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-- EXECUTIVE SUMMARY -- 
 

Structural Tech Report II is geared towards a comparison report between the 
existing floor system of the Crocker West Building and three selected alternative floor 
systems.  All floor systems will be assessed using, but not limited to, criteria such as: cost, 
serviceability, fire-rating and deflection in order to better understand the existing floor 
elements and establish realistic alternative floor system designs.   

Tech II consists of a preliminary study for a 2nd Floor Level, 35’ x 35’ typical 
interior bay floor system.  The interior bay was chosen based on the original framing plan 
of the structure containing no columns along the exterior perimeter, and the 2nd Floor 
Level was selected for design purposes due to the relatively high loading conditions.  The 
existing floor system is designed using prestressed, precast hollow-core slabs with a typical 
two inch topping supported by inverted-tee (IT) beams that bear on column corbels, see 
Figure #4 in Structural Systems section below.  Although specific height restrictions for 
floor levels were not required during preliminary design, the existing system still utilized 
minimum floor depths in order to achieve maximum floor-to-finished ceiling height.  
Due to this, it may be valuable to investigate alternative floor framing systems.  Tech II 
will examine the following types of alternative solutions: 

 
i. Two-Way Flat Slab Systems 

ii. Post-Tensioned Two-Way Slab System 

iii. Composite Beams with Metal Decking Systems(s) 

 
Concluding the results found in preliminary analyses of the alternative floor 

systems, it appears as though the composite beams with metal deck and post-tensioned 
(PT) slab would be the most practical selections for advanced research.  A composite floor 
system allows for quick erection time and limits design criteria such as deflection and 
vibration over the long span.  The PT slab will be further researched simply due to its 
ability to allow for shallower floor cavities with respect to longer spans.  The thinner 
floor diaphragms will reduce the total weight of the building and lower the overall height 
of the structure.  Based on the geotechnical report for this project, the weight of the 
structure is of little interest due to the soil capacity of the site and the amount of rock 
beneath.  However, using the PT slab to aide the height of the structure could be of great 
importance due to a 45’ height restriction implemented by Ferguson Township in State 
College, Pa.  An in-depth design analysis of each floor system would be necessary to fully 
compare the impacts each design would have on other systems such as the foundation and 
lateral systems. 
 
**Please note: Beam designs for the existing structure are not included within this report.  
Please reference Tech Report I (Appendix B) for Concise Summary Reports citing the IT-
beam designs.  Also, available upon request.  
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-- BUILDING INTRODUCTION -- 
 

Crocker West will be used as a highly classified research facility, specializing in 
the development and testing of underwater weapons for the U.S. Department of Defense.  
Located in State College, Pa, the structure will be a 3-story low-rise building with areas 
classified as office, light industrial, and warehouse totaling nearly 120,000 square feet.  
The first floor of the CWB will consist mainly of ‘closed’ lab area, along with technician 
offices, locker rooms and special test areas.  The second floor will include office space, 
another lab area, computer lab, student room and a room designated to SCIF (Sensitive 
Compartmented Information Facility), while the third floor will be devoted mostly to 
office space.  The entire building will be constructed of precast systems, including: 
columns, beams, walls, floor & roof diaphragms.  Lateral loads applied to the structure 
will be collectively distributed throughout the building to specially designed shear walls. 

Please note that Appendix A at the end of this report contains drawings of the 
project for reference, while Appendix B consists of hand calculations and other data used 
in designing and comparing the alternative floor systems for the Crocker West Building.  
The following page consists of a plan drawing of a typical bay (designated by hatch) 
analyzed throughout this report. 

 
 

-- DESIGN CRITERIA -- 
 

DEFLECTION:           Limit  
 
 Live Load Deflection         L / 360 

 Total Deflection         L / 240 

 
**Please note that vibration criteria were not considered in the analysis and design of the 
alternative (or existing) floor systems.  This is partially due to the amount of employees 
that will be employed in the building, approximately 180, thus high levels of vibration 
assumed to not occur.  Also, the occupant did not address any concern about this issue. 
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-- STRUCTURAL SYSTEM -- 

 
 As stated above, CWB is a total precast building. The following are detailed 
explanations of the individual precast members and systems. 
 
