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Technical Washington Park Condominiums
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Executive Summary:

The purpose of Technical Report #2 was to investigate possible alternative floor systems for
Washington Park Condominiums through analysis and ultimately schematic design. The designs
of the three alternative systems are compared to each other and to the existing system on
various different grounds. Some of these factors include: foundation impact, fire protection,
square footage cost, constructability, system weight, slab depth and finally integration with
other systems. The existing floor system is VESCOM composite steel joists and it is efficient in
its ability to carry the necessary gravity loads as well as an architectural element since the
ceiling can be installed directly to the joist bottom chord and the mechanical systems (HVAC,
plumbing, fire protection, electrical and telecommunications) could be installed within the joist
system. The other three systems that are analyzed are as follows:

- Girder-Slab
- Two Way Flat Slab Concrete
- Composite Steel

After researching and analyzing each system, it was determined that the Girder-Slab system
was not a viable option because the design required the reduction of the typical interior bay
size from 28’-0 x 28’-4 to 14’-0 x 28’-4. This would add more columns and foundations,
therefore making the overall structure of the project more expensive. The two way flat slab
concrete system and the composite steel system were able to be designed using the pre-
existing grid and therefore will require no extra columns or foundations. The two way slab had
a slab thickness of 9” and drop panel thickness of 12.5” while the concrete columns were 16” x
16”. The composite steel system has a slab thickness of 2 %5” of normal weight concrete above
the 1 %" Vulcraft 1.5VL decking. This design would have a W12x16 beam with 22 shear studs
spaced at 7’-0” on center being supported by a W18x40 girder with 38 shear studs. Both the
two way flat slab system and the composite steel system are considered to be viable
alternatives for the floor system design. Technical Report #3 will further analyze and discuss
the viable alternative options and how they will affect the current design of the main lateral
force resisting system. In doing so, Technical Report #3 will either confirm or reject the two
systems as possible design substitutes.
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Introduction:

Washington Park Condominiums is a multi-use retail and residential building located at the
intersection of Bower Hill Road and Washington Road in Mt. Lebanon, Pennsylvania. Site work
and excavation has begun at the site and construction should begin sometime before the end
of the fall 2008, with the project lasting until fall 2010. Washington Park Condominiums is the
first of two buildings proposed to be built on the site. Building one is a nine-story, 148,000 ft
structure which is owned by Zamagias Properties of Pittsburgh, PA. The building was
architecturally designed by Indovina Associates Architects and is being constructed by PJ Dick,
Inc. for a price of $23,418,000. The building’s primary use is residential and it contains 7 stories
of condominiums on the 2™ through 8" floors. The first floor of the building is used for retail
space and as a location for extra amenities for the residents of Washington Park. The building
also contains two below grade levels of parking. The enclosed parking garage contains 78
parking spaces that can be used by the residents. Two elevators and two stairs serve the
parking areas that also contain resident storage, a wine room and trash collection along with
mechanical and electrical rooms. The ground floor serves primarily as retail space with four
separate areas available for possible tenants. Also contained on the floor are a resident
exercise room and a private entrance and lobby for the residents.

As the building moves to the second floor, the function changes from primarily retail to one of
solely residential with six upscale condominiums located on the floor. These condominiums
each have different floor plans and layouts with overall areas ranging from 1523 ft* to 2288 ft’.
Each unit contains two or three bedrooms and bathrooms depending on size, along with a living
room, dining room, kitchen, study, laundry, entry and in some cases a balcony. This floor layout
continues throughout the next four floors, with a total of 30 units on floors 2 through 6. The A
and 8" floors of the building are the penthouse level. This floor contains five condominiums
that range from 1732 ft? to 2453 ft>. These units contain the same amenities and spaces as the
units on the below floors do. All of the condominiums floors are served by two elevators and
two stairways that are connected by a hallway that runs through the center of the building in
the long direction. Finally, the roof contains mechanical spaces that are accessed by using the
northern most stairway or elevator.

