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Executive Summary 

 Flats on Fifth is a seven story residential building in Pittsburgh, Pennsylvania. 

The building is located in the Uptown District just off the parkway, only minutes from 

downtown. 74 apartment units make up the upper five floors with a few on the second 

floor. Parking is located on the first and second floors with additional common spaces 

for residents on these floors.  

 

 The structure is a podium type structure, utilizing type 1A at the first two levels 

and type 3A for the remaining floors.  The top five floors utilize wood framing. 16” wood 

joists span the long direction of the building and bear on 6” stud walls located at party 

walls. The first two levels are framed in steel. Bearing walls end at the third floor, so the 

second floor framing locates beams directly under all bearing walls. Reinforced masonry 

shear walls are the main lateral force resisting system. Shear walls are located around 

stairs and elevators forming three shafts. 

 

 The proposed alternative structure changes the wood framing to steel. 14” bar 

joists are used spanning the long direction bearing on 4”-6” metal stud walls. Additional 

rows of columns were added to the lower two levels of the building to shorten the spans 

of more substantially loaded beams. This helped reduce beam sizes. The lateral system 

remains to be reinforced masonry shear walls. They have been redesigned since the 

load distribution changed. Floor diaphragms in the existing structure are flexible at 

residential levels. The proposed structure designs the diaphragms to be rigid. Most 

walls are 12” thick with varying reinforcement. 

 

 An economics breadth has been done to determine the benefit of a few 

architectural alterations to the building. All parking was assumed to be moved to a sub 

grade level with all remaining non-dwelling spaces moved to the first floor. The second 

floor would then be replaced with a floor of only dwelling units, similar to levels three 

through seven. Comparing the present value of the additional rent for 20 years to the 

construction cost of the parking level, it is determined that this change would result in a 

deficit of $552963.05. 

 

 An acoustics breadth was done to ensure that the proposed system would 

provide adequate sound transmission loss for party walls, exterior walls, and floors. This 

study was performed using the masses of the existing and proposed assemblies. 

Results from this study show that the proposed assemblies will provide equal, or better, 

sound transmission loss. 
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Introduction 
 

 The intent of this report is to provide a brief description of the existing structural 

systems of Flats on Fifth in Pittsburgh, Pennsylvania. In addition, an explanation of the 

proposed alternate structural system will be given. 

 

 The contents of this report will be separated into the sections as follows: general 

building information, existing systems, proposed alternative, extended research, and 

concluding remarks. The “General Building Information” section will review information 

such as location, architecture, and other details relating to the building as a whole. 

“Existing Systems” will review the structural systems of the building according to the 

structural drawings. Both the existing gravity and lateral systems will be discussed in 

this section. Structural redesign will be the focus of the “Proposed Alternative” section. 

Here, the analysis and results from this thesis will be described and explained. Finally, 

the “Extended Research” section will cover non-structural system related items. More 

specifically, this section will cover the “Economics Breadth” and “Acoustics Breadth.” A 

more in depth introduction to these topics is given later in the report. 
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General Building Information 

 

 Flats on Fifth is a seven story residential building completed in September of 

2016. This building is located in the Uptown District of Pittsburgh, Pennsylvania and is 

part of a plan to revitalize the area. The site on Fifth Avenue, just off of the Parkway, is 

a prime location for residents. PPG Paints Arena is within a few blocks from the site and 

with quick access to the Parkway, the other major sporting venues, as well as 

Downtown, are not lengthy commutes. Near the site also, within a few blocks, is a major 

hospital. 

 

 
                 Figure 00: General Site Location 

 

 74 apartment units make up this approximately 90,000 square foot building. 

Dwelling units make up floors three-seven with a few additional units on floor two. The 

first two floors enclose a parking garage with a bicycle storage room. Due to a sloping 

site, low in the front and high in the rear, the garage has no ramps. Taking advantage of 

the elevated street to the rear of the building, two entrances are used. Also within the 

first two floors are additional common spaces for resident use.  

