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Executive Summary 
The following technical report was written to compare various alternate floor systems for the 

Biobehavioral Health Building.  Through the use of various tools and calculations, preliminary sizes were 

developed and summarized in the report.  Such things as deflections, system depth, cost, 

constructability, etc. were calculated so to provide an easy comparison between the systems. All of the 

construction documents were provided by Massaro CMS Services.   

 In this report the follow floor systems were looked at: 

1. Composite slab, beam, and girder system (existing) 

2. Hollow core precast planks 

3. One way concrete slab with interior beams 

4. Two way concrete slab with drop panels 

All of the systems led in at least one category that was used for comparison. For example the hollow 

core system is the easiest when it came to constructability but it also had the deepest system at 42”. For 

this reason it is an unlikely candidate for a flooring system.  As for the other systems they all seemed to 

be very plausible. 
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Building Introduction 
Located on the campus of the Pennsylvania State University in University Park, Pennsylvania is 

the Biobehavior Health Building (Figure 1). It is currently under construction and is scheduled to be finish 

in November 2012. When completed, it will house faculty and graduate students from the College of 

Health and Human Development.  The overall project cost is approximately $40,000,000 and is being 

funded by the Pennsylvania Department of General Services.  The BBH Building is comprised of 5 stories 

above grade (including a 

penthouse) and has a full 

basement 100% below grade.  

The BBH Building was 

designed to blend with that 

existing architecture that 

surrounds it. The majority of the 

façade was designed to mimic 

Henderson North’s Georgian style 

architecture with its large amount 

of hand placed brick and 

limestone.  On the northeast 

portion of the building the design 

is more modern to replicate HUB, 

which is a popular student hang 

out.  Since a portion of the BBH 

building protruded into the HUB 

Lawn, which is a popular student 

hangout, a terrace has been 

provided (Figure 2).  Not only does this offer a 

relaxing place for students to lounge but it will also 

be used as a stage for future concerts. A majority 

of the interior space is made up of offices and 

conference rooms that will house faculty and 

graduate students from the College of Health and 

Human Development.  One of the key interior 

spaces is the lecture hall, which is located on the 

ground floor directly below the HUB lawn terrace. 

It is able to seat up to 200 people and has a ceiling 

designed to absorb any sounds or vibrations 

coming from the terrace above.   

Figure 1: PSU Campus Map 

Figure 2: Rendered View from HUB Lawn 
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Structural Overview 

Foundation 
CMT Laboratories, Inc. were the geotechnical engineers hired to investigate the soil conditions 

on which the BBH building was to be placed.  In order to better understand the soil located on the site, 

CMT Laboratories took six test boring samples.  With the information gathered from the test borings 

they were able develop recommendations for the structure below grade.  

It was recommended that the foundations bear on sound dolomite bedrock. Accordiong the the 

geotechnical engineer, “the bedrock must be free of clay seams or voids near the surface to provide a 

stable surface to place the foundations.”  If bedrock is encountered before the required bearing 

elevations are met then over excavation is required and needed to be back filled with lean concrete.  

The bearing material must have a bearing capacity of 15 psf minimum. 

The BBH Building uses a shallow strip and spread footing foundation system.   The strip footings 

are placed under the foundation walls around the perimeter of the building.  These footings are at an 

elevation of -15’ and step down to -21’ around the lecture hall. A typical strip footing is 30” and 18” 

deep as shown in Figure 3.  Normal weight concrete is used for all footings and must have minimum 

compressive 28 day strength of 4 ksi. 

 

Figure 3: Typical Strip Footing 
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Floor/Framing System 
The BBH Building floors are concrete slab on 

metal deck. The typical slab on deck consists of 3 ¼” light 

weight concrete on 3” 18 gage galvanized composite steel 

deck that is reinforced with 6”x6” W2.0xW2.0 welded 

wire fabric. Any deck opening that cuts through more 

than two deck webs needed to be reinforced. This was 

typically done with 4’ long #4 rebar place at each corner 

as shown in Figure 4. This is typically done to keep the 

integrity of the slab and also prevents unwanted cracking 

in the concrete.  

