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Executive Summary:

This report is the result of a yearlong study of Washington Park Condominiums, whichisa 9
story, 148,000 ft*> multi-use retail and residential building located in Mt. Lebanon, Pennsylvania.
The existing design consists of a precast concrete plank system on the first two floors and a
composite steel joist system on the remaining seven floors. Both systems are used to resist the
gravity loads on the structure. The composite steel joist system was also used as an
architectural element in the building because of its ability to integrate the mechanical systems
within the depth of the joists. This proved to be a valuable aspect of the design, which allowed
for higher ceiling heights and a more upscale feel to the apartment units. To resist the lateral
loads of the structure, steel moment resisting frames were designed. These frames begin on
the second floor and continue up through the top of the building. Brace frames were also
designed and placed in the basement of the building to help transfer the lateral loads due to
wind, seismic and soil pressure to the foundations. Overall, this design effectively resists the
gravity and lateral loads of the building.

The purpose of this study is to redesign the existing structural system of the building, while
determining whether or not the existing design is the most efficient. The proposed gravity
system of the structure consists of a two way flat plate slab supported by reinforced concrete
columns. This system allows for little change in the buildings column grid and floor plans. The
planned lateral system of the building originally consisted of reinforced concrete shear walls
located around the stair and elevator shafts of the building. However, after initial design
analysis the design was updated to include exterior concrete moment frames. These moment
frames will add stiffness to the building along with reducing the torsional effects of the lateral
forces.

The shear walls in the building were designed as ordinary reinforced concrete shear walls
because of the seismic design category that the building falls in. In contrast, the concrete
moment frames of the building are designed as intermediate moment frames so more in depth
detailing, reinforcement and design could be explored as part of the study. Overall, the new
lateral system is designed to comply with all code requirements as laid out in ASCE 7-05 and ACI
318-08.

Lastly, two breadth studies will be completed as a way to see how the change in structure
impacts other systems within the building. The acoustics study to be performed was requested
by the owner because of concerns stemming from the amount of sound transmission that
would occur from noisy spaces into the apartment units. Finally, an architectural detailing
study will be completed in order to determine the impact that changing the structure has on
the placement of the mechanical systems of the building.
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Introduction:

Washington Park Condominiums is a multi-use retail and residential building located at the
intersection of Bower Hill Road and Washington Road in Mt. Lebanon, Pennsylvania. Site work
and excavation has begun at the site and construction should begin sometime before the end
of the Fall 2008, with the project lasting until Fall 2010. Washington Park Condominiums is the
first of two buildings proposed to be built on the site. Building One is a nine-story, 148,000 ft>
structure which is owned by Zamagias Properties of Pittsburgh, PA. A site plan for the building
can be seen in Figure 1 below. The building was architecturally designed by Indovina Associates
Architects and is being constructed by PJ Dick, Inc. for a price of $23,418,000. The building’s
primary use is residential and it contains 7 stories of condominiums on the 2" through 8"
floors. The first floor of the building is used for retail space and as a location for extra amenities
for the residents of Washington Park. The building also contains two below grade levels of
parking. The enclosed parking garage contains 78 parking spaces that can be used by the
residents. Two elevators and two stairs serve the parking areas that also contain resident
storage, a wine room and trash collection along with mechanical and electrical rooms. The
ground floor serves primarily as retail space with four separate areas available for possible
tenants. Also contained on the floor is a resident exercise room and a private entrance and
lobby for the residents.

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

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

Foundations

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

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

Floor Systems

Two separate floors systems are typical
within the structure of Washington Park.
The first is a precast concrete plank
system that is used in the parking areas
as well as the first and second floor
framing. The precast concrete plank is 8”
thick and also contains a 2” thick
structural topping. The reinforcing in the
structural topping is 6x6-W1.4xW1.4
welded wire fabric. The precast concrete
plank system bears on W shapes which
then carry the load to the columns. This

system was used in the parking areas

Figure 2: VESCOM Floor System

because of the systems diaphragm
capacity (ability to transfer horizontal loading) and because of its durability and strength.

The second primary floor system in the building is the VESCOM composite joist floor system.
The composite joist system interlocks the top chord of a joist with the concrete producing less
deflection, less vibration and greater stiffness. The floor construction consists of a 2 11/16”

B. Follett Page 9



Architectural Engineering Senior Thesis Washington Park Condominiums
Final Report Mt. Lebanon, PA

reduced weight concrete slab that is poured on top of the 1 5/16”, 22 Gage galvanized floor
decking. The bottom chord acts as the main tension member, and in the composite stage the
embedded top chord serves as a continuous shear connection. The concrete is also reinforced
with welded wire fabric and compressive strength of the concrete is f'.= 3500 psi. Finally, the
system was used as an architectural element since the ceiling could be installed directly to the
joist bottom chord and the mechanical systems (HVAC, plumbing, fire protection, electrical and
telecommunications) could be installed with the joist system, saving space and allowing for
higher ceilings and floor to floor height within the apartments.

Lateral System

The lateral resisting system within the building is mainly moment resisting steel frames made
up of wide flange beams. These frames begin on the second floor and continue up through the
top of the building. These frames run in the north-south direction and run along column lines A,
B, C and D. Rigid connections also occur on these floors along column lines 1 through 9. Figure
1 below shows the four different types of moment frames that exist within the building. Since
the VESCOM floor system is being used as a diaphragm to transfer shear loading the load path
begins at the exterior beams and then continue on through the floor system to joist girders
which are to be designed and manufactured by the joist manufacturer.

