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Executive Summary  
 
Technical Report #2 is a study and comparison of four different structural floor systems. In this report 

the existing two-way slab will be compared to 3 different system designed for the Hospital Patient 

Tower. The three alternative systems studied include: 

 Composite deck on Wide flange steel beams  

 Non-Composite deck on Open web steel joists  

 One-way concrete slab with Beams 

The typical bays for the Hospital tower are 29’ x29’. All of the bays found in the patient tower are the 

square 29’x 29’ except the center span in the east west direction which is cut in half in one span. With 

the typical bay sizing for the tower a 3 bay x 3 bay section of a typical 29’ x 29’ bays was used during the 

structural analysis.  

These alternative structural floor systems will be compared based on a few different criteria. The 

primary means of these comparisons will be by system weight, architectural impact and serviceability. In 

addition to those criteria, several other factors will be taken in to account such as; fire protection, 

constructability and cost.   

After the completion of the analysis, it was determined that the best option of the four Systems 

considered is the existing Two-way flat slab. The major advantage of this system is that it allows the 

floor elevations of the new tower to line up with those of the existing patient tower while still keeping a 

low system total thickness.  

The composite deck system remains a viable option because it works with the existing column layout 

and will lower the total building weight affecting the seismic loading and the foundation. The other two 

alternatives are ruled out from further consideration due to the need for floor layout changes and lack 

of available mechanical space.  

 

 

 

 

 

 
 

Figure 1: Rendering by Wilmot Sanz  



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 4 of 47 

Introduction 
 
The Patient Tower is part of the 2015 Capital Improvement Project, of which the Tower Expansion is one 

of the earlier phases. The new Patient Tower will connect with an existing patient tower by a bank of 

elevators separated into two sections one for visitors and the other for patients at every floor. The 

Tower will also await the connection of a women health facility that is one of the next phases of the 

Capital Improvement Project. The Façade of the Patient Tower will blend in with the existing buildings 

by keeping some of the red brick on the exterior, but also taking on a more modern look by 

incorporating aluminum curtain wall and precast concrete panels. The new Tower consists of 12 stories 

above grade with one level below grade. The Tower is 216,000 square feet with 174 patient rooms, an 

operation facilities and a mechanical level.  The Contract for this tower was awarded to Turner 

Construction, the general contractor, in a Design-Bid-Build method with a contact value of $161 million.   

 

One of the main design considerations is individual patient rooms. Based on the Hospital’s goals for care 

the individual patient rooms were a large factor in the design of the floor plan. During the design phases 

the project team requested input for the physician, nurses and staff to help make the design as efficient 

as possible. Medical/surgical patients aging 65 years and older were the focus of this Tower with a 

special emphasis on their safety and a good healing environment. With the hospital team input the 

placements for monitoring stations were optimized to ensure patient privacy as well as enhancing the 

monitoring capabilities. 

 

One of the hospital’s goals along with excellent patient care is as so to lower the hospital’s impact on 

the environment. The hospital’s plan for this new tower included green features such as living roofs, low 

flow water fixtures, and rain gardens. The design also calls for no/low VOC building materials to be used 

in construction of the Tower. The Tower design has been submitted for a LEED Silver certification. 

Figure 2: Sketch by Wilmot Sanz  



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 5 of 47 

Structural Systems  

Foundations  
 
The geotechnical report was prepared by Schnabel Engineering, LLC, on March 25, 2010. The foundation 

of the patient tower is set on piles, with pile caps and grade beams. Each column location has a range of 

4 to 12 piles. The slab on grade for the tower is 5” with integrated slab pile caps in locations of high 

stress such as the elevator shaft and stair well. During the excavation for the new tower the existing 

basement and caissons supporting the connecting structure were exposed. The existing 66” caissons will 

support a small portion of the tower connection while the rest will be supported by new piles. In a few 

locations where there is no basement level piles were drilled to reach up to the ground floor level to 

support irregular building features.  

