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Project Team:
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David Laffey
Castlebrook Development Group
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Mark Sipos
Keystome Structural Solutions
Geotechnical Engineer: Building Statistics:
Dr. Javaid Alvi Location: Pittsburgh, PA
Geo-Mechanics Height: 82°-8”
Remaining project team identities are Stories: 7
being withheld. Size: 89.975 SF
Cost: $11.958.505

Architecture:
o Lower fagade pays tribute to local building
culture. Mechanical/Electrical:

e Multilevel garage with two entrances e Separate HVAC units in each apartment.
making use of uneven land surrounding site. e Climate of public spaces controlled by
individual units.
* Power by 208/120 single phase or
208Y/120 three phase power.

Structure:
Steel podium with wood framing above.
Masonry towers provide lateral force Construction:
resistance. ® Design-Build project delivery method.
Grade beams and caissons at foundation. o Constructed May 2015-September 2016
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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.
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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.
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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.
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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.
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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.
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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.
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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
1% x 9%4 LVL and a series of 2x10’s grouped in threes.
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Figure 08: Wood Joist at Stud Wall (KSS) Image 01: Wood Joists (KSS)
Typical floor diaphragms consists of 1 inch of gypcrete with a ¥ inch sound

control mat over wood sheathing. Sheathing is either % inches thick for floors or 5/8
inches thick for roofs with 2x4 wood blocking at the edges of all panels.
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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 1% 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.

? T T

COLUMN NEB STFF. B9 |
™YF.TeR == :ATOF ‘_AR?ER ;?EAM’ ; N BEAM (SEE PLAN) ! i : N BEAM (SEE FLAN)
PLANGE | LANGE THICKNESS / %" MN ‘\ | 7 — | /
/—ymm.w SHEAR
i

CONNECTION | )/ 4 1 ]
~ / ~ ~ ~
7

8.8

H
: o—pH— e
sTFF.R(B3) :

Y BT  MATCH FLANGE

~ THICKNESS OF Ll
(4) % ® BOLTS

H
WRTS WV
H (4) %0 BOLTS
FLAN/SCHED ) )
N coLmN

K
(SEE PLAN/SCHED )

1
\9—7—< ™™ COL. NEB PARALLEL TOBM. NEB  COL. NEB PERPENDICULAR TO BM. NEB

Figure 10: Beam to Column Side (KSS) Figure 11: Beam over Column (KSS)
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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 5V2"x5%4” 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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y 4 (g\ 3 -
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.

oL
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|

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.
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Figure 16: Balcony Structural Plan (KSS)

1
DEREK GOMBOS | 5TH YEAR | STRUCTURAL 14



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL

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.
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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.

Savava mvas

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

1
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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.
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Figure 21: Moment Connection to Web (KSS) Figure 22: Moment Connection to Flange (KSS)
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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:

e IBC 2015

e ASCE 7-10

e ASCE Steel Manual 15™ Edition

e TMS 402/602-16

e Vulcraft Steel Joist and Deck Design Manuals
e Clark-Dietrich Metal Stud Design Manual

Typical Loads

Dead Loads
Roof 28.5 psf
Floor Type 1 65.5 psf
Floor Type 2 75 psf
Live Loads
Residential Floor 40 psf
zarage Floor 40 psf
Corridors Above 1st Floor | Same as Occupancy
Classrooms 40 psf
Gymnasiums 100 psf
Partitions 15 psf
Roof Live 20 psf
Snow Loads
Flat Snow 21 psf
Drift Snow 43 psf

Table 02: Typical Loads
____________________________________________________________________________________________________________|
DEREK GOMBOS | 5TH YEAR | STRUCTURAL 19



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL

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.
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Figure 25: Residential Framing Consideration — Option One

DEREK GOMBOS | 5TH YEAR | STRUCTURAL 20



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL

% &
o = L
L 1
7 I ey A
[~ ] %3
- 1 .
L Lo =0 T B B B B e g
) "4 I )
ot | o S
- 1
- - :r— 3 1 :' 4 5y T ! 3 . - g
|3 - t - = 7 ] ) —~
- -*\ - l ﬂ_\ T - "EI'— N & * _\[
I | i i
al 4.1 7% | S | '
Y 7| £ 4 1 é 4 L,
‘:é: " fr 3 %
gg‘ " ! Fu," K/
(TFe | T | oF * < il
Bl i, ! : S im] B | |
i | PR 1§ i 253 4 . :
| : == 1SS —— e e |
[ i —] -’ @

Figure 26: Residential Framing Consideration — Option 2

Joists under residential floors span a maximum of 23’-4%” 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.

1
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Figure 27: 71" Floor Framing Plan
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Figure 28: 6™ Floor Framing Plan
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Figure 30: 3™ Floor Framing Plan
Interior Bearing Wall Schedule Exterior Wall Schedule
Mame Stud Type | Stud Spacing Mame | Stud Type |Stud Spacing
BW-1 4005250-97 13" W-1 4005162-54 12"
BW-2 6005300-97 12" W-2 4005162-97 12"
BW-3 | (2) 6005250-97 13" W-3 6005162-97 12"
Table 03: Interior Bearing Wall Schedule Table 04: Exterior Bearing Wall Schedule
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Diaphragm Schedule
Joist Schedule Mame |Deck Type| Topping
MName Type Spacing D-1 1.5B24 --
-1 12K5 16" D-2 1.5vL22 2"
J-2 14K4 16" D-3 1.5VLR16 4"
Table 05: Joist Schedule Table 06: Diaphragm Schedule

Residential Level Beam and Header Schedule

Mame Type MNotes
B-1 H5S 4.5%4.5%.1875
B-2 Hs55 4.5x4.5x.3125

H-1 HSS 4x2x.125 Criented for Wask Axis Bending
H-2 HSS Sxdx.625

H-3 HSS5 4xdx%.125

H-4 HSS 4x2x.125 Oriented for Wask Axis Bending
H-5 HS5 Bxdx.5

H-6 HSS 5x4x%.125

Table 07: Residential Level Beam and Header Schedule

Residential Post Schedule
MName Type Motes
Post | HSS 4x4x.3125| Typ. All Residential Levels

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.