Figure 3: Moment Frame Diagram

North — South Frames (A & D) - : East — West Frames (F thru L)

North — South Frames (B & C) East — West Frames (E & M)
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The load is then transferred into the large W14 columns, and finally to the brace frames and the
foundations. There are a total of eleven braced frames located in the basement and
subbasement levels running along column lines 1 through 11 from column lines A.1 to B. The
brace frames are 17’-2” in length and they begin at the sub-basement level and connect into
the framing for the ground floor. The bracing in the frames consists of HSS 8x8x1/2 up to the
basement level, and HSS 6x6x3/8 from the basement level to the ground floor. These frames
are shown in Figure 3 above. This plan detail and the detail of the brace frames can be found in

Figures 4 and 5.
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Roof System

The flat roof system of the building is similar to floors 3 through 6 in that it also utilizes the
VESCOM composite floor system. The only main difference in the system is that the concrete is
4 11/16” thick. The pitched roof is framed with a typical pre-engineered light gauge roof truss
system spaced at 2’-0” on center. This roof is topped with asphalt shingles and %" cement
bonded particle board. Finally, the roof of the stair towers are framed with light gauge purlins,
topped with roof insulation and shingles.

Columns

The columns in Washington Park Condominiums have all been designed using AISC 9™ Ed. ASD
and are ASTM A992 Grade 50 wide flange columns. The columns are spaced at 27°-8” or 28’-0”
in the north-south direction and 17’-2” or 28’-4” in the east-west direction. The columns at the
base of the structure that run the entire height of the building range from W12x96 to W14x193
at the bottom to W12x40 and W14x74 at the top of the structure.
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Building Systems:
Construction

The construction of Washington Park Condominiums is slated to begin sometime in the fall of
2008 with an estimated completion date of fall 2010. The general contractor on the project is
PJ Dick Inc. and the building is being delivered as a design-bid-build construction project. Site
work has begun and the site has been excavated up to 25 feet in some places to reach the
lower garage finished floor elevation.

Fire Protection

The owner of Washington Park Condominiums chose to protect the building from fire with an
automatic sprinkler system. The basement and sub-basement areas are protected by a dry pipe
system with the first through penthouse floors protected by a wet pipe system. Smoke
detectors are also located throughout the first floor lobby and retail spaces as well as in the
residential units on floors 2 thru 8. There are also fire alarms located in the hallways and lobby
on each floor, including the parking garages. These alarms are connected to a main fire alarm
control box located on the first floor. Since the building is a multi-use structure there is some
fire separation required. For most of the building a 2 hour fire separation between building
functions is recommended by code.

Electrical

The electrical system in Washington Park consists of a 208Y/120V 3 phase, 4 wire system with
individually fixed mounted panels in each unit and separate panels in the electrical rooms
located on the sub basement, basement and first floors. The building’s main electrical room as
well as the emergency generator is located on the sub basement garage floor. The emergency
generator provides emergency power to operate life safety items such as fire alarm, exit signs,
emergency lighting and necessary mechanical systems.

Lighting

Primary hallway lighting on the 1** thru 8" floors is provided by fluorescent wall mounted
scones. In the condominiums there are two types of fixtures that are primarily used. These
include 4’ fixed mounted T5 fluorescents in the closets and 75W recessed down lights with 6”
aperture white baffled reflector trim throughout the rest of the spaces. The basement and
garage spaces use 150W Quartz restrike surface mounted lights as well as 4’ fixed mounted T8
fluorescents. Exterior lighting includes decorative pole mounted fluorescent fixtures and wall
mounted metal halide fixtures. The building also utilizes natural lighting through large

B. Follett Page 13
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windows, 10’ ceiling heights and fact that the long direction of the building is in the east to west
direction.

Mechanical

The mechanical system of the building is mostly individualized to each residential unit. Each
unit shall have an electric water heater located in the unit’s mechanical room. Units on floors 2
through 6 shall have a 50 gallon tank and units on 7th and Penthouse shall have 80 gallon tanks.
Each unit is also conditioned with a high efficiency gas fired furnace and air conditioning unit
utilizing environmentally friendly refrigerant. The furnaces are located in the units mechanical
room with the associated air conditioning unit located on the roof. These furnaces are
individually controlled through thermostats in the each apartment for desire temperature and
comfort. The building also has conditioned fresh outside air supplied to each retail and unit
space. The outside air is processed by a roof mounted energy recovery unit and then delivered
through insulated metal ductwork to each furnace system.

Transportation

The main entrances to the building are located on the east and west sides of the building. The
southwest corner of the building contains the ground floor entrance and lobby for residents.
This lobby serves floors 2 thru 8 by a main stair and elevator. The parking garage entrance is
located on the northwest corner of the building. From the garage, either of the two stairways
or elevators can be used depending on where the resident parks. The eastern side of the
building contains the main entrances to the retail spaces. These retail spaces can also be
accessed through the garage by using either of the stairs or elevators and then using the retail
service corridor.

Other Systems

The building also utilizes a security system with key card access for the residents to the lobby
which controls the electromagnetic locks on the lobby doors. Each residential unit also
contains multiple land line telephone outlets, cable television outlets and data receptacles.
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Applicable Codes, Design Requirements and Load Cases:
Design Standards
International Building Code 2003 w/ Amendments for Mt. Lebanon
ACI 318-08 (Reinforced Concrete Design)
AISC 13th Edition ASD (Structural Steel Design)
ACI 530-02 (Masonry Design)
ASCE 7-05 (Minimum Design Loads for Buildings and other structures)
Deflection Criteria
Floor Deflection Criteria
L/240 Total Load and L/360 Live Load Deflections
L/360 Gravity Loads on Exterior Stud Walls
L/600 Gravity Loads on Masonry/Veneer Backup Walls
Lateral Deflection Criteria

A = H/400 for Allowable Story and Building Drift due to Wind Loading

A = 0.020hsx for Allowable Story and Building Drift due to Seismic Loading

Design Load Combinations

The following Load and Resistance Factor Design load combinations were considered for
analysis, as noted in ASCE 7-05 Chapter 2:

1.4(Dead)

1.2(Dead) + 1.6(Live) + 0.5(Roof Live)

1.2(Dead) + 1.6(Roof Live) + 0.8(Wind)

1.2(Dead) + 1.6(Snow) + 0.8(Wind)

1.2(Dead) + 1.6(Snow) + 1.0(Live)

1.2(Dead) + 1.6(Wind) + 1.0(Live) + 0.5(Snow)
1.2(Dead) + 1.6(Wind) + 1.0(Live) + 0.5(Roof Live)
1.2(Dead) + 1.0(Earthquake) + 1.0(Live) + 0.2(Snow)
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Gravity Design Loads:

These loads were calculated by using the square foot weight found either in the specifications
or the code and were multiplied by the square footage of the floor. The weight for each level
was calculated using the superimposed dead load and dead load of the slab and columns. Live
loads for the building were determined using the information provided by the design
professionals and by using the live load tables in ASCE 7-05 Chapter 4.

Dead Load Table
Floor Dead Load Roof Dead Load
Material/System Load Material/System Load
10” Reinforced Concrete Slab 125 psf AL 125 psf
Concrete Slab
Brick Veneer w/ studs 40 psf MEP 6 psf
Normal Weight Concrete 150 pcf Sprinklers 3 psf
MEP 6 psf Ceiling 8 psf
. Asphalt
Sprinklers 3 psf Shingles/Felts 4 psf
Ceiling 5 psf
Floor Finishes 5 psf
Partitions 20 psf
Total Superimposed Dead Load 39 psf

Table 1: Dead and Superimposed Dead Loads
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Live Load Table
Floor Live Load Table Roof Live and Snow Load Table
Occupancy Load Material/System Load
Typ. Condominium Floor 40 psf Roof Live Load 20 psf
. Roof Live Load
Stairs 100 psf (Mechanical) 150 psf
First Level (Plaza and Traffic/Parking 250 psf Ground Snow Load 25 psf
Areas (Pg)
. Flat Roof Snow
First Level (Non-Plaza Areas) 100 psf Load (Py) 23.1 psf
Basement Level Parking Areas/Ramps 50 psf Exposmz(r:e)Factor 1.2
Slabs-on-Grade 150 psf Thermal Factor (C,) 1
Exercise Area at Ground Floor 150 psf Importa?lt):e Factor 1.1
Corridors On 1st Floor 100 psf Terrain Category B
Corridors Above 1st Floor 80 psf )
BT 150 oof Flat Roof Snow Load Equation:
ech/Elec Spaces s
P P Py = 0.7CcCilp,
Second Floor Terrace 100 psf
Apartment Balconies 100 psf

Table 2: Live and Snow Loads
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Lateral Design Loads:

Wind

Washington Park Condominiums
Mt. Lebanon, PA

The wind loads for Washington Park Condominiums were calculated using the design criteria
found in ASCE 7-05, Chapter 6 and it was determined that it was permitted to use Method 2 —
Analytical Procedure for the design. The table below lists the applicable wind design factors.

Basic Wind Speed (V) 90 mph
Wind Direction Factor (Kg) 0.85
Importance Factor (1) 1
Exposure Category C
Velocity Pressure Coefficient (K;) Case 2
Topographic Factor (K) 1
Enclosure Class Enclosed

Table 3: Wind Design Criteria

The Analytical Procedure for design was used to determine the wind loading in the North-
South, East-West and North West-South East direction. The loads shown in the tables below
were calculated by hand and were used solely for comparison purposes with the wind loading

found using ETABS. The use of the loading in ETABS allowed for the consideration of accidental

torsion caused by the difference in the location of the center of mass and center of rigidity. The

wind loads found using ETABS are shown throughout the report for specific shear walls,

coupling beams, moment frame beams and columns.

Wind (North - South Direction)
B=68-8"&L =216"-5 1/2"

