
1  

 

 

 

 

 

 

The Commonwealth Medical College 

Scranton, PA  

 

 

 

 

 

 

 

 

 

 

 

 

Technical Report Two 

2012 
Xiao Ye Zheng 

Structural Option 

Advisor: Heather Sustersic 

10/12/2012 

Revised: 10/25/2012 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 2                                                                               The Commonwealth Medical College | Scranton, PA 

 

Table of Contents 

Executive Summary ……………………………………………………………………………………. 3 

Building Introduction ………………………………………………………………………...………… 4 

Structural Overview ……………………………………………………………………………………. 5 

Design Codes …………………………………………………………………………………… 5 

Material Properties………………………………………………………..…………………….. 6 

 Foundations …………………………………………………………………………………….. 7 

Framing System ………………………………………………………………………………... 9 

Lateral System ………………………………………………………………………………….. 9 

Roof Systems …………………………………………………………………………………… 10 

Gravity Loads …………………………………………………………………………………………... 12 

Dead and Live Loads …………………………………………………………………………… 12 

Snow Loads …………………………………………………………………………………….. 14 

Floor Systems ………………………………………………………………………………………...… 15 

Composite System………...…………………………………………………………………….. 17 

Non-Composite on Joists and Joists Girders………….…….…………………………………... 20 

One-way Slab on Concrete Beams ……………………………………………………………... 22 

Precast Plank on Wide Flange Girders ………………………………………………………… 26 

Comparisons of Systems ………………..……………………………………………………… 28 

Conclusion ……………………………………………………………………………………………… 29 

Appendices ……………………………………………………………………………………………... 30 

Appendix A: Typical Plans …………………………………….………………………………. 30 

Appendix B: Composite System …….…………………………………………………………. 34 

Appendix C: Non-Composite on Joist and Joist Girders……………………………………….. 38 

Appendix D: One-way Slab on Concrete Beams ……………………………………………… 41  

Appendix E: Precast Plank on Wide Flange Girders ………………………………….……….. 52  

Appendix F: Comparisons ……………………………………………………………………… 56 

 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 3 

 

Executive Summary 

This technical report discusses and compares three alternative floor systems to the current existing floor 

system of The Commonwealth Medical College. This is accomplished through hand calculations 

performed on a typical 26’x30’ bay. A comparison in weight of the systems, depth of the systems, cost 

to construct each system, and several more criterions, were made. Through analysis, these criterions 

were used to determine whether or not each system would be a feasible alternative. The existing floor 

system is a 7.5” thick composite slab with W15x55 beams and W27x84 girders. The other systems 

designed in this report are, non-composite on joists and joists girders, one-way slab on concrete beams, 

and precast plank on wide flange girders.  

It was found that the existing, composite system, is the second least expensive to construct, and also the 

second lightest. It has a depth of 34.4”, a weight of 84 psf, and cost around $25.04 per square foot. The 

light weight and the ease of construction were believed to be the reasons that the composite system was 

chosen for the TCMC.  

The non-composite with joists and joists girders system was found to be the best alternative since it has 

a smaller depth and weigh a lot less. However, it does cost $26.57 per square foot, $1.53 per square foot 

more than the composite system. It is also easy to construct since there is no shear studs involved. 

Overall, it was found to be an adequate alternative system.  

The one-way slab on concrete beams was found to be an excellent alternative since it cost significantly 

less than the composite system. It does weight around 20% more, causing a need to increase the size of 

the foundations. A 6” thick slab with 13.5”x22.5” beams and 15”x25.5” girders resulted from this one-

way concrete design. 

The precast plank on wide flange girders is an expensive alternative, at $32.9 per square foot. This is the 

largest setback for this system. Nitterhouse Concrete Products was the selected manufacturer for the 

precast plank. Using their product information sheet, an 8” thick hollow core with a 2” topping and a2 

hour fire rating was chosen. These are supported by W27x84 girders. This system has the largest 

structural depth, 34.7”, and this system is the second heaviest.  The extreme fabrication and construction 

difficulties in trying to reduce the structural depth make this system hard to construct. Out of the four 

systems, the precast plank on wide flange girders is the worst system to use.  
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Building Introduction 

The Commonwealth Medical College (TCMC), also known 

as The Medical Sciences Building (MSB), is a medical 

school located in the heart of Scranton, PA. Costing over 

$120 million, this four story building, with an additional 

penthouse on the roof, was completed in April, 2011. The 

architecture was intended to complement the existing 

schools and hospitals in the surrounding area. Shown in 

Figures 1 is the building footprint of TCMC, highlighted in 

yellow, and the surrounding site.  