FOUNDATION(S): 
 

The foundation system(s) being implemented consists of typical cast-in-place 
(CIP) strip and pad footings, as well as a standard CIP slab-on-grade.  Fifteen inch deep 
strip footings ranging from 3’-3” to 6’-6” wide are used along the perimeter of the 
structure. These footings help distribute wall panel loads to the ground.  Additionally, the 
East walls strip footing of the structure will also be used as a part of the underground 
water cistern that will be used to collect treatable storm water runoff for reuse.  Spread 
(or Pad) footings will be used throughout the interior portion of the building and will be 
used to pick up loads from columns and stair-towers.   Pads used under columns vary in 
size from 12’ square to 14’-5 square, while pads under the four typical stair-towers are 12’-
0 x 25’-6.  All pad footings are 2 foot thick unless noted otherwise.  A six inch thick slab-
on-grade reinforced with W4.0 x W4.0 WWF will complete the foundation system(s) and 
will be used as the ground floor level of the building.  See Figures #1 and #2 below for a 
plan view of the foundation systems and proposed cistern detail, respectively.  Please note, 
the width of the cistern was unavailable at this time. 
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COLUMNS: 
 
 The vertical supporting members for the entire structure are reinforced, precast 
concrete columns.  All columns are 24” x 24” square columns with four (4) #11 
longitudinal reinforcing bars and #4 stirrups spaced accordingly (See Figure #3).   
Columns will be cast for lengths up to 42 feet.  Each column will contain haunches and 
haunch reinforcing (Figure #4) cast monolithically at each floor level, and in the 
required position for beam bearing and load transfer.  The columns are spaced on a 35’-0 x 
35’-0 typical bay grid and are connected to the pad footings with four (4) 1 ¼” dia. ASTM 
A193 threaded rods.  See Figure #5 for column grid layout. 
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FLOOR SYSTEM: 
 
 As previously stated, the 1st Floor (or Ground Level) floor system is a 6” thick 
slab-on-grade with W4.0 x W4.0 WWF reinforcing.  The remaining floor levels are 
constructed of precast, prestressed hollow-core flat slabs.  The 2nd Floor Level will consist 
of 12 inch and the 3rd Floor Level will be comprised of 10 inch hollow-core flat slabs, 
each with six (6) 7-wire, ½” dia. 270 ksi low-relaxation prestressing strands and a typical 
2” topping.  Some of the hollow-core floor system clear spans are nearly 33’-0, with 
individual panels running in an East-West direction.  See drawings in Appendix A for 
hollow-core panel layout. 
 Furthermore, these hollow-core slabs are supported by one of two methods.  If the 
floor slab is to bear at an exterior wall panel location, a specially designed bearing ledge 
will be cast into the precast wall panel with proper reinforcing.  For interior bay 
supports, the hollow-core slabs will be supported by precast, prestressed concrete inverted-
tee (IT) beams.  IT beams for the 2nd Floor were designed to be 28” deep, while 3rd Floor 
beams are 20” deep due to dissimilar live loads.  See Appendix A for typical IT Beam 
sections. 

 
 
ROOF SYSTEM: 
 
 The roofing system for the Crocker West Building main roof will be constructed 
by means of similar materials used in erecting floors two and three.  The main roof will 
consist of 8” hollow-core flat slabs with (7) 7-wire, ½” dia. 270 ksi low-relaxation strands 
supported by 18” deep inverted-tee beams.  The low roof, located in the rear storage area of 
the building, will be constructed of 10’-9 wide x 24” deep precast concrete double-tees (See 
Figure #6).  In addition, each roof will receive a layer of 4” tapered rigid insulation and a 
60 mil EPDM roofing membrane rather than a 2” topping which is not needed on the 
roof. 
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LATERAL SYSTEM: 
 
 One of the key design issues of a total precast structure is the make up of the 
lateral force resistance system.  Crocker West is no different; its lateral system was 
designed using a compilation of precast shear walls positioned around the perimeter and 
throughout the building.  These precast shear walls are constructed with several different 
thicknesses of insulated and non-insulated precast panels.  Exterior wall panels (all 
insulated) acting as shear walls in the N-S direction are 12 ½” thick, while E-W direction 
walls are 9 ½” thick.  Shear walls located on the interior of the structure and around stair-
towers are 9” thick and non-insulated.  Due to the fact that every panel is individually 
erected, specially designed connections are required for each piece.  These connections, not 
specified in this tech report, are designed to ensure the applied load is safely distributed 
to the lateral system.  Figure #7 below illustrates the layout of the shear walls; each 
represented by a solid line with a SW designation.  Also, typical Wall Sections may be 
found in Appendix A. 
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-- STRENGTH OF MATERIALS -- 
 