. Tributary : Story Story | Overturning
Floor H?f'ght Height K ( q;,r) Wl?d:}/)ard Le(evsvfa)trd -{O;%I Force | Shear | Moment (ft-
(f) P P i PSD 1 (dps) | (kips) |  kips)
Ground 0.00 12,5 0.849 0.00 0.00 0.00 0.00 0.00 | 133.686 | 6487.847
Second 14.33 12.667 0.849 | 14.964 10.403 -5.758 | 16.161 | 20.158 | 133.686 | 6487.847
Third 25.33 11.000 0.948 | 16.709 11.616 -5.758 | 17.374 | 13.123 | 113.528 | 4905.356
Fourth 36.33 11.000 1.023 | 18.031 12.535 -5.758 | 18.293 | 13.817 | 100.405 | 3728.723
Fifth 47.33 11.000 1.081 | 19.053 | 13.246 -5.758 | 19.003 | 14.354 | 86.588 | 2076.624
Sixth 58.33 11.000 1.130 | 19.917 13.846 -5.758 | 19.604 | 14.807 | 72.235 1826.709
Seventh | 69.33 13.167 1.172 | 20.657 14.361 -5.758 | 20.118 | 18.190 | 57.427 1113.563
Eighth 82.67 13.500 1.216 | 21.433 | 14.900 -5.758 | 20.658 | 19.150 | 39.237 536.123
Roof 96.33 13.833 1.256 | 22.138 15.390 -5.758 | 21.148 | 20.088 | 20.088 277.877
Table 4: ASCE 7-05 Wind Loading Direction #1
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Wind (East - West Direction)
B =216'-5 1/2" & L = 68-8"
. Tributary . Story Story | Overturning
Floor Hefltght Height K, 9: WifinergEr) | Leenerel |- Toll Force | Shear | Moment (ft-
( ) (ft) (pSf) (pSf) (pSf) (pSf) (kips) (kips) kips)
Ground 0.00 12.5 0.849 0.00 0.00 0.00 0.00 0.000 | 493.889 | 23767.869
Second 14.33 12.667 0.849 | 14.964 10.140 -9.353 | 19.493 | 76.644 | 493.889 | 23767.869
Third 25.33 11.000 0.948 | 16.709 11.322 -9.353 | 20.675 | 49.228 | 417.245 | 17927.222
Fourth 36.33 11.000 1.023 | 18.031 12.218 -9.353 | 21.571 | 51.361 | 368.017 | 13608.280
Fifth 47.33 11.000 1.081 | 19.053 | 12.910 -9.353 | 22.263 | 53.010 | 316.656 | 9889.078
Sixth 58.33 11.000 1.130 | 19.917 | 13.496 -9.353 | 22.849 | 54.404 | 263.646 | 6650.892
Seventh | 69.33 13.167 1.172 | 20.657 | 13.997 -9.353 | 23.350 | 66.551 | 209.242 | 4050.000
Eighth 82.67 13.500 1.216 |21.433 | 14.523 -9.353 | 23.876 | 69.770 | 142.692 | 1947.879
Roof 96.33 13.833 1.256 | 22.138 | 15.001 -9.353 | 24.354 | 72.922 | 72.922 1008.730
Table 5: ASCE 7-05 Wind Loading Direction #2
Wind (Southeast - Northwest Direction)
B=73-51/4"&L =66-0"
. Tributary . Story Story | Overturning
Floor He]!tght Height K, 9: WpRiTEre | LEENED e Force Shear | Moment (ft-
Ground 0.00 12.5 0.849 0.00 0.00 0.00 0.00 0.000 | 171.518 | 8251.916
Second 14.33 12.667 0.849 | 14.964 10.379 -9.574 | 19.953 | 26.617 | 171.518 | 8251.916
Third 25.33 11.000 0.948 | 16.709 11.589 -9.574 | 21.163 | 17.096 | 144.901 | 6225.748
Fourth 36.33 11.000 1.023 | 18.031 | 12.506 -9.574 | 22.080 | 17.837 | 127.805 | 4725.865
Fifth 47.33 11.000 1.081 | 19.053 13.215 -9.574 | 22.789 | 18.409 | 109.968 | 3418.113
Sixth 58.33 11.000 1.130 | 19.917 13.814 -9.574 | 23.388 | 18.893 | 91.559 2309.715
Seventh | 69.33 13.167 1.172 | 20.657 14.328 -9.574 | 23.902 | 23.112 | 72.666 1414.554
Eighth 82.67 13.500 1.216 | 21.433 14.866 -0.574 | 24.440 | 24.230 | 49.554 676.454
Roof 96.33 13.833 1.256 | 22.138 | 15.355 -9.574 | 24.929 | 25.324 | 25.324 350.307

Table 6: ASCE 7-05 Wind Loading Direction #3
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Seismic

The seismic loads for Washington Park Condominiums were calculated using ASCE 7-05,
Chapter 12, as well as using the information provided by the structural engineer and the
geotechnical engineer. From the geotechnical report, it was determined that the Site Class for
construction would be Site Class C. The remainder of the information needed to calculate
seismic loading and base shear was found in Chapter 12 of ASCE 7-05. For the building, the
base shear was calculated to be approximately 339 kips in both directions. The table below lists
the applicable seismic design factors.

Seismic Parameters for Washington Park Condominiums
Occupancy Category Il
Seismic Use Group I
Site Class C
Seismic Design Category B
Short Period Spectral Response Ss 0.128
Spectral Response (1 sec) S: 0.058
Design Short Period Spectral Response Sps 0.102
Design Spectral Response (1 sec) Sp1 0.0646
Importance Factor I 1.0
Response Modification Factor Cs 0.017
Seismic Response Coefficient R 4
Coefficient for Upper Limit C. 1.7
Approximate Fundamental Period T, 0.615
Upper Limit of Period T 1.046
Long Period Transition Period T, 12

Table 7: ASCE 7-05 Seismic Design Criteria
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Seismic Base Shear

) . Story

Floor Height Trlibutary Deac:l Load w,h,f Col Latera?I Force Shear

(ft) Height (ft) (kips) (kips) (s

Roof 96.333 13.833 2539.41 851291.9155 | 0.281064355 95.433 95.433
8th 82.667 13.5 2211.15 610073.3682 | 0.201423125 68.392 163.825
7th 69.333 13.167 2204.15 486135.9702 | 0.160503689 54.498 218.323
6th 58.333 11 2158.65 382112.418 | 0.126159051 42.836 261.159
5th 47.333 11 2158.65 292864.0366 | 0.096692615 32.831 293.990
4th 36.333 11 2158.65 209144.1564 | 0.069051481 23.446 317.436
3rd 25.333 11 2158.65 132152.4757 | 0.043631743 14.815 332.251
2nd 14.333 12.667 2193.65 65040.58905 | 0.02147394 7.291 339.543
Ground 0 12.5 2190.15 0 0 0 339.543
Total 96.333 19973.09 3028814.93 1.0000 339.54 339.54

Table 8: Seismic Loads per ASCE 7-05
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Problem Statement:

The current design of Washington Park Condominiums implements a composite joist floor
system for the resistance of gravity loads and a steel moment frames for the resistance of the
lateral loads found on the site. These systems are sufficient in carrying the loading on the
structure and also accomplish the architectural requirements required by the architect.
Although, the composite joist floor system is optimized for residential applications, it creates a
few major problems for engineers. Since the system is used less than typical steel construction,
many engineers and construction managers are not fully familiar with the system. This causes
issues and delays in design and construction of the structure and ultimately costs the owner of
the building precious time and money. These issues add to the notion that the current system
used for the resistance of gravity loads within the structure is not the most efficient or cost
effective solution.