In order to decrease beam depth the BBH 

building was designed as a composite steel system.  Figure 5 

shows a typical section through this composite system.  ¾” 

diameter shear studs are welded to the top flange of the 

beam/girder. The number of shear studs varies per beam/girder. The typical floor plan has beams 

spanning N-S and girder spanning E-W. See Figure 6 for a typical floor plan.  

 

Figure 5: Typical Section Through Composite System 

Figure 4: Openings in Slab on Steel Deck 
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The composite slab supports gravity loads and transfers that load to the beams.  The beams 

then transfer the load to the girders, which transfer the load to the columns.  Finally the load is 

terminated at the foundations.  

 

Figure 6: Typical Floor Framing Plan 
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Lateral System 
The BBH Building uses two types of lateral force resisting systems, moment frames and an 

eccentric braced frame. These systems are used to resist lateral forces placed on the structure due to 

wind and seismic loads. 

The moment frames are in both the N-S and E-W direction.  Frames resisting N-S loads go from 

column line 2 to column line 6. Frames resisting E-W loads are only located along column lines B and D.  

This type of system is use on every level above grade.   These moment frames are accomplished by 

designing a rigid connection between the beams and columns. A rigid connection is created by welding 

the top and bottom flange of the beam to the column as shown in Figure 7.  Location of the moment 

connections are shown below in Figure 8. Because the east wing of the BBH Building is exposed to the 

HUB lawn, it will experience higher wind loads.  This could be the reason for using a duel lateral system 

was used and why it is configured as such (Figure 8). 

 

Figure 7: Typical Beam to Column Moment Connection 
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There is only a single eccentric braced frame in the BBH Building. It is located on the east side of 

the building along column line 10 (See Figure 8 above). Figure 9 shows the chevron bracing system used. 

Lateral movement in the frame is resisted through tension and compression in the HSS braces. 

 

Figure 9: Eccentric Braced Frame 

Figure 8: Location of Moment Connections (Red) and Braced Frame (Orange) 
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Design Codes 
The BBH Building was designed using the following codes: 

 IBC 2006 (as amended by Pennsylvania UCC administration) 

 ASCE 7-05 

 ACI 318-05 

 ACI530/ASCE 5 

 AISC, 13th Edition 

For this thesis the following codes were used in the analysis for the BBH Building: 

 AISC, 14th Edition 

 ASCE 7-05 

 ACI 318-11 

Material Properties 
 

 
 

 
 

Wide flange shapes A992 or A572, fy=50ksi

Square and round steel 

tubing
ASTM A500, Grade B

Miscellaneous shapes, 

channels and angles
A36, or A572, fy=50ksi

Round pipes A53, Grade B, fy=35ksi

Plates A36, fy=36ksi

Anchor Rods ASTM F1554, Grade 55

Bolted connections for beams 

and girders

A325 or F1852, 3/4" 

diameter

Welded headed shear studs A108 3/4" diameter

Stainless steel hanger rods
ASTM A564 Type 17-PH 

fy=50ksi

Steel

Type
28 day compressive 

strength

Foundations 4000 psi

Slabs and beams 4000 psi

Concrete
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Design Loads 
The following design loads given by the designer. 

Dead 
 

 

 

 

 

Deformed Bars ASTM A615, Grade 60

Welded Reinforcing Steel ASTMA706 Grade 60

Welded Wire Fabric ASTM A185

Reinforcement

32

60

60

85

212

Slate roof assembly

Green roof assembly

Floor, typical

Floor, stone tile

Plaza (above auditorium)

Dead Loads *                                                  

(psf)

* self-weight of steel framing members 

not included
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Live 

 

Snow 
The calculations for the design snow load can be found in Appendix A. The drift load was 

designed for the penthouse green roof as that is where the most drift would accumulate. 