 

 

TCMC is clad in brick, stone, and glass curtain wall. The 

building is separated into two individual wings, west wing 

and east wing. The link is the lobby area that connects the 

two wings and it is clad largely in insulated glass units to let 

natural sunlight in. An additional feature is the tower which 

is also clad largely in glass, as shown in Figure 2. The tower, 

located in the east wing, is considered the main focal point 

of the building. The interior space of the tower is mainly 

corridors and small meeting rooms so the students can enjoy 

the view.  

 

TCMC is a multi-use building, using all modern technology. 

It has a library where students go for information, Clinical 

Skills and Simulation Center where students learn from 

beyond classrooms, lecture halls that can seat up to 160 

students, classrooms with Wi-Fi connections, small group 

meeting rooms where a team of students can work together, 

and a luxurious student lounge for study or relaxation. 

Figure 3 shows the interior lobby of TCMC. TCMC also has 

a garden around the link that allows the occupants to enjoy 

the nice green views that the city cannot offer. The building 

is 93 feet tall, 185,000 square feet of space, and is a 

composite steel framed building that utilizes moment frames 

for its lateral system.  

Figure 1 Aerial map from Google.com showing the 
location of the building site 

Figure 2 Picture of the exterior showing the glass and 
brick facade on the TCMC. The Tower is shown, 
made will all glass walls. http://www.hok.com 

Figure 3 Interior picture of the TCMC lobby. 
http://www.hok.com 
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Structural Overview 

Design Codes 

 

According to Sheet LS100, the building was designed to comply with: 

 Building Code  2006 International Building Code (IBC) 

 Mechanical  2006 International Mechanical Code 

 Electrical   2005 NFPA 70/ Nation Electrical Code 

 Plumbing  2006 International Plumbing Code 

2006 International Fuel Gas Code 

 Fire Protection  2006 International fire Code 

 

All concrete work conforms to the requirements of the American Concrete Institute ACI-318-05.   

 

Additional Code Reference from American Concrete Institute: 

 ACI-211  

 ACI-301 

 ACI-302 

 ACI-304 

 ACI-305 

 ACI-306 

 ACI-315 

 ACI-347 

 

Regulatory Guidelines and Standards 

 Accessibility  ICC/ANSI A117.1 1998 
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Material Properties 

Concrete 
Usage Weight Strength (psi) 

MAT Slab Normal 4000psi 

Columns Normal 4000psi 

Slab on Grade Normal 3000psi 

Caisson Normal 4000psi 

Wall Normal 4000psi 

Grade Beam Normal 4000psi 

Floor Slab Normal 4000psi 

Floor Slab Lightweight 3500psi 

Floor Slab Normal 3500psi 

Lean Concrete Fill Normal 2000psi 

 

Steel 
Type Standard Grade 

Reinforcing Bars ASTM A615 60 

Composite Floor Deck ASTM A992 20 gauge 

Roof Deck ASTM A992 B 

Galvanized Plate  ASTM A992 50 

W shape Steel ASTM A992 50 

Angles ASTM A992 50 

Bolts ASTM A325 N/A 

Anchor Rods ASTM F1554 N/A 

HSS ASTM A992 50 

Welded Wire Fabric ASTM A185  70,000psi 

 

Masonry 
Type Standard Strength (psi) 

Grout ASTM C476 5000psi 

Concrete Masonry Units ASTM C90 2100psi 

Mortar ASTM C270 N/A 

 

Miscellaneous 
Type Strength (psi) 

Non-Shrink Grout 10,000psi 
Figure 4 Tables showing materials that are used in the TCMC project 
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Foundations 

The west wing of the TCMC is built with a mat slab foundation that is 4’-0” thick. The mat slab is 

designed for a soil bearing pressure of 3000psf. It is on top of a 2’-0” thick structural fill and a 4” mud 

slab. Figure 5 shows a typical section of the mat slab. After the mat slab, over 4’ of compacted 