In conjunction with the gravity load resisting system, steel moment frames are used for the
resistance of the lateral loads. There are thirteen primary moment frames that can be found on
floors 1 thru 8. Four of the frames run in the entire length of the building in the north-south
direction while the other nine frames run the length of the building in the east-west direction.
These thirteen frames use the majority of the columns, girders and beams within the frames to
resist the lateral load on the building. Since most of the structure is moment frames, most of
the connection between girders or beams and columns are moment connections. The
connections between in the frames running in the north-south direction are primarily semi-rigid
moment connections whereas the connections in the frames in the east-west direction are rigid
moment connections. Both of these types of moment connections are more expensive than
conventional gravity connections between beams and columns. Because of the need for so
many moment frames, and therefore so many moment connections, it is likely that there is a
better and more efficient structural solution available that can be used to resist the lateral
loads found on the building.

Problem Solution:

In an effort to alleviate the shortcomings that are found in the current structural system, a
complete redesign of the gravity and lateral systems are proposed for Washington Park
Condominiums. The redesign follows the conditions and requirements set out in ASCE 7-05
(Minimum Design Loads for Buildings) and ACI 318-08 (Building Code Requirements for
Structural Concrete).
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The new structural design will be a two way flat plate concrete slab system with cast in place
concrete columns. The design will take into account the fact that the slab thickness needs to be
optimized within the design so the ceiling height within the apartments can be maximized.
Moreover, this system will be able to use the same column grid as the steel structure with
possibly a few changes near the elevator shafts and stairways. The foundations for the building
will also be resized and redesigned where necessary to account for the additional weight of the
building. The lateral system will consist of a shear walls designed to carry the lateral loads on
the building. These shear walls can be placed around the elevator shafts and staircases located
within the interior of the building causing minimal interference with the architectural aspects of
the floor plan. The design and analysis of the building will be done using PCASIab for two way
slab design, PCAColumn for reinforcement concrete column design and ETABS for the design of
the reinforced concrete shear walls. The concrete structural system is a possible design
alternative because one of the major advantages concrete construction for high-rise buildings is
the material's inherent properties of heaviness and mass, which create lateral stiffness, or
resistance to horizontal movement. Occupants of concrete towers are less able to perceive
building motion than occupants of comparable tall buildings with non-concrete structural
systems. The ability to perceive less building motion is also important in the case of vibration
caused by lateral loads, mechanical equipment and elevators.
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Design Goals:

The main goal of a new structural system for Washington Park Condominiums is to replace the
current gravity resistance floor system consisting of composite steel joists and precast planks
with a reinforced flat plate concrete slab. Moreover, the lateral force resisting steel moment
frame system will be replaced with shear walls that are placed around the elevator and
stairway shafts. This study is being conducted primarily to explore reinforced concrete as a
structural system and to learn what benefits it has to offer over the current structural steel
system. In addition to this general objective, other goals where determined before the
beginning of the study in hopes of advancing knowledge and understanding of concrete
structures. These goals are listed as follows:

- Study and compare the differences between a structural steel and structural
concrete system

- Adhere to the current column layout within the building to reduce the impact a new
structural system will have on the floor plans and architecture of the building.

- Design a two way flat plate concrete system that efficiently resists the gravity loads
of the building.

- Use PCASlab to design the two way flat plate system and then verify the results
using hand calculation learned in AE 431 (Design of Concrete Structures)

- Use ETABS to analyze a 3D structure and obtain the lateral loads caused by wind and
seismic forces

- Use loads determined from ETABS to design reinforced concrete shear walls,
coupling beams and columns.

- Maintain the allowable story and overall drift of the structure to be less than H/400
for wind and A = 0.007hsx for seismic.

- Effectively design all structural systems so that IBC 2003, ASCE 7-05, and ACI 318-08
are satisfied.

- Use all design information to advance my knowledge and proficiency of concrete
structures

- Conclude whether or not a concrete structural system is an efficient and capable
redesign option
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Structural Depth Study — Gravity Redesign:

The solutions and redesigns found in this section are in direct response to the problem
statement given in the proposal and earlier in this report. The design of the new structural
system has been completed so that it complies with all codes and specifications listed above.
The overall design of the new concrete system will ultimately be compared to the existing steel
structure with conclusions being drawn concerning constructability, cost, acoustics, and
building system coordination.

Introduction

The proposed gravity system uses a two way reinforced concrete flat plate system, which
transfers loads to all supporting columns. The fact that the existing system employs very typical
interior square bays makes the two way flat plate system a viable option for analysis. This
system was chosen based on the fact that the existing column layout could remain intact and a
new lateral system could be designed to resist the lateral loads on the structure.

Design Process — Two Way Flat Plate

To begin the initial design process for
the redesign of the gravity load
resistance structure, it was necessary to
determine the minimum slab thickness
that could be used to span the longest
bay distance within the structure. The
minimum thickness was designed based
on Table 9.5(c) of ACI 381-08. This table
states that the miniumum thickness of a
two way slab without interior beams
and drop panels can be I,/33. This led
to a minimum slab thickness of 10”.

Once the minimum slab thickness was
established a more indepth study of the Figure 6: 3D ETABS Model Isometric

slab was completed using both hand calculations and PCASIab to determine if the minimum
thickness determined by code is sufficient to carry the given gravity loads and span the typical
28’-0” x 27’-8” bay. Both PCASlab and the hand calculations were also used to determine the
amount of steel reinforcing required in the slab. First, hand calculations were completed using
the Direct Design Method for two way reinforced concrete slab construction. All of the tables
and calculations used to complete the Direct Design Method can be found in Appendix A. For
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simplicity purposes the design of only the typical interior bay, in both directions was analyzed.
Figures 7 and 8 below show the interior bay and its corresponding column and middle strips.