 

 The exterior of Flats on Fifth recognizes the architectural history of the Uptown 

District. Historically, most buildings in the area have been one or two story brick 

buildings. This is honored as the first two levels of the building make use of brick 

veneer. 

 



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL  

  
 

  

DEREK GOMBOS | 5TH YEAR | STRUCTURAL 6 

 

Existing Systems 
 

Gravity 

 

Foundations 

 

 Following the recommendation of the geotechnical engineer, the structure of 

Flats on Fifth bears on a system of grade beams spanning drilled, cast-in-place 

caissons. All concrete used for this design is 3000 psi normal weight concrete. Grade 

beams range in size from 24-30 inches wide and 32-60 inches deep. The most common 

reinforcement includes #8 bars at the bottom and #5 or #8 bars at the top with #4 

stirrups. Figure 01 shows conditions with and without a concrete pier. Per the detail, 

dowel connections change for this condition. When no pier is needed, 4 - #6 dowels are 

used to make this connection. When a pier is specified, dowels extending into the 

caisson match the vertical reinforcement of the pier. 

 

 
Figure 01: Grade Beam Reinforcement (Keystone Structural Solutions (KSS)) 

 

 The geotechnical report recommends that caissons be designed to bear directly 

on solid bedrock, drilling into the rock by at least one foot. Further drilling for skin friction 

socketing is permitted by the report to allow caisson diameters to be reduced, but a 

minimum of 30 inches is given. Caissons in the existing design range from 30-42 inches 

in diameter. Vertical reinforcing changes with diameter but is generally #7, #8, or #9 

bars with #3 ties. Depth of caissons are typically 25 or 45 feet to end bearing with an 

average 4.5 foot skin friction socket in rock. Caissons are designed to transfer most of 

their load by bearing directly on rock. Sockets are added to aid load transfer by allowing 

it to pass through the sides or the caisson in addition to the end. This also helps resist 

uplift forces. Figure 02 shows a typical reinforcement detail for caissons. In some areas, 

concrete piers are required above the caisson as shown in Figure 03. Concrete Piers 

are square of 24 or 26 inch sides with #8 vertical bars and #4 ties. 
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Figure 02: Caisson Reinforcement and Socket (KSS)                   Figure 03: Concrete Pier over Caisson (KSS) 

 

The ground floor of the building is slab-on-grade. This is also designed with 3000 

psi normal weight concrete. The slab is typically 5 inches thick with fiber mesh 

reinforcement. Underneath the slab is a 6 inch bed of compacted, well graded granular 

fill. Figure 04 illustrates this design. 

 

 
                                             Figure 04: Typical Slab-on-Grade (KSS) 

 

Typical Bay 

 

 This section will focus on the gravity load design of Flats on Fifth. Since there are 

two prominent construction types, both will be described. Continuing in the fashion of 

moving from the bottom of the building to the top, the steel systems will be discussed 

first followed by the wood systems. 
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Steel 

 

The building is divided into three distinct column lines which divide the building 

longitudinally. This creates two major spans for infill beams of 40 and 43 feet. Laterally, 

the building is divided into seven distinct column lines. Girders span from line to line at 

most 28’-6”. Figure 05 shows an example of one of the steel framed floors in the 

building. Figure 06 is a closer image of a typical bay of 28.5 feet by 40 feet. 

Some of the more common infill sizes include W24x55 and W21x44. Of the more 

common girders include W21x44 and W36x135. As shown in Figure 07, most of the 

beams and girders in this design are composite acting with the concrete slab it carries. 

Most members use an average of 20-30 shear studs.  

 

 
                   Figure 05: Level 1 Steel Framing Plan  
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                        Figure 06: Close Up of North-East Corner of Steel Framing Plan 

 

The floor structure is a 2 inch, 18 gage composite deck with normal weight 

concrete. Table 01 lists thickness and reinforcement of concrete topping per floor. In 

addition to the welded wire fabric, fiber mesh is added to the concrete mixture for crack 

resistance. 

