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EXECUTIVE SUMMARY 

 
In total, four floor systems were compared during the course of this technical report. They 
consisted of the existing floor system with composite cellular gravity beams, traditional 
composite steel framing, hollow core slab on steel framing, and a two-way flat plate, concrete 
system. In this simplified approach, the concrete floor system proved to be most cost 
effective, but other considerations must be taken into account. 

Although concrete was the cheapest construction in terms of cost per square foot of floor 
system, the fact that it is heavier than steel framing will impact foundation design and other 
aspects of the structure. Using concrete may increase the overall building cost, possibly 
offsetting any benefits of the cheaper floor system. Furthermore, the need for an additional 
line of columns may negatively impact the function of the building. However, despite these 
drawbacks, two-way flat plant construction provides a completely unobstructed space for 
MEP systems and may interact better with the 35-year-old, existing structure. 

Composite steel framing using traditional W-shapes proved to be the lightest and most cost 
effective floor system when investigating steel framing. Despite this, composite steel framing 
was not a feasible solution due to the tight floor-to-floor restrictions imposed by the existing 
building. There is simply not enough clearance between the bottom of the steel beams and 
the ceiling below. 

The existing system comprised of composite steel framing using cellular beams for gravity 
members. This system proved to be the most cost effective steel framing system while still 
remaining feasible. The cellular beams allowed ample space for MEP systems, and the depth 
requirement of 27in allowed designers to reduce the overall number of columns, allowing for 
more freedom in the architectural design. One potential drawback to the floor system is the 
widespread use of a specialty shapes. Other issues arise in the use of moment frames for the 
lateral system. These frames would not allow adequate clearance for MEP systems and 
would restrict the design of these bays. 

Hollow core plank was the most expensive of the steel framed floor systems, although it had 
many benefits. The plank was able to span long distances, allowing clear space between the 
slab and the ceiling below. Also, the use of the precast system would allow fast installation, 
potentially shortening the schedule and reducing cost. This floor system is also susceptible to 
the restrains on MEP design, imposed by the use of moment frames to resist lateral loads.
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INTRODUCTION 
 
The Gouverneur Health Services Modernization Project is an addition to an existing building and a 
renovation of the 35-year-old healthcare facility. The existing building is a 2-way flat plate floor 
construction with square and rectangular columns. An existing conditions survey revealed no shear-
walls, so it can be assumed that lateral loads are resisting by the continuous frame construction of the 
flat plate slab. For the purpose of this technical report, and subsequent thesis project, only the addition 
will be investigated in further detail. Furthermore, portions of the addition that wrap around the existing 
building and tie into the existing structure will be neglected for this technical report. 
 
The addition that will be the main focus of this thesis project consists of two distinct portions. The first 
portion is the 5-story ambulatory care facility. This facility is approximately 115’x175’ in plan, and sits on 
the western side of the site, connected to the existing building. The second portion is an expansion to the 
floor plan to the existing building in floors 6 through 13. It is roughly square, 50’x60’ in plan, and extends 
upwards from the ambulatory center on the western side of the existing building. The portions may be 
referred to as lower addition and upper addition, or ambulatory addition and tower addition, respectively. 
See Figures below. 
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Fig 2. Typical Ambulatory Center Framing Plan 

Fig 1. Gouverneur Layout Schematic 

Fig 3. Typical Tower Addition Framing Plan 



STRUCTURAL SYSTEM  

 Foundation 

The Gouverneur Healthcare Facility bears on a pile foundation system, with 60-ton capacity, 12” piles. 
Pile caps vary from 35” to 54” thick with the number of piles ranging from 2 to 16 piles per cap. The 
footprint for the cellar is smaller than the extents of the overall building so the depths of the pile caps 
vary. The depths of the caps are either 4’-6” below datum if the columns terminate in the cellar, or 16’-9” 
above datum if the columns terminate on the first floor. 

The piles support grade beams that span between 15’ and 40’. Their sizes range from 4’-0” to 8’-3” deep 
with reinforcing bars from #8 to #12 bars. A structural, one-way slab-on-grade spans between grade 
beams to make up the cellar floor.  