1
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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.
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Figure 30: 2" Floor Framing Plan
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Figure 32: 15t Floor Framing Plan
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Table 09b: Column Schedule (Continued)
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2.5-E 2.5-F 2.5-G 2.5-H 3-8 3-C 3-C.5 3-D 3-E 3-F 3-G
Third Floor
Second Floor
m o o (=] o o o (=] o (=] o
1%} < n wn n "33 "33 13} wv 1"2] (2]
< X x x > > x > Fd x >
~N o~ ~ ~ ~ o~ ~ o~ ~N ~N ~
- [l - - - - - - - - -
3 3 3 = 2 = = = = 2 2
First Floor
Load to Base Plate (kips) 323.7 188.9 297.3 290.8 290.7 290.7 290.7 290.7 290.7 290.7 290.7

Table 09c: Column Schedule (Continued)

3-H 4-A 4-8 4-C 4-C.5 4-D 4-E 4-F 4-G 4-H 4-l
Third Floor
Second Floor
o @ o o~ (=] o o o o o o
wn o < o~ < < < < < < o~
x X > > < x x x x x x
o~ o~ ~N ~ o~ o~ ~N ~ ~N ~ ~
- - - - - - ) - - - Ll
= = 2 3 3 s 2 s 3 = =
First Floor
Load to Base Plate (kips) 290.7 57.9 229.7 33.7 229.7 | 229.7 | 229.7 | 229.7 | 229.7 | 229.7 57.9

Table 09d: Column Schedule (Continued)

Figure 33: Bearing Wall over Beam Detail
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Figure 34: Enlarged View of 2" 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

1
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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.
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Figure 35: Masonry Shear Wall Callouts
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Figure 56a: Enlarged View of Masonry Shear Walls
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Figure 36b: Enlarged View of Masonry Shear Walls
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Figure 36c¢: Enlarged View of Masonry Shear Walls

Masonry Shear Wall Schedule
Type |Thickness| f'm |Jamb Steel|Vert. Bars| Spacing |Horiz. Bars| Spacing Motes
MSW-1 10" 1900 psi | (12} #8 #5 4g" #5 48" Place Jamb Steel in 2 Rows.
MSW-2 12" | 2500psi | (14) #8 #5 ag" #5 43" "
MSW-3 12" | 1900psi | (4)#8 #5 ag" #5 48" "
MSW-4 12" | 3500psi | (6)#8 #5 ag" #5 48" "
MSW-5 12" | 2500 psi | (16) &8 #5 ag" #5 48" "

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.

1
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Figure 38: Proposed Rentable Space at 2" 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.

RS Means Code Item Units| Quanti Mat'l Unit Cost| Mat'l Cost | Labor Unit Cost| Labor Cost | Equip Unit Cost Equip Cost Total
5 - 3 - 3 -
Formwaork 5 3 3
02 11 13.85 4200 Faorms in Flace. Walls,
Below Grade, Job-Buit
Plywood, 1 Use SFCA 4850( § 248 | § 1205280| % 0555 4641300 3
3 - k) - 3
3 k) 3
Concrete 5 k] i
02 31 13.35 M50 Hezwyweight Concrate,
Ready Mo 3000 psi C. 5124 § 2000 | 8§ 85073780 k] 3
03 31 13.70 4300 Placing Concrete. Slab on
Grade, Up o & Thick,
Diract Chute C. 251.3 5 - 3 1670 )| § 418671 § 0680|3F 150.78
12 31 13.70 5100
Flacing Concrete, Walls,
12" thick, Pumped C. 150 3 3 23008 345000 | F TO05) % 1.057.50
5 5 . 5 N
5 3 3
Reinforcement 5 3 3
02 21 11.80 0700 Reinforcing in Place,
Walls, #3 to #7 Tons Bl E 1000005 900000(F 54000 [ 5 4, 580.00 3
03 22 11.10 0700 Plain Welded Wire
Fabric, ded - WiaiWa C.5F 1267 § 5050|585 G852B5[% 32501 % 441035 3
5 - k] - k]
5 k] 3
Steel 5 k] k3
0512 2317 7200 Caolumns, Structural.
W12ET LF. 240| § 12700 (5 3048000 % 286 (% 62640 § 165| § 37200
0512 23.75 2380 Structural Stesl Members,
V1480 LF. 1882 B 121.00 | 5 20855200 | 3 S50 % 504980 | § 207 % 3,285.44
0512 23.75 4780 Structural Steel Members,
Wi21x122 LF. Q k] 17800 (5 8152400 % 405 (% 186400 | % 167 | § T84 86
5 - 5 - k3 -
5 5 3
Excavation 5 k] 3
31 23 18.42 0250 Excavating, Excavator,
Hydraulic, Crawler. 1-1/2
Y. cap. B.C.Y| 8032 3 b 0703 422240 § 103§ 5,21256
3 23 23.20 0054 Hauling, 30 MPH ave,
Cycle 8 Miles LC.Y. 7781 5 3 200(% 1622040 | § 200) % 2250890
5 - k] - 3 -
5 - 5 - 3 -
Subtotals § 300,180.25 $ 0238375 3 3438044 | 3 525,013.44
Sales Tax | T%I | 5 2?.943.25' | - | |H 240523 | § 30,348 43
Owverhead & Profit 201%| | ] 35.425.50' | E] 1847275 | |3 735313 % 111,262 38
Subtotals with OH&P I 5 512.558.00 I I F 110.838.50 I L3 4411880 ] 5 867,514.30
Contingency [ 03] = —] = | [s - 13 -
Adjustments | 0.227] 1] 0.867) [ 0.557] | 0.207]
Total Bid | G | [5_1m050260] [ _+oeeas]s 56551175

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 (lIC). Floor assemblies must
have an STC and IIC of at least 50. Refer to Table 12 for a breakdown of analysis
results.

Assembly Required Existing Existing Proposed Proposed
STC Mass STC Mass STC
Party Wall 50 .36 50 48 51.7
Exterior 30 .36 --* 57 --*
Wall
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.

lIC 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
[IC 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.