 

 

 

 

 

 

  

Level Topping Reinforcement 

1 4½” 4x4 – W8xW8 WWF 

2 5¼” 6x6 – W2.9xW2.9 WWF 
Table 01: Slab Topping and Reinforcement 

 

         

 

 

 
Figure 07: Composite Beam (KSS) 
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  Wood 
 

 The upper five floors of Flats on Fifth are of wood construction. Typical infills 

span from wall to wall. Open web joists 16 inches deep and spaced 16 inches maximum 

are used to support the floor structure. Other members throughout the plan include a 

1¾ x 9¼ LVL and a series of 2x10’s grouped in threes. 

 

    
    Figure 08: Wood Joist at Stud Wall (KSS)                                  Image 01: Wood Joists (KSS) 

 

 Typical floor diaphragms consists of 1 inch of gypcrete with a ¼ inch sound 

control mat over wood sheathing. Sheathing is either ¾ inches thick for floors or 5/8 

inches thick for roofs with 2x4 wood blocking at the edges of all panels. 

 

 
                                             Figure 09: Wood Diaphragm Structure (KSS) 
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 Columns 

 

Similar to the last section, this section will discuss first steel members followed by wood 

members. 

 

  Steel 
 

 Steel columns extend from the foundation of the building to just below the second 

floor. Columns are a range of W12 shapes. The maximum load delivered to the 

foundation is 565 kips. Base plates are most commonly 18 inches square and on 

average 1½ inches thick. Columns extend full height. Beams connect directly to the 

sides at floor 1 and lay on top at floor 2 as shown in Figures 10 and 11 respectively.  

 

   
  Figure 10: Beam to Column Side (KSS)                             Figure 11: Beam over Column (KSS) 

 

  Wood 
 

 Stud walls make up most of the vertical members in the upper five floors. Typical 

walls are 2x6 studs spaced either 12 inches or 16 inches on center. These stud walls 

frame into wood posts which run along the main corridor. Wood posts are either (3) 2x8 

dimensioned lumber or one 5¼”x5¼” engineered lumber. Engineered lumber is 

produced to provide higher strength capacities than traditional sawn lumber. These 

posts seem to be used only in places where excessive load is expected, such as 

bearing walls with several long headers. 
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                                                Figure 12: Excerpt From Level 3-6 Structural Plan (KSS) 

  

Lateral 
 

 Reinforced masonry shear walls are used as the main lateral force resisting 

system. 

 

 Masonry Shafts 
 

 There are three main masonry shafts that surround elevators and stairs. These 

can be seen outlined in red in Figure 13. These shafts provide stiffness for the entire 

building to resist lateral loads. Reinforced masonry shear walls are constructed of 8 inch 

to 12 inch ivany block. Typical reinforcement includes #5 bars every 48 inches with #8 

bars at each end vertically with #4 bars every 16 inches horizontally at each face of the 

wall. 
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Figure 13: Apartment Level Floor Plan, Masonry Shaft Callout (KSS)           Image 02: Masonry Shafts (KSS) 
 

 Other Lateral Elements 

 

 While the masonry shafts are the main lateral force resisting system. Other 

supplementary systems are used for extra measure. 

 

  Moment Connections 

 

 As mentioned in a previous section, the gravity system for the first two floors is 

steel. This system includes moment frames and connections to supplement the 

reinforced masonry shear walls. 

 

            
                                                   Figure 14: Plan Marked Moment Connections (KSS) 

 

  Floor Blocking 

 

 Apartment level floors are constructed with 2x4 blocking. Due to high shear in 

these floors, this blocking was added to aid in transferring load to the vertical lateral 

lead resisting elements such as the masonry shear walls. 
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                                               Figure 15: Floor Diaphragm for Shear Transfer (KSS) 

 

Other Structural Elements 

 

 Flats on Fifth features balconies for its residents. Unlike the rest of the structure 

of the apartment level floors, the balconies are steel construction. Balconies are 

constructed of mostly 8 inch channels. 8 inch wide flange members are used typically 

where moment connections are required. Edge members, as well as members 

extending into the building, are 12x4 rectangular HSS.  