AASHTO # 57 stone typical was placed in followed by a 5” slab on grade. Due to the confidentially of 

the geotechnical report, the actual bearing capacity of the soil and the recommended type of foundations 

were never released.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 A typical Section cut showing the mat slab foundation. Courtesy of 
Highland Associates 
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The east wing of the TCMC has drilled caissons ranging from 36” to 60” in diameter and is used to carry 

loads from grade beams to bedrock below. The typical floor slab in the east wing is 7.5” and it’s also on 

top of compacted AASHTO material. This can all be visualized by looking at a typical section cut from 

figure 6 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 6 A section cut of a drilled caisson foundation. Courtesy of Highland Associates 
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Framing System 

TCMC has a composite steel framed system. The sizes of the beams and columns ranged from W8x24, 

being the lightest, to W14x257, being the heaviest. The longest column is 44’-7” and it stopped between 

the third and fourth floor. An additional 48’-0” of lighter steel column is connected to this column, 

extending it all the way up to the penthouse.  

 

Lateral System 

The main lateral system used in TCMC consists of multiple moment frames. They are present in the 

west wing, east wing, and also in the link, as shown in Figure 7.1. Most frames are near the exterior wall 

to maximize the lateral force it can resist. The moment frames span across the entire building, from 

north to south and from east to west. This provides lateral resistance in each direction. The frames in the 

link begin on the first floor and extend to the roof, the third floor. The frames in the two wings begin on 

the first floor and extend to the floor of the penthouse. Figure 7.2 shows the only four frames that extend 

to the roof of the penthouse.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.1 Locations of Moment Frames at TCMC. Courtesy of 
Highland Associates, edited by Xiao Zheng  

Figure 7.2 Locations of Moment Frames at the 
Penthouse of TCMC. Courtesy of Highland Associates, 
edited by Xiao Zheng  
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Roof Systems 

TCMC has over 9 different roof heights, as shown in figure 8, with the ground referenced at 0’-0”. The 

link between two wings has an average roof height of 36’. The west wing goes up to 92’. The Tower, 

shaded in red, in the east wing 

goes up to 89’-4”. The rest of 

the east wing goes up to 81’-

4” while the east wing 

penthouse goes up to 102’.  

 

 

 

 

 

 

 

The main roof is constructed of 1.5” type B wide rib, 22 gauge, painted roof deck supported by W-shape 

framing. A typical roof section cut is shown on figure 9. The typical roofing system has two layers of 2” 

rigid roof insulation. The walls around the roof extend 4’ higher than the steel deck so that it can be used 

as railings.   

 

 

Figure 8 Plan showing the different roof heights; the darker, the higher.   
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Figure 9 Typical roof section cut showing the roof deck. Courtesy of Highland Associates 
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Gravity Loads 

The dead, live, and snow loads were calculated under this section for TCMC using IBC 2006, ASCE 7-

05, and estimation.  

 

Dead and Live Loads 

For the dead load calculations, the materials that have the most impact on the dead weight of the 

building were found and then calculated. The west wing primarily uses composite 3” steel deck with 

concrete slab that weighs 75 psf according to Vulcraft Steel Deck catalog. The east wing and the 

hallway use 2” steel deck, lightweight concrete, so it only weights 42 psf. Then W-shape Steel Beams 

and Columns are assumed as 15 psf that covers that whole entire building. The heaviest exterior wall is 

chosen and is assumed throughout the building at 1000plf. Then these weights are multiplied by the area 

or the length that they occupied in to get the weight in pounds. A sample of this calculation is shown for 

the 2
nd

 floor of the TCMC in Figure 10 below. Doing this for every level, a weight in psf and lbs are 

both obtained. Then the total dead weight is found to be around 22,378 kips and will be used later in 

seismic calculations. A breakdown of the weight per Level is shown in Figure 11.   

Weight for 2nd Floor 

Material Weight (psf) Area or Length Total Weight (lb) 

Normal Weight Conc Slab with Deck 75 (psf)  20408 sf                  1,530,600  

Light Weight Conc Slab with Deck 42 (psf)  24952 sf                  1,047,984  

W-Shape Steel  15 (psf)  45360 sf                       680,400  

Exterior Walls 1000 (plf)  1418 lf                    1,418,000  

Total Weight                  4,676,984  

Total Weight per sf (close to design average dead load of 93 psf)                       103.11  
Figure 10 Total Weight per square foot of TCMC 

Weight Per Level 

Level Area (ft2) Weight (psf) Weight (k) 

1st       51,348.00  99.3 5099 

2nd       45,360.00  103.1 4677 

3rd       40,425.00  106.0 4286 

4th       40,422.00  106.0 4286 

Penthouse       10,337.00  209.2 2163 

Roof (all level)       40,455.00  46.0 1867 

Total     228,347.00    22378 
Figure 11 Total Weights per Level of TCMC  

The design live load for the TCMC can be found in the drawings on sheet S201A and S201B. A 

comparison of it to the minimum live load requirement from ASCE 7-05 can be seen on Figure 12. 