The typical exterior wall system of the building consists mainly of 4” brick veneer backed by a 2”
airspace and 2” of rigid XPS insulation, then containing another 2” layer of rigid spray-foam
insulation that is followed by an airspace and then 5/8” gypsum board. This exterior wall
system is typical for the first 6 floors of the building. The 7" and 8" floors of the building
consist of a similar wall construction except for the exterior fagade which is a 5/16” layer of
painted fiber-cement siding.
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Existing Composite Joist and Precast Concrete Plank System:
Foundations

The foundation system can be best described as a spread footing system with attached
concrete piers. The sizes for the spread footings range from the smallest, a 4’-0” x 4’-0” x 2’-0”
footing with #8 @ 12” each way, to a 14’-0” x 14-0” x 3’-6” footing with #8 @ 6” each way.
These spread footings have a concrete strength of f'c = 4000 psi, and the deepest of the
footings will be 25’-0” below grade. In addition to the spread footings, interior and exterior
wall footings were used and are either 2’-0” or 3’-0” wide by 1’-4” deep. The steel reinforcing
in these wall footings are (3) #5 continuous bars and #5 x 1’-8” @ 16”.

The slab on grade in this system consist of either a 6” or 8” normal weight concrete slab
reinforced with 6x6-W2.9xW2.9 welded wire fabric or 6x6-W4xW4 welded wire fabric. The slab
on grade is also thickened to a minimum if 1’-0” at non-load bearing walls and (2) #4 bars are
added for tensile strength. Connecting the columns to the slab on grade and the spread
footings are column piers that range from 16” x 16” with (4) #7 of vertical reinforcement to 40”
x 40” w/ (12) #7 of vertical reinforcement. The slab on grade and column piers are both f'. =
4000 psi concrete.

Floor Systems

There are two separate floors systems that are typical within the structure of Washington Park.
The first is a precast concrete plank system that is used in the parking areas as well as the first
and second floor framing. The precast concrete plank is 8” thick and also contains a 2” thick
structural topping. The reinforcing in the structural topping is 6x6-W1.4xW1.4 welded wire
fabric. The precast concrete plank system bears on W shapes which then carry the load to the
columns. This system was used in the parking areas because of the systems diaphragm capacity
(ability to transfer horizontal loading) and because of its durability and strength. Moreover, the
system was utilized on the 1* and 2" floors due to its weight. It was also useful because of the
contractor’s need to backfill the building early on to meet the owner’s schedule.

The second primary floor system in the building is the VESCOM composite joist floor system.
The composite joist system interlocks the top chord of a joist with the concrete producing less
deflection, less vibration and greater stiffness. The floor construction consists of a 2 11/16”
reduced weight concrete slab that is poured on top of the 1 5/16”, 22 Gage galvanized floor
decking. The bottom chord acts as the main tension member, and in the composite stage the
embedded top chord serves as a continuous shear connection. The concrete is also reinforced
with welded wire fabric and compressive strength of the concrete is f'. = 3500 psi. These floors
are also to act as a diaphragm that is able to resist lateral forces of 250 to 350 PLF. Finally, the

B. Follett Page 5



Technical Washington Park Condominiums
Report #2 Mt. Lebanon, PA

system was used as an architectural element since the ceiling could be installed directly to the
joist bottom chord and the mechanical systems (HVAC, plumbing, fire protection, electrical and
telecommunications) could be installed with the joist system, saving space and allowing for
higher ceilings and floor to floor height within the apartments. A section of the VESCOM
Composite floor system can be found in Appendix B.

