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Executive Summary: 

A detailed analysis was conducted to  determine between the 4 main systems, the first being a flat plate sys-

tem. This system is what is currently in the Biomedical Research Building, and was found to be slightly out of 

date in terms of code. A few suggestions were made to bring this system up to speed, and such renovations 

were found to be extremely intrusive and require the building to be shut down, if not completely torn down. 

Another concrete system was developed, a two-way slab with beams. This system was found to be particu-

larly robust, and easily 10% heavier than the original design, but maintained most of the attributes that were 

provided by the original design. It was also found that significant reductions can be made in the total system 

depth with a few simple changes, such as finding the deflections, and designing directly for those deflections,  

doubling the number of bays, such that the original span of 35’-9” would be halved, and designing for slim-

mer beams as opposed to the 3’ deep beams that were chosen to begin with. A composite steel system was 

also investigated, and was found to be perhaps too light to have the desired vibration control exhibited by 

the first two systems. However, the system depth was found to be smaller than the two-way slab system, 

and could also be further reduced, if bay and beam sizes are manipulated. Lastly, an alternating steel truss 

system was analyzed, but would require much too many accommodations to utilize this system, such as re-

duction of hallways down to one, which may be against egress codes. A maximum width of rooms would be 

required to be reduced to 20’ due to the intrusiveness of the floor to ceiling height of the steel trusses. Both 

of these require a complete floor plan rework. Lastly, vibration control was not nearly as significant as the 

first two concrete systems. All of these down sides are assumed to not balance out the advantages of this 

system, being  a slim 8” system depth, and rapid building erection.  Should additional analysis be conducted 

on both the two-way system and the composite steel system, as is recommended by this report, then it may 

be found that the two way concrete system will be the best system to move forward with. Otherwise, as 

things stand now, either the current one way slab system, with or without the recommended changes, or the 

composite steel system may prove to be the best system. Ultimately the values of the client should be refer-

enced in the selection of systems. 

Building Summary: 

 The Milton S. Hershey Medical Center Biomedical Research Building in Hershey, Pennsylvania, is an 

education and research facility. It is owned by the Milton S. Hershey Medical Center, and is part of Penn 

State Hershey, and thus is a branch campus of Pennsylvania State University. It is a 110’ tall structure with 7 

stories and 245000 total square feet of floor space. It was constructed by Alexander Building and Shoemaker 

Construction Companies and managed by Alvin H. Butz, Inc. between 1991 and 1993, costing $49 million. It 

was designed by Geddes Brecher Qualls Cunningham, and engineered by The Sigel Group and Earl Walls As-

sociates. The most distinguishing architectural aspect of the building is a large cylinder that extends from the 

2nd floor up to the roof on one of the corners of the building.  
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Foundation System: 

 The Biomedical Research Building at Penn State Hershey utilizes a sim-
ple monolithic concrete structure to serve its load distribution needs. This 
structure stands on a series of large, 3 to 7 and a half foot diameter caissons 
which loads ranging from 250 kips to 1610 kips, with most loads around 1000 
kips expected by the building’s original engineers. These caissons have a 40 
kip per square foot requirement, using 3000 psi 28 day strength concrete, 
and are set into the bedrock below. It should be noted that even though 3000 
psi concrete was called for, there was an instance where 1000 psi concrete 
was called for in the plans. A variety of different sized 60ksi steel rebar are 
utilized in reinforcing both the caissons and the grade beams, with clear cov-
er at 2.5 inches, given its exposure to ground. 
 Caissons were chosen as the building’s foundation, as the area is 
known to have large sink holes develop within the limestone deposits. This 
prevents future sinkhole development underneath or nearby to have any 
drastic effect on the Biomedical Research Building’s safety, especially as sink-
holes are not usually detected until it is too late. As seen in figure 2, grade 
beams act to transfer forces from the columns into the caissons when columns and caissons do not line up, 
and to further the idea of sink hole damage prevention, using beams varying from 14 inches wide by 30 inch-
es deep to 7 feet by 16 foot 8 inches deep.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
General Floor Framing: 

 Floors of the Biomedical Research building are supported by large beams typically spanning 20’ that 

predominately go in the longitudinal direction of the building for the central part, and in the far ends of the 

building. These beams vary from 12 to 36 inches deep, and 3 to 8 feet wide. There obviously were some 

depth restrictions where the 8 foot wide beams are located. Shown in Figure 3 on the next page, the building 

is effectively cut into 3 sections by two set of three openings in the floors, with columns and beams on all 

sides of these openings. These openings are to serve the building in its HVAC, plumbing and electrical needs. 