 

 
                              Figure 16: Balcony Structural Plan (KSS) 
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                                                   Image 03: Balcony Structure 

 

 

 Crowning the front of the building is a decorative overhang. The extent of this 

overhang can be seen in Figure 17 with the gray hatching. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                Figure 17: Roof Framing Plan (KSS) 

 

 The crown has two styles. Towards the left-front corner of the building, the crown 

is larger and more outward reaching. Along the rest of the building front, it is shorter and 

more vertical. Two different wood structures were implemented for these pieces. The 

first, as shown in Figure 18, uses a step down truss to cantilever off the edge of the 

building. Figure 19 shows the second type, a more block and stud type truss to create 

the shorter cantilever. 
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          Figure 18: Larger Crown Truss (KSS)                                   Figure 19: Smaller Crown Truss (KSS) 

 

 The floor plan of Flats on Fifth becomes irregular between the second and third 

level of the building. As shown in Figure 20, the bearing wall of the residential floor has 

no wall to continue the same load path. To mend this, a larger steel beam is used to 

carry the load. 

 

 
                                            Figure 20: Alignment of Bearing Wall and Steel Beam (Architect) 

 

Joint Details 

 

 Moment Connections 

 

There are two different types of moment connections used in the steel framing. 

Standard moment connections, like the ones shown in Figures 21 and 22, are welded 

connections. Shear and moment are resisted by the entire connection. Plates are added 

to the column to increase stiffness of the joint. The wind moment connection, shown in 
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Figure 23, is bolted at the flanges and welded along the web. Here, shear is resisted 

completely by the web connection and the bolted flanges resist moment. 

 

         
 Figure 21: Moment Connection to Web (KSS)          Figure 22: Moment Connection to Flange (KSS) 

 

 
                Figure 23: Wind Moment Connection (KSS) 

 

 Truss to Bearing Wall 

 

 Wood trusses are made continuous at stud walls. The top chord of the truss is 

extended through the partition to adjacent trusses. In addition to being continuous, the 

top chord is also double layered to better resist moment transfer through the chord. 

Being a continuous member, the stud wall must carry twice the load at a single spot. 

The double 2x top plate helps distribute the load over the length of the wall. 
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                                               Figure 24: Wood Truss End Bearing (KSS) 
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Proposed Alternative 
 

Overview 
 

 The existing structural system of Flats on Fifth uses wood floor trusses bearing 

on wood stud walls. At the third floor, the structure changes to steel framing. Lateral 

forces are resisted by reinforced masonry shear walls. This thesis proposes altering the 

wood framing as described in the sections above to steel. Vulcraft bar joists bearing on 

metal stud walls will be designed for the residential floors. Steel framing will be used for 

the first two levels of the building. Framing will be designed in attempt to use lighter or 

shallower members when possible. When necessary, partial composite beam design 

will be used. Floor diaphragms on most levels will be altered from flexible wood to rigid 

concrete slab on deck. Thus, reinforced masonry shear walls will remain as the lateral 

force resisting system, but will be redesigned for a load distribution based on relative 

stiffness. The following sections cover each part of the design in more detail.  

 

 The following codes, standards, and design manuals were used for this design: 

 

 IBC 2015 

 ASCE 7-10 

 ASCE Steel Manual 15th Edition 

 TMS 402/602-16 

 Vulcraft Steel Joist and Deck Design Manuals 

 Clark-Dietrich Metal Stud Design Manual 

 

 
                                                   Table 02: Typical Loads 
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Gravity 

 

 Light Gauge Framing 

 

 Two structural layouts were considered for the residential levels of the building. 