EXISTING: 
 
CAST-IN-PLACE CONCRETE:          f’c   
 
 Slab-on-Grade      4000 psi 
 
 
PRECAST CONCRETE:          f’c        f’ci   
 
 Columns      6000 psi 3500 psi 
 Beams       6000 psi    for 
 Hollow-Core Slabs     6000 psi   ALL 
 Wall Panels      6000 psi 
 
 
REINFORCING STEEL:          fy  
 
 Reinforcing Bars      60000 psi 
 Stirrups       60000 psi 
 WWF        60000 psi 
 
 
PRESTRESSING STRANDS:        fps        Es  
 
 ½” Special (7-Wire) strands    270 ksi  28000 psi 
 

 
ALTERNATIVE(S): 
 
**Please see individual floor design calculations included in Appendix B of this report.
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-- MODEL CODES -- 
 

 The following codes listed were used in the original design, as well as any and all 
analysis performed for this tech report. 
 
 
BUILDING CODES: 
 International Building Code (IBC)       IBC 2006 
 
CONCRETE CODES: 
 American Concrete Institute (ACI)     ACI 318-05 
 - Building Code Requirements for Structural Concrete 
 
 Precast/Prestressed Concrete Institute (PCI)    6th Edition 
 - PCI Design Handbook, Precast and Prestressed Concrete 
 
LATERAL LOADS & DESIGN LOADS: 
 American Society of Civil Engineers (ASCE)    ASCE 7-05 
 - Minimum Design Loads for Buildings and Other Structures 
 
 IBC           IBC 2006 
 
STEEL DESIGN: 
 American Institute of Steel Construction Manual (AISC)  13th Edition 
 
DESIGN LOADS: 

LIVE LOADS 
        DESIGN  ASCE 7-05 
Lobby / 1st Floor Corridors          *a      100 psf 
Corridors above 1st Floor    80-125 psf *b      80 psf 
Offices       80-125 psf *b      50 psf 
Ordinary Flat Roof         20 psf      20 psf 
Stairs / Exits         175 psf     100 psf 
Snow (pf = 0.7*40psf = 28 psf)        40 psf     40 psf *c 
 
*Notes: 
 a. Lobby and 1st Floor located at ground level which exceeds 100 psf. 
 b. Design live loads differ from floor to floor. 
  2nd Floor = 125 psf  3rd Floor = 80 psf 
 c. 40 psf Snow Load specified by Centre Region Code (See Appendix B) 
 

DEAD LOADS 

 Dead load for structure includes self weight of individual precast members. See 
seismic analysis in Appendix B for detailed loads. 
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-- ALTERNATIVE FLOOR SYSTEMS -- 
 

i. TWO-WAY FLAT PLATE: 
 
Material Properties:  

 
 f’c = 5000 psi (NWC) 

 fy = 60000 psi 

 
Loading: 
 
 Live Load = 125 psf (2nd Floor) 

 Dead Load = self wt. + 25 psf (superimposed) 
 
Synopsis: 
 
 A two-way flat plate system is composed of a uniformly thick, concrete slab that is 
reinforced in both directions using conventional reinforcement.  Flat plates are 
considerably economical in terms of reinforcement and formwork due to the simplicity of 
the system.  Also, a flat plate system optimizes the depth of the floor plenum, ultimately 
resulting in minimum story heights. 

Hand calculations were performed in the design of the flat plate system. A 
minimum slab thickness of one foot (t=12”) was determined and found to be sufficient for 
strength and shear.  Maintaining the original square column sizes of 24” x 24” it was 
determined that the column strip reinforcing required (29) #8’s in the top and (12) #8’s on 
the bottom, while the middle strip reinforcing required (10) #8’s in the top and (8) #8’s on 
the bottom.  This reinforcing is required for each strip in each direction.  See Flat Plate 
System hand calculations in Appendix B of this report for a schematic diagram of the 
reinforcing details (pg. 46). 