Additional openings in the floor are directly adjacent to these service openings, for elevator shafts that serve 

the entirety of the building. These elevator shafts have two additional columns to help support the concen-

trated load of the elevator and its machinery, distributing the load around the openings. 

Figure 1. Typical Caisson Detail 

Figure 2. Example of caisson and column misalignment 



 Technical Report 2 Joshua Zolko | Structural Option 

6 12 October 2012 Biomedical Research Building 

Figure 3. Typical Floor Plan - The three vertical openings on each side are for HVAC, electrical, and 

mechanical usage, and the openings just to the outside of these openings are elevator shafts. 

 Beams use rebar at the top and bottom of the beam to resist positive and negative moments, and 

such reinforcement is usually discontinued at some point after development length has been achieved. Shear 

reinforcement is used in the form of stirrups, using #3 or #4 sized rebar with 40ksi steel. There are no drop 

panels used, and as found in the calculations on page 30 in the Appendix, the building would benefit from 

drop panels.  

 Supporting the beams are a multitude of columns, averaging about 2 feet by 2 feet in dimension. Cir-

cular columns are also used, and average about 30 inches in diameter. 60ksi rebar are used to reinforce the 

columns, with varied sizes and number of 

rebar utilized. Clear cover for the columns 

and beams inside of the building is at 1.5 

inches.  

Floor Systems: 

 On these beams are a system of 

one way slabs designed to support 100 to 

125 psf floor loads, using 4000 psi 28 day strength concrete, with temperature reinforcement and a 6x6 

W2.0xW2.0 WWF. The one way slabs are oriented perpendicular to the beams, and are treated as beams in 

that direction. On the ground level, where large mechanical equipment is located, slabs are thickened ac-

cording to the size and weight of the machinery, as applicable. 

Figure 4. Typical Slab Detail 
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Expansion joints: 

There are no expansion joints, but there is temperature reinforcement to handle the 

stresses of expansion and contraction of the building. In addition, there are also control 

joints that are designed to mitigate and control potential cracking in the building, which 

would include crack development due to temperature change. A typical control joint 

detail is shown below. 

 

 

 

 

 

 

 

 

 

Roof system: 

On the roof, elevator machinery and miscellaneous other HVAC 

machinery is stationed here, that must be supported in addition to 

snow loads, and were designed also to manage rain water, and di-

vert it to drainage pipes on the roof. There are parapets of varying 

heights also located on the roof, preventing water run off on the 

sides of the building. The 8 inch thick roof is sloped slightly to aid in 

rain water management, preventing it from pooling, and potentially 

causing a collapse. Calculations on page # in Appendix # for snow 

loads show that the design load of 30 psf is in excess of the 21 psf 

snow load that would accumulate on the roof should snow drifts 

come into play during winter months.  

Secondary Structural System for Mechanical Equipment:  

As mentioned before, for the ground level, slabs are thickened for 

the additional weight, and elevator equipment has its own columns 

around the elevator shaft to handle both the weight of the machin-

ery, the elevator carriage, and the people that may be using the 

elevator at any given time. 

Figure 5. Temperature  

Reinforcement Schedule 

Figure 6. Typical Control Joint Detail 

Figure 7. Example Section of a Parapet. 
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Support of Curtain Walls: 

Curtain walls and cladding for this building consist of limestone, granite and glass panels. These are often an-

chored directly into the concrete structure where they are applied. Two inches of clearing between the panel 

and the building are in place to insure that moisture has a way to trickle out and not accumulate behind the 

panel. Slabs have beams or some other support at the edge of their spans of varying depths and widths to 

support additional weight where panels are installed.  

 

 

 

 

 

 

 

 

 

 

 

Support of Architectural Cylinder on Corner of Building: 

There is an architectural cylinder on the corner of the building that is support-

ed by 4 - 33” by 33”columns reinforced with 8 #11’s as in Figure 10. The col-

umn is 125% larger than the columns above it, possibly from a safety stand-

point. From the 2nd floor to the roof, the slabs on the interior support its 

glass, granite and limestone facade, and on the other face, a solid wall sup-

ports additional aesthetic wall panels along the stairwell, as seen in a section 

in Figure 11.  

