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Executive Summary 

 The purpose of this report is to research possible alternative floor framing 
systems that may have been used in lieu of the current composite concrete on steel 
frame system of Miami University’s School of Engineering and Applied Science 
Building.   

 When analyzing the alternative floor systems, criteria such as weight of the 
system, depth of the structure, constructability, lead time, vibration, fireproofing, and 
relative cost were considered, and compared to the criteria performance of the existing 
structural system.  The following four floor systems were analyzed as possible options: 

1.  Non-composite lightweight concrete slab on steel beams 
2. Two-way slab with drop panels 
3. Two-way post-tensioned flat slab with shear caps 
4. Precast hollowcore plank on steel beams 

After close review of each possible system, it would appear that precast 
hollowcore floor plank on steel girders is the best possible system for the building.  The 
fact that it requires a long lead time is more than made up for in schedule time, as 
erection of the plank is by far the fastest option available, saving valuable labor cost.  
The plank will give superior acoustical performance in comparison to other systems, 
and vibration is improved over the existing system.  The weight of this floor system is 
more than the current composite steel system, which will increase seismic loads, and 
will require further analysis to find the effects of this impact on the lateral resisting 
system.  Most importantly though, the overall cost of this system is the lowest of all 
floors under review.  This fact, combined with the other benefits makes hollowcore 
flooring the best option for this building.   
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Existing Structural System 

• Foundation 

The lower level of the parking garage is a 5” slab on grade with a minimum 28-
day compressive strength of 4500 psi, over 6” of granular subbase.  It is reinforced with 
WWF 6x6 – W4.0xW4.0 wire mesh.  The concrete columns, which carry the load from 
the main building above are supported by spread footings which range in size from 4’-
0”x4’-0”x24” reinforced with (7)#5 bars each way to 9’-0”x9’-0”x42” reinforced with 
(15)#8 bars each way.  The garage walls around the exterior are supported by 2’-0”x2’0” 
footings reinforced with (3)#9 top and bottom steel, while the wall footing running 
through the center of the garage is only 1’6” deep and reinforced with (2)#7 bottom 
bars.  The School of Engineering and Applied Science Building’s entrance plaza is a 
slab on grade with a minimum 28 day compressive strength of 4000 psi which varies by 
location from 5” thick reinforced with WWF 6x6 W4.0xW4.0 to 9” thick reinforced with #5 
bottom bars at 12” O.C. and top WWF 6x6 W4.0xW4.0.  The plaza is supported by 
drilled piers that range in size from 36” diameter, 12’-8” deep, to 60” diameter, 17’-4” 
deep.  Grade beams run between the drilled piers and are typically 2’-0”x2’0”.  All 
footings, piers, and grade beams have a minimum concrete strength of 5000 psi. 

 

• Floor System 

o Upper Floors 

The first, second and mechanical floor of the School of Engineering and Applied 
Science Building utilizes a composite floor system with a typical concrete slab of 3½” on 
3” 18 gage composite metal deck with normal weight concrete of minimum 28-day 
strength of 4000 psi, and is reinforced with WWF 6x6 W2.9xW2.9.  The most typical bay 
is 30’-0”x30’-0” where the deck spans over (3) 10’ spans on W16x26 beams with (26) 
¾” diameter, 5” headed shear studs, and are cambered 1½”.  The beams frame into 
W21x83 girders at third-points, which have (40) shear studs of equal dimensions, and 
are not typically cambered.  Girders in areas with larger tributary areas, in the north side 
of the building are W24x84’s.  These girders are also part of the lateral resisting system 
in the East-West direction and are supported with partially restrained moment 
connections at the columns.  The roof is a mansard roof around the perimeter, sloping 
at a 12-12 pitch until it flattens off through the central part of the building.  The roof does 
not have a composite slab, and is built of 4” rigid insulation on 1½” 20 gage wide rib roof 
deck, which spans on wide flange beams which are typically W8x10 on the pitched part 
of the roof, and are W10x12 or W12x16 in the central, flat area.  The beams frame into 
girders which are generally W18x55. 
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o Garage 