The first option, like the existing wood framed plan, placed bearing walls at party walls 

with joists spanning in the long direction of the building. The second utilized the 

longitudinal exterior walls and corridor walls for bearing walls. Joists would thus span in 

the shorter direction of the building. Both options are represented in Figures 25 and 26. 

 

 Since span lengths for the first option would be shorter, smaller joists will be 

required. Smaller tributary width will also decrease the required stud sizes. 

 

 
Figure 25: Residential Framing Consideration – Option One 
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Figure 26: Residential Framing Consideration – Option 2 

 

 Joists under residential floors span a maximum of 23’-4
3

16
” and carry a typical 

superimposed dead load of 65.5 psf, which includes an estimated self-weight, and a live 

load of 40 psf with an additional 15 psf for partitions. These loads were used in 

combination with Vulcraft’s steel joist design manual. Results have been listed in Table 

05. 

 

 Bearing walls are designed using data from Clark-Dietrich’s light gauge design 

manual. Load from the floor was converted from an area load to a line load using the 

tributary area. Assuming a 12” stud spacing, the line load was converted to an axial load 

per stud. This process was repeated for each floor, making sure to also include the load 

from floors above. Both 6” and 4” stud walls can be used, allowing walls to become 

thinner on upper levels of the building. More details are listed in Table 03. 

 

 Concrete slab on deck was designed using Vulcraft’s steel deck design manual. 

A three-span condition was assumed for all floors. While this was not an issue with the 

residential levels due to only 16” spacing of joists, this allowed for wider spacing of 

members on the lower two levels. Deck information is listed in Table 06. 
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                       Figure 27: 7th Floor Framing Plan 

 

 
                       Figure 28: 6th Floor Framing Plan 
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                      Figure 29: 4th-5th Floor Framing Plan 

 

 
                      Figure 30: 3rd Floor Framing Plan 

 

      
                       Table 03: Interior Bearing Wall Schedule                  Table 04: Exterior Bearing Wall Schedule 
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                            Table 05: Joist Schedule                            Table 06: Diaphragm Schedule 

 

 
                                 Table 07: Residential Level Beam and Header Schedule 

 

 
                                           Table 08: Residential Post Schedule 

 

  Joist Bearing 

 

 The top of the stud walls are capped with a track. This piece would not be 

adequate for carrying the loads from the joists. Thus, a double angle section has been 

designed to assist in distributing this load. Assuming the joists from both sides of the 

wall are located at the midspan between two joists produces the maximum moment for 

design. Each joist applies approximately 1.4 kips to the wall resulting in a total moment 

of 8.6 in-kips. This load had been calculated in ASD. To use the member specification 

values in the AISC Steel Manual, this load was multiplied by a factor of 1.5 to convert 

the load to an approximate LRFD equivalent. 2x2 angles were used so the thickness of 

the 4” stud wall would not be exceeded. A 2L2x2x1/4 is adequate to carry this load. 
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 Steel Framing 

 

 Transitioning from the third floor to the second floor, the structure changes from 

light gauge bearing walls to beam and column framing. Infil beams will span in the short 

direction of the building with girders spanning the long direction. This will create shorter 

spans for the girders and keep member sizes to a minimum. Since the bearing walls do 

not continue at the second floor, transfer beams were located directly under all bearing 

walls. These beams were designed to frame directly into columns. This also helps 

reduce girder size by reducing the amount of high mid-span point loads. The entrance 

to the garage at the second level is a special case. Here, a column could not be placed 

in line with the transfer beam. To keep member sizes small, the column line was shifted 

and shorter infils were added between two beams to transfer the load to the girders. 

 

 Partial composite beam design was used to keep member sizes smaller under 

more substantial loading conditions. Data from the AISC Steel Manual Table 3-19 was 

used to determine adequate member sizes for moment and shear as well as the 

required number of shear studs. Composite beams meet requirements for both 

composite and construction deflection. 

