
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The following report is a study of optional structural systems that could be used 
on the Upper Campus Housing Project that is located in Pittsburgh, PA.  The building 
will be used as a dormitory facility for The University of Pittsburgh students.  The 
existing structure of the building is precast concrete hollow-core planks with concrete 
masonry bearing and shear walls.  A typical floor plan is located in the section of this 
report containing a study of the existing structure (pg.3). 
 Included in this report are an analysis of the existing floor system and an analysis 
of four alternate systems for Upper Campus Housing Project. These systems include:  
Flat slab with drop panels, flat plate, waffle slab, and a composite steel system.  
Design aids were used in the analysis of the structure.  Such aids included RAM and 
CRSI Design Handbook.  Hand calculations were also done for three of these four 
systems.  All charts from CRSI and all 
hand calculations are located in the 
Appendix.  For the purposes of this 
assignment a typical bay was used to 
analyze each system.  From examination 
of the architectural floor plans a typical 
bay consists of dormitory and corridor 
loads and an equivalent live load is 
shown on page 2. 
 From the analysis and comparison 
of systems, the waffle slab and the flat 
plate systems will still be considered as options for the floor structure of the Upper 
Campus Housing Project.  Other factors will still need to be considered to come to a 
definite alternative floor system.  Such factors include: implications on the foundations, 
column design and shear at columns, and lateral system.
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For simplification of analysis and design the following calculations were performed 

to obtain an approximate live load. 
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Existing Floor System 
 

As stated, the 

existing floor system for 

Upper Campus Housing 

Project is 8” precast 

hollow-core planks with a 

2 ½” topping.  All walls 

are concrete masonry 

bearing and shear walls 

of varying thicknesses and reinforcement.  The 

maximum span used for the plank is 27’ 

(rounded up from 26’-4”).  

Typical Bay 

For design of the hollow-core 

deck, the load is calculated in pounds 

per square foot.  This load includes a 

15psf load for topped members plus a 

25psf superimposed deal load and any live load.  Using a load of 1.2(15psf+25psf) + 

1.6(67psf) = 156psf and a span of 27ft the PCI Design Handbook recommends the 

use of a 78-S.  The precast plant engineer will do any further design, including the 

design of the reinforcement and he also has the ability to make the plank solid where 

needed.  In this system this occurs on the roof level where the plank is 10”. 
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Two-Way Flat Slab w/ Drop Panels 
 
 The framing layout shown 

to the left is the one used to 

design a two-way flat slab 

system.  Hand calculations were 

done and are located in 

Appendix B-1.1/B-1.2.  Also, 

the CRSI Handbook was used 

for an easy, quick, and efficient 

design.  The hand calculations 

shown have similar results to 

those given by the CRSI 

Handbook.  For the purposes of analysis a 24” x 24” column was assumed.  

 The total depth of this system is 9” with an 8 ½” drop panel and they will be 9ft 

x 9ft.  In the column strips the reinforcement is broken down into top external (15 #4), 

bottom (11 #8), and top interior (14 #6).  The middle strip is broken into bottom (9 

#7) and top interior (10 #6).  Also, a minimum column size is given as 15”.  The total 

load that this system can carry is 200psf.  Some advantages of this system include 

heavier loads, longer spans, less concrete, and less reinforcement than a flat plate 

system.   
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Two-Way Flat Plate System 
 
 Another system alternative is a 

two-way flat plate system.  For each 

two-way system a square or nearly 

square bay is needed.  We can use the 

longer span to design this system.  The 

system shown to the right is the framing 

layout for a flat plate.  Hand calculations 

for this system are located in Appendix 

B-2.1/B-2.2.   

 The design for this system according to CRSI is a slab thickness of 9 ½” with a 

minimum square column of 32”.  The reinforcement for this system is as follows for the 

column strip:  top exterior (16 #5), bottom (10 #7), and top interior (14 #8).  For the 

middle strip, the reinforcement should be designed with 9 #6 in the bottom and 11 #5 

in the top.  This system can hold a load of 150psf.  One advantage of this system is 

easy formwork framing. 

 
Two-Way Waffle Slab 
 
 Waffle slab construction shares the same framing layout as shown above.  

However, this system allows for less dead load because it only has concrete in the 

moment region needed.  Another advantage to a waffle slab is the geometric shape 

formed by the ribs.  This shape is often desired by architects.  This system also works 

well with MEP accommodations.  

The CRSI Design Handbook was also used for this design.  30” x 30” with 6” 

voids would be used to make a total system of 36”.  The total load that this system 
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can carry is 150psf.  The reinforcement for the column strip is 20 #5 at the top edge, 

1 #7 and 1 #8 at the bottom, and 24 #5 at the top interior.  At the middle strip the 

bottom long bars should be #5 and the bottom short bars should be #6.  At the top 

interior middle strip 8 #5 should be used.  In column strip regions the waffles will be 

filled in solid. 

 
Composite Steel System 
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The above composite deck system is another alternative design for the Upper 

Campus Housing Project.  This system allows for an alternative to concrete design.  

The above member sizes are from RAM modeling and design software.  Hand 

calculations were also done and are located in Appendix B-3.1/B-3.2. 

 The deepest member in the design above 

is a W14, which is approximately 14”.  This 

system is 4 inches deeper than the existing 

system.  However, this system is considerably 

thinner than the flat slab because of the drop 

panels.  Steel systems also have another major 

advantage.  Even with steel prices, steel 

systems save money during construction.  They 

can be built very quickly in comparison to 

poured concrete systems.  However, the existing system is also very good in 

constructability because it is precast in a plant. 

 

System Comparison and Summary 

System Depth Constructability Cost/ft2 
Hollow-Core Plank 10 1/2" Best $10.33  
Flat Slab w/ Drop Panels 17 1/2" Good $16.05  
Flat Plate  9 1/2" Moderate $13.20  
Waffle Slab 11" Poor $20.45  
Composite Steel 18 1/2" Moderate $30.70  
 

 The above chart displays a comparison between all systems depth, 

constructability, and cost per square foot.  From examination of this chart the original 
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design is most likely the best system for the Upper Campus Housing Project.  

However, two of the other systems still can be examined further as alternatives.  

Although the waffle slab is not as good for constructability as the others, a waffle slab 

system is very advantageous when longer spans and heavier loads are desired without 

increasing the depth of the system.  The flat plate system is also worth looking into 

further because it offers the smallest depth, decent constructability, and a low cost. 

 The two other system analyzed can be ruled out for the design of this building.  

The steel system proposed will not be a good solution to the structural system for the 

Upper Campus Housing Project.  It comes in at the highest cost per square foot and at 

the deepest depth.  Another consideration is that the cost for fire-proofing this 

system is not included.  However, one advantage to this system is the decrease in 

structure weight.  The flat slab system with drop panels is also very deep compared to 

the original system.  Even though it has a relatively low cost, this system can also be 

ruled out. 

 The existing lateral system consists of reinforced concrete masonry shear walls.  

For each of the two alternative systems, the lateral system may change.  Because 

concrete systems form a natural moment frame, these moment frames are capable of 

handling the lateral loads, and hence the system will be fine.  However, if moment 

frames are not adequate, some shear walls may be needed. 

 The existing foundations system consists of concrete grade beams and caissons.  

Foundation systems for the two alternative systems have a possibility of changing to 

square or mat footings.  This will be possible if moment frames are a possible solution 

for the lateral system.  However, if shear walls are needed, the foundation system 

could remain similar to what exists currently. 
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