Floor System 

The floor system for Gouverneur Healthcare Services is a composite system that utilizes cellular beams 
for all gravity beams in the ambulatory addition. A 4 ¼” slab rests on a 2” LOK floor composite deck, and 
is tied to the beam with 5” long, ¾” diameter shear studs. Typical bays are 30’-0” by 44’-0” and almost all 
beams are nominally 27” deep to accommodate mechanical systems. The tower addition uses traditional 
W-shapes in a composite floor system. Beams are W16’s in areas where clearance for mechanical 
equipment is not an issue, and W14’s where clearance is an issue. 

Columns  

Almost all columns in the Gouverneur Healthcare Services Building are W14 columns, regardless if it is a 
part of the lateral system or just a gravity column. Sizes range from W14x43 to W14x257, and are 
continuous from the foundation to the roof, with only column bearing on a transfer girder on the seventh 
floor. Columns are spliced on every other floor starting on the third floor. Base plates are typically 22” x 
22” with bolts ranging in size from ¾” to 2”. 

Fig 4. Typical Framing Plan Showing Moment Frames 

 Lateral System 

Due to the vast use of glass curtain walls and irregular plan 
between floors, most of the lateral system in the Gouverneur 
Healthcare Services Building is moment resisting frames. For the 
interior moment frames, sizes are either W27’s for long span 
beams or W14’s for the shorter spans. Most beams in exterior 
moment frames are W18’s and W24’s. In the tower portion of the 
building, lateral loads are resisted by exterior moment frames in the 
East-West direction, and braced frames in the North-South 
direction, both concentric and eccentric. Most braced frames are 
continuous from the roof to the column termination at the 
foundation. But at the interface of the upper addition and the lower 
addition, where one frame is discontinuous, loads transfer into 
columns in the floor below, and redistribute through the structure. 

Wind loads transfer from curtain wall system to floor diaphragm.  
The floor diaphragm is rigid compared to structure so loads transfer 
to lateral frames based off of relative stiffness. Loads then transfer 
to foundations in the form of shear and axial load (tension and 
compression) in braced frames, and transfer to the foundation 
through shear, axial load, and moment in moment frames 

 
5 

Scott M. Rabold 



MATERIALS 
Concrete ASTM Min Strength 
 Structural slab-on-grade     - 3000 psi 
 Pile cap     - 4000 psi 
 Retaining walls     - 4000 psi 
 Interior Slabs     - 4000 psi 

Reinforcing Steel A615 60ksi 

Structural Steel 
 Structural Tubing A500 46 ksi 
 Steel Pipe A53 35 ksi 
 Rolled Shapes A992 50 ksi 
 Other Rolled Plates A36 36 ksi 
 Connection Bolts A325 90 ksi 
 Anchor Bolts A307 45 ksi 

APPLICABLE CODES AND DESIGN REQUIREMENTS 

 Codes and References  
   The City of New York Building and Administrative Code 
   New York Electrical Code 
   All Applicable NFPA Codes 
   New York State Energy Code 
   AIA Guidelines for Design and Construction of Hospital and Health Care Facilities  

Deflection Criteria 
Floor Deflection  L/240 Total and L/360 Live 
Lateral Deflection   
 Total Drift 3 ½” (due to expansion joint between addition and existing building) 
 Story Drift H/400 

DESIGN LOADS 
Live Load (psf)
Live Load As Designed As per ASCE7

3 1/4" LW concrete 8 Dormatory Floors 40 40
 fill on 3" LOK‐Floor 60 8 Lobby 100 100

Ceiling 2 10 Lounge 100 100
Floor Finish 2 2 Corridor 1st Floor 100 100
Mech/Elect 10 2 Corridor above 1st 80 80

Partitions 12 TOTAL 30 Stairs 100 100

Steel Framing 13 (psf) Mechanical Rooms 150 ‐

TOTAL 99 Main Roof (Mech) 150 ‐

(psf)
3 1/4" LW concrete
 fill on 3" LOK‐Floor 60

Wall assemblies Ceiling 3
1. Metal Panel 25 Mech/Elect 14

15 Roofing/Insulation 9
GFRC 40 TOTAL 86

(psf) (psf)