Lateral System

The lateral resisting system within the building is mainly moment resisting steel frames made
up of wide flange beams. These frames begin on the second floor and continue up through the
top of the building. These frames run in the north-south direction and run along column lines A,
B, C and D. Rigid connections also occur on these floors along column lines 1 through 9. Since
the VESCOM floor system is being used as a diaphragm to transfer shear loading the load path
begins at the exterior beams and then continue on through the floor system to joist girders
which are to be designed and manufactured by the joist manufacturer. The load is then
transferred into the large W14 columns, and finally to the brace frames. There are a total of
eleven braced frames located in the basement and sub-basement levels running along column
lines 1 through 11 from column lines A.1 to B. The brace frames are 17°-2” in length and they
begin at the sub-basement level and connect into the framing for the ground floor. The bracing
in the frames consists of HSS 8x8x1/2 up to the basement level, and HSS 6x6x3/8 from the
basement level to the ground floor. These frames are used in conjunction with the precast
plank system to create a diaphragm that can resist 280 PLF. This plan detail and the detail of
the brace frames can be found in Appendix B.

Pro-Con Analysis

The system is extremely innovative and allows for quick erection time and long spans. The
system interlocks the top chord of a joist with the concrete producing less deflection, less
vibration and greater stiffness. The system also has a fire resistance rating of 3 hours which is
above the 2 hour requirement by code. The system is also able to act as a diaphragm,
transferring lateral loads to the main lateral resisting elements of the structure. Finally, the all
of the mechanical and electrical equipment can be installed in openings in the web of the joists,
allowing for maximum floor to ceiling heights and ease of construction and coordination
between the different disciplines.

In contrast, the system is relatively new and may require more training for erectors and other
tradesmen on the job site. Also, the system requires total floor depth of 23” which could
possibly be reduced by using another system.

Overall the composite joist floor system is an extremely viable option that fulfills both the
structural and architectural parameters of the building.
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Figure 2: Typical Exterior bay with rigid
connections denoted by || and moment
connections denoted by ».

Figure 1: Braced Frame Location
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Alternate Floor System Analysis:

For Technical Report #2, three alternative structural floor systems were researched and
analyzed for their perspective usage in Washington Park Condominiums. The typical bay for
which these three alternative systems are analyzed is shown on the follow page as Figure 3.
The purpose of discussing alternate systems is to attempt to determine if the current system is
the most efficient and whether or not it allowed for the most floor to floor space and least
amount of used material. The three systems that were analyzed and will be discussed are as
follows:

- Girder Slab
- Two Way Flat Slab Concrete
- Composite Steel with Normal Weight Concrete

Since three new systems were analyzed there are many reference manuals and materials that
were used to complete the design, these are listed as follows:

- IBC 2003 w/ Amendments for Mt. Lebanon

- ASCE 7-05

- Girder-Slab® Design Guide, version 1.4

- D-Beam Reference Calculator (Microsoft Excel Spreadsheet)
- ACI 318-08 Building Code and Commentary

- Design of Concrete Structures Textbook (AE 431)

- AISC Specification for Structural Steel Buildings, 13" Edition
- RAM Structural System

- RS Means Cost Analysis Data

Another aspect of this analysis that is necessary to understand is that there will be changes to
the column layout with the changing of the floor systems. Both the two way flat slab concrete
system and the composite steel systems use the same floor layout. However, because of span
and design deflection restrictions intermediate columns were added when using the Girder Slab
system. This will be explained in more detail in the Girder Slab analysis and results on page 10
and Appendix B. Although the column layout was changed for the Girder Slab system, the
decision was made to not worry about changing the floor plans since it has not yet been
decided if the Girder Slab will be the most efficient system.
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Girder Slab System:
Description

The Girder Slab system is a composite system in which the concrete and steel work together to
create an efficient structural system to be used in mid to high rise construction. The
lightweight assembly develops composite action enabling it to support residential live loads.
This system consists of a special steel beam that is used as an interior girder supporting precast
concrete planks on its bottom flange. The web and top flange of the D-Beam are concealed
within the precast plank, while the bottom flange is used as the shoring for the precast plank.
The system is also efficient because it is assembled-in-place which allows for the support of
residential live loads upon the grouting of the D-Beam and the prestressed precast plank
because the system develops composite action quickly.