 

  

Live Load Uniform (psf) Concentrated (lbs)

Offices/Classrooms 80(1) -

Lobbies/Assembly 100 2000(5)

Corridors, Stair 100 2000(5)

Mechanical Rooms 150(3) -

Roof 30(2) -

Plaza 125(4) -

Assembly (fixed seats) 60 -

Heavy storage 250 2000(5)

1. Includes 20 psf partition load

2. Or Snow Load whichever is greater

3. Used in absence of actual weight of mechanical equipment

4. Used for roof over lecture Hall

5. Concentrated load shall be uniformly distributed over a    

2.5 sq ft area and shall be located so as to produce maximum 

load effects in the structural members

Snow Load Type Uniform (psf)

Flat Roof Load 21

Sloped Roof Load 24

Drift Load 89.5
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Alternative Floor Systems 
 In the text to follow, this tech report will provide a brief description of four different types of 

floor systems.  These systems will be analyzed and designed for a typical by in the BBH building.  From 

this a list of pros and cons can be established for each system which will allow for an adequate 

comparison between the different types of systems.   

The following floor systems chosen to be analyzed for the BBH building: 

1. Existing System: Composite slab, beam, and girder 

2. Alternate System: Hollow core precast planks on steel 

3. Alternate System: One way concrete slab with interior beams 

4. Alternate System: Two way concrete slab with drop panels 

Below is the typical bay used for this tech report: 

 

 

 

 

31’-0” 

29’-6” 

4 5 

C 

D 
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Existing Composite Slab, Beam, and Girder System 

Description 

The BBH building is designed with one of the more common floor systems.  The existing system 

is comprised of 3.25” light weight concrete on 3” 18 gage galvanized composite steel deck.  This decking 

is able to achieve composite action with the beams and girders supporting it through the use of A108 ¾” 

diameter shear studs that are welded 

to the steel.  

A series of spot checks were 

done to verify that the existing flooring 

components had adequate strength to 

support the dead and live loads 

applied to it.  Overall the system came 

to have a total depth of 27.25” and 

weighed approximately 53 psf.  A 

rough estimate was done with the use 

of RSmeans Assembly Components to 

find an average cost of $22.01 per 

square foot. 

Pros 

One of the advantages of this system is that it is very light weight per square foot.  This allows 

for the use of long spans, which are favorable among most architects.  Composite action allows the total 

system depth to decrease by using the strengths of concrete and steel (concrete being good in 

compression and steel being good in tension).  Overall this system is fairly easy a far as constructability 

goes. 

Cons 

A composite system can become expensive due to the large amount of welding of the shear 

studs that has to take place.  Also, having a light weight system can cause the floor to be sensitive to 

vibrations. Fire proofing will need to be applied to the steel members to meet the fire rating of the BBH 

building. 

Image taken from RSmeans Assemblies book 
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Hollow Core Precast Planks on Steel 

Description 

The first alternate system evaluated for the BBH building was the use of hollow core precast 

planks that sit on steel wide flange girders.  These precast planks span N-S across the whole bay.  

Nitterhouse Concrete precast charts were used in the sizing of the planks.    It was found that a 10” x 4’ 

hollow core plank with 2” topping and 7.5” diameter strand pattern would be able to support the loads 

applied.  

 The girders had to be designed to support this new flooring system.  Assuming the girder was 

simply supported, a W30 x 116 was found fit to support the planks.  Even though a shallower wide 

flange girder could have been used, it was determined that the W30 was a more economical choice.  

Overall the system came to have a total depth of 42” and weighed approximately 96.9 psf.  A rough 

estimate was done with the use of RSmeans Assembly Components to find an average cost of $25.64 

per square foot.  

Pros 

 The biggest advantage to using this system is that the planks are made of site and shipped ready 

to be place on the structure.  This eliminates curing time that usually comes with cast in place concrete. 

As far as constructability goes it is determined to be the easiest of the four systems. 

Cons 

 With the increase in weight it is possible that the foundations might have to be resized, which 

can drive the already high square footage cost up. Also, this system is shown to be significantly deeper 

than that of the existing.  This would cause either an increase in building height or a smaller above 

ceiling area for MEP piping/duct work.  For these reasons this is an unlikely candidate for an alternate 

floor system. 
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One Way Concrete Slab with Interior Beams 

Description 

The second alternate system evaluated for the BBH building is a one way concrete slab with interior 

beams.  The concrete slab spans east to west and is supported by beams that span north to south.  In 

the design of this system, provisions from ACI 318-11 were used.  Overall the system came to have a 

total depth of 26.5” and weighed approximately 136.4 psf.  A rough estimate was done with the use of 

RSmeans Assembly Components to find an average cost of $20.31 per square foot. For simplicity in 

design, the beam was assumed to be simply supported on both sides.  Max moments for the girder were 

found using STAAD. See Appendix C for calculations.  