PCA-Slab, a computer-based design program, was used to compare the design and 
estimate deflections.  Appendix B contains output diagrams for two separate systems.  The 
1st & 2nd diagrams, on pages 48-49, depict estimated deflection and required reinforcing, 
respectively, of a two-way flat plate system equal to that designed by hand (max ∆ = 1.3”). 
The 3rd diagram, on page 50, represents the deflection of a similar two-way system with 
beams (max ∆ = 0.8”).  Input for both PCA examples is available upon request. 

 
Considerations: 
 

Structural – The flat plate system allows for relatively long spans and a 
substantial lack of restrictions around columns and walls.  Also, because the minimum 
thickness of the slab is 12”, a fire-rating of two hours is over-achieved and no additional 
fire-proofing is required.  However, due to the extensive live load assigned to this level of 
the structure and a clear span of nearly 35 feet, further analysis may inhibit the use of 
column drop panels and/or a thicker slab in order to reduce deflection in the diaphragm. 

PAGE 11 OF 68 
 



Eric M. Foster  Crocker West Building 
Structural Option  State College, Pa 
Advisor: Dr. Linda M. Hanagan  January 17, 2009 

TECH REPORT II 

PAGE 12 OF 68 
 

 
Architectural – The two-way system provides minimal floor plenum thickness and 

in turn can be used to reduce the overall height of the structure, or provide maximum 
floor-to-ceiling heights.  Either face may be finished to combat a variety of floor and 
ceiling materials.  In addition to the above, a flat plate system allows for a spacious 
column grid and thus a vast amount of open floor space. 

 
Construction/M.E.P. – Crocker West utilizes a typical 35’ x 35’ bay throughout the 

entire structure, this will prove cost effective for things like formwork and reinforcing.  
However, a detailed analysis would have to be performed to extensively compare the costs 
associated with the large amount of reinforcing required to that of the repeating forms.  
The flat plate system also provides an abundance of space for the M.E.P. trades, allowing 
the individual systems to be smoothly coordinated and flexible.  Conversely, a flat plate is 
constructed with cast-in-place (CIP) concrete which means longer construction schedule 
due to proper curing of the concrete. 

 
PRO-CON TABLE 

 

Pro   Con 
     

2-hr fire-rating (w/o add'l. fire-proofing)  heavily reinf. sections add weight & cost 
     

long spans with thinner slab thickness  slowed erection time 
     

open plan layout   deflections due to long span 
     
   temp. & shrinkage issues while curing 
      

 
 Conclusion – Although the two-way flat plate system provides the opportunity for 
a thinner floor plenum, I feel the additional weight of the structure and large deflections 
rule out this particular design for further investigation.  The PCA example with beams 
may be a viable alternative, however the example was not as detailed and thus will not be 
pursued. 
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ii. POST-TENSIONED TWO-WAY SLAB:  
 
Material Properties:  

 
 f’c = 5000 psi (NWC) 

 fy = 60000 psi (Rebar) 

 0.6”Ø, 7-wire strands (fpu = 270 ksi) 

 
Loading: 
 
 Live Load = 125 psf (2nd Floor) 

 Dead Load = self wt. + 25 psf (superimposed) 
   + 13 psf (add’l. 1” concrete) 
 
Synopsis:  
 
 A post-tensioned (PT) floor system is constructed using the same methodology and 
materials as a flat plate system.  A PT slab is also composed of a uniformly thick, 
concrete slab; however the reinforcing differs to that of a flat plate.  A PT slab employs 
long strands of post-tensioning tendons spaced throughout the slab.  After the slab is 
placed and allowed to cure to a required strength, the tendons are then pulled to a desired 
tensile limit.  Once the concrete is fully cured, the tendons are cut, or released, and they 
induce a substantial compressive force into the slab.  When loaded, these compression 
forces will work against the applied tensile forces distributed throughout the structure.   