Dead Load (psf)

2. Glass Curtainwall

Steel
Deck/Insulation

Mechanical
Membrane

Fire Proofing

Penthouse Roof
Dead Load (psf)

Main Roof

Floor Load

 
 

Fig 5. Design Load Tables 
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COMPARISON CRITERIA 
Structural Impact 

Structural impacts are discussed in terms of how the alternative framing systems will change the existing 
system and affect the design of other portions of the building. The main focus in this report is the 
influence on foundations and analysis for lateral loads, although impacts to the structural system are not 
limited to those discussed in this report. 

MEP Impact 
Mechanical, Electrical and Plumbing impacts are discussed simply in terms of how the floor systems limit 
the freedom of MEP engineers. These criteria include clearance issues and the interference of lateral 
systems in the layout of mechanical zones. 

 Architectural Impact 
The architectural impacts discussed in this report focus primarily on the need for an additional line of 
columns along column line 3 (see figure below). Other impacts are compared including clearance issues 
and the impact of new columns on the floorplan. 

 
 

Fig 6. Partial Floorplan showing additional column line in blue 

 

EXISTING SYSTEM – CELLULAR BEAMS 
Structural Discussion 

The design choice to implement deep, cellular beams for all gravity members allowed a great amount of 
flexibility in the structural design. The depth requirement of 27” nominally allowed the use much larger 
spans than originally called for in the design. Max spans were stretched to 44’, reducing the number of 
columns and foundations, positively affecting the overall cost of the project. Because the cellular beams 
were unable to be used for the lateral systems, W-shapes comprise a good portion of the beams in the 
floor systems in the form of moment resisting frames. The use of both cellular beams and W-shapes in 
conjunction directly impacted the mechanical systems. Moment frames are not included in the schematic 
plan below, although their location can be seen in Figure 4, above. 

MEP Discussion 
The widespread use of cellular beams created a great deal of flexibility for the mechanical systems. 
Despite a tight floor-to-floor height of just 11ft, the cellular beams provided adequate web penetrations to 
run all MEP systems between the drop ceiling and the deck above.  
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However, the existence of moment frames comprised of W-shapes restricted the design of the MEP 
systems. Because mechanical systems cannot be run through the moment frame, the floor space 
between each moment frames are separate, individual zones, without the ability to provide flexibility in 
design. Systems access each zone through vertical shafts and branch out to service each zone. 
 

Architectural Discussion: 
With the choice to implement cellular beams, the overall floor plan became very open. The large 44ft 
span allowed a great deal of freedom in the architectural design. Furthermore, the ability to 
accommodate MEP systems between the bottom of the slab and the ceiling meant that the overall ceiling 
height was able to be kept at a desirable elevation on each floor. 
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Fig 7. Representative Floorplan of existing system Fig 8. Typical Construction of Cellular Beams 

 

ALTERNATE SYSTEM – COMPOSITE STEEL 
 

Description 
The first, alternative design consisted of composite steel framing. Typical bays of the floor system are 
22ftx 30ft, with girders spanning the 30ft length, and intermediate beams spanning the 22ft length. The 
floor diaphragm consists of 6 ¼”concrete slab on 2” LOK-Floor composite steel deck. A strict depth 
restriction of 10in maximum for intermediate beams and 12in maximum for girders was maintained in an 
attempt to keep adequate space between the bottom of the steel members and the drop ceiling to 
accommodate MEP systems.  

An attempt was made to maintain the 44ft span of the existing building in the east-west direction. This 
was determined to be impossible if a depth restriction was put into place. For this reason, an additional 
column line was added, creating a total of three, 22ft spans in the east-west direction. After a preliminary 
assessment of the floorplans, this additional line of columns is not expected to impact the architecture 
significantly. Figure 6, above, shows the location of the added column line. 

