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Executive Summary 
 

The purpose of this report is to analyze, design, and evaluate four alternative 
floor systems in the building. The report will give preliminary sizes of members, 
depths, and other pertinent information about each system. Figures from 
Handbooks are present as well as hand calculations and tables.  
 
The four alternative floor systems that I chose were Hollow Core Planking on 
Steel Supports, One-Way Concrete Joist System, Two-Way Flat Plate System, 
and finally Hollow Core Planking on Concrete Beams and Masonry Bearing 
Walls.  
 
Through calculations and tables, I have decided that all systems, including the 
original system require further investigation. The only system that I am remotely 
unsure about is the Hollow Core on Masonry Bearing Walls. It is difficult to tell if 
placing bearing walls in place of the columns will result in a change in the 
architecture or physical spaces in the building. Therefore, I will still investigate 
further into the system. 
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1. Introduction 
 

Completed in 1997, standing eight stories above ground, and encompassing 
77,000 square feet within its walls, Vickroy Hall provides Living and Learning areas 
for up to 280 upper class students of Duquesne 
University. The living quarters are suites with 
two double rooms and an attached private 
bathroom. The learning quarters are multiple 
meeting rooms complete with tables and lounge 
chairs.  

The building sports multiple protrusions to 
give it interesting dimension when compared to 
the buildings around it. There are also two story 
columns on the exterior of the building to give it 
a ‘floating’ look and add to its prestigious façade. 
The first two floors are atypical due to the 
columns and the need for a lobby, large meeting 
rooms, and offices. However, the floors above 
take on a more typical structure. 

This report is designed to take a closer look 
at the typical floor structure of Vickroy Hall and 
undertake the task of designing alternative systems that could have worked in the 
building. It will evaluate four alternative floor systems and compare them to the 
original system.  

 
2. The Current System 
 
2.1 Current System in Drawings 
 

The main structural system consists of structural steel members including W-
shapes and C-channels. The W-shapes are the framing for typical members and the C-
channels provide support for the cantilevers and other protrusions. They are usually 
oriented perpendicular to the other framing members. The main members extending 
from column to column are detailed as moment connections. These moment 
connections are either classified as a wind moment connections or a moment resisting 
connections. The typical floor plan generally calls for W12 to W16’s.  (See partial 
framing plan below or Figure 1 in the Appendix which illustrates the typical full 
original framing plan.)  
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The floor system is a non-composite metal and concrete deck. On a typical floor, 

the deck is 2” – 20 gage corrugation with 3-1/4” light weight concrete and 6x6 – 
W2.9 x W 2.9 welded wire fabric. The deck was to be welded to the supporting 
structural member. (See photo below) 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
2.2 Analysis 
 
 My analysis used the typical floor system to design the typical members of the 
system. I did not take into account wind or seismic forces, but designed strictly for 
gravity loads. The moment connections, as they exist, were taken into account as fixed-
fixed beams when designing. All other connections were assumed to be simply 
supported. My loads were revised from Technical Assignment 1 to reflect IBC 2003 
instead of BOCA 1993. With this revision, some of my members were the same as the 
original, but most differed. (See Framing Plan) Calculations for the current system can be 
found in the Appendix as Figures 6-9. The typical member sizes of my analysis versus 
that of the original are shown in the table below. 
 
 
 

Typical Partial Framing Plan 

Typical Floor System: Shows corrugated 
metal deck supported by steel framing 
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Typical Beam Name (Current/Analyzed) Current Size Analyzed Size 
Typical Beam 4/Typical Beam 1 W 10x15 W 10x15 
Typical Beam 5/Typical Beam 2 W 18x35 W 10x15 
Typical Beam 2/Typical Beam 3 W 21x44 W 10x15 
Typical Beam 1/ Typical Beam 4 W 14x22 W 12x22 
Typical Beam 3/Typical Beam 5 W 12x19 W 12x19 

Typical Beam 14/Typical Girder 1 W 21x62 W 18x71 
Typical Beam 24/Typical Girder 2 W 21x62 W 21x73 

 
 
2.3 Evaluation of the System 
 

This evaluation will highlight the pros and cons of the current system.  
 