Based upon the preliminary analysis, it can be concluded that the PT slab system 
would be considered a practical solution to examine as an alternative.  Due to limited 
experience designing PT slab systems, hand calculations halter in Appendix B after 
determining some of the service stresses are greater than the allowable.  Assuming a span 
length to slab thickness ratio of 45 (L/h =  45), required a minimum slab thickness of 10”.  
However, as previously stated, the 10” slab proved to be unsafe.  The level of error 
associated with these stresses is sporadic.  Some barely beyond the allowable, and others 
nearly doubled.  A variety of construction options are available to avoid this setback.  A 
thicker slab may be re-analyzed to try and increase the amount of stresses it may contain.  
Also, I feel that the addition of column capitals or drop panels to this system would 
greatly improve its performance. 

As stated, Appendix B of this report contains hand calculations used for the PT 
slab design.  Due to the error found, deflections where not taken into account for this 
particular design.  Nevertheless, the two-way PT slab system is ideal for large spans and 
higher loads comparatively, and deflections would be minimal due to the compressive 
forces brought on by the tendons. 
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Considerations: 
 

Structural – The post-tensioned system can be considered to be a 2-hr fire-rated 
system when the clear cover to the tendons is no less than 1.75 inches.  Moreover, the 24” x 
24” square concrete columns incorporated from the original design do not require any 
additional fire-proofing.  Drop panels can be added to reduce slab thickness and column 
size if desired. 

 
Architectural – The PT two-way system ultimately provides the least slab 

thickness required for the long spans.  Shallower floor cavities will allow the structure to 
maintain the maximum 45’ building height set by the township. *See previous flat plate 
system for more architectural considerations relating to a PT system. 

 
Construction/M.E.P. – Similar to the Flat Plate system described earlier, the PT 

slab system will also be able to take advantage of the typical, repetitive bay layout.  Even 
though its slightly more expensive due to the tendons and experienced construction team 
needed to place, a meticulous study of the system as a whole could prove to be more 
economical due to the symmetry & simplicity of the building.  Worker safety is always an 
issue with a PT system as well.  The high jacking force used to tension the tendons can 
have catastrophic circumstances if one of the tendons should slip or fail.  Thus, a highly 
trained crew is needed for this potentially hazardous duty. 

 
PRO-CON TABLE 

 

Pro   Con 
     

2-hr fire-rating (w/o add'l. fire-proofing)  worker safety 
     

least slab thickness  labor intensive tendon layout 
     

open plan layout   temp. & shrinkage issues 
     

capable of long spans / high loads    
      

 
 Conclusion – Although I did not completely design the post-tensioned system in 
terms of deflections and ordinary reinforcement for shear, I feel this alternate floor 
system could prove to be very worthy with more research.  Additional information would 
need to be gathered and analyzed in order to determine the effects this system would have 
on the lateral system.
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iii. COMPOSITE BEAMS w/ METAL DECK:  
 
Material Properties:  

 
 4 ½ “ NWC Concrete Cover 

 f’c = 3000 psi (NWC) 

 3” USD Lok Floor Metal Deck (16 Gage) 

 fy = 60000 psi 

 Total slab depth of 7 ½” 

 A992 Beams & Girders (fy = 50 ksi) 

 
Loading: 
 
 Live Load = 125 psf (2nd Floor) 

 Dead Load = self wt. + 25 psf (superimposed) 
 
Synopsis: 
  
 The composite floor system analyzed for Tech II consists of a 4 ½” concrete slab 
placed on 3” metal deck for a total slab depth of 7 ½”.  Wide flange infill beams and 
girders support the 7 ½” slab while shear studs connected to the beams and girders help 
form a composite action between the steel and concrete, resulting in higher design 
strength.  And finally, not included in this report, the entire floor diaphragm would be 
held in place by A992, W-shaped steel columns. 
 Preliminary analyses I performed, provided in Appendix B, will show that a 
typical interior steel bay framed with W30x90(120) girders and W21x55(48) infill beams 
provides adequate strength.  The previous numbers in parenthesis represent the number of 
shear studs required for each beam.  An online steel floor framing design program 
available on AISC’s website (www.aisc.org) was then used to evaluate the preliminary 
design using similar conditions.  The first study (pg. 66) was calculated using the same 
number of infill beams, resulting in a comparable bay design; differing slightly in the 
number of shear studs required.  For the second analysis an additional infill beam was 
added (pg. 67), however it did not significantly affect the size of the members. 
 Further investigation into this particular system may be able to utilize partial 
composite action.  See Appendix B for all calculations, results and references. 
 