 
 



 
Fig 9. Representative Floorplan of Composite Framing Fig10. Installation of Shear Studs 

Structural Impact 
Due to the depth restrictions to accommodate MEP systems, the use of inefficient members was 
required. Heavier members were used to meet strength and serviceability requirements, where deeper 
members would have been more efficient. In order to meet the depth requirements, an extra line of 
columns were added, reducing the span of girders to 22ft from 44ft. This will increase the number of 
foundations required, potentially driving up the total cost of construction. 

MEP Impact 
Despite trying to maintain a depth restriction, certain members are as deep as 14in which could cause 
problems for the mechanical systems. It is important to note that with this depth, MEP systems only have 
13in to utilize in order to service the individual zones. This alone may exclude traditional composite steel 
framing from being a feasible solution in the Gouverneur Healthcare Services. 

Again, the use of moment frames to resist lateral loads will impact MEP systems. The anticipated depth 
of the beams in the moment will require spaces between each moment frame to be split into separate 
zones, similar to the existing design. Although adequate design is easily possible, the lack of space 
between beams in the moment frame and the ceiling below will reduce the amount of freedom MEP 
designers will have. 

Architectural Impact 
The floor system did not impact the design of the floorplan significantly, although the impact on the MEP 
systems could make the spaces uncomfortable to occupy. This alone could make the system not 
feasible. 
 

ALTERNATE SYSTEM – HOLLOW CORE SLAB 
Description 

The second alternative design consisted of precast hollow core plank on non-composite steel framing. 
10” precast hollow core plank with 2” topping was employed in the design of this floor system. Using ½” 
diameter, 7-wire plank, the slab was able to span the full 30ft in the North-South direction, completely 
eliminating the need for intermediate beams. The floor system retains the original column grid spacing in 
the East-West direction, with a 22ft span and a 44ft span. 
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 Fig 11. Representative Floorplan of Hollow core Construction Fig12. Precast Hollow core Planks 

 
Structural Impact 

The ability for the concrete plank to span large distances allowed for a significant amount of freedom. 
The elimination of intermediate beams increased the load on beams between columns spanning in the 
East-West direction, increasing the size of these members from previous designs. These beams are 
typically part moment frames in the lateral load resisting system, so further analysis is needed to gauge a 
more accurate size of the member. Despite the inability to perform the required analysis at this current 
time, it is anticipated that beams in the moment frame will still be able to meet the 27in maximum depth 
restriction even with the hollow core plank bearing on them. 

MEP Impact 
The use of hollow core plank provides a completely unobstructed space within bays. This provides this 
floor system with some of the same benefits of flat slab concrete systems but obstructions still exist with 
the moment frames. MEP systems would still be constrained to individual zones between each moment 
frame, with access available only through vertical shafts. 

Architecture Impact 
The hollow core slab floor system is not anticipated to affect the architecture at all. Column locations 
remain the same and ceiling heights will remain the same provided the assumption is correct that lateral 
loads will not increase the depth of the beams in moment frames past the max depth of 27”. 
 

ALTERNATE SYSTEM – TWO‐WAY FLAT PLATE 
Description 

Typical bays in the flat plate floor system are 22ftx30ft. In order to utilize flat plate construction, and keep 
a reasonable slab thickness, another column line was added, similar to the composite steel framing 
investigation. This allowed the use of a 10.5” slab and a completely unobstructed space between the 
slab and ceiling below. Typical reinforcing is #7 bars, and shear reinforcement is provided at columns to 
resist punching shear. Additional reinforcement is anticipated to be necessary if this design were to be 
implemented in order to resist lateral loads. 
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Fig 13. Reinforcing Layout for Two-Way Flat Plate System 

Structural Impact 
The impacts that stem from changing the material of a floor system are great and varied. Due to the 
inherent properties of concrete floor systems, the total weight of the building will increase significantly 
and enlarge the size of the overall foundation system. Furthermore, changing materials will significantly 
affect the results of seismic analysis, potentially increasing the base shear. 

MEP Impact 
Flat plate construction will provide a completely unobstructed space between the slab and ceiling 
enabling great freedom in design of these systems. The size and space of zones will be able to be 
assigned based on function, not solely due to locations of moment frames as in the steel framing 
systems. 