DEREK GOMBOS | 5TH YEAR | STRUCTURAL 35



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL

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
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Figure APO1: Vulcraft Deck Calculations
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Figure AP03: Interior Bearing Wall at 6" Story
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Figure AP09: 2" Floor Framing — Partial Composite Beam Under Bearing Wall
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Appendix B — RS Means Data

Image APO1: RS Means Cost Estimation Data

1
DEREK GOMBOS | 5TH YEAR | STRUCTURAL 52



FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL

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 APO5: RS Means Cost Estimation Data
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Image AP06: RS Means Cost Estimation Data
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Image APQ7: 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
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P T3a B5a 335a 488a 58a 03a 10a 435a L18a 483 2453 4Bla FALE] 2Ha
18a 20a 168 a 12a T1a Sla .56 LB4a 383 40a B5a 203 40a a
g 0:20a 8a 237 a 481a T3ha 20a 23a .31a M4 a L1123 50a 4B8a 2a L78a
03Te 13b 2B a 423 670a .82 b B1a 88a 40 a 43a B3a 420a 223 L10a
083a 68a 3Za 48a G83a 23a 2.20a 4.10a i72a .55 a 258a 47a G70a L12a
10 [T Ma 280a 4233 652a 0arb .B2a 72a .33a L13a 217a 4203 B2a J0a
} L 0024 Tie 238k 1 58a LE] 023d 13¢ 03a B0 a 33a A1b .53a 443 80 a
9 2 D44d DEc 238k 43a 530 a 087 e 48b 02a M a B3a Bla B1a 133 2a
12 6 DT e 06ad e 02b 482a 0.26d Mo .50 b BEa 123 e Ma 481a A7a
24 — — e 223d 106 c — 2T e 82d 06 ¢ 21b 468 d M .62 b 53a
2 DMe 0.55d .50 d 240 c 38la 020e .96 d 208 ¢ DEb 4B6a A0e 251b 603 500a
14 6 — Oi4e e 88 d 13 — 40 e B4d 282 ¢ 435b .58 d 201d 18c 45a
24 — — .52 f 2 e 240 d — — 088e e A4 d — e 2 24d 440¢c
2 — Oi4e 00 e 62 d T0c — 0.36e 1.36e 14 d 52¢ D52e B8d .58 ¢ 442 b
18 6 — — B2 f e 224 d — — 0e J0e 02 d 0m2e 12e 2ped 3Mc
et — — — 055 T 45e — — 0xaf 0 117e — 37 f e 1MEe
Image AP13a: Clark-Dietrich Axial and Flexural Load Stud Sesign Tables
ALLOWABLE COMBINED AXIAL & LATERAL LOADS (Kips/Stud)
162 [1-5/8" Flan, 5200 (2" Fla 5250 (2-U/2” Flanga)
. 33 43 54 -68 a7 33 -43 -54 68 o7 -43 -54 68 -7
ook ?I"n;:":! (@0ga) (8gs) gl 4gs) (2ga) (20ga) (1Bga) (16ga) (dga) (12ga) (1Bga) (6ga) O4ga) (2ga)
33ksi 33ksi S0ksi Si0ksi S0ksi 33ksi k=i S0ksi S0ksi S0ksi 33ksi 50ksi 50ksi S0ksi
200a 32a 325a 7.10a 1106a 2433 86a TMa 955a .23a 4.18a 21a 1058a Bla
a Ba 2853 10a 695a 10823 2253 B6a .81a .36 a LM a .B0a Dia 1037 a B0a
P 47a 253a 478a 6853 10823 B8a .27 a 423 D0 a 1487 a .50a B3a 088a 18a
B5a 287 a 1a 608a 10823 26a 85a .73a 253 .34a .BEa .B5a 10243 3a
g £2a 268 a 49a 677a 1073a 023 a 483 01a .80a 723 .70a B87a Ma
24 18a 225 a 4823 638a 10353 S6a 9a .98 3 .64 a 123 223 223 453 .51a
2 Bra 2T1a 4¥Ma G80a 1075a L06a 4a 41a Bia 14.37 a T4a G.G5a LB4a 72a
10 & 40a 2453 4883 6553 10503 Jfa a .10a 52a 07 a 43a 353 L51a 8.38a
-! . EEY 843 430a 608a 1002a 23 S1a 403 02a 47a 2823 .76 a .BEa 572a
; 2 2Ea 228 a 443a 637a 1030a B0a 36a .83a .00a a 183 B3a .BEa 26 a
12 & EEY a 41a 600a 920a 223 443 .18a 58a 2723 T6a .50 a 41a L7Ta
24 L18¢ 2a 43a 2 a 9.19a 050b B8a L3Ta L77a BEa Ba B2a Bla Bla
2 783 J8a T8a 358a 983a 1ila 124 3 471a .02 Bda 257a .10a 753 40a
14 & e A3b 2333 10a 209a 084b T3a 418a .38a DEa 202a 456a 15a BSa
. = 53 d 250 ¢ 213 809a = T8 18b .30a 987a =] .56 a 023 Ba
2 035c b 233 4843 8Xa 08l .B2a Tha 753 0B4a B2a 426a L5663 553
18 6 — T5d B2¢ 408a 788a 010d Mo 16b 143 025a 2b 623 .BSa .70a
24 — — 60 d D2c 644b — .01 d 00d 102 ¢ EDIEY .17 d 4B ¢c 5Tb B41a
103" 307 a 518a 700a 11023 2853" 414a 742a 8m2a .70a 455a .BSa 48a 443
a Brat 2853 507a 6808a 1081 a 2513 400a 728a DBEa .58 a 440a T0a Aa 20a
L Ja r70a 4843 667a 10.70a 2133 Tla 800a 060a .33a 4.10a 473 a .00a
Boa" 287 a A E] 68a 1083a 25833 023 730a LBE 3 .50 a 441a £8a 2a 223
g B3a" 2813 43 677Ta 10.78a 2383 Ma T11a .71a 433 422a Bla MHa 03a
B0a" 25 a 485a 648a 1051 a 203" 47a 875a .38 3 a .B4a 143 .70a B5a
BT a" 2853 497a 680a 10823 240 3" 88a 7.15a 75a 463 4253 Sla Dda D6 a
10 BTa" 2E5a 478a 682a 10853 218" B85a 883a .84 a 263 4023 28a 10843 723
} M FIE 227 a 4443 637a 10303 75 a" .20a 47T a L12a .36 .B5a 23a 353 243
S0 0at 257 a 4T1a 653a 0553 (9" 55a .Bla 423 143 .BTa D8a .57 a .30a
12 30a" 2 a 4443 637a 02 a 733" 1223 4T a 11a 83a .53a T3a 21a BMa
743" T4a L83a E578a .78 a 173" 57a .B1a 403 23a BT a 608a 51a 23a
25a" 2 F] 433a 620a 1021a 713" 1la 28 a Bda 1471a 423 G43a 1853 3a
" LBT 3" Ba 4023 58a 084a 20 3" 87a .B2a .51a 1437 a 2063 Ba 238 a .Bla
M 150" NLE] 2323 14a 133 152 3" B83a 4843 BEa Ma 2.10a ACE} 423 .B4a
LBE 3" B3 108 3 803 .77 a 283 50a 555a 133 7Ba .B2a a 8853 D6 a
18 410" 28a 1523 323 283 Taa" D53 4B8a 5Ta .20 3 333 25a 833a 323
— 44b T::F} 42a EF] — [2a 3bia 523 0da 28a 410a T15a 4083