The middle and the upper levels of the garage, as well as the ground floor of the 
main building are comprised of a 2-way reinforced concrete slab with a minimum 28-day 
compressive strength of 5000 psi.  The bay layout generally follows that of the columns 
above, typically 30’-0”x30’-0”, from the main building to avoid the need for transfer slabs 
and girders.  The middle and upper levels of the garage use a 9” flat slab with 10’-
0”x10’-0”x8” drop panels at the columns.  At the east end of the upper level, the slab 
turns into a 10” flat slab, and continues to turn into a 12” flat slab at ground floor, 
particularly on the northern half of the building.  This is due to the fact that the live load 
on the ground floor is higher than anywhere else throughout the main building or 
garage.  There are (3) transfer beams in this northern section of the main floor spanning 
north to south where the garage column layout doesn’t exactly match that of the upper 
floors, which are 50” deep and are 36” or 48” wide.  At the easternmost end of the 
building, there is a small section of slab where it is thickened to 14” to carry the some 
masonry walls.   

 

• Columns 

o Upper Floors 

Columns supporting the first floor through the roof are rolled W12 shapes with a 
yield strength of 50 ksi.  Most of the columns contribute to the moment frame in the 
East-West direction, which range in size from W12x40 to W12x136.  Where the 
columns continue all the way to the main roof through the mechanical floor, they are 
spliced just above the mechanical floor level.  The base plates of gravity columns 
typically 1¼” – 1½” thick on 2” of non-shrink grout, with (4) anchor bolts embedded 16” 
into the ground floor concrete, and are assumed to act as pin connections.  Columns 
acting as part of the moment frames or the vertical braces have heavier 2” – 2¼” thick, 
much larger in area so that the anchor bolts can be placed outside of the columns’ 
projected area, unlike the gravity columns, and are assumed to act as fixed 
connections.   

o Garage 

The concrete columns in the garage are typically 24”x24”, and have specified 
concrete strengths of either 4500 psi or 5000 psi depending on the location, and hence 
load, on the column.  Reinforcement in the columns varies from (4)#11 bars to (12)#11 
bars and splice at the middle level of the garage.  The number of dowels at the base of 
the columns follows the number of reinforcement bars in the column, and are embedded 
to the bottom of the spread footing and hooked, creating a fixed connection.   
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• Lateral Resistance System 
 

o North-South Direction 

The lateral system in the transverse (short) direction of the building consists of 
four single bay concentrically braced steel frames from the ground floor to the 
mechanical floor, of roughly the same size.  There is only one cross brace at each of the 
three levels of the brace, sloping up from south-to-north, and are made of steel tubing, 
ranging in size from HSS8x8x¼ to HSS10x10x½.  Diagrams can be found in Appendix 
A of this report.  For lateral resistance from the mechanical floor to the roof, the 
mansard roof around the perimeter helps to brace the roof, but is helped by four single-
span moment frames, which frame into the column’s weak bending axis.  

o East-West Direction 

The longitudinal (long) direction of the building utilizes an ordinary moment frame 
system.  Two of the frames in the southern half of the building run the full length of the 
main building, and are the only two lateral resisting elements at the upper floors where 
the building steps back at the 2nd floor level.  The ground and 1st floor also have four 
additional, shorter moment frames, two on each side of the rear entrance plaza at the 
center of the building.  The moment frames use a partially restrained moment 
connection that has plates bolted to the flanges, which then are welded with full-
penetration welds into the columns supporting the beams.   

