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Executive Summary 
 
 The purpose of this report is to explore four different floor alternatives for floors two 
through four of building one at Point Pleasant Apartments.  The current floor system is a 3.5” 
concrete slab on metal deck supported by 16” deep steel joists spaced at 48” o.c.  The 
alternatives are compared to this system based on multiple criteria including cost, fireproofing, 
vibration resistance, depth, constructability, lead time, durability and span changes.   
  

The four systems that were compared to the existing steel joist system are iLevel joists, a 
flat-plate two-way slab, precast hollow core planks, and open web wood floor trusses.  Designs 
of each of these types of floor systems were completed using a typical span from the existing 
floor plan to determine if they are viable solutions.  The iLevel joists were selected using the 
TrussJoist span tables, the two-way slab was designed using PCA-Slab, and the hollow core 
planks and wood trusses were chosen based on manufacturer’s span tables available online.   
  

Because these analyses are based on a typical span and not the overall building floor plan, 
these calculations are simply an estimated measure of how well the system would work.  These 
results and the comparison of the different systems are summarized in the chart at the end of this 
report. 
  

After analyzing each system it has been determined that the two wood options, the iLevel 
joists and the open web trusses are the best possible alternatives to the existing steel joist and 
concrete slab floor, while the two-way slab and the hollow core planks did not work out.  The 
two-way slab was more expensive and significantly added to the weight of the building, while 
the hollow core planks yielded similar results to the existing system but added cost.  Both wood 
options would greatly reduce the cost and weight of the building and the existing spans would 
work well with a wood system.  The disadvantages of these two systems will need to be 
addressed, but iLevel joists and open web wood trusses are worthy of further exploration.   
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Introduction 
 
 Point Pleasant is a 5-building apartment complex located at the New Jersey Shore.  This 
report will focus on building 1, which is 64,000 square feet and has four stories over a partially 
exposed parking garage.  There are sixteen luxury apartments in the building, four on each floor.  
The apartments are approximately 2,500 square feet and each has a front balcony facing the 
central courtyard and a rear balcony overlooking the Manasquan River.  The exterior of the 
building is a combination of stone, stucco, and hardshingle siding.  This change in material along 
with the bump out balconies creates an interesting façade and effectively masks its basic box 
shape.  The roof is a simple hip accented with multiple dormers, a dome feature on one side, and 
steeple at the center.   
 
Codes 
 
 Because the Point Pleasant apartment complex was designed a few years ago, the most 
recent code books had not yet been published.  In order to make my project a more practical and 
beneficial learning experience, I will be using the most up to date design codes available.   
 
Design Codes used in original design: 
 

• International Building Code (IBC), 2000 Edition 
• American Society of Civil Engineers (ASCE-7), 2002 Edition 
• American Concrete Institute (ACI 318), 2000 Edition 
• American Institute of Steel Construction ASD (AISC), 9th Edition 

 
Design Codes used in my analysis: 
 

• International Building Code (IBC), 2006 Edition 
• American Society of Civil Engineers (ASCE-7), 2005 Edition 
• American Concrete Institute (ACI 318), 2005 Edition 
• American Institute of Steel Construction (AISC), 13th Edition 
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Design Loads 
 
Dead Loads 
 
 Composite Floor System…………………….. 65 psf  
 5” Concrete Slab……………………………... 63 psf 
 4” Concrete Slab……………………………... 50 psf 
 Roof Trusses…………………………………. 10 psf (top and bottom chord) 
 
Superimposed Dead Loads 
  
 Mechanical, Electrical, Plumbing…………….5 psf 
 Ceiling Finishes……………………………… 3 psf 
 Floor Finishes………………………………... 5 psf 
   
Live Loads 
 
 Residential (private rooms and corridors)….... 40 psf 
 Residential Balconies…………………………60 psf 
 First Floor Corridors and Lobbies.………….. 100 psf 
 Roof (Ground Snow)……………………….... 30 psf 
 Partition Wall Allowance................................. 20 psf 
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Structural System 
 