Image AP13b: Clark-Dietrich Axial and Flexural Load Stud Sesign Tables (Continued)
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ALLOWABLE UNBRACED AXIAL LOADS Based on length (Kips)

Unbracad Langth (ft)
2 25 3 4 5 L] 8 il 10 1 [ 12 3 14 15 16 8 9 2
140 | 238 | 291 | B | 144 | 109 | 086 | 070 | 056 | 046 | 038 | 032 | 07" | 023° | 020° | 048" | 006" | 0.4° . .
EE] 40 | az7 | am 52 | 202 | 1567 | 118 | 080 | 071 | 058 | 048 | 040 | 034° | 030" | 0298 | 023° | 020" . " [ oMr
50 522 | 566 | 506 | 80 | 270 | 103 | 142 | 100 | 086 | 070 48 . . o
Ei] 4 | 743 | aar @ | a3 130 | 188 | 129 | 1@ | 08 057 b ; " [0z | 09"
50 132 | 014 | 887 | 757 | 631 1 88 | 212 | 162 | 178 | 104 ; . 170° | 096"
E] 206 | 284 | 280 | 250 | 290 | 167 | 147 | 1.4 | 0 | 075 | 083 2t | 020"
] 412 | aml & | 340 | 343 | 056 | 206 | 160 | 128 | 105 | 080 78 | 025"
] TT4 | 744 | 687 | 624 | 560 | 406 T8 | 275 | 213 | 173 | 145 | 131 34 | 030"
50 31 | 068 | 805 | 818 | 731 | G646 | 482 | 370 | 204 | 228 | 180 | 146 | 40° | 035"
50 1450 | 1358 | 1255 | 1148 | 1043 | 043 | 730 | 571 | 383 | 283 | 24 | 188 | 527 | 047"
ES] 35 | 398 307 | 288 | 272 | 235 | 188 | 153 | 121 | 060 | 08 | 028 | 026"
5] @ | 488 447 | 420 | 380 | 328 | 2ed | 212 | 186 | 135 | 113 42 -
50 62 | B84l 770 | 702 | 630 | 480 | 3g2 | 275 | 218 | 170 | i1 [+
50 211 | 1184 0 | G612 | 815 | 630 | 472 | 364 | 204 | 248 | 241 | 075" | 088"
50 733 | 1637 406 | 1287 | 181 | 035 | 744 06 | 408 | 430 | 358 | 080" | 0e0”
S 16| 504 471 | 451 | 420 | 3a& 40 | 105 | 157 | 130 [ 045 | o4z
50 77| 848 TE3 | 7.03 | 664 67| 42 20 | 251 | 204 | 170 85|08l
50 16 | 117 1080 | 1000 | 013 | 736 15 | 330 | 272 | om0 [ome | 0w
50 08 | 1814 1634 | 14.88 | 1343 | 1080 650 | 532 | 450 | 3o 76 | 150
= 253 | 747 | 707 | 208 | 180 | 152 | 118 | 061 | 072 | 058 | 04 EENNTFE
ES] 356 | 336 | 313 | 288 | 263 | 213 | 162 | 133 | 085 | 075 | 06 157
Ei] 630 | 585 | 538 | 488 | 404 | 285 | 203 | 140 | 14 | 000 | 072
Ei] B44 | 770 | 680 | 64 | 58 T | 241 | 177 | 136 | 107 | OB
1213 | 084 | 045 | B03 2 | 29 | 170 | 134 | 108
3 28 | 27 158 B0 | 125 | 101 | 083 | 070
7 54 124 | 178 4 | 120 [ 1m
651 | 500 | 43 o6 | 157 | 127
858 | 70 2 1 138 | 188 | 153
1265 | 1145 I 07 | 243 | 187
a0 | 206 12 | 171 | 13 | in | o
460 | 435 I 191 | 157 | 131
TE | 740 13 153 | 207 | 175
50 05 | 88 50 30 | 283 | 243
50 1520 | 1407 40 | BE3 | 568 | 4G | ats
] 483 | 486 7 | 284 | 337 | 185 | 154
50 1 70 | 747 o4 | 378 | 2ma | 241 ]
S0 | 1267 | 1242 122 | 050 | 0B | BA7 | 640 | 400 | 3g0 | 30 | 260 |
400525007 50 | 2074 | 2013 | 1033 | 1841 | 1745 | 1634 | 402 | 1215 | 088 | 761 | 620 | 522 | 451

Image AP14a: Clark-Dietrich Axial Load Stud Sesign Tables

LLOWABLE UNBRACED AXIAL LOA Based on length (Kips)