Current System Pros Current System Cons 
o Has withstood the test of time o Moment Frames are expensive 
o Steel is constructed relatively 

fast 
o Moment Frames take longer 

constructability time 
o Building did not show stress 

cracking in masonry facade 
o No shear walls – moment connections 

take all of the wind and seismic loads 
o Relatively light system  
o Plenty of plenum space 

between floors for MEP 
 

 
3. Alternative System 1: Hollow Core Planking on Steel Supports 

 
3.1 The System 

 
Hollow core planking is a type of precast concrete system that can be constructed 

a multitude of ways. The planks are cast in long lengths and cut to size to 
accommodate the project. The hollow cores can be filled with grout for added 
strength if need be. A topping slab may also be added for either structural purposes or 
strictly leveling. For this system, the precast will be supported by structural steel 
members. The system I analyzed has a two-inch topping for both structural integrity 
and to make sure the floor is level. The Nitterhouse Concrete Products website 
provided free specifications and details for their typical planks and coinciding 
connections.  

 
3.2  Analysis 

 
From the Nitterhouse Concrete Products site, I chose the J952 planking system. 

The full PDF of the specifications can be found in the Appendix as Figure 2. The 
planks are four stranded 8” x 4’ wide members. The weight of each plank is 82.5 psf 
or 330 plf. The strength of the member is 3000 psi when it arrives on site, and the 28-
day strength is 5000 psi. The allowable loads are located on the bottom of the PDF 
from Nitterhouse Concrete Products.  
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Following the original floor plan, the columns were kept the same and the 

orientation of the planks followed that of the original beams for simplicity at the 
cantilevered and protruding sections. There were four typical planks. The planks were 
assumed to be simply supported with minor tack welds to the supporting members. 
The sections where planks were not designed for were atypical, such as around the 
core of the building, which houses the elevator shafts and stairwells. Such analysis 
was beyond the scope of this report. The typical supporting members were also 
designed for. However, they were not designed as fixed-fixed members as in the 
original system, but simply supported.  

 
Other Assumptions: 

o Deflection of the planks is calculated into the allowable loads given in the 
Nitterhouse Concrete Products specifications 

o Since there is topping on the planks, the planks will not serve as point 
loads on the supporting members, but as a distributed load along the 
length of the member.  

o Supporting members are unbraced except for necessary tack welds along 
the length as defined by the precastor 

o Only gravity was accounted for in the floor system 
 
The typical floor plan of this system is shown below. The beams and girders are 

labeled as typical member (#). The summary for each member is shown in the table 
below. Deflection controlled for most members and the most economical size was not 
chosen. The member with the closest value to the controlling property was chosen. 

 
Typical Member Typical Member Size
Typical Beam 1 W16x89 
Typical Beam 2 W21x83 
Typical Beam 3 W10x22 
Typical Girder 1 W14x38 
Typical Girder 2 W16x77 
Typical Girder 3 W12x106 

 
 
Further calculations may be found in the Appendix as Figures 10-15.
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3.3  Evaluation of the System 
 

This evaluation will highlight the pros and cons of the precast hollow core plank 
on structural steel members system.  