 

Design Codes 

The School of Engineering and Applied Science Building was designed using the 
2002 Ohio Building Code (OBC) with reference to ASCE 7-98 for building load 
determination procedures.  ACI 318-98 was used to design the concrete portions of the 
structure, and concrete masonry construction was designed using ACI 530.1, 
Specifications for Masonry Structures, and construction specification section 04810.  
The 1992 edition of AISC’s Code of Standard Practice for Steel Buildings and Bridges, 
as modified by the construction documents, was used for design of steel members, and 
ANSI/AWS Structural Welding Code – Steel D1.1 was used for design of welds. 
 This report will use the more recent IBC 2006 with reference to ASCE 7-05 for 
building loads.  ACI 318-05, Building Code Requirements for Structural Concrete, and 
the Load Resistance Factored Design procedure from the 13th edition of AISC’s Manual 
of Steel Construction will be used for design of the concrete and steel structural 
members, respectively. 
 
  



 
7 

 

Design Loads 

• Dead Loads on Existing Structural System 

Item  Weight 

Concrete (Normal Weight)  150 pcf 
   Typical Floor  62.5 psf 
   Upper and Middle Garage 9" Slab  112.5 psf 
   Ground Floor 10" slab  125 psf 
   Ground Floor 12" slab  150 psf 
Metal Deck  2 psf 
Steel Framing  8 psf 

Ceiling and Mechanical Allowance    
   Typical Floor  15 psf 
   Mechanical Floor  25 psf 
   Roof  10 psf 
   Garage  10 psf 
Partition Allowance  10 psf 
Roof Materials          
   4" Rigid Insulation       6 psf 
   Roof Membrane       1 psf 

   1/2" Gypsum Board       2 psf 
 

• Live Loads 

It is worthy to note that ASCE 7-05 does not specify live loads for labs such as 
the ones within the School of Engineering and Applied Sciences Building, which is what 
the majority of the space within the building is designated for.  The designer chose to 
use a uniform load of 100 psf for upper level labs and 125 psf for labs at ground floor, 
which is what this report will use in the analysis.   

Area  Design Live Load 

Typical Floor  100 psf 
Labs at Ground Level  125 psf 
Mechanical Equipment Rooms  150 psf 
Plaza  100 psf 
Roof  25 psf 
Parking Decks  50 psf 
PSE Basement at Upper Garage Level  125 psf 

Utility Tunnel  250 psf + 360 psf overburden 
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Alternative Floor Framing Systems 

 The structural layout of The School of Engineering and Applied Science Building 
is primarily comprised of 30’x30’ bays, which gives multiple different floor systems a 
chance of being considered for the final design.  Since the building is only four stories 
high and there are no height limitations to conform to, the structure depth is not nearly 
as important as it may be with very tall high rises.  The current system meets many of 
the primary goals of the design and gives a very open, unrestricted floor plan that allows 
for some of the large laboratories.  A typical bay of the composite system is shown 
below, which was the basic bay used in design of the alternative systems.  An overall 
floor plan for the first floor can be viewed in Appendix A.   

 This section will summarize the results of the design and compare the 
advantages and disadvantages of each alternative floor system under consideration.  A 
graph comparing all factors and conclusions may be found at the end of the individual 
analyses. 

 

Typical Bay Framing Diagram 
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• Non-composite Lightweight Concrete Slab on Steel Frame 

This system is nearly identical to the existing floor system in the building, with the 
same basic bay layout, but does not utilize the possible composite action that the 
concrete slab provides in the composite system.  In an effort to actually reduce the 
weight of the structure, an analysis using lightweight (115 pcf) concrete was used.  
Using the United Steel Deck design manual, the slab depth can actually be reduced 
from the current 6.5” with the more recent load factors from the original building design.  
An even more effective system may be to use the lightweight concrete compositely with 
the steel frame.   

 

Diagram of 2” LOK-Floor (Note: shear studs shown here are not used) 

• Advantages 

Construction and fabrication of steel members of a non-composite slab is simpler 
than a composite system since steel shear studs are not needed.  Using lightweight 
concrete and the thinner slab, the dead load of the structure is significantly reduced, 
and will lower seismic loads, and hence lateral resisting elements’ sizes.   