Architectural Impact 
As stated earlier, the addition of another column line is not anticipated to significantly affect the function 
of the Gouverneur Healthcare Services. However, concrete columns will be larger than steel columns, 
and it may be harder to incorporate these columns into walls without creating unusable space in rooms, 
or create significant obstructions in open areas. 
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POST‐TENSIONED DISCUSSION 

An attempt was made to take a brief look at a post-tensioned floor system in order to maintain the 
existing column layout with long spans and a thin slab. Issues arose almost immediately when 
conducting a preliminary equivalent frame analysis. Moments at the interior support of the 44ft span were 
determined to be two orders of magnitude greater than the moment at the supports of the shorter, 22ft 
span. 

Another issue arose when calculating the pre-jacking stresses. Stresses created by tendons used to 
balance 75% of the self-weight were almost 50% higher than the allowable pre-jacking stress of 300psi. 
In order to reduce stresses to the allowable range, the slab would have to be thickened to over 15in, or 
the balancing moment would have to be significantly reduced, greatly increasing the required amount of 
mild steel. Both consequences eliminate two benefits to post-tensioned floor systems. 

Other issues arose due to the fact that the Gouverneur Healthcare Services project is an addition to an 
existing building. It would normally be possible to post-tension only the 44 ft span in the East-West 
direction, and use mild steel reinforcing for the 22ft span. In order to implement this sort of design, 
tendons would have to be anchored in the slab, and jacked from the exterior. Unfortunately, this solution 
is not feasible because the side of the slab that would require the jacking is the interface between the 
addition and the existing building.  

For these reasons, post-tensioned floor systems were not investigated further for the scope of this 
project. In order to perform an adequate analysis, a comprehensive redesign of the column layout would 
be necessary and a broad investigation into the impacts on the architecture would have to be carried out. 
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PRO/CONS AND COST SUMMARY 
 
 

Existing Floor System 
Pro: Con: 

-Cellular beams accommodate MEP 

-Allows the reduction in number of columns 

-Cellular beams are proprietary 

-Moment Frames restrict MEP zones 

Cost: $25/SF 

 
Composite Steel Framing Floor System 
Pro: Con: 

-Standardized construction 

-Low tonnage of steel 

-Too deep for adequate MEP space 

-Moment Frames restrict MEP zones 

Cost: 23$/SF 

 
Hollow core Slab System 
Pro: Con: 

-Fast construction 

-Allows a reduction in number of columns 

-Non-composite design can be inefficient 

-Moment Frames restrict MEP zones 

Cost: 27$/SF 

 
Two-way Flat Plate System 
Pro: Con: 

-Unrestricted space between ceiling and slab 

-Ease of construction 

-Slower construction than steel 

-Additional line of columns required 

-Heavier overall structure 

Cost: $17/SF 
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APPENDIX B COMPOSITE DESIGN RAM OUTPUT 
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APPENDIX C     HOLLOW CORE SLAB CALCULATIONS 
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APPENDIX D FLAT PLATE CALCULATIONS 
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APPENDIX E           POST-TENSION  CALCULATIONS 
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APPENDIX F RS MEANS REFERENCES 
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Steel Tonnage 

Cellular Beam
4 LB 27 x 35 @ 22 ft = 3080
4 LB 28 x 43 @ 44 ft = 7568
1 LB 27 x 35 @ 30 ft = 1050
1 LB 27 x 106 @ 30 ft = 3180
1 LB 27 x 55 @ 30 ft = 1650

325 studs @ 10 lb = 3250

9.889 tons

Composite Steel Framing
12 W 10 x 19 @ 22 ft = 5016
2 W 14 x 53 @ 30 ft = 3180
2 W 16 x 31 @ 30 ft = 1860

428 studs @ 10 lb = 4280

7.168 tons

Hollowcore Plank
2 W 24 55 19 @ 22 ft = 836
2 W 24 x 162 @ 44 ft = 14256
2 W 8 x 24 @ 30 ft = 1440
1 LB 24 x 31 @ 30 ft = 930

8.731 tons  
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