Lateral system: 

Wind plays a large factor in the surrounding buildings, especially the Crescent, the main hospital building of 

the Hershey Medical Center. Its long and unique shape plays a direct role in sheltering the Biomedical Re-

search Building from direct wind, as well as other surrounding buildings in the area. As for the Biomedical Re-

search building, it has an oblong shape, making wind forces to be manageable in one direction by a smaller 

area for wind to push up, and a large structure to resist this wind load, but leaves a larger area to resist a 

larger wind load with shear walls. Wind forces are directly resisted by the curtain on the building, and  

Figure 8. Example Section of Curtain Wall Figure 9. Example Section of Exterior Cladding 

Figure 10. Illustration of Column 

Used for Support of Architectural 

Cylinder 
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Figure 11. Section of Stairwell 

forces are then transferred to the 8”-12” thick concrete slabs. Slabs 

then transfers the load into the columns and shear walls, and even-

tually down into the ground, through the caissons. For the short 

side of the building, there are large concrete beams that would 

play a strong role in resist wind forces.  

Overall Interaction of Systems: 

 Ultimately, all existing systems rely heavily on the largely 

straightforward concrete structure, with lateral forces, going 

through the curtain walls, and most live and gravity loads behind 

handled by the floor slabs. The one way slabs transfer the loads to 

the beams and shear walls, and subsequently into various columns, 

which also support equipment loads and resulting roof loads. Ex-

cessive cracking in the slabs are controlled by control joints, tem-

perature reinforcement maintains the effectiveness of the slabs 

under various temperature related stresses. Large grade beams 

then take the loads from the columns, as well as the thickened 

ground slab, supporting various heavy machinery, and redistribute 

the loads to the caissons below.  

Design Codes: 

 The original codes used by the original plans were BOCA, 

1987 Edition, ACI 318-83, AISC, 1980 Edition, A. W. S. D1.1, 1986 or 

1988 Edition and CRSI, 1986 edition. This technical report uses ACI 

318-08, and ASCE-05 for its reference calculations. 

Typical Materials Used: 

 Typical materials that were utilized were varying strengths of concrete. Those specifically specified in 

the typical details were 4000-5000 psi 28 day strength concrete, with most concrete being 4000 psi strength, 

while further investigation into the plans revealed at least one call for 1000 psi concrete for use in caissons. 

Reinforcing steel bars for #4-#11 sizes were to adhere to ASTM A615-60, and stirrups being #3 and #4 were 

to be of grade 40 steel. For the one way slabs, unless 6x6-w2.0xw2.0 WWF was called for, 6x6-w2.9xw2.9 

WWF was the typical wire mesh used.  

Gravity Loads: 

 Gravity loads were a combination of dead, live, and superimposed loads. Dead loads were calculated 

based on existing slab thicknesses and a 150 pcf concrete density. Live loads from plans were used, 125 psf 

for laboratories, and 100 psf for everywhere else, but for simplicity’s sake, 125 psf was used for all locations 

except the roof. A 30 psf roof load was used for a guideline for calculated snow drift loads.  Lastly, a 15 psf 

superimposed dead load was included for miscellaneous lighting, electrical, HVAC, and plumping fixtures that 

may have been otherwise excluded from calculations.  

Figure 11. Section of Stairwell 
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Spot Checks: 

 Four checks were performed, including a typical column, a typical beam, punching shear for a typical 

slab, and a caisson. Figures are included below for reference for where these checks were performed.  

Figure 12. Beam between lines 9 and 10 along C on the 5th 

floor. Punching shear was checked for this slab around the 

right column. 

Figure 13. Typical section of column calculated. Column is 

located at F10 on the 5th floor. 

Figure 14. Caisson section that was checked. 

Bending moments were assumed to be negligible. 
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Modifications to Original System 
 
 Potential adjustments made to the original system to make it work up to the requirements of code, 
specifically punching shear, and reinforcement requirements at the middle section as it was found that posi-
tive moment reinforcement was not sufficient. Additionally, shear reinforcement was not adequate for what 
is required of the beam. Punching shear is addressed by adding a 46” x 48” column capital onto the 22” x 24” 
column. Dimensions of the column capital are dictated by the ratio of the column itself. Positive steel rein-
forcement is increased by 1 square inch, to a total 7 #9 rebar. Shear simply required a shrinking of the spac-
ing from 5 inches to 4 inches, to attain the density of stirrups required to resist the 124.5 kips.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Advantages: 
  
 The biggest advantage of this system is that it utilizes the materials already there, and in place. Also, 
this prevents the necessity of completely rebuilding the structure, if one were to overlook the problems that 
would arise from trying to redo an existing concrete structure. 
  
Disadvantages: 
  
 Using this redesign would require the building shut down, and torn apart. Column capitals would have 
a hard time being properly utilized, as the capitals will not be monolithic, and prone to acting as a separate 
element from the slab and column. Trying to refit the beams with additional steel reinforcement, especially 
re-spacing the rebar, would be prohibitive, as it would require tearing apart and replacing the original beams. 
Again, monolithic integrity would become an issue.  