Notice that most design load are the same as the minimum required live load. However, some are design 

live loads for several locations are higher because more live loads are expected.  
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Design Live Loads for West Wing 

Location 
Design Live  ASCE 7-05 Live 

Notes 
Load (psf) Load (psf) 

Offices 50 50   

Lobbies/ Corridors 100 100   

Corridors above 1st 80 80   

Stairs 100 100   

Classrooms 40 40   

Laboratories 100 60 Larger equipment needed in TCMC Labs 

Storage Rooms 125 125 Light warehouse 

Restrooms 60 N/A   

Mechanical Room 150 N/A   

Mechanical Roof 30 N/A   

Roof 20 20 ordinary flat 

Partitions 15 15   

 

Design Live Loads for Rest of Building 

Location 

Design 
Live  

ASCE 7-05 
Live Notes 

Load (psf) Load (psf) 

Offices above 1st 65 50 Partitions and some heavier office equipment  

Lobbies/ Corridors 100 100   

Corridors above 1st 80 80   

Stairs 100 100   

Classrooms 50 40   

Sorage above 1st 125 125   

Restrooms above 1st 75 N/A   

Auditorium 100 100 if seats are fixed, then only 60psf 

Bookstore 150 N/A   

Lecture Halls 60 N/A   

Mechanical Room 150 N/A   

Library 75 N/A   

1st floor offices 65 50   

1st floor restrooms 75 N/A   

Roof 30 20   

Mechanical Roof 30 N/A   

1st floor storage 125 100   
Figure 12 Design live load is compared to ASCE 7-05, required live load  
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Snow Loads 

The variables needed for snow load calculations are found on sheet S201B of the drawings. Figure 13 

shows all the loads and variables that are from Sheet S201B of the structural drawing. Also, because of 

the many different roof heights, snow drifts can happen in over 10 different areas of the building. One of 

these areas is calculated and shown under Appendix A, snow load calculations. The result of that area is 

that the snow acuminated in the corner reached over 73 psf, more than double the amount compared to 

the regular flat roof amount of 30 psf. Snow drift is an important factor when designing TCMC.  

 

Flat Roof Snow Load Calculations 

Variable  Value 

Ground Snow Load (PG) 35 psf 

Flat Roof Snow Load (PF) 30 psf 

Snow Exposure Factor (CE) 1.0 

Importance Factor (IS) 1.1 

Thermal Factor (CT) 1.0 
Figure 13 Variable for snow load obtained from S201B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 15 

Floor Systems 

The existing floor system of the TCMC is held up by W-shaped steel columns and composite steel 

beams. Figure 14 shows the floor plan with different bay sizes in different colors. Bay sizes are shown 

along with the figure, with the span required for the slab first and the span required for the girder next, 

match with their colors. Small bays sizes 

are not shown in Figure 14.  

The floor is composite steel deck with 

concrete topping. The typical floor plan in 

the west wing is shown in Figure 15 along 

with two section cuts, Figures 16 and 17. It 

is a 4.5” normal weight concrete topping on 

a 3” lok-floor 20 gauge galvanized 

composite floor deck, giving it a total slab 

construction of 7.5”. The east wing, and the 

link, has different slab thickness than the west wing. They are 3.25” lightweight concrete topping on 

U.S.D. 2” lok-floor 20 gauge galvanized composite floor deck, making the total thickness of 5.25”.  

The main focus in this technical 

report was to analyze the existing 

floor system, and then design three 

other alternative floor systems. All 

analysis and design was conducted 

on a 26’x30’ typical bay in the west 

wing. All four systems were then 

compared to see which systems is 

the best for TCMC.  

 

 

 

 

 

Figure 14 Different Bay sizes respective to their color 

Figure 15 Partial plan showing the second floor, northeast corner of the west wing 
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Figure 16 Section cut 11 from Figure 15 

Figure 17 Section cut 9 from Figure 15 
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Composite Slab System 

The existing floor system of TCMC consists of composite slab and decking with composite steel beam 

and girders. Through a series of spot checks on the typical bay, the slab, beam, and girders were found 

to be adequate to carry the loads. Figure 18 shows the existing floor system on the typical bay. The 

design was spot-checked by hand calculations, which can be found in Appendix B. 