Foundation 
 For Point Pleasant Apartments, a traditional shallow foundation with spread footings was 
used.  The building was designed based on a 3,000 PSF soil bearing capacity.  The exterior 
foundation walls are 12” thick concrete over either a 2’-6”x12” thick footing with #5 @ 24” o.c. 
S.W.B. and (3) #4 L.W.B. or a 3’-0”x12” thick footing with #5 @ 16” o.c. S.W.B. and (3) # 5 
L.W.B.  There is a 5” concrete slab on grade with 6.0x6.0 – W2.0x2.0 welded wire fabric over 
4” of crushed stone and a 6 Mil vapor barrier.  The main columns at this level are 16”x24”, 
18”x26”, or 24”x24” reinforced concrete columns.  Beneath these columns are  
11’-0”x11’-0”x26” deep concrete spread footings which are reinforced with (12) #7 bars each 
way.   
 
Floor System 
 The framing for floors 2, 3, and 4 is all basically the same.  These stories are supported 
by 16” deep Vescom composite joists with a 3 1/2”reinforced concrete slab.  The slab is 
supported by a 1 5/16”, 22 gage UFX 36 metal form deck.  The joists are spaced at 48” o.c. and 
are designed to carry a total load of about 380 plf.  The typical span for these joists is 
approximately 20’, with a maximum span of about 24’.  Spans run front to back.  This composite 
system is supported by a series of steel girder trusses, wide flange beams, and HSS columns.   
 Each of the apartments throughout the building features front and rear balconies.  The 
balconies are supported by a shallower composite joist of 12”.  HSS shapes are used as both edge 
beams and columns for the balconies. 
 The first floor is framed very differently from the floors above.  Instead of a composite 
joist system, the first floor is a 12” thick, reinforced two-way slab.  In addition to the 12” thick 
slab, there are slab beams in the outer apartments for additional support.  Above the concrete 
columns below, are 12’-0”x12’-0”x20” deep (20”-12”=8” below slab depth) drop panels. 
 
Roof Sytem 
 The roof system is a simple hip with two large dormers in the rear and two smaller 
dormers, a tower, and a dome feature in the front.  The roof is made up of light gage metal roof 
trusses spaced at 48” o.c.   
 
Lateral Framing 
 The walls of the building are comprised of metal studs, therefore, light gage shearpanels 
and special reinforced shearwalls are utilized to resist lateral load.  The shearwalls typically 
consist of 4”x14 or 16 gage flat strap bracing with 3 1/2”x3 1/2”x1/2” or 6”x3 1/2”x1/2” HSS 
shapes.  The flat straps can either be screwed or welded to the HSS’s.   
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Typical Floor Plan (Structural Layout) 
 
 The floor plan below illustrates the typical framing for floors 2-4.  The span arrows 
represent the composite joist system used for these floors.  The highlighted area is the general 
frame or bay that was designed for each alternate floor system explored.  More detailed drawings 
are provided at each design alternative. 
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Typical Exterior Wall Section 
 
 The section below shows the basic structural framing from the foundation up to the roof.  
Floors 2-4 were generalized with one section because they use the same composite joist system.  
At different areas of the building the façade material may change to include hardshingle siding 
but this image gives a typical snapshot of the framing.  How much of the garage that is above 
grade also changes around the building.  For example, at the rear of the building, the full height 
of the garage is exposed so that cars can enter and exit. 
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iLevel Floor Joists 
 
 iLevel floor joists by Weyerhaeuser are a common floor 
system used in residential and smaller commercial type projects.  
Code limits the use of wood for more than four stories, so for this 
project, wood is a viable solution to explore.  The spans of 
building 1 are also short enough for the use of wood.  Below is a 
sketch illustrating the bay layout used for the I-joist calculations.  
After moment, shear and deflection checks, 14” TJI 360 Series 
@ 16” o.c. are the best option, resulting in a deflection of 0.502” 
or L/486.   
 For beams, the largest span of the selected area is 13’-6”.  
The best choice for a beam under these conditions is a 5 ¼”x14” 
PSL which can be dropped or flush to reduce the overall floor 
depth.   The deflection of the PSL is 0.271” or L/598 under live 
load. 
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Advantages: 
  