• Disadvantages 

Steel beam systems in general offer the least vibration resistance, especially 
when not used compositely with concrete, which may be a deterrent in lab spaces.  
Steel fabricators need a long lead in time.  Fireproofing of steel members is required.  
Lightweight concrete is also more expensive than normal weight concrete. 
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• 2-Way Slab with Drop Panels 

This is the base structural system used in the below ground parking garage and 
the ground floor.  It utilizes mild reinforcing in both directions with drop panels only 
rather than having beams run in between each column as in a waffle slab system.  It 
was determined that the irregularity of the bay layout did not lend itself well to the direct 
design method, so an equivalent frame analysis of a frame in the north-south direction 
was analyzed to find maximum design moments.  It is worthy to note that the 36’ 
exterior bay required a 3” thicker slab than the rest of the building.  If the exterior 
columns were moved in 6’, a cantilever slab may be used for the end span, but 
supporting the wall may prove to be difficult.  A rotated diagram of frame under 
investigation along column line 2 is shown here. 

 

• Advantages 

A concrete floor has a much shallower structure depth than the existing steel 
system, which allows more room mechanical equipment.  A significant reduction in 
vibration is achieved, which may be beneficial for the laboratories.  Also, having the 
same structural system as the garage and ground floor simplifies the construction of the 
building and provides for an easier transfer of loads to the foundation.   

• Disadvantages 

The drop panels make routing mechanical chases more difficult than a flat plate 
slab, which can be an issue.  They are also rather unsightly and have potential to 
disrupt interior designs and partition walls.  The increased column size will also take 
away from usable floor space, and may change the clear width in hallways.  The cost of 
the floor system is relatively high because of the very complicated formwork of the 
system, and will also add time to the overall schedule of the project.  However, the 
biggest disadvantage of this system is its weight, over 130 psf.  This will dramatically 
increase the magnitude of seismic loads on the building, which would need to be 
resisted by a new lateral system, either with shear walls or a moment frame within the 
slab and columns.   
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• 2-Way Post-Tensioned Flat Slab  with Shear Caps 

A post-tensioned slab is typically used in an effort to have the thinnest slab depth 
possible, while reducing deflections of concrete floors on long spans due to the upward 
camber caused by the prestressing force.  Banded tendons run in the north-south 
direction, where span length frequently changes as seen in the design of the two-way 
mild reinforced slab, and uniformly spaced tendons are run in the east-west direction 
along each span.  Due to the way these tendons are placed, it is desirable to have the 
same depth of slab throughout the building, unlike the mild reinforced system, where it 
is feasible to have an increased slab depth where necessary in larger spans.   

 

• Advantages 

A post-tensioned slab has the thinnest structural depth of all alternative floor 
systems under consideration, which decreases the overall building height.  Also, 
superior serviceability performance is obtained due to the effect of the prestressing 
tendons in the slab.   

• Disadvantages 

The disadvantages of this system are very similar to those of the two-way mild 
reinforced slab.  For these large spans, a flat plate slab with no drop panel or shear 
caps is uneconomical due to the added cost of shear reinforcing around the column to 
protect against punching shear.  Shear caps, or column capitals, may have adverse 
effects on routing mechanical equipment and can interrupt partition walls, making 
framing of them difficult.  Construction of a PT slab can be difficult and time consuming 
depending on the contractor’s familiarity with the system.    
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• Precast Hollowcore Plank on Steel Frame 

Hollowcore floor plank cross sections vary from one precast manufacturer to 
another, so design of these members is not an industry standard, and is typically 
performed by the precaster’s engineering department.  For the purpose of this report, 
Nitterhouse Concrete Products, Inc.’s published load tables have been used to select 
the appropriate members within their product line.  A cast-in-place concrete topping was 
also chosen to be used in the design, which will be thinner at midspan of the planks, 
acting as a leveling coat to hide the inherent camber in the members.  When bearing on 
steel beams, plank typically placed on the top flange and grouted at the joint, but this 
unnecessarily increases the depth of the floor.  A girder slab system can be used where 
a custom steel beam with a narrow top flange so that the plank may be dropped in and 
set on the bottom flange, but then the beam cannot be used in a moment frame.  To use 
achieve this same effect with standard wide flange shapes, a steel angle can be welded 
to each side of the beam web, where the long leg sticks out past the edge of the beam’s 
flange, and the hollowcore floor plank can bear on the angle.  A diagram is shown here. 