 

 

Advantages 

A composite system is relatively light compared to a concrete system or even a non-composite system. 

This makes the building lighter in design, which reduces the need of large foundations. The concrete 

slab resists compression and the steel beam resists tension, maximizing the efficiency of the system. A 

composite system also helps minimize deflections when the beam is chambered; 1.12in total system 

deflection in this case. Additionally, it is easy to construct, which is preferred when a schedule is tight.  

 

Disadvantages 

Although a composite system is easy to construct, it does require a large amount of labor. The welding 

of shear studs to the beams required a lot of work. Also, fireproofing is required, compared to a concrete 

system which usually doesn’t. This also increases the cost for the system.  

 

Figure 18 Composite System 
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Analysis 

The composite system used in the TCMC had a weight of 84 psf, and a depth of 34.4”. This fit right in 

the middle of the other three systems. Spray fireproofing was added to the beams and girders to achieve 

the 2-hour fire rating required. Using s steel frame system allows the building to use moment frames as a 

lateral system, which does not add additional weight to the building. This system cost about $25.04 per 

square feet. All cost figures are found in 2013, RSMeans Assemblies.  

 

Model 

For the steel model, it will just be a quick check to see the moment that was created by the loads on the 

typical bays. Figure 18.1 shows the typical bays used in the model. The maximum moment caused on 

the beam is 243.5 kip-feet, shown in Figure 18.2, which is compared to 256.5 kip-feet in the hand 

calculations. The model was more accurate because hand calculations tend to be more conservative. The 

concrete model will be more complex than this, showing more results.  

 

 

Figure 18.1 ETABS model of the Composite System 
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Figure 18.2 ETABS model of the Composite System showing the maximum 
moment on the beam.  
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Non-Composite Slab with Joist and Joist Girders 

The first alternative floor system that was investigated was a non-composite slab with joist and joist 

girders. Keeping the original 26’x30’ bay size, it was found that a 3C18 non-composite deck with 4.5” 

concrete topping is required to carry the load. The joists required for this system were 26K9 at 2’-10.66” 

on center, and the joist girders required were 28G9N19.4F at 30’ in length. Figure 19, on the next page, 

shows the typical bay used for this system for TCMC. The design was performed by hand calculations, 

which can be found in Appendix C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages 

A non-composite deck with joist and joist girders is a very economical choice for several reasons. It is 

the lightest of all four systems, by more than half the weight per square foot. Joists are very light and can 

span greater distances than a concrete beam. This system is easy to construct and quick to erect. This is 

the best system that allows a large, open floor plan, which is preferred for offices and classrooms. The 

depth is 3.3” smaller also, so the ceiling can be higher or the building can be shorter, which will a little 

extra cost.  

 

 

 

Figure 19 Non-composite on joists and joist girders 
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Disadvantages 

This system has a total deflection of 1.45” if used in TCMC, which is more than 30 percent than the 

existing system. Although, it is still within the deflection limit, it may not be what the owners want. 

Because many joists are used, this system cost almost $2 per square feet more than the existing 

structure. That is close to half a million more on the project. There is also a longer lead time for this 

steel system, which will add stress to the construction schedule. Lastly, vibrations would be expected to 

be the greatest in this system compared to the other three. This can be one primary reason why this 

system was not chosen for TCMC.   

 

Analysis 

The weight of the non-composite, joist and joist girder system, was determined to be 34.8 psf, which 

makes it the lightest system among the four being compared. Because of the light weight, the size of the 

foundation system can be greatly reduced. Because more joists are used to support the slab, it will not 

span as far, therefore, it will not be as thick. Through analysis using Vulcraft Steel Deck catalog, a 3” 

total slab thickness is adequate to carry the load.  