- Unbraced Langth (ft)
| Mombar | Fy (hai) 3 & a 3 | w [ 12 5 16 7 1 20
550516223 33 BT B1 .15 084 ] .87 44 | 030" 135" 32" .28 " )26 " 23"
550516243 33 r1] 50 .50 20 02 | 0@ 61 053" A7 41" . : 130 *
5505162-54| &0 .06 33 208 a0 A2 20 74 | 065" | D57" | D50 : 40" 23"
E50S16268| 50 .20 270 216 T8 A5 B0 | 078" B2 " 61" : 49" 44"
55051628750 1407 | ; 54 | 280 | 227 | 187 16° | 101° | 082 | 078" " [ 0ea | o0&t
I 323 [ 3l | 3@ [ 24 150 | 148 | 124 | 108 72 | 085 | 0= -
550520043 33 488 448 L] 253 [ 208 | 177 [ 1% 05 | 08% | 084 | =
& (55052005450 [ 846 | 812 | 767 534 45 | 287 | 245 | 200 37 [ 120 [ 105
= [5505000-88 50 1158 | 1080 | 10.18 (5] 74 | 386 | 321 | 27 67 | 145 | 128
550520007 50 B5 | 1886 | 15.82 1112 .75 533 .32 ELT 220 | 192 | 168
50525043 3 [ 500 | 496 | 4@ 414 18 | 288 12 30 [ 117 [ 108
550525054 50 [ 882 | 820 | 7 641 3 | as | B1 | 183 | 148 |
5E05250-88] 50 20 [ 173 [ 1131 7 .07 | 496 | 53 | 228 | 208
| | 5805250487 50 2004 | 19.28 1854 1307 .96 220 1 89 .30 208
B6005137-23| 33 273 266 258 120 | 1 0.86 057 041 035" 31" 27" | 024" |22 "
600513743 33 386 3.83 365 18 54 120 0.06 o7 057 048" | 042° 37" | 032°* .28 *
B00S137-54| 50 7.20 603 651 26 | 02 1.58 127 M 128" 34"
600513768) 50 | 002 | 839 08| [ 268 | 206 | 161 | 127 | 046 | 040"
600513707] 50 | 1565 | 1474 | 135 063 B1 | 265 | 203 | 160 | I i 158" | 051"
600S162-33| 23 .20 30 '] 42 .13 002 0.66 057 | D50 .44 .20 * L35 "
600516243 33 81 | 4 437 47 | 1e7 | 157 | 128 082 | 079 | 069 | 081 | 054" | 048"
B00S16254] 50 | 8% B | 7 % | 288 | 206 | 168 20 | 104 | 088 [ 077 [ 067" [ 0%e”
00516268 50 | 1153 | 1143 | 1050 | 98¢ | 620 20 | 330 [ 270 | 201 50 | 126 | 107 | 093 | 081" | a7t
B00S162-97| 50 | 17.08 | 17.33 | 1845 | 1538 | 1418 [ e47 | 470 | 367 | 200 94 | 163 | 130 | 120" | 104" | Om2"
2 [oosxom[ | am | ad6 | as % [ 3% 253 [ 223 [ 180 [ 157 12 | 067 | 086 | 076 | 083 | 080 |
% (p00S20043| 33 | 530 | 524 | 516 | 504 | 400 455 | 400 | 3e1 | 312 | 265 | 271 50 [ 137 | 120 | 105 | 084 [ 084
* p0s20054] 50 215 .05 ) 74 54 TB4 871 557 451 361 | 385 24 208 | 180 57 23 n i)
B00S20068] 50 | 1310 | 1200 | 1272 | 1235 | 113 1042 | 806 | 744 | 585 | 473 | 386 | 3220 | 273 | 234 | 200 | 173 | 151 | 13 |
B00520067] 50 | 2067 | 2050 | 1867 | 18.08 | 181 82 | 698 | 553 | 44 70 [ a1 [ 285 | 228 [ 188 [ 175
600525043 33 | 543 | 538 | 532 | 523 1 | 4p0 | ) 30 | 280 | 2as 08 | 180 | 150 | 141 27 | 115 B
B00S2E054| 50 | 040 | 027 | 010 | 889 | B63 00 | 727 | 662 | 582 | 475 | 31 | 33 | 283 | 247 | 219 | 186 | 177 | 181 18|
B00S250-68| 50 1221 | 1205 B4 | 1258 | 1237 | 1101 .53 | 10.38 [[F] .86 A 538 | 455 o 47 100 278 53 | 230 | 48
B00S250-07| 50 2253 | 2019 | 170 | 21.11 | 2044 | 1972 | 1000 | 1806 | 1474 | 1262 6T 8.00 i} .54 40 468 404 52 | 300 08
600530054 50 | 056 | 845 | 830 | o011 | 888 | 862 | 833 | 767 | 683 | 814 | 540 | 468 | 308 | 330 | 284 | 250 | 230 | 208 | 187 34
600S300-68| 50 1382 [ 1338 314 | 1286 | 125 | 1213 a1 10.76 0.85 883 | 758 641 5.40 54 05 | 358 | 320 | 288 261 .88
600530007 50 2304 | 2368 | 2320 | 2280 | 2206 | 2147 | 2051 | 1845 | 1633 | 1440 | 1248 | 1044 8.80 T87 660 | 503 | 530 | 480 | 42 15

Image AP14b: Clark-Dietrich Axial Load Stud Sesign Tables (Continued)
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ASD