Figure 1: Tower Sketch by Wilmot Sanz 

Existing Patient Tower Caissons  

New Pile Detail  

Figure 3: Foundation plan  
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Columns  
 
The column layout of the patient tower is very regular with 

a few variations on the 1st through 3rd floors. The bay 

spacing in the patient tower is mostly square 29’ x 29’ with 

a few exceptions as see in Figure 6. The columns are 

reinforced concrete ranging in size from 30” x 30” to 12” x 

18”. The typical column size is 24” x 24” with vertical 

reinforcing of #11 bars numbering from 4 bars to 12 bars as 

they move through the structure. The vertical reinforcing is 

tied together with #4 bars placed every 18”.  The columns 

on the basement level up through the 4th floor are poured 

with 7,000 psi concrete and from the 5th floor up they are 

5,000 psi concrete. The structural system of the Patient 

Tower utilizes column capitals to resist punching shear with 

in the slab. The typical capital in the tower is 10’ x 10’ x 6” 

depth, making the slab thickness at the capitals 15 ½”. 

 

 

Figure 5: Partial Column Schedule  
Figure 4: Column Reinforcing Detail  
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Figure 6: Typical Column layout  
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Floor System 
 
The floor system for this patient tower is a 9.5” 2-way flat plate. For the ground floor through the 4th 

floor the slab is 5000 psi concrete with the remaining floors at 4000 psi concrete. The largest span for 

this flat plate is 29’ in each direction with square bays. The flat plate system has both top and bottom 

steel reinforcing. The top steel placed at regions of negative moment is typical notated with a number of 

#5 bars. The bottom reinforcing is a 2-way mat of #5 bars at 12” on center. In the end bays of the slab 

there are extra bottom bars added to handle the carry over moments for the interior span. On the 5th 

floor of the tower is the mechanical level, which increases the loading on the slab giving it a 10.5” 

concrete slab. See figure 7 below for details.  

Figure 4: 2-way Slab detail  

Figure 7: Two-way Flat Slab Detail  
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Roof System  
 
The roof system for the patient tower is designed with the same conditions at a typical floor, a 9.5” Two-

way flat plate with mat and bar reinforcing detailed in the above section. The roof does have a few 

variations from a typical floor; the roof area that will support the mechanical penthouse has been 

increased to a 14” slab to support the extra weight of the equipment and there were supports added to 

the main slab to support the new helipad (Figure 8) for the tower.  

 

 

 

 

 

Figure 8: Helipad Support detail  
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Lateral System 
 
The lateral system in the new patient tower consists of seven 12” reinforced concrete shear walls. These 

walls are located in different locations throughout the building depicted to the right. The shear walls 

consisted of 5000 psi concrete and were run continuously through the tower from the foundations up to 

the roof with the northern core extending through the penthouse. This system of two shear wall cores 

resists lateral loads in both the north-south and east-west direction based on the orientation of the wall. 
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Design & Code Review 

Design Codes and References  
- International Building Code – 2006 “International Code Council”. 

- ASCE 7 – 05 “Minimum Design loads for Buildings and Other Structures” American Society of 

Civil Engineers. 

- ACI 318-05 “Building Code Requirements for Structural Concrete” American Concrete Institute. 

- ACI Manual of Concrete Practice. 

- AISC “Manual of Steel Construction – Allowable Stress Design”. 

Thesis Codes and References 
- International Building Code – 2006 “International Code Council”. 

- ASCE 7 – 10 “Minimum Design loads for Buildings and Other Structures” American Society of 

Civil Engineers. 

- ACI 318-08 “Building Code Requirements for Structural Concrete” American Concrete Institute. 