 There are many advantages to using wood as a flooring option for floors 2-4 in building.  
For starters wood is relatively inexpensive as compared to concrete and steel.  Using RS-Means, 
the cost for both material and labor for the I-joists and subflooring is only $4.37 per square foot.  
There would also be additional cost for the Gyp-crete required for sound and fireproofing as well 
as the cost of the PSL beams used for support, but this would still be significantly lower than the 
steel joist and slab system.  If the PSL beams are flush, hangers would also have to be provided.  
I-joists do not require much lead time and can easily be stored on-site.  Installation of the joists is 
simple and the construction time would be less than the current steel joist and concrete slab 
system.  As far as depth is concerned, I-joists would reduce the floor depth from approximately 
20” to 14” if flush beams are used.  If dropped beams are used, there would be an additional 14” 
of depth added at beam locations.  Using wood I-joists as an alternative would also greatly 
reduce the overall weight of the structure.   
 
Disadvantages: 
  
 One of the biggest disadvantages of using I-joists is the sound that would be transmitted 
from floor to floor.  Wood products will tend to creak when walked on which could be heard at 
the floor below.  Drywall or an equivalent fireproofing material would also need to be installed 
on the sealing as well as a ¾” Gyp-crete topping on top of the subfloor to reduce soundproofing 
and increase the fire-rating.  Gyp-crete has become a standard application in multi-family 
housing.  Because I-joists are not an open web system like the steel joists, cuts in the joists or a 
drop ceiling would have to be utilized to run mechanical equipment, increasing the overall depth 
of the floor.  Finally, wood products are not as durable as their steel and concrete counterparts 
and are more susceptible to water damage and possible even termite damage. 
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Flat-Plate 2-Way Slab 
 

The second flooring option explored is a flat-plate, 
two-way concrete slab.  For this option, an alternate bay 
spacing was utilized to create an effective column grid.  
This bay spacing is illustrated in the figure below.  PCA 
Slab was used to design the reinforcement for the slab after 
a minimum slab thickness of 9” was calculated using the 
largest clear span of 22’-2”.  The output of PCA Slab 
indicated the need for #4 bars in both directions.  The 
program output can be found in the appendix. 
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Advantages: 
 
 There are limited advantages to using a two-way slab as a possible floor system.  Sound 
transmission and fireproofing are the two most obvious advantages for this type of flooring.  The 
9” slab results in very little vibration creating a more quiet transition from floor to floor.  There 
is also no additional fireproofing required to achieve a two-hour fire-rating for a 9” thick 
concrete slab.  Another advantage to a concrete slab versus the joist system is a slight decrease in 
lead time.  The depth of the floor itself would be decreased, but a drop ceiling would have to be 
added to allow space for the mechanical equipment. 
 
Disadvantages: 
 
 A two-way slab would increase the self-weight of the floor system from 65 PSF to nearly 
115 PSF which would result in a larger base shear for the seismic design.  The cost of 
construction would increase from $11.00 per square foot to $12.75 per square foot resulting in an 
overall increase of approximately $64,000.  Constructability also becomes an issue with a 
concrete slab because of the need for form work as well as the time required for the concrete to 
set.  In order to create a floor plan conducive to a flat-plate two-way slab, columns would need to 
be added, some of which would be visible in the apartments. 
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Hollow Core Precast Concrete Planks 
 
 The next flooring option chosen is the use of precast 
hollow core planks supported by steel girders.  The 
Nitterhouse span tables used for this design are located in 
the appendix.  The results indicated the need for a 6” thick 
plank with a 2” topping to achieve the required fire-rating.  
The 4 strand planks at a span of 21’ were not sufficient so 7 
strand planks with a capacity of 215 PSF were chosen.  The 
longest span for a steel girder in the bay examined is 22’-
10”.  In order to limit the deflection under live load to 
L/480, a W16x57 or W21x48 would have to be used.  
Another option would be to reduce the span by adding a 

column.  This would reduce the weight and depth required to support the planks.  The bay sizes 
are the same as with the wood I-joists pictured above. 
 
Advantages: 
  
 The biggest advantage to using hollow core planks would be the constructability.  
Because the planks are precast, the speed of construction would be greatly increased over the 
existing steel joist system.  Hollow core planks are also excellent in resisting vibration and sound 
transmission through the floor.  The precast planks would reduce the depth of the floor system, 
but again a drop ceiling would have to be utilized to run mechanical equipment.   
 