Column Strip

Column Strip Middle Strip Column Strip

a4 1407 14-0"
1

Middle Strip

-
1
|
|

Column Strip

Figure 7: Two Way Slab — Frame A Figure 8: Two Way Slab — Frame B

The final designs using hand calculations yielded the following flexural and shear reinforcement
in the two frames that were analyzed. The shear reinforcement is used because of punching
shear around the columns. The addition of shear reinforcement could be neglected if drop
panels were added around the columns. However, the addition of drop panels would create
problems with the ceiling cavity in those places, causing the ductwork, piping and electrical

wiring to be moved.

Frame A - Reinforcement Frame B - Reinforcement
M’ (Column Strip) #5 @ 5.5" O/C M’ (Column Strip) #5 @ 6" O/C
M’ (Column Strip) #5 @ 14" O/C M’ (Column Strip) #5 @ 14" O/C
M’ (Middle Strip) #5 @ 15.25" O/C M’ (Middle Strip) #5 @ 15.75" O/C
M* (Middle Strip) #5 @ 15.25" O/C M* (Middle Strip) #5 @ 15.75" O/C

Table 9: Flexural Reinforcement in Frames A & B
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Shear Capacity in Slab Shear Reinforcement
Wy 52.41 Bar/Wire Limit - V. 244.19
YA 142.44 o V, <V, USE BAR/WIRE
Punching Shear Capacity in Slab Vs 188.68
Vy 222.9051 s=d/2 4.5
NO GOOD
oV, 128.7158 A, 1.57
Use (15) #3 Stirrups @ 4.5"

Table 10: Shear Reinforcement for Punchineg Shear

Upon completion of the hand calculations used to determine the necessary reinforcement in
the two way flat plate slab, a more in depth analysis was performed using PCASlab. PCASIab
uses Equivalent Frame Method for design which is slightly different than Direct Design Method
in that it represents a three dimensional slab system using a series of two dimensional frames
that are then analyzed for loads acting in the plane of the frames. Using PCASIab for design and
analysis allowed for a more precise and exact design and placement of the reinforcement
needed within the slab. Another benefit of using PCASlab for design was its efficiency in
producing design for different types of bays found in the building. For simplicity purposes, only
an interior bay was analyzed using hand calculation and therefore is more of an example rather
than an exhaustive design. Using PCASIab allowed for an expanded design of four different
bays or spans. They included; the interior span which was done by hand, an exterior span, and
both an interior and exterior span in long direction of the building. These different spans which
were evaluated in PCASlab can be seen in Figure 9 and 10 below.

The use of PCASlab also allowed for the investigation of concrete edge beams to be used for
added stiffness and deflection resistance. As a preliminary design these beams were designed
as 12” wide by 18” deep. This size proved to be adequate for the beams contribution to the
resistance of the gravity loads on the structure. These edge beams will also be discussed in
more depth later in the report because of their utilization within the concrete moment frames
that were added to the design for the purpose of gaining the extra stiffness needed in the
structure along with reducing the period of the building.
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Exterior Span Short Direction

Exterior Span Long Direction

Interior Span Short Direction

Interior Span Long Direction

Figure 10: Interior Spans analyzed and designed using PCASlab
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One of the main reasons for using PCASlab as a design aid was because of its ability to develop
reinforcement sections through the various column, middle and beam strips of the slab. The
reinforcement sections show all the reinforcement necessary to resist the gravity loading of the
structure and both flexural and shear reinforcing is shown in the sections. However, the
reinforcement in the sections is only shown in the longitudinal direction because the
reinforcement that would be needed in the transverse direction would be shown on the section
for the span that runs perpendicular to it. An example of the reinforcement sections that are
produced by PCASIlab can be seen in Figure 11 below. The rest of the sections for the other
spans that were analyzed can be found in Appendix A. When compared to the Direct Design
Method, it can be concluded that the reinforcement determined using PCASlab is more precise
and exhaustive. However, it should also be noted that the Direct Design Method yielded the
same rebar size for both the flexural reinforcement and shear reinforcement needed because
of punching shear. Also the number of bars needed was roughly the same. This confirms that
the hand calculations done were sufficient enough to verify the results of PCASlab and
therefore the reinforcement can be fully designed using the PCASlab design program.

(2)#5 @ 16" — (3)#5 @ 168" —

(2)#5 @ 18"
Length = 17-2° (3)#5 @ 16" Length = 96"
/_Langlh =95 \

Length = 1?'-2-_\
@ Q 2 =

e [ nawsa 7.5-_/ \_112}#3@7.5\_
Length = 172" (2)#5 @ 16"

Length = 17-2°

(14)#3 @ 7.5'_/

\_ (14)#3 @75
(2) #5 @ 16 /
Length = 28°4" —

Beam Strip and Transverse Reinforcement

/[

(T)#5 @ 16"
Length = 17-2

(7)#5 @ 16
/_ Length = 7-5"

(7)#5 @ 16"

Length = 7-5" \

(T)#5 @ 16"
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’

(7)#5 @ 16 /
Length = 17-2°

(3) 45 @ 16"
Length = 17-2*
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Langth = 9'-6'—\

\_(?] #5@ 16"
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(3)#5 @ 16"

Length = 1?'-T\
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(8)#5 @ 16" j
Length = 26'4"

\ (3)#5 @ 16"

Length = 17'-2°

Column Strip Flexural Reinforcement

Figure 11: Exterior Span Reinforcement
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Design Process — Slab Deflections

To complete the slab design process, the deflections in the two way slab were obtained using
PCASIab and then were compared to the allowable live load deflection and total load deflection
given in Table 9.5(b) of ACI 318-08. The limits for the allowable deflections along with the
actual deflections found in each of the four spans analyzed can be found in Table 11 below.
The results of the table show that deflections within the slab from the given gravity load were
not an issue and fell well within the limits given by ACI 318-08. Since the slab exceeds the
minimum thickness requirements set out by Chapter 9 of ACI 318-08, the span to depth ratio
falls well within the acceptable range for a flat plate slab with exterior beams and therefore
causes no real issues in terms of live or total load deflection.