Deflection Criteria  

Floor Deflection Criteria 

 Typical Live load Deflection limited to L/360 

 Typical Total load Deflection limited to L/240  
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Material Specifications 
 

Materials  Grade  Strength  

Concrete   

 Piles  -  f’c = 4,000 psi 

 Foundations  -  f’c = 3,000 psi 

 Slab-on-grade -  f’c = 3,500 psi 

 Shear Walls  -  f’c = 5,000 psi 

 Columns  -  f’c = 5,000/7,000 psi 

 Floor Slabs -  f’c = 4,000/5,000 psi 

W Flange Shapes  ASTM A992 Fy = 65,000 psi 

HSS Round ASTM A53 grade B Fy = 35,000 psi 

HSS Rectangular  ASTM A500 grade B Fy = 46,000 psi 

Reinforcing bars  ASTM 615 grade 60 Fy = 60,000 psi 

Steel Decking  ASRM A653 SS Grade 33 Fy = 33,000 psi 

 

Gravity Loads  
Loads for the Patient Tower were calculated from IBC 2006 in Reference with ASCE 7 -05. Loads are 

displayed below.  

Dead Loads  
 
 
 
 
 
 

 

Live Loads  
 
 
 
 
 
 
 
 
 
 
 

Occupancy  Design Loads  

Normal Weight Concrete  150 psf 

MEP Equipment  15 psf 

Superimposed  20 psf 

Occupancy  ASCE 7 – 10 Loads 

Corridors First floor 100 psf 

Hospitals   

 Operating Rooms, Laboratories  60 psf  

 Patient Rooms  40 psf 

 Corridors above 1st floor  80 psf 

Helipads  60 psf 

Lobby 100 psf 

Roof with Garden  100 psf  

Table 1: Material Specifications  

Table 2: Dead Loads   

Table 3: Live Loads   
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Snow Loads  
pf = 0.7CeCtIspg  
 

Factor  Value  

Exposure Factor Ce 0.9 

Thermal Factor Ct 1.0 

Importance Factor Is 1.10 

Ground Snow Loads pg 25 psf 

Flat Roof Snow Load pf 17.3 psf ≈ 20 psf  

 
 

Design Considerations  
 
In order to have a complete investigation for the floor systems explored in this report, a set of 

comparison criteria has been established.  

Structural  Architectural  Construction  Serviceability  

System Weight  System Depth  Constructability  Deflection 

Lateral system impact  Floor plan adjustments  Cost   

Foundations impacts     

Fire Protection    

 

Each of these factors will be discussed in terms of each system design and compared to see if how each 

system stacks up against the others. Each of these systems was designed using a typical 3 bay x 3 bays 

section of the towers floor plan.  

A large consideration was taken in to account during the design of these floor systems to keep the floors 

elevations aligned with those of the existing patient tower. During the design of the alternate floor 

systems a ceiling cavity of 28” from the top of the slab to the bottom of the ceiling was considered to be 

the maximum allowable spaced used. Within the ceiling cavity there must also be a cavity maintained 

for the mechanical system.  Each system was able to be designed to fit with in the 28” cavity but there 

were varying amounts of space left for mechanical system.  

A wide range of materials and systems were investigated during this assignment. These systems were 

chosen with a basic idea of their strength and constructability but upon farther investigation strengths 

and weaknesses for all of the system became more apparent.   

 

Table 3: Live Loads   

Table 4: Snow Loads   
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Floor Systems  

Two-Way Reinforced Flat Plate - Existing  
 
The Existing Two-way reinforced slab was designed to be 9.5“in depth with 6” drop panel around the 

columns. This system is mildly reinforced with 60k steel rebar. This system was chosen because of the 

29’x29’ square bays that are used in the floor plan design of the tower which are ideal for a two-way 

slab. With the two-way slab the total depth is kept to a minimum giving a lot of room for the mechanical 

systems to be placed in the ceiling cavity.  The slab is reinforced with #5 each way bottom mat with 

spacing @12” O.C. with extra #8 bars in the end spans to support carry over and end span moment s. 

Top reinforcing is located perpendicular over column lines in both directions and at the end of slab 

where column are connected. The top bars are #5 and #6 bars with varies spacing depending on the 

locations and the forces at that location. Detailed layout of a slab section is showed below in Figure #9. 

Calculations for this system can be found in Appendix II. 