The non-composite slab with joists and joist girders was found to cost around $26.57per square foot 

using 2013, RSMeans Assemblies. This includes the price of additional fire proofing for the slab and 

steel joists.  
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One-Way Slab on Concrete Beams 

The one-way slab on concrete beams was chosen as the second alternative to the existing system. The 

same typical bay size of 26’x30’ was chosen for this analysis. The beams span ing the 30’ direction, the 

girders spanning the 26’ direction, and the slab spanning over 13’. Through analysis of this system, a 6” 

thickness would be required for the slab, a 13.5”x22.5” beam would be required to span over 30’, and a 

15”x25.5” girder would be required to span over 26’. Figure 20 shows the typical bay used for this one-

way slab design. The design was performed by hand calculations, which can be found in Appendix D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Advantages 

There are many reasons why a one-way slab is economical.  It has a high compressive strength, and the 

concrete floor system is fire-rated without any extra fire protection. Its large mass provides an excellent 

vibration control. Concrete is widely available, cheap, and easy to construct. In the city of Scranton, 

concrete more preferred in construction than steel. That is because it is cheaper, and buildings are not as 

high.  

 

 

 

Figure 20 One-way slab 
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Disadvantages 

A one-way slab floor system has a larger system depth and weight a lot more than a steel deck and beam 

system. Concrete is very poor in tension so steel reinforcement must be added to help carry the flexural 

loads. Although concrete is cheap, formwork can be costly. Additionally, shrinkage and creep are also 

problems that a concrete system must face, later in the life of the structure.  

 

Analysis 

The-one way slab system has a weight of 103.7 psf, 20 psf more than the current system. Because it’s 

heavier, the foundations need to be increased.  

The estimated cost of this system is around $19.09 per square foot. That is around $6 per square foot 

less than the current system. Compared to the other three systems, this system cost the least. This will be 

a huge saving in cost, which is a very good thing for the owner.  

The one-way slab floor system has a total system depth of 25.5”, making this system the shortest depth 

among the other three.  It is 9” shorter in depth compared to the current system, but this does not mean 

the building height can be decreased. The building height might still need to be increased for a 

mechanical system. Because there are no height restrictions in Scranton, this height increase will not be 

a big problem. However, it is preferably not to increase the building height because that would increase 

the weight as well as the surface area of the building and hence, would increase both seismic and wind 

forces.  

Through this investigation, a one-way slab would be a viable system. Although it is the heaviest 

compared to the other three systems, it is the cheapest to construct, and the most capable of handling 

vibrations, which makes it appealing to the owner. Foundations do need to be increased and shear walls 

need to be added for lateral resistance. And because it is a popular material in Scranton, it makes it an 

attractive alternative.  

 

Model 

The model of the one-way slab is designed on spSlap. The output of deflection, moment, and shear was 

used to compare with the hand calculations. According to the model, the maximum deflection is 0.284” 

while the hand calculation resulted in 0.524”. This could also be that hand calculations are more 

conservative. The moment and shear outputs came out to be close to the hand calculations. The model 

has 170.52 kip-feet for the moment and 55.2 kip-feet for the shear. In hand calculations, the moment is 

259 kip-feet 73.8 kips.  
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 Figure 20.2 spSlap Model: Deflections on the system 

Figure 20.1 spSlap Model: Loads on the system 
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Figure 20.3 spSlap Model: Moment  

Figure 20.4 spSlap Model: Shear 
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Precast Plank with Wide Flange Girders 

The third alternative floor system that was investigated was a precast plank with wide flange girders. 

The same typical bay size of 26’x30’ was chosen for this analysis. It was found that an 8”x4’-0” hollow 

core plank, from Nitterhouse Concrete Products, with a 2” normal weight concrete topping is required to 

carry the load. The hollow cores were chosen to span on the shorter direction, 26’, because it requires a 

much larger hollow core plank to span on the longer direction, 30’. The plank rest on W27x84 steel 

girders, which span 30’. The design was performed by hand calculations, which can be found in 

Appendix E The design sheet from Nitterhouse Concrete Products, for the hollow core plank, was also 

in Appendix E. Figure 21 shows the typical bay used for this system for TCMC.  

 

 

 

 

 

 

 

 

 

 

 

Advantages 

Not many advantages can be found from this system. Its weight is similar to the two steel systems so the 

foundations can be kept the same. However, it does have a short lead time, reducing the stress for the 

construction schedule.  

 

Disadvantages 

This system has a very high cost. The construction of this system is very difficult. The performance of 

this system in vibration is unknown. Because the hollow core planks are pre-stressed, it is very difficult 

to drill through the slab when needed, and TCMC may need to drill through the slab in the near future.  