 
Hollow Core System Pros Hollow Core System Cons 

o Durable system1 o Cannot change column spacing due to façade 
o Inherently Fire Resistant1 o Much cutting will be needed to size to the 

original column spacing as planks come in 4’ 
sections 

o Fast Installation1 o While spanning in shorter direction 
o Noise Attenuation1 o Easier to construct but more pieces 
o Less expensive o Cantilevered sections 
 o Larger supporting member sizes 

 
4. Alternate System 2: One Way Concrete Joist System with Concrete Beams 
 
4.1 The System 

 
One way concrete joist systems can basically take a bay that can be a two way 

system and force it to be a one way system. The joist system is a ‘monolithic 
combination of regularly spaced joists (ribs) and a thin slab of concrete cast in place 
to form an integral unit with the supporting beams, columns, or walls.’2 The system 
uses forms repeatedly to construct the floor system. Many sizes and depths are 
available. The system was ‘developed to save dead weight and reinforcement.’2 

 
4.2  Analysis 
 

For the analysis, I chose a form that would require the least amount of atypical 
formwork. Vickroy Hall has many unusual spans that do not necessarily divide easily 
into the forms that are generally used for the concrete joist system. The form that was 
analyzed was thirty inches plus another six inches for the rib. The smallest depth was 
chosen to allow for plenum space and to keep the typical floor to ceiling height. This 
height consists of a ten inch deep rib with a three inch top slab for a total depth of 
thirteen inches. To use the Joist tables, the unit weight per length must be known. In 
this case, it was 138 psf, which was determined from the current system floor load.  

 
Other Assumptions: 

o At large openings: 
o Will need header joists and more reinforcing 

o Deflection: all load capacities have been investigated for deflection by 
CRSI 

o Unequal Continuous Spans: 
o Cause differences in moments 
o Limitations 

 Live Load <= 3 Dead Load 
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• Check 40< 3(60) 
 Larger span to adjacent span shall not be greater than 20% 

the length of the shorter span 
• Check span: 14’ to 19’-10” : 42% greater, therefore, 

must span in the long direction (lettered column 
lines)   

o Material Strengths 
o f’c = 4000 psi 

 Normal weight concrete 
o fy = 60000 psi 

o Loadings 
o CRSI Factors loads such that: 1.4D + 1.7L 

o This will be conservative to IBC 2003 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

CRSI Handbook Charts for Concrete 
Joist Band Beams 
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A typical floor plan is shown below. All of the members are the same size, but hold 
different loads. Their size is 12.5” x 24”. Further calculations may be found in the 
Appendix in Figures 16-19. 
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4.3 Evaluation of the System 
 

This evaluation will highlight the pros and cons of the One way concrete joist 
system.  

 
One Way Concrete Joist System Pros One Way Concrete Joist System 

Cons 
o Easy to construct o May take longer to construct 
o Shallow System o MEP would have to drill holes or 

go beneath the members 
o With a drop ceiling, allows for a large 

plenum space beneath members 
o Many atypical corners and widths 

o Inherently fire resistant o Atypical spaces may increase costs 
o Less dead load  
 
5. Alternative System 3: Two Way Flat Plate System 
 
5.1 The System 

 
The two-way flat plate system that I analyzed had no drop panels or beams. I  

chose strictly a flat slab supported by columns. This was to increase the amount of 
plenum space and decrease the amount of obstructions for the MEP systems. ‘The two-
way flat plate is one of the most efficient structural systems for economy.’3 The 
formwork for the system is very easy, with little oddities, even in atypical spans and 
protrusions, as is the case with Vickroy Hall. I used the CRSI Handbook tables for ease 
of design.  

 
5.2  Analysis 

 
The system I designed ended up being an 8.5” thick slab supported by columns in 

the range of 23 inches square to 34 inches square. This worked well to stay within the 
current floor to floor heights and even allowed an increase in the plenum space. A chart 
with a summary of all of the values from the CRSI Handbook, along with the typical 
floor plan is shown below. For the values in context, please refer to the Appendix, 
Figures 3-4. For further calculations, please refer to the Appendix, Figures 20-21. 