STANDARD LOAD TABLE FOR OPEN WEB STEEL JOISTS, K-SERIES

Based on a 30 ksi Maximum Yield Strength - Loads Shown In Pounds Per Linear Foot {plf)
Jotst 10K 12K1 | 12H3 | 12ES T4H1 | 14K3 | 14H4 | 14EE 1EK2 | 163 | 1EK4 | 16HS5 | 16KE | 1EHT | 16HS
In.} 10 12 12 12 14 14 14 14 1€ 1E 1€ 16 18 1€ 16
Appro WE [ g s0 | 87 | 71 52 | &0 | &7 | 77 55 | 83 | 70 | 75 | 82 88 | 100
IbBTE)
Pﬂil (i8]
10 550
550
1 550
s42 ||
12 550 550 550 S50
455 550 S50 S50
T3 EXE] 550 | 550
363 510 S0 510
[} [§F] EO0 | 550 550 | 550 550 | S50
283 425 463 453 250 250 290 50
15 358 454 543 S50 a1 S50 550 S50
234 344 428 434 475 ST S07 0T
16 313 Js0 476 S50 245 50 50 a5 550 550 550 550 550 50
132 282 351 396 Fa0 457 467 45T Al Sl 530 550 550 S50 550
il T ki IHY i) i &5 | G50 | 550 i 550 | 550 550 550 550
153 234 23 56 324 404 245 443 488 526 325 526 3525 a2 526
il FLI =9 I =T L T 50 [ o0 55 20 550 550 550 550
134 157 245 31T 272 jxE) T 408 A3 456 430 430 430 430 430
L] FE5| EE [ IS e ki =5 75 oL | 155 T 550 550 550
113 167 207 253 230 T 335 353 S4T il 452 435 435 455 455
] 133 241 302 40y 284 356 428 525 SEE 410 433 550 550 550 550
ar 142 17T 30 137 246 287 T 237 350 Jas 426 L 426 428
1] e FIE] aro 257 I 388 475 333 m 447 503 548 550 S50
123 153 138 170 2 248 39 255 285 3313 73 A0S 406 406
] L5 =T TH =3 | 37 5T ATG A5
106 132 172 147 184 215 259 223 247 289 323 351 385 385
k] TET T i L} i 327 =5 T i ] k| ESE] IS5
g3 | 11¢ | 150 128 160 | 188 | | 154 e 252 282 307 333
M 1cE 208 282 15 245 235 362 254 283 340 364 418 465 S50
&1 10 132 113 141 165 135 170 183 oy | 248 i) 258 346
5 180 frurt 72 334 234 260 N3 353 354 428 514
100 124 145 1753 150 157 135 213 238 263 311
= TEE | H3 251 HE | HI | &3 IE | 55 fii
B8 110 123 156 133 148 173 134 211 233 TG
T iEx] 233 5 || 200 ik ] 1=
-l 25 115 133 113 152 155 173 168 208 =
28 143 180 218 283 188 207 243 281 306 340 408
7o &8 103 124 106 118 13 135 168 18 220
23 ] 133 232 261 285 317 60
a5 106 124 133 151 167 138
30 161 160 H& 244 2EE £
BE 36 112 126 137 151 178
31 15T | i ] I fi %]
T8 - | 114 124 137 151
=z 142 158 | 150 i} i § 55
M 73 a2 103 112 124 147
Image AP15: Vulcraft ASD Load Design Table
Max, Allowable Total (PSF) /[ Load Causing Deflection of L7240 or 1 inch (FSF)
MNo. af Dazck S0l Consl. Span {Men. elr to er of suppords
Spans Type Span 50 5.6 Bl afi 70 T8 [ 86 ad 0.6 100
B2e 45 15/56 a5/ 42 a0 32 68/ 26 5420 51717 45 f 14 40/ 1 35710 2ls 2017
B22 AT 98 /81 B1/81 B8 /47 58/37 a0/ 30 44724 a8/ 20 M7 30714 2712 25/10
1 B20 (X 1237105 | 102/79 86/ 51 7348 B3/ 38 85/ 31 48126 43721 38718 34718 31713
B19 71 146/ 120 | 121797 101/ 75 86 59 74147 65/ 38 57131 51/ 28 45 22 40718 36/ 16
B18 -8 168/ 162 | 138/ 114 | 116/88 8/ 69 BS/ 55 T4 45 65 ! 47 58 (31 521 26 46/ 22 4218
B16 &5 2157796 [ 17B /147 | 1487113 127/ 88 10771 95 /58 B4 /48 74740 G /34 B60/23 5424
B24 5210 124 /153 | 103/ 115 | B86/88 7470 B4/ 56 5645 48137 4373t 39/ 26 35/ 22 31719
B22 B=11 100/213 | B3/ 160 70/ 124 50/ a7 51/ 78 45/ B3 39/ 52 3543 3437 28731 25/ 27
2 B20 ] 128/ 267 | 1067201 | 887155 | 76/ 122 B8/ 97 57078 51165 45 54 407 46 36/ 39 32733
B1g 8.5 160 /320 | 1247240 | 1047185 BE Y 145 TG BT /95 59/ 78 52165 AT ES 42747 aa/40
B18 @ 169/ 360 | 140277 | 1187213 | 1017188 | 87/134 | 767109 &7 190 50 75 53/ 63 48/ 54 43/ 48
B18 a0=3 2137471 | 176 /354 1277214 | 1107172 85/ 140 B4/115 74786 66 / B1 60/ 83 5458
B24 510 154 /120 | 128/90 %255 791 44 6035 61129 54 24 48421 43717 39/15
Baz B=11 124 /167 | 1037126 T4l 76 64 /61 56/50 43/ 41 4334 39/ 20 a5/z24 NI
3 B20 ] 159/ 200 | 1327157 a5/ 95 B2/ TH 72082 63/ 51 56§23 50/ 36 45/ 31 40/ 26
B13 8-5 186 /250 | 1547186 1114114 96/ 91 24774 4161 B8 7561 58 /43 52/37 47731
B18 @1 210/ 289 | 174217 1267132 | 1087106 | 95788 B3 T1 74159 BB / 50 50742 54386
B16 103 264/ 369 | 2180277 158/ 168 | 136/135 | Mo 108 | 105/90 93175 B3/ 63 74154 67 /46