Pro-Con Analysis

The Girder Slab system allows for rapid erection and is also extremely light weight which
means, less material and less hassle in erection. The system is also incredibly innovative and
interesting because it can develop composite action immediately upon grouting. The system
also meets Underwriters Laboratory fire code ratings as well as required sound (STC) ratings,
which are important in residential apartment construction. Another benefit of the system is
the fact that Washington Park Condominiums currently employs a precast concrete plank
system in the parking garage and on the first two floors. With the Girder Slab system, typical
precast concrete planks can be used. In this case, 8” planks with a 2” structural topping were
used and will allow for less variation in material and erection.

In contrast there are also a few glaring negatives that lead to its ultimate demise as a
prospective system for Washington Park Condominiums. First, the system is extremely
expensive in comparison to some of the other systems. Also, there are span length limitations
with the precast planks and the D-Beam’s. In order to analyze the system, changes had to be
made to the typical bay size and add an intermediate column halfway between two other
columns. This not only will add more columns, but will also add more footings and will change
the floor plan of the building. Finally, even though there would be a reduced floor thickness,
the overall ceiling cavity would be larger because the current composite joist system allows for
mechanical and electrical equipment to be installed within the area of the joist web. These
systems would have to be installed below the girder slab system, which would cause a reduced
floor to floor height.
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Design Results

To complete the Girder Slab design the typical bay length of 28’-4” was used as the span for the
precast planks. However, the D-Beam was not able to span 28’-0”, so therefore an interior
column was added, making the D-Beam span 14’-0”. To complete the analysis of the system, a
D-Beam Calculator that can be found on the Girder-Slab website was used. This design yielded
a floor thickness of 10” which includes 8” Precast Concrete Plank and 2” Structural Topping.
The design also includes a girder size of DB9x46 which is 9.625” deep and weighs 45.8 PLF. The
design also added 2 columns and footings in each interior bay to achieve the desired deflections
and stresses. For more design information and the D-Beam Calculator spreadsheets used in the
analysis of the Girder Slab system, see Appendix B. An overall discussion and comparison of all
of the systems that are being analyzed can be found in the conclusion found on pages 15 and
16.
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Two Way Flat Slab Concrete System:
Description

This system uses a two way reinforced concrete slab, which transfers loads to all supporting
columns. The fact that the existing system employs very typical interior square bays makes the
two way flat slab system a viable option for analysis. The system uses a flat concrete slab, and
in the case of the analysis for Washington Park Condominiums, also uses drop panels around
the columns. These drop panels, reduce the effect of punching shear on the system and also
reduce the overall slab thickness. Within the slab there is reinforcing placed in both directions
and in the top and bottom of the slab. In some design situations, column capitals are
considered, but were not in this case because of the desire to have a uniform ceiling cavity with
no restrictions. All of the parameters of the system were designed using Design of Concrete
Structures Textbook from AE 431 and ACI 318-08, Chapter 13 which is design of two way slabs.

Pro-Con Analysis

The system allows for the retention of the current column layout. However, the columns will
obviously have to change from steel W-Shapes to square concrete columns. The slab thickness
is less than the Girder Slab system and the existing composite joist system, which will allow for
more space in the ceiling cavity for mechanical and electrical equipment.

In contrast the two way concrete slab system adds a significant amount of weight to the system
which would then cause the foundations and footings to be resized for the larger load. The
drop panels also cause a problem with the layout of the floor plans in the sense that they create
an uneven depth to the ceiling cavity. Another issue is the fact that the lateral system on the
2" through 8" floors would change from steel moment frame system to a shear wall system
utilizing the stairways and elevator shafts for these shear walls.

Overall, the system’s viability for use in Washington Park Condominiums is one that may be
looked at further and will depend largely on the feasibility of changing the main lateral force
resisting system of the building.