PAGE 15 OF 68 
 

http://www.aisc.org/


Eric M. Foster  Crocker West Building 
Structural Option  State College, Pa 
Advisor: Dr. Linda M. Hanagan  January 17, 2009 

TECH REPORT II 

PAGE 16 OF 68 
 

 
Considerations: 
  
 Structural – Composite floor systems are relatively effective for control of 
deflections over long spans with heavy loads, however this typically results in larger, 
unwanted diaphragm depths.  Steel framing is very versatile and can effortlessly be 
integrated into the existing column grid.  The slab and metal deck combination provide a 
2-hr fire-rating, but additional fire-proofing would be required for the beams and girders. 
  
 Architectural – Being able to sustain considerable spans, the composite system 
makes available an open floor plan that is greatly welcomed in lab areas and research 
facilities like CWB.  Proving effective structurally, the composite system still results in a 
floor plenum analogous to the existing system or slightly over.  In the end, this could 
mean adjusting story heights and an overall taller building. 
  

Construction/M.E.P. – Construction time allotted for composite floor systems is 
significantly less than concrete designs.  Erection time for the steel is typically a fast and 
efficient process by means of proper delivery and erection sequencing.  Also, formwork is 
not necessary for the slab due to the supporting metal deck.  This will allow for a greater 
area of concrete to be poured continuously.  

 
PRO-CON TABLE 

 

Pro   Con 
     

allots for construction sequencing  heavy steel sections  
     

fast erection time (no formwork)  total floor plenum depth 
     

cost effective / construction sequencing  fire-proofing req’d. for beam & girders 
     

capable of long spans / high loads    
      

 
 Conclusion – The composite steel framing system with slab on metal deck designed 
for this technical report resulted in a floor depth thicker than the other alternative floor 
systems.  Still, I feel this system is of value based on the time of construction required and 
no floor-to-floor height restrictions.  Additional information would need to be gathered 
and analyzed in order to determine the effects this system would have on the lateral 
system. 
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-- PRO-CON SUMMARY -- 
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-- CONCLUSIONS -- 

 
 The purpose of Tech II was to generate ideas and concerns related to preliminary 
schematic design of possible alternative floor systems for Crocker West .  Three 
alternative systems were selected, analyzed, and then compared amongst each other and 
the existing system to determine the feasibility of each system within the structure.  
Prestressed, precast hollow-core slabs and IT-beams make up the existing floor system; 
while a two-way flat plate system, post-tensioned two-way slab system, and composite steel 
framing with slab on metal deck system were the selected alternatives to be examined. 

Preliminary analyses of the alternate systems do not strictly rule out any 
particular system; however, several prove to be very viable and worthy of future research.  
It appears as though the PT slab and composite systems have the most potential of being 
an effective alternative.  The PT slab will be examined to greater detail based on the fact 
that this system is capable of carrying higher loads distributed over long spans with 
respect to plenum depth.  PT slabs allow for thinner, lighter floor diaphragms while 
creating open space throughout the floor plan.  The composite floor system generates a 
much deeper floor cavity than any other system, yet will be considered based on the speed 
of erection and ability to fast track the project.  Similar to the existing system, the 
framing members are manufactured off-site, shipped to the site, and then erected in a 
reasonably fast, sequential manner.  Cost is another factor for consideration of the 
composite system.  Making use of the two materials (steel & concrete) for tensile and 
compressive forces makes this system economical and efficient. 

Although the two-way flat plate system was not chosen for in-depth study due to 
the extensive amount of reinforcing steel required, I feel a system similar to this could be 
validated and designed to work with this structure with a few manipulations of the 
existing plan.  The required 35-foot spans lend themselves to concern of high deflections 
and unsafe conditions.  Altering the column grid in order to reduce the clear spans is an 
option; however, this will reduce the amount of open space of the building. 

Overall, I feel the existing prestressed system is one of the best choices for this 
project.  Even though this is one of the most expensive systems, the hollow-core slabs and 
beams are very capable of spanning great distances with minimal deflection due to the 
majority of the members being cambered from the prestressing strands. 
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