Image AP16: Vulcraft Roof Deck Design Table
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ToTAL 30| Max, Unshored Supermpaosed Live Load, PSF
SLAB DECK Clear Span Clear Span (ftein.)
DEPTH TYPE 1 SPAMN 2 SPAN 3 SPAN 5l 56 | B0 | BR 70 | T | &0 B | 90 | %6 | 100 10=6 | 11°-0) 116 | 120
1.5VL22 5-10 r=10 =10 314 | 2ra| 230 206 | 186 168 | 154 141| 130 120 111 100 8y 76 &7
3.50 1.5VL20 i) g4 96 345 | 306 | 275 | 249 | 227 | 187 171 | 157 | 144 133| 124 | 108 94 82 73
(t=2.00) 1.5VL18 =1 10-3 10-8 372 330 296 | 268 | 244 | 224 | 186 171 15T 145 134 116 | 101 a8 T8
33 PSF 1.48V0L1E B=t 110 -2 a5 | 3, 15| 285 | 260 | 238 | 220 | 204 168 | 156 142 123 | 107 a4 B2
1.5VL1E 8-10 110 114 397 | 353 316 | 286 | 261 | 230) 221| 205| 68| 156| 45| 135[ 119] 105 g2
1.5VIL22 56 75 75 366 | 325 | 267 | 239 | 216 | 196 | 179 184 | 151 133| 129 19| 111]| 102 96
A4.00 1.8VL20 g7 B-10 #-1 A00 | 356 | 315 | 289 239 | 247| 188 | 1B2 | 1BV | 155| 143 133 | 124 15| 108
(=250} | 1.5vL19 75 ] 101 400 | 3B3| 344 311 | 283 | 235 | 215 187 | 82| 188| 156 145 135 1286 115
3 PSF | 1.AVLIE 81 105 107 400 | 400 | 365 330 301 | 276 | 254 291| 24| 180 16T 156 145 136 122
1.5VLIE B3 10%5 10-8 400 | 400 ) 365 | 330 301 276 | 25h 21 184 180 167 166 | 1456 136 127
1.5vL22 53 =1 71 400 | 345 | 307 | 275 | 248 | 225 205 188 | VI 158 47| 136 127 | & 109
4,50 1.5VL20 6=3 85 8'-6 400 | £00| 366 | 303 | 274 | 249 227 | 208| 82| 177 | 164 | 152 [ 142 132 123
(t=3.00) 1.5VL19 Tt 93 9.7 400 | 400 | 393 | 356 325 | 269 | 245 | 226 208 192 179 166 | 185 144 135
45 PSF 1.5VL18 =& g=11 101 400 | 400 | 400 | 3V8 | 344 | 36| 22| 241 222 206| 191 | 178 | 186 155 148
1.5VL16 =10 9-11 10-3 400 | 400 | 400 | 377 | 344 | 345) 282 | 240| 222 | 205| 190 177 | 185] 155 145
1.5VIL22 50 L) 68 400 | 3871 | 347 | 3N | 2BO| 254 | 232 213| 85| 180 | 16T | 154 143 133 124
5,00 1.8VLE0 6= A'=1 g2 400 | 400 ) 400 | 343 310 | 281 267 | 236 ) 217 | 200 186 172 | 180 148 138
{t=3.50) | 1.5VL1% 6= =11 92 400 | 400 | 400 400 | 335| 304 278 255| 235 218 202| 188 175 163 153
51 PSF | 1.5V0L18 73 ] 9.8 400 | 400 | 400 | 400 | 389| 324 | 297 272| 251 233| 216 | 201 187 175 184
1.SVLIE -5 96 a-10 A00 | 400 400 | 400 | 388 | 323 | 285 | 271 250 ) 232 215| 200 [ 1BY | 175 164
1.5VL22 £4=10 -6 66 400 | 400 | 388 | 2348 | 314 | 285| 2680 | 238 | 218 202| 186 | 173 | 180| 149 138
5,50 1.5VL20 58 -5 710 400 | £00 | 400 | 383 | 346 | 3414 )| 287 | 263 | 243 | 224| 208 193 [ 179| 167 [ 156
(t=4.00) 1.5V0L19 B 86 88 A00 | 400 | 400 400 a4 | 340 an 286 283 243 226 210 186 183 17
57 BSF | 1L5VLI18 =0 41 94 400 | 400 | 400 | 400 | 400| 383 | 331 305| 281 280 249 | 225 20| 196 183
1.5VL16 7= g2 9.5 400 | 400 | 400 | 400 )| 400 | 361) 330 | 303 | 278 | 259 | 240 224 209 195 183
1.6VL22 A [:) G'ad 400 | 400 | 400 | 385 | 347 | 315 | ZBR | 263 | 242 | 223 | 206 191 178 165 153
6,00 1.5VL20 56 =5 -6 400 | 400 | 400 | 400 | 383 | 348 | 38| 292 | 265 | 248| 230 213 [ 189| 185 173
{t=4.50) | 1.5VL19 82 82 8.5 400 | 400 | 400 | 400 | 400| 377 344 316| 221 270| 250 232 247 | 202 180
63 PSF | 1.5VL18 6= i) 9-0 400 | 400 | 400 400 | 400 | 400 | 367 | 337 | 31| 288 267 249 232 217 203
1.5VL16 B=10 B=10 -1 A00 | 400 400 | 400 | 400 | 385 | 365 | 335 | 308 | 2ZBG| 266 | 248 | 231 216 | 202

Image AP17: Vulcraft VLI Composite Deck Design Table
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FINAL REPORT STRUCTURAL EXISTING CONDITIONS AND PROPOSAL