Design Results

The design of the two way flat slab system yielded a slab thickness of 9” and a drop panel
thickness of 12.5”. The slab also contains #5 bars at both the top and bottom and in each
direction. The design also includes 16”x16” concrete columns that would transfer the gravity
loads to the footings. For more design information and Direct Design Method hand calculations
please see Appendix C. An overall discussion and comparison of all of the systems that are
being analyzed can be found in the conclusion on pages 15 and 16.
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Composite Steel System:
Description

The composite steel system uses shear studs and composite decking to transfer load between
the concrete and the steel shapes supporting the concrete. The shear studs are welded to the
top of the beams and then the concrete is poured on top of the composite decking. This allows
the steel and concrete to form a unit to resist the load on the floor. This integration
significantly increases the strength of the steel shape being used. Welded wire fabric is used
within the slabs and carrying very little load. Ultimately, the benefit of being able to transfer
shear between the steel section and the concrete slab, therefore allowing for a higher load
capacity, is the main reason for utilizing composite steel construction.

Pro-Con Analysis

The composite steel system is extremely efficient at carrying large loads across long spans,
which allows for the system’s practicality in mid rise residential design. The floor system also
integrates well with the current lateral force resisting system and would require very few
changes to make them compatible. The construction of the system is also very efficient and
would allow for quick construction. The structure also meets the 2 hour fire rating that is
required throughout the building for floor systems. Other than the integration of the steel and
concrete to carry the load, the biggest benefit would be the reduced floor deflection. This is
obviously important in a building that has constant occupancy and occupant movement.
Essentially, the current composite joist system is very similar to the composite steel beam
system and therefore the composite steel system would be a viable option to analyze further.

Although, there are many benefits to the composite steel system, there are also a few
negatives. First, the W-shapes would add a considerable amount of weight to the overall mass
of the structure. This added weight would obviously increase the size of the columns and the
footings. There would also be some coordination issues in terms of running the electrical and
mechanical equipment within and under than steel beams. Because of this, the ceiling cavity
would grow slightly and would ultimately shorten the ceiling height within the apartments.

Overall, the current composite joist system is very similar to the composite steel beam system
and therefore the composite steel system would be a viable option for further analysis.

Design Results

The design of the composite steel system was completed using RAM Structural System. This
program allows for the imputation of loading, decking, and other conditions relevant to the
structure. To complete the analysis and design of the interior bay chosen, a larger portion of
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the building was laid out so that loads on the supporting girders could be more accurately
determined. The other sizes outside of the interior bay being designed, which is shown on page
9 can be disregarded. In doing all of this, the output allowed for the same interior bay size of
28’-0 x 28’-4, while yielding a normal weight concrete slab thickness of 2 /4" above the 1 %"
Vulcraft 1.5VL decking. This design would have a W12x16 beam with 22 shear studs spaced at
7’-0” on center being supported by a W18x40 girder with 38 shear studs. The shear studs are
%" diameter and are 3 %" long. (The slab also contains 6x6-W1.4xW1.4 welded wire fabric. For
more design information, RAM output, decking catalogs and figures concerning the analysis of
the composite steel system, see Appendix D. An overall discussion and comparison of all of the
systems that are being analyzed can be found in the conclusion on pages 15 and 16.
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System Comparison:

Washington Park Condominiums

Mt. Lebanon, PA

Floor System Comparison for Typical Interior Bay

Existing
ltem VESCOM Girder Slab Two Way Flat | Composite Steel
Composite System Slab System System
Joist System
Slab Thickness (in) 4.0 10.0 9.0 4.0
Total Depth (in) 22.0 10.0 12.5 22.0
System Weight (psf) 100 80 118 82
Column Size W14x120 W12x65 16" x 16" W12x65
Fire Rating 3 Hours 2 to 3 Hours 2 Hours 2 Hours
Constructability Easy Medium Medium Medium
Foundation Impact - High Medium Minimal
Materials Cost per sq. ft. $20.37 $24.00 $8.00 $12.45
Labor Cost per sq. ft. $10.17 $12.00 $8.55 $6.35
Column Cost per sq. ft $8.57 $6.96 $4.49 $6.96
Foundation Cost per sq. ft. $11.49 $61.24 $30.62 $30.62
Total Cost per sq. ft. $50.60 $104.20 $51.66 $56.11
Possible Alternative - No Yes Yes