Figure 9: Two-way Slab Layout   
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W- Flange Beams with Composite Metal Deck  
 
This system was designed using the Vulcraft steel Deck design guide (figure 10) and AISC steel manual.  

For the typical bay size of 29’ x29’ a 3” normal weight concrete on 3” on Vulcraft 3VLI Composite deck. 

Since a 3” normal weight concrete deck does not meet the 2 hour fire rating a fire proofing will need to 

be applied. The composite deck spans 9’-4” perpendicular to the supporting wide flange beam and 

parallel to the wide flange girders. The Composite deck 3VLI 18Ga. was found to support 238psf at a 

span of 9’-6” which is more than adequate to carry the load required.  The beams were designed using 

the AISC Steel manual it was found that a beam size of W10x26 with 30 0.75” shear studs would be 

adequate to carry the loads needed. A camber of 0.75" is needed in order for the beams to handle the 

wet concrete deflection in this composite design.  For the Girder the same protocols and design criteria 

were used as in the beam design giving a girder size of W16x45 with 34 shear studs with a diameter of 

0.75”. In order to keep the floor to floor height at the same level as the existing patient tower there 

were design decision make accordingly to maintain a proper floor to ceiling height in the new tower. 

Figure 10: Vulcraft Composite Deck Charts   
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In figure 11 the beam and girder layout and sizing can be seen. Calculations for this system can be found 

in Appendix III. 

 

 

 

 

 

Figure 11: Composite deck system layout   
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Open Web Steel Joist with Non-composite Metal Deck  
 
This System was designed using the Vulcraft non-composite deck tables (figure 12) and the Long Span 

steel joists LH-series tables (figure 13). A 3.5” light weight concrete topping was selected to be placed on 

the 1.3C24 deck which will give the system a 2 hour fire rating. The deck is supported by 20LH06 Vulcraft 

open web joists spaced at 4’-10” O.C. The Long span joists are 20 inches deep each carrying 1018 lb/ft 

which is adequate with still keeping the total floor system thickness below the necessary 28” to maintain 

proper floor alignment with the existing tower.  The girders for this system were designed to be wide 

flange W21x101. This girder size is adequate to carry all of the loads need for the system but since the 

design needed to stay within the given 28” ceiling to floor cavity there were some economic sacrifices 

made in this design. Calculations for this system can be found in Appendix IV. 

Figure 12: Non - Composite deck charts   
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Figure 13: Open Web Joists Charts    
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Figure 14: Open web joist system layout   
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One-Way Slab and Beam   
 
This system consists of a concrete slab and beams, with the tower having square bays both the slab and 

the beams will span a length of 29’. The beams will be designed in the North-South direction while the 

slab will span in the east-west direction. The slab thickness was designed using ACI design table 9.5(a) 

from this table it was determined that a 12.5” slab was needed to support the loads. The slab is 

reinforced on the top and bottom with a #6 bar @ 12” O.C. From the ACI design table 9.5(a) the beam 

height was also designed to be 18” and a width of 24”.  The beams for this system require a minimum of 

10 #8 rebar to support the loads and control deflection for this system.  With the depth and cover of this 

system there is no need to provide extra fire protection. Calculations for this system can be found in 

Appendix V.  

Figure 15: Open web joist system layout   
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Floor System Comparison 

Structural  
 
The floor system has a significant impact on the lateral force resisting system of a building. Since the 

existing system is a cast in place concrete system the lateral system shear walls are also cast in place 

concrete allowing the use of the same lateral force resisting for another concrete system. With the one-

way concrete slab and beam system the design of the existing lateral system would be suitable to resist 

the load. With the beams in the one way system there will be an internal moment connection in the 

North –South direction so there maybe the ability to remove some of the shear walls from the existing 

design for the direction.  

The composite deck and the open web joist systems will require significant changes to the lateral 

system.  Since the frame type is changing from concrete to steel the lateral system would also need to 

be redesigned for these systems. With the use of a steel gravity system it would likely to use steel 

bracing to act as the lateral force resisting system.  