 
Panel Column Lines Span Panel Type Ratio (l2/l1) 
Typical Panel 1 (2-3,G-E)(4-5,G-E) 

(2-3,a-B)(4-5, A-B) 
14’x24’ C 1.71 

Typical Panel 2 (3-4,E-G)(3-4,A-B) 14’x24’ IC 1.71 
Typical Panel 3 (1-2,D-E)(5-6, D-E) 

(1-2,B-C)(5-6, B-C) 
26’x19’ C 1.28 

Typical Panel 4 (D-E, 2-5)(B-C, 2-5) 24’x20’ IC 1.2 
Typical Panel 5 (C-D,1-2)(C-D, 5-6) 26’x19’ C 1.36 
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Reinforcement 
Column Strip Middle Strip Panel Col Size Slab t

Top Ext + Bott Top Int Bot Top 
Steel
(psf)

Typical Panel 1 28”x28” 8.5” 12-#5 11-#6 14-#7 10-#5 12-#4 3.23 
Typical Panel 2 23”x23” 8.5” - 10-#5 13-#7 14-#4 12-#4 3.11 
Typical Panel 3 34”x34” 8.5” 15-#5 10-#7 13-#8 12-#5 10-#5 3.70 
Typical Panel 4 23”x23” 8.5” - 10-#5 13-#7 13-#4 12-#4 3.11 
Typical Panel 5 34”x34” 8.5” 15-#5 10-#7 13-#8 12-#5 10-#5 3.70 
 
5.3 Evaluation of the System 
 

This evaluation will highlight the pros and cons of the Two-Way flat plate system 
with no drop panels or beams.  

 
Two-Way Flat Plate System Pros Two-Way Flat Plate System Cons 
o Ease of construction o Larger Columns 
o Allows for large plenum space o Cantilevered sections 
o Economical o Must design for shear 
o Inherently fire resistant o Punching shear is typical 
o Shallow system o  If current column lines are kept, there 

o will be eccentricities in the columns 
  
6. Alternative System 4: Hollow Core Planks on Concrete Beams and Masonry 

Bearing Walls 
 
6.1 The System 

 
Hollow core planking is a type of precast concrete system that can be constructed 

a multitude of ways. The planks are cast in long lengths and cut to size to 
accommodate the project. The hollow cores can be filled with grout for added 
strength if need be. A topping slab may also be added for either structural purposes or 
strictly leveling. For this system, the precast will be supported by concrete beams 
and/or masonry bearing walls. The system I analyzed has a two-inch topping for both 
structural integrity and to make sure the floor is level. The Nitterhouse Concrete 
Products website provided free specifications and details for their typical planks and 
coinciding connections.  

 
6.2  Analysis 

 
From the Nitterhouse Concrete Products site, I chose the J952 planking system. 

The full PDF of the specifications can be found in the Appendix as Figure 2. The 
planks are four stranded 8” x 4’ wide members. The weight of each plank is 82.5 psf 
or 330 plf. The strength of the member is 3000 psi when it arrives on site, and the 28-
day strength is 5000 psi. The allowable loads are located on the bottom of the PDF 
from Nitterhouse Concrete Products.  
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Following the original floor plan, the columns were kept the same and the 
orientation of the planks followed that of the original beams for simplicity at the 
cantilevered and protruding sections. There were four typical planks. The planks were 
assumed to be simply supported with minor tack welds to the supporting members. 
The sections where planks were not designed for were atypical, such as around the 
core of the building, which houses the elevator shafts and stairwells. Such analysis 
was beyond the scope of this report. The typical supporting members were also 
designed for. However, they were not designed as fixed-fixed members as in the 
original system, but simply supported.  