 

 Partial composite beam design is not necessary for all beams. Where loading 

and span conditions are minimal enough such that a shallow beam is adequate without 

the use of composite action, non-composite design is used. 

 

 
                 Figure 30: 2nd Floor Framing Plan 
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              Figure 32: 1st Floor Framing Plan 

 

 
                  Table 09a: Column Schedule 

 

 
                  Table 09b: Column Schedule (Continued) 
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                  Table 09c: Column Schedule (Continued)  

 

 
                 Table 09d: Column Schedule (Continued) 

 

 
                     Figure 33: Bearing Wall over Beam Detail 
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                                            Figure 34: Enlarged View of 2nd Floor Framing at Garage Entrance 

 

Lateral 
 

 Since the diaphragms of levels four through seven are changing from flexible 

wood to rigid concrete slab on deck, load distribution is based on the stiffness of each 

lateral element. Thus, masonry shear walls will remain to be the lateral force resisting 

system, but have been redesigned for updated load distribution. 

 

 Masonry Shear Walls 

 

 All reinforced masonry shear walls have been redesigned based on updated load 

distributions. The existing floor structure consisted of a flexible wood diaphragm for 

most levels of the building. The proposed diaphragm is considered to be rigid. 

Therefore, load distribution is no longer based on tributary area, but relative stiffness of 

the shear walls. 

 

 The shear walls were designed based on a balanced failure assumption. The 

ratio of steel to masonry was not allowed to pass the balance point. This means the 

steel will yield before the masonry fails, resulting in a ductile failure. To ensure adequate 

flexural strength, the resulting stresses in the steel and concrete are not larger than the 

maximum values as specified in the TMS code. The shear capacity of the masonry of 
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each wall was determined to be grater then the applied stresses, meaning no steel 

reinforcement is necessary. Reinforcement bars have been specified regardless 

satisfying the TMS provision for minimum reinforcement in an ordinary reinforced 

masonry shear wall. 

 

 
                 Figure 35: Masonry Shear Wall Callouts 

 

 
                                           Figure 56a: Enlarged View of Masonry Shear Walls 
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                                       Figure 36b: Enlarged View of Masonry Shear Walls 

 

 
                                                     Figure 36c: Enlarged View of Masonry Shear Walls 

 

 
 Table 10: Masonry Shear Wall Schedule 
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Extended Research 
 

Economics Breadth 
 

 Goal 

 

 This study proposes a few alterations to the architecture of the building. First, all 

parking from both levels can be relocated to a sub-grade level. Also, any non-apartment 

unit space will be moved from the second level to the ground level. With the second 

level now vacant, aside from dwelling units, the empty space can be filled with more 

apartments. 

 

 These alterations increase the available rentable property and provide more 

income for the owner. However, to accomplish this, an additional floor must be 

constructed. To determine if this proposed alteration would be economically beneficial, 

an estimate of the additional floor construction will be compared to the present value of 

the estimated income from 20 years of rent. 

 

 Analysis 

 
 Income gained will be based on the square foot cost of rentable property. After 

some research, the average rent per square foot in Pennsylvania is $1.20. The existing 

second and third floor plans are used to determine the increase in rentable space. The 

existing plan includes 2712 square feet of apartments. The proposed plan will include 

10238 square feet, increasing the total rentable space by 7526 square feet. Using the 

average rent mentioned above, the owner will be paid an extra $9031.20 per year. To 

better compare this to the construction estimate, the present value must be calculated. 

Assuming 5% interest over a 20 year period, the present value of the rent paid comes to 

$112548.71. 
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     Figure 37: Existing Rentable Space at 2nd Floor 

 

 
    Figure 38: Proposed Rentable Space at 2nd Floor 
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 The estimated cost of construction will include excavation, concrete, formwork, 

reinforcement, and structural steel. A more in depth breakdown of the estimate can be 

found in Table 11. Data from the RS Means Building Construction Cost manual was 

used to estimate costs for materials, labor, and equipment. The final estimated cost to 

construct this additional level comes to $665511.76. 