Figure 15. Typical bay currently in use 
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Two-Way slab with beams 
 
 One other method of tackling the structural design problem, is trying a two way concrete system with 
beam and column supports. A 2’ x 2’ column is assumed as well as 2’ wide by 3’ deep beams, and the original 
bay of 21’ x 35’-9” is maintained. Analysis shows that the 19’ beam requires 4 #5’s for the positive reinforce-
ment, and 4 #7’s for the negative reinforcement. The 33.75’ long beam requires 6 #7’s for positive reinforce-
ment, and 6 #9’s in the negative reinforcement. Nominal moments vs. ultimate moments are found in the 
table, figure 17. 
 
 
 
 
 
 
 
Shear reinforcement for the short beam was found to be 3 #4 stirrups at 17” on center, and for the long 
beam, 3 #4 stirrups would suffice. Shear nominal and ultimate forces found are in the table below. Columns, 
sized at 2’ x 2’, were reinforced with 2 rows of 4 #9’s each, oriented such that the strong axis aligned with the 
longer of the two spans. Beam depths of 36” were more than sufficient to exceed the minimum depth to 
avoid deflection calculations. Minimum slab height to avoid deflection calculations was found to be 13”. A 
quick check found that halving the 35’-9” span would reduce the minimum slab thickness to 7”, and potential 
size reductions could be made in both columns and beams should that occur. Additional analysis would be 
required to find the extent of the reductions.  
 
 
 

Figure 16. Pricing per square foot of the original system. Prices are approximate, and act as a baseline for alternative systems. 

Nominal Loads vs. Ultimate Loads 

 Short Beam (19') Long Beam (33'-9") 

 Nominal Load Ultimate Load Nominal Load Ultimate Load 

Positive Moment 189.5 K*ft 211 K*ft 598 K*ft 598 K*ft 

Negative Moment 275.7 K*ft 293.3 K*ft 870 K*ft 993.6 K*ft 

Figure 17. Nominal Loads vs. Ultimate Loads 
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Advantages: 
 
 Potential advantages could be seen in having a comparatively lighter 7” slab. Along with shortening 
the 35’-9” span to half that, better material usage could be seen should additional analysis be run. Fire 
proofing would be negligible to unnecessary, given the concrete acting as the insulating material. Smaller col-
umn cross sections allow for less intrusive columns. The concrete can also act as a thermal mass, and prove 
beneficial for passive heating through solar gain.  
 
Disadvantages: 
 
 It should be noted the primary disadvantage with this system is the impact the system has on ceiling 
height, or the potential impact on overall building height to compensate for the 3’ deep beams. In order to 
compensate, the large spans would need mitigation through additional columns, potentially removing the 
desired effect of an open floor space. Thinner slabs may also remove the desired vibration control, given the 
laboratory being sensitive to motion. Another inherent disadvantage with concrete systems is the difficulty of 
modifying the system through drilling holes for retrofitting. The 3’ deep beams also create extra space that 
would require additional heating or cooling. 

Figure 18. Typical bay for the Two-way slab system.  
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Composite Steel System 
 
 Steel is usually a popular choice for constructing buildings as well, and such, this option was explored 
in detail as well. Using the original bay size of 21’ x 35’-9”, column were sized to be W12x72. Girders were 
found to be W24x146, and the joists are sized to be W16x31. This system utilizes a 3” concrete slab, for a to-
tal depth of 27”. This can be reduced if additional columns are utilized, or choosing a less deep, but heavier, 
steel beam.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Advantages: 
 

Steel systems tend to be lighter than concrete systems. The maximum beam thickness of 24” in addi-
tion to the 3” slab is still less deep than the previous system, but can be mitigated further if depth were to be 
a controlling factor. Use of this system would allow for easier retrofits as they become necessary.   

Figure 20. Typical bay for the composite steel system 

Figure 19. Pricing for the two-way slab with beam design. Prices are approximate. 
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Disadvantages: 
 

First disadvantage of using a steel system, is that its prone to heat from fires, and as such, should be 
insulated. The slim slab would be susceptible to vibrations, more so than a thicker slab. Also a thinner slab 
would not be able to act as a thermal mass as well as a thicker slab. Due to the simply supported beam de-
sign used in the development of this system, a secondary lateral system would need to be designed. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Alternating Steel Truss System: 
 
 An alternating steel truss design was also explored. This is not a typical design solution when it comes 
to a laboratory building, especially when there is an emphasis on opening up the floor plan. Exhaustive com-
puter results are at the end of the appendix 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Figure 21. Pricing for the composite steel system. Prices are approximate. 