TOTAL 501 Max, Unsnored Superimposed Live Load, PSF
SLAB DECK Clear Span Clear Span {f-in,}
DEPTH TYPE 1 SPAN 2 BPAN 3 5PAN 5 56 (5] B Tl ] ] ] 9.0 s 10-0 | 106 | 110 | 116 | 12<0
1.5VLRE2 5-8 ] T4 314 279 227 203 183 166 151 138 127 "7 108 100 92 86 77
350 1.5VLR20 =10 H=8 a1 345 308 275 2449 203 184 168 154 141 130 120 112 104 94 A3
(t=2.00) | 1.5WLR1% T8 o-g a1l 372 | 330| 206| 268| 244 224 82| 67| 15¢| 42| 32| 22| 14| 100 88
38 PSF | 1.5VLR18 8.5 103 108 395 | 351 35| 285| 260 =238 =220 79| 85| 182| 141 131 19| 108 92
1.6VLR1E a-5 105 10°-9 397 | asa| 36| 286| 261 239 | 221 180 | 165| 153| 42| 132| 123 Mns | 101
1.6VLR22 56 =i ] 366 | a2s| 264 23| 293 93| ive| 161 147 38| 25| 16| 07| 100 93
4,00 1.8VLR20 B.5 gl 88 400 A58 318 A1 236 214 195 179 164 151 140 130 121 12 105
{t=2,50) | 1.5VLR13 T-3 9-2 a8 400 383 344 m 283 232 212 194 179 165 153 142 13z 123 15
44 PSF | 1.5VLR18|  7-11 93 1001 400 | 4oo| 365|330 | 301 276 | 226 | 207 19 177 64| 152 42| 132 124
TAVLRIE [ Tedd @uiq 1003 400 | 400) 365) 330 304 276 | 296 207 499 176 ) 64| 52| 42| 32| 124
1.8WVLR22 5.3 &l 71 400 342 an3 27T 245 222 202 185 170 156 144 133 124 115 107
4.50 1.8WLRED 6=2 g=0 83 400 400 366 300 270 245 224 205 188 174 161 149 138 128 120
{I=3.00) | 1.5VLR1g 611 ] g1 400 400 393 56 283 266 243 223 205 188 175 163 151 141 152
50 PSF | 1.5VLR18 Tfi Yt 98 400 | 400|400 37| 344 36| 250 | 2038 19| 202| 88| 174| 1e3| 152 | 142
1.5WLR1E 77 95 910 400 | 4o00| 400| 377 344 315| 25| 237 | 298| 202| 187 | 174 182 | 151 141
1.5WLR22 5= 6-5 6-10 400 | a3B7| 344| 308| 27v| 251 =220| 208| 92| 77| 64| 151 140 | 130 121
500 1.5V R20 5=10 =5 =11 400 400 3rg 439 308 278 284 232 214 187 182 169 157 148 158
{t=3.50) | 1.5VLR1S BT H=5 B8 400 400 400 400 33 am 278 252 232 214 199 184 172 160 149
56 PSF | 1.5VLR18 -2 90 93 a00| 4oc| 400| 400| 389 31| 293 | 269 | 24m| 229 213 | 198 184 | 172|181
1.65VLR16 73 91 95 400| 4o00| 400| 400| 388| 320| 292 | 68| 247| 228| 212| 97| 83| 171 160
1EVLR22 [ 410 -5 B 400 | 400 | 385 3a4 | 30| 281 286 | 235 Me | 129| B3| 10| 187 | 146 | 136
5.50 1.8WVLR20 5.8 =4 77 400 400 400 380 343 an 284 260 239 221 204 180 176 164 153
{t=4,00) [ 1.5VLR19 64 B-1 a4 400 400 400 400 ar 337 308 282 260 240 222 207 182 i7a 168
B2 PSF | 1.5WLR18 g=11 ] =11 400 400 400 400 o) 358 328 301 278 257 238 221 208 193 180
1AVLRIE =11 =3 91 400 | 400| 400 400 393| 357| 37| 300| 2TE| 255| 2aTv| 220| 205| 92| 179
1.6WLR22 4.8 =2 B 400 400 400 aaz 344 32 284 260 239 220 204 188 175 162 151
.00 1.GWLRED =6 =1 T=4 400 400 400 400 380 345 415 289 265 245 227 210 186 182 170
{I=4.50) | 1.5VLR1g B2 =10 -1 400 400 400 400 400 ars a4 33 258 266 247 228 213 1949 166
B8 PSF | 1.5VLR18 B Bt -7 400 | 400|400 | 400 | 400 38| 384 | 334 308| 285| 24| 245| 229| 214 | 200
1.5VLR1E 6-9 B-§ 89 400 | 4oc| 4o0| 400| 400 36| 362 | 332| 06| 283| 262 | 244| 22R| 213|199

Image AP18: Vulcraft VLR Composite Deck Design Table
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RSIC ACOUSTIC ASSEMBLY P
FLOOR CEILING ASSEMEBLY

. World Leader in
Internatlﬂnal Noise Control Solutions
SUSPENDED CEILING UNDER CONCRETE FLOOR R s, (s T

Toll Eree (866) 774-2100 WWW.PAC-TNTL..COM

FCS5 12 NuCore Steel

u. i .| -

'L
€
l'
l'l
]

Fire Resistant Rating
Design: G303

CONSTRUCTION
# 3.53"-3300P5I Concrete

& 34" Comrugates Metal Pans Fastened to K10 Steel Truss at 24" OC

& PSIC-1 TTC Assembly at 48" OC

& 7/ Fumring Chamne] at 24" OC

* 2 Layers 5/8" Fire Code Gypsum Board \\\:;___',f/
RAL - TLO01-215 STC a0 IIC 35

Image AP19: Concrete Slab on Deck and Bar Joist Assembly IIC Rating
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3/20/2019 Roberts Super Felt Premium Underlayment

Home + . L + Felti

Free Shipping

Y + Roberts Super Felt Ficoring Underayment | 3mm 100 st

Roberts Super Felt Flooring
Underlayment | 3mm 100 sf

$32.99 /roll e

Save 8%

7 Review(s) Add Your Review
SKU: 70-180-100
ED Only 9457 left
Availability: In stock
FREE SHIPPING on orders above: no minimum

Free Shipping Ends: 03/26/2019
Estimated Delivery Time: 3-10 Business Days

aty: I ol

O Add o Wshiskly - Add o Compere., o6 frisid

Customer Product Images

F|

Upload images for this product

+ Start Uploading My Own Images

Overview Specification Installation Product Reviews

Super Felt Premium Felt Underlayment provides a vapor barrier, i ion, and sound ing properties. This is ideal for amil and engs wood
flooring. It is available in 100 sq feet rolls, and is easy to install! This 3mm will reduce noise while keeping the moisture out!

Special Features:

100 sq. ft. per roll

STC Rating=66

IiC Rating=67

Self sealing 3" overlap

Adhesive tape strip hed for ing multiple rows
Green Fiber construction

Sound dampening properties

Insulating properties

Made to reduce noise and help cushion flooring

Made from recycled fibers and p using a high heat manufacturing process
Pre-attached vapor barrier film p il d and lami flooring from any moisture from the subfioor
https:/ivivawv.bestiaminate. com/roberts-super-felt-premium-underiayment-100sf-roll/ 12

Image AP20: Floor Underlayment IIC Rating
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