As the above table shows, from a cost standpoint the existing VESCOM Composite Joist system
is the most cost effective and viable. The system also provides the architect with the ability to
integrate the floor system with the mechanical, electrical, plumbing and other equipment in the

ceiling cavity in a way that allows for greater ceiling heights and therefore more vertical space

within the apartments. The joist system is also efficient at carrying the gravity loads on the

building as well as providing a diaphragm that transfers lateral loads to the moment resisting
frames within the structure. Although, this system is the most viable, both the composite steel
and two way flat slab system could be used. The composite steel system is common in

Pittsburgh and would require very little change in construction for the contractor and workers

on the job. The two way flat slab system which is also being used in the new addition to

Children’s Hospital in Pittsburgh could also be considered but would present possible problems
with the mechanical and electrical systems in the ceiling cavity. Overall, both the composite
steel system and the two way flat slab system are possible options which deserve more

research.
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Conclusion:

The alternative designs as well as the existing design for Washington Park Condominiums were
presented so that consideration could be given to the situation and issues practicing structural
engineers face when determining the best and most efficient structure for a given project. So
many times, structural design classes in college present students with a problem which
essentially has a given right or wrong answer in terms of the final design of the structure at
hand. Technical Report #2 allows for the analysis and design of alternative solutions of the
project so that either the existing design is verified as being the most efficient, or so that
another system can be discussed and proposed as a possible substitute.

Throughout the report a basic analysis was presented for each of the three alternative systems
chosen. All three of the analyses were then used to create a schematic design of the structure
for that given system. These designs led to an overall system comparison and furthermore,
conclusions that can be used to propose further study of possible alternative.

In doing the design and research for the other systems, it became obvious that the Girder-Slab
system was not a possible solution for this project. The fact that the bay size needed to be cut
in half, therefore adding more columns and footings significantly increased the cost of the
system. However, the two way flat slab and composite steel system seem to be viable options
to the current VESCOM composite joist system. Both systems utilize the same basic column
layout as the existing system and therefore would have minimum impact on the foundations.
Another benefit is the fact that the cost of each system is also close to that of the existing
system. One disadvantage of these systems is their integration with the ceiling cavity and all of
the equipment that is located there. Another issue is concerning the lateral systems that would
be used for both alternatives. Although current lateral system could most likely be used with
the composite steel system, it would have to be changed in order to accommodate the two way
flat slab design. These factors will be the focus of Technical Report #3 and from there a more
detailed and definite decision can be made on the feasibility of each system as a design
alternative.
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Appendix A: Structural System Details

B. Follett Page 17



Technical Washington Park Condominiums
Report #2 Mt. Lebanon, PA

Perspective Section of Existing VESCOM Composite Joist System

Perspective Section of Girder Slab D-Beam and Precast Plank
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Perspective Section of Girder Slab System

Two Way Flat Slab Details

Two-Way Flat Plate Two-Way Flat Slab
2 with Drop Panels

i I,

=
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Composite Steel Floor Detail
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Appendix B: Girder Slab Analysis
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Appendix C: Two Way Flab Slab Analysis
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Appendix D: Composite Steel Floor Analysis
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Note: The above plan shows the typical interior bay outlined
by the dashed line. The interior beam being designed is
highlighted in red and the calculation can be found on page
35. The interior girder is highlighted in blue and the design
can be found on page 37.
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Interior Gravity Beam (Denoted above in Red)
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Interior Gravity Girder (Denoted above in Blue)
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Vulcraft Composite Steel Deck Properties
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