The current concrete floor system as well as the alternate concrete system is heavier system then the 

other two alternate composite steel systems making the building stiffer and able to resist wind forces 

more easily.   

With the composite steel alternate systems the building will decrease in weight of the structure and 

allow the foundations to intern be decreases. The number of piles per column would be able to be 

decreases as well as the size of the grade beams.  

An advantage of the concrete systems is that they will not need to have fireproofing applied. Both of the 

composite systems will need to have an applied fireproofing in order for them to reach the required two 

hour rating that a concrete system has naturally. 

Seismic considerations must also be considered. From Tech Report #1 it was determined that seismic 

loads controlled in the North - South lateral design. If the concrete system is switched out for a 

composite system the seismic load will be decreased and might lead to the wind load controlling in both 

directions. 
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Architectural 
  
Each of the floor systems was designed for a 29’ x29’ bay but a square bay is more efficient for some 

systems then other. The existing two-way flat slab is ideal for square bays with the higher load that we 

are working with. The alternative composite deck and beam is also a good design when spanning a 

square with normal column layout. For both the open web joist and the one way concrete system the 

design is capable of spanning the square bays but the systems could be made more efficient by shorting 

the bays in one direction to make the more rectangular. The girder supporting the open web joists has 

to support a large deflection force; with a shorter span you would be able to decrease that member size. 

The column size of 24” x 24” for the existing system as well as the one-way alternative is a considerable 

size in comparison to the estimated size of a steel column to support the other two alternative systems. 

To support alterative systems two and three the column would range from a W14 to a W18 which would 

give up to 10 inches of space for expansion of walls.  

Another significant architectural consideration is the depth of the floor system.  Special considerations 

for this were taken in to account during the design of these alternate systems. Since the New patient 

tower will be meeting with an existing tower the floor to floor heights need to remain at the current 

design level.  The existing system has a total depth of 15.5 inches under the drop panels with a slab 

depth of only 9.5”. The Composite beam and the one way slab and beam have a total depth of 22” and 

18” respectively. Both of these systems leave space for mechanical equipment without increasing the 

total height of the building but these cavities would be a challenging space for the designers of those 

systems. The open web joist system has a total depth of 25.8” which occupies all but 2.2” of the ceiling 

cavity. The advantage to the open web joist system is that the mechanical equipment will be able to run 

though the web of these members.  If special consideration during the design was not taken for the 

systems the elevations of the new patient tower would not match the levels of the existing tower.  

 

Construction 
 
The easiest of the floor systems to build is the composite metal deck because the deck acts at the 

formwork that there is no shoring needed unlike conventional concrete systems. The Open web joist has 

similar conditions to the composite beam and deck with easy construction due no formwork or shoring. 

The existing concrete two-way slab and the alternative one-way slab with beams will both need to be 

formed and shored which is a very labor intensive and slow process. Concrete does have a shorter lead 

time compared to steel and concrete can also be delivered as needed allowing less area for shake out.  

Constructability doesn’t necessarily equate to lower system cost. The least expensive floor system 

between the alternates and the existing system is the two-way flat slab at $17/SF. The most easily 

constructible of the floor systems the composite deck and beam system is at a cost of $19/SF. These 

calculations can be seen in Appendix VI. 
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Serviceability 
 
With the need of each floor system to stay with in the 28” ceiling cavity and maintain space for the 

mechanical system the deflection criteria was something that need to be monitored.  With the design of 

the alternate system as member were designed to support the deflection member tended to grow much 

larger in weight to compensate for the inability to make the system deeper. The Open web system 

girders were designed to be W21-101 to support the live load deflection the weight on this girder was 

need due to the inability for the girder to be a deeper member that would have supported the load 

more efficiently. The Composite deck system also had to use a specialty design to support the total load 

on the system. The beams of the composite deck system were designed with .75” of camber to support 

the total load deflection.  
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Design Comparison  
 

Floor Systems  Two –way flat 
slab 

Composite Beam  Open web Joist  One-way slab 
with beams  

Lateral Impacts  None Braced frame in 
building core with 

moment 
connections if 

needed  

Braced frame in 
building core with 

moment 
connections if 

needed 

Existing lateral 
system design 

should be 
sufficient. 