Disadvantages: 
 
 One major disadvantage to using hollow core planks would be the lead in time required.  
Planks would also increase the weight of the structure by a slight amount from 65 PSF to 
approximately 75 PSF.  The cost of construction for the planks and steel girders is more than 
both the existing system and the two-way slab at $13.72 per square foot.  This would increase the 
overall cost by nearly $100,000.   
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Open Web Wood Floor Trusses (By ALPINE) 
 
 The final alternative examined in this report is open web wood floor trusses 
manufactured by ALPINE.  The analysis of this system is similar to that of the I-joists and uses 
the same spans.  The ALPINE website contains the span table, which is included in the appendix, 
that was used to find the depth of floor truss that would be required.  In order to meet the L/480 
deflection criteria, 18” trusses at 24” o.c. are required.  A 3 1/2” x 18 PSL is required for the 
same 13’-6” span as in the I-joist calculation.  An 18” deep beam is a good choice here because it 
will be flush with the trusses.   

 
Advantages: 
 
 Many of the advantages of wood trusses are similar to 
those of the I-joist system.  Trusses will be nearly as 
inexpensive and also are easy to install.  The one main 
advantage that wood trusses have over the I-joists is that the 
mechanical equipment can be run through the web without 
having to drop the ceiling.  Also, there is the option to have 
the trusses be top chord bearing.  That way the bottom of th

supporting beam would be flush with the floor trusses creating an overall depth of 18” withou
having any exposed boxed out beams in the apartment units.  This could create a more 
aesthetically pleasing interior.  Like the I-joists, wood trusses would also gre

e 
t 

atly reduce the 
eight of the structure. 

isadvantages:

w
 
D  

 Trusses 

he wood trusses will 
eed to be fabricated and therefore will take a longer time to be shipped.   

 
 Again, as with the I-joists the sound transmission and vibration will be an issue.  Gyp-
crete will need to be installed and additional soundproofing may need to be included since these 
are supposed to be luxury apartments.  The Gyp-crete is also required for fireproofing. 
will also not be as durable as the existing system or the concrete slab and hollow core 
alternatives.  The major disadvantage of trusses over I-joists is lead time.  T
n
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onclusionsC  

 

r 

 

r, the minimal benefits over the 
isting system may not be enough to justify the additional cost. 

 
   g Steel  Two‐Way Slab  Core  iLevel Joists 

 

 
 The following chart summarizes the advantages and disadvantages of the existing floor 
system as well as the four alternatives that were explored.  Based on all of the criteria below, the
two best alternatives to the existing structure are I-joists or wood trusses.  The disadvantages of 
these two systems will need to be addressed, particularly vibration control and sound 
transmission, but the possible cost savings and other advantages make both options worth furthe
developing.  The two-way slab is the first one eliminated.  The additional columns, cost, 
constructability, and weight are not sufficiently offset by the increased vibration resistance and
short lead time.  Hollow core planks actually could be a viable solution if the owner does not 
mind the additional cost.  They are excellent in vibration resistance, would be more than 
adequate in soundproofing, and would be a more durable alternative than wood.  The current 
pans also lend themselves to a hollow core floor system; howeves

ex

Existin
Joists 

Hollow
Planks 

Wood 
Trusses

Cost  Average  Higher  Higher  Low  Low 

Fireproofing    Extra 
 for  p‐ p‐

Gypsum Ceiling None 
Gypsum
Steel 

3/4" Gy
crete 

3/4" Gy
crete 

Lead Time  Average‐Long  ge Short  Long  Short 
Short‐
Avera

Constructability 
Average‐
Difficult  Difficult  Average  Easy  Easy 

Vibration 
Resistance  e Average  ve Average  ve Average  age  age Abov Abo Abo Aver Aver

Depth  20"  9"  8"  14"  18" 

Aesthetics  ols.  t  t  t N/A  Add'l Int. C No Effec No Effec No Effec

Weight  65 PSF  112.5 PSF  75 PSF  25 PSF  25 PSF 

Span Alterations  N/A  Significant  imal  mal  mal Min Mini Mini

Possible Solution  Yes  No  No  Yes  Yes 
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2-Way Slab Calcualtions 
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Hollow Core Plank Calculations 
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Nitterhouse Span Chart 
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Wood Truss Calculations 
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