab thickness of 7½”.  Each 
column in the system is sized at 14”x14” and has a drop panel of 10’x10’ at either 6” or 8.5” in 
thickness respectively, making the maximum floor depth of the system a total of 16.5”. 
 
Advantages 
 Floor systems consisting of a completely 
structural concrete design system for the most part can 
allow for the use of a thinner floor in comparison to a 
slab on steel framing system.  This design certainly does 
just that, cutting off nearly 20 inches of depth from the 
current floor system, leaving room for the ceiling 
system to hide mechanical or electrical equipment.   
 
Disadvantages  
 In comparison, the drop panel system seems to be a much heavier flooring method than 
the systems that utilize steel framing components.  In addition, the construction of slabs with 
drop panels requires a more complicated construction process due to complex framing situations 
and a lengthier schedule for setting and curing. Also, a change in the column size and or layout 
may be required to successfully attain the maximum efficiency of the drop panel system.  
Furthermore, the drop panels can potentially be an obstruction to mechanical and electrical 
operations running through the ceilings or architectural features within the hospital. 
 

Once all of the initial design parameters were established, this design was prepared using 
two different methods.  The initial technique used for designing the floor system was the 
equivalent frame method, done by hand, to determine the necessary reinforcing for the short 
direction of the slab.  Following that a computer program known as PCAslab, which also 
produces the equvalent frame method, was run to determine the reinforcing requirements for the 
long direction. 

A second design of this system was analyzed using a third deisgn method; the tables in 
the CRSI Design Handbook, which yield a slightly different design approach to the floor system, 
including slab and panel thicknesses as well as bar sizes and quantity and column sizes.  This 
third design method considers the bays being analyzed to be perfectly square, which is not the 
assumption followed in the initial design for this dissertation.   

Each design method used is based upon different assumptions, and thus may bear 
differing design dimensions, but there are many methods used to solve similar situations, 
showing that each system could possibly work as a viable solution.  
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Hollowcore Planks 
 

The next possible alternative proposed is pre-cast hollowcore planks.  The design 
specifications for the hollowcore flooring planks used in this report come from Nitterhouse 
Concrete Products, Inc.  All design tables are made available on their website at 
www.nitterhouse.com.  The planks produced at Nitterhouse are pre-cast/pre-stressed planks 
constructed with normal weight, high strength concrete utilizing a minimum f’c of 5000 psi.   
The planks are leveled and prepared for a floor finish using a 2” cast in place slab topping,  
which varies in thickness across the plank due to the amount of camber but also provides a two 
hour fire-resistance rating. 
 
Advantages 
 The main advantage of using the hollowcore 
floor system is the lack of a need for interior beams 
within the floor framing system, because the planks 
are capable of crossing long spans, joist-like 
intermittent beams are not necessary, thus using much 
less steel throughout the floor system.  Another 
benefit of the hollowcore planks is the ease of 
constructability, through all seasons.  The planks are 
pre-cast concrete that simply need to be hoisted and 
set into place, quickening the erection time and reducing on-site labor requirements.  Also, hence 
the name, the planks have large continuous voids spanning through their centers, reducing 
concrete weight and cost, while leaving room for mechanical or electrical equipment runs.  
Lastly, the plank system works with the current framing plan in place, so no addition design 
would be required to support the plank system.   
 
Disadvantages  
 The disadvantages to using the hollowcore floor system begin with the fact that they 
require a substantial amount of lead time to acquire.  Also, the slab thickness is considerably 
large, in this case the largest of all the systems analyzed, though a reduction in girder size 
throughout the floor framing would be a feasible solution to lessen this factor. 
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Waffle Slab 
 
 The final alternative system analyzed is the waffle slab, another floor system comprised 
entirely of structural concrete.  The design for this floor system was created using an adaptation 
from the tables in the CRSI Design Handbook.  This floor is basically a two-way joist system.  In 
order to decrease the dead weight of a solid slab system, the formwork for the floor creates 
30”x30” voids in the bottom of the slab in a rectilinear pattern, which creates a two-way grid of 
ribs that resembles a waffle.  The voids are not used in the direct vicinity of the columns so as to 
more effectively resist the shear and moment forces that occur at the columns. Columns were re-
sized as concrete columns at 19”x19” and normal weight concrete was used throughout the 
design.   
 
Advantages 
 As with any purely concrete flooring system the 
total depth of the floor structure is much thinner than that of 
a steel framing system.  The waffle system actually has the 
least depth of any of the systems evaluated at 15”.  If there 
is no need for a suspended ceiling, the void layout of the 
underneath of the slab system provides an interesting 
architectural feature for a ceiling that does requires no 
additional design or maintenance  
 
Disadvantages 
 The construction process for the waffle slab flooring system can become quite 
complicated.  The formwork for the slab is complex and installation can turn out to be rather 
labor intensive, especially if shoring becomes involved.  Plus, since it is an entirely concrete 
structure the loading of the waffle system is fairly high.  Also, as with the slab with drop panels, 
a variation in the column size and layout may be necessary for achieving maximum efficiency of 
this design, which has potential to make considerable changes to the architecture and or floor 
plan of the hospital.   
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Alternative Systems Comparison 
 
 

 

Composite 
LWC Slab on 
Steel Framing 

(Existing)  

Non-
Composite  

LWC Slab on 
Steel Framing

Two-way 
Slab with 

Drop Panels

Hollowcore 
Planks on 

Steel Frame 
Waffle Slab 

Slab Depth 6” w/ deck 6.5” w/ deck 10.25” 12” 3” 

Total Floor Depth 36” 36” 16.25” 42” 15” 

Concrete Weight 46 psf 50 psf 100 psf 93 psf 140 psf 

Total Weight 116 psf 121 psf 100 psf 153 psf 140 psf 

Cost per sqft $26.30 $24.10 $17 $10.50 $24.60 

Lead Time Medium Medium Short Long Short 

Constructability Average Average Hard Fast - Easy Hard 
Fireproofing 

Required Yes Yes No No No 

Vibration Issues Yes Yes No No No 
Architectural 

Issues No No Yes No Yes 

Plausible 
Alternative Worth 

Further Study 
Existing Yes No Yes No 

 
 
Conclusion 
 Due to the shape of the building and the current column grid used, it seems that a 
completely concrete structural system is not the best choice for alternative flooring solutions.  
With a few modifications, if it is reasonably possible to make minor adjustments without 
adversely affecting the functionality of the spaces, a concrete system would be a viable structural 
possibility for the building, if not for the entire building at least for isolated areas.  A prefab 
structural system, however, does seem be a feasible construction method to pursue further 
investigation for. Though, due to its flexible building methods and constructability, any 
conversion to a concrete structural system would certainly require alternative methods of lateral 
bracing as well, most likely involving the use of shear walls.  

As it is, with the layout of the building, a steel framing system seems to be the most 
functional option.  Steel has fairly simple constructability, is rather light in weight, and can be 
built to suit most conditions.  A steel system would mostly likely require a check for vibration 
issues as well as additional fireproofing  
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Appendix A – Non Composite Lightweight Slab on Steel Frame 
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Appendix B – Two-way slab with drop panels 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 19 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 20 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 21 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 22 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 23 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 24 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 25 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 26 

 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 27  



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 28 

 
 
 



Josh Behun St. Elizabeth Hospital Inpatient Facility Tech Report 2 
Structural Option Boardman, Ohio November 8, 2007 
Dr. Linda Hanagan, P.E. 

_________________________________________________ 
Page 29 

 
Appendix C – Hollowcore planks on steel girders  
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Appendix D – Waffle Slab 
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