Deflections for Two Way Slabs
Interior Span Exterior Span Interior Span Exterior Span
(Short (Short (Long (Long
Direction) Direction) Direction) Direction)
Allowable Live . . . .
Load Deflection 1/360=0.944in | I/360=0.944in | 1/360=0.933in | 1/360=0.944 in
Actual Live Load 0.111in 0.139in 0.149 in 0.118 in
Deflection
Allowable Total . . . .
Load Deflection 1/240=1.417in | 1/240=1.417in | 1/240=1.417in | 1/240=1.417 in
Actual Total 0.326in 0.412 in 0.421in 0.353in
Load Deflection

Table 11: Deflection for Two Way Slabs

Design Process — Gravity Columns

After designing the two way slab to support the gravity loads for each floor, the vertical
supporting elements of the structure needed to be designed to transfer the loading down
through the building and ultimately to the foundations. The columns designed were 24” x 24”
reinforced concrete columns with an f'c = 5000 psi. For this design process only the interior
columns shown in Figure 12 below will be discussed. These interior columns were design solely
to support and transfer the gravity loads of the building. The exterior edge and corner columns
will be discussed and designed during the lateral design process because they are part of the
concrete moment frames.

B. Follett Page 30



Architectural Engineering Senior Thesis Washington Park Condominiums
Final Report Mt. Lebanon, PA

ool el
i I §
© =
@__'

=l L]0 e
© 0 O 6006 O o 0
Figure 12: Concrete Column Layout

For simplicity and continuity in the design it was decided that all of the interior columns should
be design to have the same size, dimensions and reinforcement. The design was based on the
worst case scenario which turns out to be the columns on the bottom floor of the building
because they support the most axial load. The column loading was based on the controlling
load case found in ASCE 7-05. This load case was determined to be 1.2Dead + 1.6Live +
0.5Snow. After determining the appropriate load case the loading for the interior column was
found and is displayed below in Table 12.

Concrete Column Loading (loads in kips)

Type Floor Area | Self Wt. Dead Live Quake | Wind Snow LC

Interior 627.667 49.027 1029.374 282.450 0.000 0.000 14.436 1753.22

Table 12: Controlling Loads on Interior Concrete Column

To complete the design of the columns, PCAColumn was utilized so the appropriate size and
reinforcement could be determined. Hand calculations were also utilized to determine the
appropriate amount of transverse reinforcement required by ACI 318-08. In PCAColumn a trial
column size of 24” x 24” was chosen and then the total axial load of 1753.22 kips was added.
The analysis of the column yielded the following interaction diagram showing that the column
falls within the acceptable curve.
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Figure 13: Interior Column Interaction Diagram

The flexural reinforcement and transverse reinforcement needed in column are shown in the
Table 13 below. The transverse reinforcement was designed using minimum design
requirements found in Chapter 7 of ACI 318-08.

Shear Reinf.
Type Flexural Reinf. Transverse Reinf.
AVpin 0.240

Use (3) #4 Ties @ 24"

Interior (12)#11 @7 None throughout

Table 13: Interior Column Required Reinforcement

With the design of the interior columns completed using both PCAColumn and hand
calculations the details for the placement of the reinforcement can be completed. Again using
Chapter 7 of ACI 318-08, it is determined that the minimum clear cover for gravity columns in a
reinforced concrete system is 1.5”. Also, the ties shown in the detail could be configured
differently but was drawn to show one design option. The detail below shows all of the
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reinforcement necessary to resist the loading as well as the required spacing chosen for the
design of the interior columns.

24.0"

| 24.0" |

(12) #11 bars @ As = 3.25%
(3) #4Ties @ 24"

Figure 14: Interior Column Detail

More information on the design of the columns such as the loads and stresses within the
concrete can be found in Appendix B.

Design Process — Foundation Considerations

The redesign of the structural system used to resist the gravity loads of Washington Park
Condominiums allowed for a system that is comparable in efficiency and constructability to that
of the existing steel system. However, the concrete system used provides some inherent
differences in the support of the columns for the system.

One impact on the foundations that needs to be considered is caused by wind and seismic
forces producing an overturning moment for the building. In turn, the overturning moment,
may cause uplift within the foundations of the building because there is not enough weight on
the columns and foundations to resist the overturning moment Since there was a change in
systems from steel to concrete, there was also a significant increase to the overall weight of the
structure. The new weight of the structure is 19973.1 kips which is 5400 kip increase over the
original structure weight of 14555.97 kips. These figures can be used to check and see if
overturning moments caused by the lateral loads on the building will be an issue.

To do this the shear walls that have the largest moment due to the wind and seismic forces
were determined. Using ETABS, it was determined that shear walls ST2 and SL2 had the
greatest overturning moment due to the lateral forces at its base. These two walls were chosen
not only because they had the greatest overturning moments but also because they had
differing wall lengths, therefore allowing for a more exhaustive uplift check. After finding the
overturning moments at the base of each wall, the weight of the wall and axial load on each
wall was calculated to determine the total resisting moment. Using the two moments
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This was done by using the following equation for factor of safety:

Overturning Factor of Safety =

Resisting Moment

Overturning Moment

The results for the factor of safety for both walls due to wind and seismic loading can be found
below in Table 14. The results show that the factor of safety for both walls in above the

recommended factor of 3.0 and therefore is no problem due to uplift or overturning moment.