  

Pros  

This system proved to be the best out of the four when it 

came to total deflection.  Because of the large mass of the 

system the vibration sensitivity is very low and should not 

be a concern.  Due to the inherent fire resistive properties 

of concrete, there is no need for fire proofing as it has an 

adequate fire rating. 

Cons 

Like in most cast in place concrete systems, there is going 

to be a long lead time due to the concrete needing to cure to reach full strength.  Shoring needs to be 

used in the construction of the one way system.  Also this system is considerably heavier than the 

existing and will most likely cause the foundations to be increased, which will also drive up the cost. 

Two Way Concrete Slab with Drop Panels 

Description 

The last alternate system evaluated for the BBH building is a two way concrete slab with drop 

panels.  In order to avoid tedious calculations, the CRSI 2008 Design Handbook was use to find a 

preliminary size of the slab and drop panel along with reinforcement for the column and middle strip.  

Then spSlab was used to come up with a more precise design of the system. See Appendix D for 

calculations and results.  

 Overall the system came to have a total depth of 19.75” and weighed approximately 155 psf.  A 

rough estimate was done with the use of RSmeans Assembly Components to find an average cost of 

$18.36 per square foot 

Image taken from RSmeans Assemblies book 



Tech 2 Report 

Daniel Bodde 

Advisor:  Heather Sustersic 

 

  
Page 18 

 
  

Pros 

The two way system is the cheapest per square foot and also has the least total system depth. Because 

of the large mass of the system the vibration sensitivity is very low and should not be a concern. Like in 

the one way slab, the two way slab has inherent fire resistive properties therefore there is no need for 

fire proofing.  

Cons 

Also this system is considerably 

heavier than the existing and will most likely 

cause the foundations to be increased.  

 

 

Comparison Chart  

  

Existing Composite 

Slab, Beam, and 

Girder

Hollow Core Precast 

Planks on Steel

One Way Concrete 

Slab with Interior 

Beams

Two Way Slab with 

Drop Panels

Weight 53 psf 96.9 psf 136.4 psf 155 psf

Foundation 

Impact
n/a

Foundation system 

needs increased to 

support larger self 

weight.

Foundation system 

needs increased to 

support larger self 

weight.

Foundation system 

needs increased to 

support larger self 

weight.

Total System 

Depth
27.25" 42" 26.5" 19.75"

Cost $22.01 per sq. ft. $25.64 per sq. ft. $20.31 per sq. ft. $18.36 per sq. ft.

Total Deflection 1.25" 1.12" 0.26" 0.87"

Vibration 

Sensitivity
Medium Medium Low Low

Constructability Moderate Easy Difficult Difficult

Viable Option Yes Unlikely Yes Yes

Image taken from RSmeans Assemblies book 
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Conclusion 
The process taken in this report gives great insight to how certain systems are considered and 

then finally chosen for the design of a building. Over the use of several tools and calculations, initial sizes 

were established and summarized.  Such things as deflections, system depth, cost, constructability, etc. 

were calculated so to provide an easy comparison between the systems.  

 In this report the follow floor systems were looked at: 

1. Composite slab, beam, and girder system (existing) 

2. Hollow core precast planks 

3. One way concrete slab with interior beams 

4. Two way concrete slab with drop panels 

All of the systems led in at least one category that was used for comparison. For example the hollow 

core system is the easiest when it came to constructability but it also had the deepest system at 42”. For 

this reason it is an unlikely candidate for a flooring system.  As for the other systems they all seemed to 

be very plausible.  The two concrete systems could possibly be used in the thesis proposal for a concrete 

redesign next semester. 
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Appendix A: Calculations for Composite System 
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Appendix B: Calculations for Hollow Core Precast Planks 
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Appendix C: Calculations for One Way Concrete Slab with Interior Beams 
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Appendix D: Calculations and spSlab Output for Two Way Concrete Slab 

with Drop Panels 
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Appendix E: Comparison Calculations 
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Appendix F:  RSmeans Cost Estimate Tables 
 Tables are represent a rough estimate of the closest size to system used in this report 
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