Weight 120 psf 62 psf 47 psf 173 psf 

Foundation 
Impacts  

None Lower total 
building weight  

Lower total 
building weight  

Existing piles and 
footing design is 

sufficient 

Fire Protection  No Fireproofing Fireproof girders, 
beams and slab to 

achieve 2 hour 
rating 

Fireproof joists 
and girder to 

achieve 2 hour 
rating 

No Fireproofing 

Depth 9.5” 6” 4.8” 12.5” 

Total Depth 9.5”-15.5” 22” 25.8” 18” 

Floor Plan 
Impact 

None  None  Would a more 
suitable system for 
a rectangular bay 

Needs short bays 
to decrease slab 

thickness 

Constructability  Labor intensive 
formwork with 
longer time to 

strength 

Faster 
construction with 
quick to strength  

Faster 
construction with 
quick to strength 

Labor intensive 
formwork with 
longer time to 

strength  

Cost  $17/sf $19/sf $20/sf $18/sf 

Deflection No issues  Beam camper was 
needed to resist 

total load 
deflection  

High girder weight 
to resist total load 

deflection 

No issues  

Viable 
Alternative  

Existing Yes, no need to 
rearrange the 

floor plan and will 
decrease total 

building weight.   

No, System does 
not yield enough 
ceiling cavity for 
the mechanical 

system  

No, there is an 
increase in 

concrete and no 
other benefits 

compared to the 
existing system.    

  
Table 5: System Comparison    
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Appendix I 
This section of Technical Report #1 is where the supplementary information for the layout and design 

for the Hospital Patient Tower can be found. 
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North Ground Floor Plan 

South Ground Floor Plan 
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Ground Floor Plan   

North 1st Floor Plan 

South 1st Floor Plan 
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South Typical Floor Plan 

North Typical Floor Plan 
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Appendix II 
This section of Technical Report #2 is where the supplementary information for analysis of the existing 

Two-way flat slab designed using SPbeam 
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Appendix III 
This section of Technical Report #2 is where the supplementary information for Alternate system #1, 

Composite Deck with Beam for the Hospital Patient Tower can be found. 
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Appendix IV 
This section of Technical Report #2 is where the supplementary information for Alternate system #2, 

Composite Deck with Beam for the Hospital Patient Tower can be found. 
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Appendix V 
This section of Technical Report #2 is where the supplementary information for Alternate system #3, 

One-way concrete slab and beam system for the Hospital Patient Tower can be found. 

 

 

 

 

 

 

 

 

 

 

  



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 42 of 47 

 



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 43 of 47 

 



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 44 of 47 



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 45 of 47 

 



Technical Report #2 

Structural Concepts/Existing Conditions 

Matthew R Peyton 

 

Page 46 of 47 

 

 

 

 

 

 

 

 

 

Appendix VI 
This section of Technical Report #2 is where the supplementary information for the floor system cost 

analysis for the Hospital Patient Tower can be found. 
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These table values were taken from RSMeans Assemblies Cost Data manual 2011. The location factor for 

Virginia is 0.92 to be multiplied against the average data given.   

 

 

*Material cost for Open web joist does not take in to account the increase weight of the girder to 

support the total load deflection as discussed above. This would only add to the cost of the system 

making it the most expensive by a larger margin  

 

 

 

System Locations Factor Material Cost 
($/SF)  

Installations 
Cost ($/SF) 

Total Cost 
($/SF) 

Two-way Slab 0.92 7.60 10.15 16.33 

Composite Beam 0.92 13.70 6.65 18.72 

Open Web Joists 0.92 13.90 7.40* 19.6 

One-way Slab & 
Beam 

0.92 6.95 12.70 18.1 