 

 

Figure 21 Precast Plank on wide flange girders 
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Analysis 

The weight of this system, at 89.5 pounds per square foot, falls in the middle for the four systems in this 

report. However, it costs the most, at $32.9 per square foot. This cost includes the precast production, 

transportation, installation, steel girders, erection, concrete topping, and fireproofing for the steel. The 

precast portion of the slab achieves the required 2 hour rating for fire protection by its design.  

This system has the largest depth, at 34.7”. This does not create major changes to the original design 

because the difference is relatively small. It also does not handle well in deflection compared to the one-

way slab system. One possible reason is that because the span was over 26’ while the one-way slab 

system span, 13ft. The lateral system does not need to be changed since steel girders and columns are 

still in use. Overall this system is not preferred because it is the most expensive with very little to no 

benefits compared to the other three systems.  
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Comparison of Systems  

 

 

Comparison of Systems: 

Criterion 
Composite 

System 
Non-Composite  One-Way Slab Precast Plank 

Weight of System 84 psf 34.8 psf 103.7 psf 89.5 psf 

Depth of Slab 7.5" 3.0" 6" 10" 

Depth of System 34.4" 31" 25.5" 34.7" 

Cost ($/SF)* 25.04 26.57 19.09 32.9 

Deflection 1.12" 1.45" .524" 1.32" 

Architectural 
Impact 

No change in bay 
size 

No change in 
bay size 

No change in 
bay size 

No change in 
bay size 

Fire Rating 2 hr 2 hr 2 hr 2 hr 

Fire Protection 
Unprotected 

Deck and spray 
on for beams 

Spray-on for 
deck and joists 

None 
Spray-on for 

beams 

Foundation Impact N/A 
May reduce 

required 
foundations 

Needs to be 
increased 

Needs to be 
increased 

slightly 

Vibration Moderate Moderate High Minimal Unknown 

Lateral System No Change No Change Shear Walls No Change 

Constructability Easy Easy Moderate Hard 

Lead Time Long Long Short Short 

Viable System N/A Yes Yes Yes 

 

* All costs are calculated using 2013, RS Means Assemblies Costs, which carries an approximate error of 

±15%. Included in the cost are materials, installation, fire proofing, transportation, and labor.  
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Conclusions  

 

Technical Report Two was prepared with the intention of providing three other alternative floor systems 

that could be used in the construction of The Commonwealth Medical College. The composite system 

was compared with a non-composite deck on joist and joist girders, a one-way slab on concrete beams, 

and a precast plank on wide flange girders. The comparison made included, system weight, system cost 

per square foot, system depth, deflections, impact on foundations, impact on lateral system, impact on 

architecture, susceptibility to vibration, and fire protection.  

It is found that the precast plank system would be the least economical and least efficient alternative 

floor system. The one-way slab would be the most economical system to use, found in this analysis.  

The one-way slab system cost the least to build, comparing just the price per square foot of the floor 

systems, but would result in significant increase in the foundations, therefore an increase in cost there. 

Additionally, the lateral system will be changed to shear walls.  

The existing system cost came in between the other systems. It was most likely chosen because if 

performs fairly well in deflection, average in cost, average in weight, easy to construct, and moderate 

sense of vibration control. The one-way slab would have been a more economical choice in this analysis 

but maybe the weight of the structure is what drove the owner or designer away. Although, the non-

composite system has many advantages, it does cost more and performs poorly in deflection and 

vibration. Handling vibration is one of the most important factors for TCMC because of the medical 

usage of the building.  
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Appendix A 

 

Framing Plan of the 2nd Floor, Courtesy of Highland Associates  
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2
nd

 Story frame, west wing, Courtesy of Highland Associates 
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2
nd

 Story frame, east wing (south side), Courtesy of Highland Associates 
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2
nd

 Story frame, east wing (north side), Courtesy of Highland Associates 
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Appendix B 
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Appendix C 
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Appendix D 

 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 42                                                                               The Commonwealth Medical College | Scranton, PA 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 43 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 44                                                                               The Commonwealth Medical College | Scranton, PA 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 45 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 46                                                                               The Commonwealth Medical College | Scranton, PA 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 47 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 48                                                                               The Commonwealth Medical College | Scranton, PA 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 49 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 50                                                                               The Commonwealth Medical College | Scranton, PA 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 

 

The Commonwealth Medical College | Scranton, PA   pg. 51 



 Technical Report 2                     Xiao Ye Zheng | Structural Option 
 

 pg. 52                                                                               The Commonwealth Medical College | Scranton, PA 

Appendix E 
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Appendix F
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