 

• Advantages 

The biggest advantage to using precast floor planks is the ease and speed of 
erection of the floor system.  No formwork is required and concrete is already fully cured 
when they arrive.  The same base structural moment frame can be used as in the 
existing system.  The planks eliminate the need for intermediate beams within the bay, 
which allows greater freedom for the placement of mechanical chases.  The cores lend 
superior acoustical properties to the floor in comparison with other floor systems.   

• Disadvantages 

A much longer lead time is needed to manufacture the members, but the time 
saved in on site construction more than makes up for this.  This system has the thickest 
“slab” of any of the systems under consideration.    
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• Comparison Chart 

System 
Composite 

Steel 
(Existing) 

Non‐
composite 
LWC Slab on 
Steel Frame 

2‐Way Slab w/ 
Drop Panels 

2‐Way Post‐
Tensioned Flat 
Plate Slab w/ 
Shear Caps 

Hollowcore 
Plank on 

Steel Frame 

Weight (psf)  71  54  131  128  96 
Slab Depth (in)  6.5  5.25  9.5  10.25  12 
Largest Depth (in)  33.5  26.25  18.5  10.25  29 
Column Size (in)  W12  W12  24x24  24x24  W12 
Construction Difficulty  Medium  Medium  Hard  Hard  Easy 
Lead Time  Medium  Medium  Short  Short  Long 
Formwork  Little  Little  Yes  Yes  None 
Additional Fireproofing  Yes  Yes  No  No  Some 

Lateral System Effects  N/A  None 
Concrete 

Moment Frame 
or Shear Walls 

Shear Walls  Little 

Relative Vibration  High  High  Low  Low  Medium 
Foundation Impact  ‐  None  Little  Little  Little 

Cost per square foot                
Materials  $14.40  $16.61  $7.64  $10.62  $10.72 
Labor  $6.26  $7.73  $8.10  $8.01  $3.15 
Total  $20.66  $24.34  $15.74  $18.63  $14.87 
Viable Alternative  ‐  Yes  No  No  Yes 

Further Study  ‐  Yes  No  No  Yes 
 

• Conclusions 

Each alternative floor framing system clearly has its own unique advantages and 
disadvantages.  The column grid was able to remain unchanged, and the foundation 
system should simply need to be redesigned for the different loads on each system, 
making those effects have a negligible impact on the selection of the optimal system.  
Based on the system selected, vibration was clearly not a governing criterion, though 
increased serviceability in other systems can be achieved.  Changing to a concrete slab 
system would require a different lateral force resisting system, which may have a 
severely adverse effect on the architectural freedom in floor plan design if shear walls 
are used.  Also, the increased column size may cause problems near the hallways 
where minimum clear widths are required by the ADA.  The most important factor in 
floor system selection is cost and length of schedule and a precast hollowcore floor is 
the best system for both of these criteria.   
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Appendix A – Plans and Diagrams 

First Floor Framing Plan – Area ‘A’ (West half of building) 
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First Floor Framing Plan – Area ‘B’ (East half of building) 
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Appendix B – Non-composite Lightweight Concrete Slab on Steel Frame 

Calculations 
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Appendix C – Two-Way Slab with Drop Panels Calculations 
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Appendix D – Two-Way Post-Tensioned Flat Slab with Shear Caps 

Calculations 
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Appendix E – Precast Hollowcore Plank on Steel Frame Calculations 
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