 

 
   Table 11: Cost Estimation for Sub-Grade Parking Level 

 

 Outcome 

 

 After estimating the present value of the additional income from rent 

($112548.71) and the cost of constructing the sub-grade parking level ($665511.76), a 

decision can be determined on the economic benefit of this proposed alteration. 

Considering the above data, the cost of construction is $552963.05 more than the 

income from rent. Therefore, the proposed alteration to the buildings architecture is not 

recommended. 
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Acoustics Breadth 

 

 Goal 

 

 This study is intended to ensure that the sound transmission levels of the 

proposed steel stud walls are equivalent to or better than the existing wood stud walls.  

Consulting Architectural Acoustics: Principles and Design, doubling the mass of a 

system results in a roughly 5-6 dB increase in transmission loss. Following this rule, the 

masses of the proposed wall and floor systems will be compared to the masses of the 

existing systems to determine the adequacy of the proposed system. 

 

 Analysis 

 

 Three assemblies will be reviewed in this study. The first will be a party wall 

between apartment units. Party walls are required to have a Sound Transmission Class 

(STC) of at least 50. Exterior walls will also be tested for adequacy assuming a required 

STC of 30. Finally, floor assemblies will be reviewed. They will be tested for 

conformance to both STC and Impact Insulation Class (IIC). Floor assemblies must 

have an STC and IIC of at least 50. Refer to Table 12 for a breakdown of analysis 

results. 

 

Assembly Required 
STC 

Existing 
Mass 

Existing 
STC 

Proposed 
Mass 

Proposed 
STC 

Party Wall 50 .36 50 .48 51.7 

Exterior 
Wall 

30 .36 --* .57 --* 

Floor 50 .60 64 1.28 69.3 
Table 12: Comparison of Existing and Proposed Assembly STC and IIC Values  

 

 The architectural drawings did not specify the STC of the exterior walls. Thus, 

these values could not be accurately represented. However, assuming that the existing 

wall is adequate, the proposed wall will be adequate as well based on mass. 

 

 IIC values for the floor have been estimated based on sound rated assemblies of 

floors that match the proposed system. The assembly of concrete slab-on-deck, steel 

bar joists, batt insulation, and gypsum board is rated an IIC of roughly 35. To meet the 

required 50, floor underlayment is needed. A sample from a flooring supplier is rated an 

IIC of 67 which brings the assembly over the requirement. 
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Outcome 

 

 The results above show that each of the proposed assemblies are equivalent, or 

better than, the existing assemblies for STC and IIC. This means less sound will travel 

through the proposed assemblies. Thus, the proposed system can still be considered 

since it meets sound transmission requirements. 
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Concluding Remarks 

 

Flats on Fifth is a seven story podium building consisting of two levels of steel 

framing and five levels of wood joists and bearing walls. The lateral force resisting 

system utilizes reinforced masonry shear walls at three locations in the building. This 

system has been altered to steel bar joists and metal stud bearing walls at residential 

levels with an altered steel framing layout at the first two levels. Masonry shear walls 

have been redesigned for updated lateral loading since floor diaphragms have changed 

from flexible to rigid. 

 

 To determine if the proposed design should be recommended, a cost estimate 

will be compared to the cost of the existing structure. Based on an estimate from 

Castlebrook Development Group, the existing structure costs roughly $4.7 million. The 

proposed structure comes to about $3.2 million. This is a difference of $1.5 million. 

However, this may not be an accurate comparison as the specific details of the existing 

structural cost estimate are unknown. So, to help make a decision relative construction 

times will be considered.  

 

Most of the building consists of residential dwelling units framed with joists and 

bearing walls. Both the existing system and the proposed system are able to be 

prefabricated, so the length of construction should not be affected much. The floor 

diaphragms, however, change from wood sheathing to concrete slab on deck. Walls can 

be erected immediately above the wood sheathed floor. To build on top of the concrete 

slab on deck, the concrete must be allowed to cure for at least seven days. This will 

likely add time to the construction schedule. The lower two floors make use of additional 

rows of columns to reduce column sizes. Installing the additional columns and beams 

will likely add time to the schedule.  