 
Other Assumptions: 

o Deflection of the planks is calculated into the allowable loads given in the 
Nitterhouse Concrete Products specifications 

o Since there is topping on the planks, the planks will not serve as point 
loads on the supporting members, but as a distributed load along the 
length of the member.  

o Supporting members are unbraced except for necessary tack welds along 
the length as defined by the precastor 

o Only gravity was accounted for in the floor system 
After reviewing the typical architectural floor plan, I determined the places where 

masonry bearing walls could be placed without ruining the architectural beauty of the 
building. (see Appendix Figure 5 for Typical Architectural Floor Plan) The reason I 
chose these spots were because of the large amount of empty space between the 
columns that were not being used in the current system. Therefore, if it was not being 
used in the current system, it could be used in the alternative system. The plank 
layout is the same as the alternative system 1 due to logistics (See framing below for 
bearing walls and plank layout). For further calculations, please refer to Figure 22 in 
the Appendix. 

 
6.3 Evaluation of the System 
 

This evaluation will highlight the pros and cons of the precast hollow core plank 
on structural steel members system.  

 
Hollow Core System Pros Hollow Core System Cons 

o Durable system1 o Cannot change column spacing due to façade 
o Inherently Fire Resistant1 o Much cutting will be needed to size to the 

original column spacing as planks come in 4’ 
sections 

o Fast Installation1 o While spanning in shorter direction 
o Noise Attenuation1 o Easier to construct but more pieces 
o Less expensive o Cantilevered sections 
o Less empty space between 

columns 
o Planks must bear on beams which in turn bear 

on bearing walls 
o Bearing walls take the place 

of columns 
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7. Overall Evaluation 
 

System Current 
Hollow 
Core on 

Steel 

One-Way 
Joist 

2-Way Flat 
Plate 

Hollow Core 
on Masonry 

Features 

o Moderate 
member sizes 

o Easy 
Constructability 

o Withstood test 
of time 

o  Light 
system 

o  Easy to 
construct 

o  Fire 
Resistant 

o Light 
system 

o Reusable 
formwork 
saves 
money 

o Fire 
Resistant 

o Easiest 
to 
construct 

o Largest 
floor to 
floor 
height 

o Fire 
Resistant 

o Less empty 
spaces  

o Easy to 
construct 

o Fire 
Resistant 

Cost 

o Moment 
frames are 
expensive 

o Atypical 
spaces 
may 
prove to 
be pricey 

o Atypical 
spaces 
may 
prove to 
be pricey 

o  Atypical 
spaces 
may 
prove to 
be 
pricey 

o Atypical 
spaces may 
prove to be 
pricey 

Least 
Depth Moderate Depth Largest of 5 Moderate 

Depth 
Least 
Depth 2nd Largest 

Further 
Evaluation Yes Yes Yes Yes 

Maybe – 
Placement of 
bearing walls 
may become 

and issue 
architecturally
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Appendix 
 
Figure 1: Typical Framing Plan 
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Figure 2: Nitterhouse PDF for J952 Hollow Core Planking 
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Figure 3: Flat Plate System from CRSI 
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Figure 4: Flat Plate System from CRSI 
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Figure 5: Typical Floor showing Architectural Elements 
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Figure 6:  Current System Calculations Page 1 
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Figure 7: Current System Calculations Page 2 
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Figure 8: Current System Calculations Page 3 
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Figure 9: Current System Calculations Page 4 
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Figure 10:  Hollow Core On Steel Support Calculations Page 1 
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Figure 11: Hollow Core Planks on Steel Supports Page 2 
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Figure 12: Hollow Core Planks on Steel Supports Page 3  
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Figure 13: Hollow Core Planks on Steel Supports Page 4 
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Figure 14: Hollow Core Planks on Steel Supports Page 5 
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Figure 15: Hollow Core Planks on Steel Supports Page 6 
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Figure 16: One-Way Concrete Joist System Page 1 
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Figure 17: One-Way Concrete Joist System Page 2 
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Figure 18: One-Way Concrete Joist System Page 3 
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Figure 19: One-Way Concrete Joist System Page 4 
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Figure 20: Two-Way Flat Plate System Page 1 
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Figure 21: Two-Way Flat Plate System Page 2 
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Figure 22: Hollow Core Planking On Masonry Bearing Walls and Concrete Beams 
 
 