Nominal Loads vs. Ultimate Loads 

 Short Beam (21') Long Beam (35'-9") 

 Nominal Load Ultimate Load Nominal Load Ultimate Load 

Moment 110.3 K*ft 132 K*ft 878.7 K*ft 888 K*ft 

Figure22. Nominal Loads vs. Ultimate Loads 

Figure 23. Typical Section of planks used 

Figure 24. Elevation view of truss. 
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Advantages: 
 
 Everything in this system is prefabricated, and simply would need to be set up on site. The slabs are 
hollow, and thus result in an overall lighter building. This system, however, allows for the smallest system 
depth of 8”. 
 
Disadvantages: 
 
 This system relies on full floor to ceiling trusses to function, and thus restrict the floor layout. The cur-
rent floor layout would need to be modified from its two hallway plan down to a single hallway. Also, no 
room could be more than 20 feet wide, as the truss would prove to be a dangerous obstacle otherwise, let 
alone being an eyesore. This system also would need insolation to protect it from fire, as the truss requires all 
of its members to function properly to maintain its integrity.  There may be an instance where this would not 
be allowed by code, due to there only being 1 16’ wide hallway down the center of the system. 
 
 
 
 
 
 
 
 
 
 
 
Comparison 

Figure25. Pricing for the alternating steel truss system. It should be noted that the price does not include the cost of 

the truss itself, and was found to add $7.66 to the square foot cost, to a total of $21.23. Prices are approximate 

 One-way slab Two-way slab with beams Composite Steel Alternating Steel Joist  
System 

Weight 150 lbs/ft 162.5+ lbs/ft 37.5+ lbs/ft 61 lbs/ft 

Price $15.85/sf $23.51/sf $22.59/sf $21.23/sf 

Depth of Slab 12" 13" 3" 8" 

Depth of Sys-
tem 

12" 36" 27" 8" 

Vibration Con-
trol 

High High Little Average 

Constructabil-
ity 

Slow Slow Average Fast 

Special consid-
erations 

Original system is out of 
date, extensive renova-
tions required to update 
system 

Slab depth can easily be 
reduced to 7" through 
changing spans and/or 
checking deflections. Beam 
depths were arbitrarily 
chosen, and thus can see 
extensive reductions as 
well. Additional columns 
may intrude on the desire 
for an open floor space. 

Fire protection 
required. Can see 
reduction in depth 
of system through 
bay size manipula-
tion. 

Fire protection required. 
Incredibly restrictive sys-
tem due to floor to ceiling 
height truss. Requires ex-
tensive floor plan redesign 
due to change of bays, and 
reduction of hallways to 
just one. Possibly not al-
lowed by code in reference 
to the width of hallway 
and emergency egress. 
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Conclusion 

 If only the result of this report are to be used in the choosing of a viable system to move forward with, 

not taking into considering what may be found in additional analysis, it would recommend to either stay with 

the current structure, or go ahead with a composite steel system. Should additional time be used to investi-

gate these systems further, and find that assumptions are indeed valid, the recommendation would go to ei-

ther the two-way slab or the composite steel. Certain issues would need to be resolved with the systems, 

such as depth reductions, while maintaining vibration control, due to the laboratory setting in this building. It 

can be seen that the two-way slab will have the most to gain through additional investigation, such as both 

slab and beam depth reductions, so long as vibration control is maintained, as opposed to the composite 

steel system, which would only chance the depth of the beam. Vibration control in the steel beam can be 

done through making the slab on top thicker if need be.  Any change to the existing structure would be in-

credibly difficult, requiring extensive renovations and complete shutdown of the building. This renders the 

second system largely ineffective.  One can see the appeal of only having an 8” thick system, as provided by 

the alternating steel joist system, but the down sides may be too great to balance the one,  long term up side 

this system has. It is incredibly restrictive in traffic movement in the building, would require a complete floor 

plan redesign, change of bay sizes, and may not have the desired vibration control. It does have rapid con-

structability, but that upside is more appropriate for a short term, temporary structure. Ultimately, determi-

nation of the desired system is up to the client, and thus the client should have final input into which system 

provides for their needs.  



Appendix 

 

18 
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Elevations 
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Elevations 
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Foundation Plan (Ground Floor) 
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First Floor Plan 
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Second Floor Plan 
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Typical 3rd through 7th Floor Plans 
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Axial Forces 

Deflections 

Table of design loads for the planks in the alternating truss system design 