 

 Based on the observations made above, it does not seem like the proposed 

alternative structure can be recommended. 

  

 PSU AE – ABET 2.3 

 

 A goal from the start of this thesis was to complete the structural 

redesign without altering the architecture of the building. Aside from a few minor 

alterations, this goal has been accomplished. Of these alterations, ceilings of most 

residential levels must be lowered by less than 2”. However, party walls from the sixth 

floor up and exterior walls from the third floor up can be reduced from 6” wood studs to 

4” metal studs, reducing the thickness of the walls. 
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 PSU AE – ABET 2.4 

 

 Structural elements were designed individually to result in more 

accurate load cases. This prevents the use of oversized beams, columns, and other 

elements. The variation in bearing wall sizes, as mentioned above, is an example of the 

results produced by this type of design. 
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Appendices 
 

Appendix A – Sample Calculations 

 

 

 
Figure AP01: Vulcraft Deck Calculations 
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Figure AP02: Vulcraft Joist Calculations 
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Figure AP03: Interior Bearing Wall at 6th Story 
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Figure AP04: Interior Bearing Wall at 3rd Story 
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Figure AP05: Exterior Bearing Wall at 5th Story 
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Figure AP06: Residential Level Beam 
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Figure AP07: Residential Level Header 
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Figure AP08: Residential Level Post 

 



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL  

  
 

  

DEREK GOMBOS | 5TH YEAR | STRUCTURAL 46 

 

 
Figure AP09: 2nd Floor Framing – Partial Composite Beam Under Bearing Wall 
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Figure AP10: 1st Floor Framing – Non-Composite Beam 
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Figure AP11: Column Design 
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Figure AP12: Shear Wall Stiffness Calculation 
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Figure AP13: Shear Wall Design 
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Figure AP14: Joist Bearing Calculation 
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Appendix B – RS Means Data 

 

 
Image AP01: RS Means Cost Estimation Data 
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Image AP02: RS Means Cost Estimation Data 

 

 
Image AP03: RS Means Cost Estimation Data 
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Image AP04: RS Means Cost Estimation Data 
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Image AP05: RS Means Cost Estimation Data 
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Image AP06: RS Means Cost Estimation Data 

 



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL  

  
 

  

DEREK GOMBOS | 5TH YEAR | STRUCTURAL 57 

 

 
Image AP07: RS Means Cost Estimation Data 

 

 
Image AP08: RS Means Cost Estimation Data 
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Image AP09: RS Means Cost Estimation Data 
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Image AP10: RS Means Cost Estimation Data 

 

 
Image AP11: RS Means Cost Estimation Data 
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Image AP12: RS Means Cost Estimation Data 
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Appendix C – Cut Sheets 

 

 
Image AP13a: Clark-Dietrich Axial and Flexural Load Stud Sesign Tables 

 

 
Image AP13b: Clark-Dietrich Axial and Flexural Load Stud Sesign Tables (Continued) 
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Image AP14a: Clark-Dietrich Axial Load Stud Sesign Tables 

 

 
Image AP14b: Clark-Dietrich Axial Load Stud Sesign Tables (Continued) 
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Image AP15: Vulcraft ASD Load Design Table 

 

 
Image AP16: Vulcraft Roof Deck Design Table 
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Image AP17: Vulcraft VLI Composite Deck Design Table 
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Image AP18: Vulcraft VLR Composite Deck Design Table 

 



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL  

  
 

  

DEREK GOMBOS | 5TH YEAR | STRUCTURAL 66 

 

 
Image AP19: Concrete Slab on Deck and Bar Joist Assembly IIC Rating 
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Image AP20: Floor Underlayment IIC Rating 
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