Uplift Check - Shear Wall (Wind)

GrEiif Wall W.aII Axial Load Resisting Factor of Factor of Safety Uplift
Moment (k-ft) 3 R il Moment SRliai] (Recommended) Problem
(ft) (kips) (kips) (k-ft) (Calculated)
ST2 3127.59 19.5 422.66 981.9 13694.0 4.38 3.0 No
SL2 1385.26 10 216.75 619.7 4182.1 3.02 3.0 No
Uplift Check - Shear Wall (Wind)
GV Wall W‘aII Axial Load Resisting Factor of e G Uplift
Moment (k-ft) s Weight il Moment SRl (Recommended) Problem
(ft) (kips) (kips) (k-ft) (Calculated)
ST2 2543.45 19.5 422.66 981.9 13694.0 5.38 3.0 No
SL2 715.11 10 216.75 619.7 4182.1 5.85 3.0 No

Table 14: Uplift/Overturning Moment Check

Another impact on the foundations that needed to be considered was whether or not they
would need to be resized or changed because of the additional 5400 kips of weight from the
concrete structure. To determine this, the foundations were redesigned using the structural
analysis program EnerCalc. Although the overall weight of the building increased there were
only minimal changes needed in terms of the spread footing sizes. Spread footings are
recommended for the foundation because of their ease of construction and cost. The spread
footing foundation design is also possible due in part to the fact that the entire building bears
on siltstone, shale or sandstone bedrock at a depth of 9 to 25 feet, with an allowable bearing
capacity of 9,000 ksf.

Spread Footing Sizes

Type Existing Design EnerCalc Design Optimized Design
Interior Col 12'-0" x 12'-0" 13'-0" x 13'-0" 13'-0" x 13'-0"
Corner Column (C55) 11'-0" x 11'-0" 7'-0" x 7'-0" 11'-0" x 11'-0"
Exterior Column (C65) 8'-0x 8'-0" 9'-6" x 9'-6" 9'-6" x9'-6"
Exterior Column (C80) 13'-0" x 13'-0" 8'-6" x 8'-6" 13'-0" x 13'-0"

Table 15: Spread Footing Sizes

For more in depth calculations for the foundation sizes and the output from the EnerCalc can
be found in Appendix B.
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Structural Depth Study — Lateral System Redesign:
Introduction

The proposed lateral force resistance system for Washington Park Condominiums uses interior
shear walls placed around the stair and elevator shafts. This allows for minimum interruption
with the existing architectural floor plan. For added stiffness, concrete moment frames will be
added around the exterior of the building. This system was chosen because it was determined
to be the most efficient at both resisting the lateral loads, while reducing the period and drift of
the building.

Design Process — Reinforced Concrete Shear Walls

To begin the initial design process for the redesign of the lateral load resistance structure, it
was necessary to determine the most appropriate placement for the shear walls. This was
done by examining the existing floor plans and locating spaces that would cause the least
interruption and therefore would eliminate any unessarsary reorganization of the interior
architecture. The most efficient place for the shear walls was determined to be around the
interior stair and elevator shafts because they were currently already being constructed with
masonry block and were thicker than any other wall in the building. Figure 15 shows the
placement of the four new “shaft” shear walls located around each of the two staircases and
two elevator shafts.

JOISTS SPICID @ 4~ cfc
TURAY. T

Figure 15: Design Shear Wall Locations
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To begin the design of the shear walls the controlling loads on
each of the shear walls needed to be determined. To find
these controlling loads the new concrete lateral structure was
constructed in ETABS using two separate models, one for the
seismic loading and the other for the wind loading. In each
model, the shear walls were constructed as piers starting at the
base of the structure and reaching to the top of the building,
since all of the shafts in the building go from the bottom floor
to the top floor. Since, each shaft has an opening in it for a
doorway it is essential to design coupling beams that span
above the individual openings to the bottom of the floor above.
These coupling beams will be discussed at more length when
they are designed later in this section.

The reason for using two separate models is because of the
different stiffness modifiers required when analyzing shear
walls for different types of loading. For the wind model, the
moment of inertia about the main bending axis for the coupling
beam was reduced to 0.5. Similarly, in the seismic model the

stiffness modifier about the minor bending axis was reduced to
0.7 and the moment of inertia about the main axis for the  Figure 16: Shear Wall Elevation from ETABS
coupling beam was reduced to 0.35. Then using ETABS ability to generate seismic and wind

loading based on code, six seismic and twelve wind cases were generated. In terms of the

seismic loading, the first two cases correspond to the story forces found by manual calculation

using the equivalent lateral force procedure. These forces are found to be in the x and y

direction. The last four cases include seismic forces found by using the code provision stating

the need for forces in the x and y direction + 5% eccentricity for torsional considerations. Also

being considered in the seismic analysis is the overall weight of the building. For this an area

mass of 160 |b/ft? was assigned to each floor diaphragm, which are considered to be rigid, to
account for the dead and superimposed dead load found in each floor. For the wind loading,

the twelve load cases that were analyzed and applied to the building can be found using the

design wind load cases found on Figure 6-9 in ASCE 7-05. These wind cases take into account all
directional wind, along with torsional considerations and leeward wind forces.

To determine the exact loading in each wall, the shafts were each split up into four individual
walls so that the max axial, shear and bending moment could be found for each shear wall. A
plan labeling each individual wall is located in Appendix C. The below tables show examples of
the controlling loads found in each wall for the corresponding wind or seismic load cases. The
maximum load between both cases is highlighted in orange.
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Seismic
Load Case | Axial (P) | Shear (V2) | Shear (V3) | Torsion (T) | Moment (M2) | Moment (M3)
SR1 (Max P) SEISMICXY -339.55 -2.08 1.6 -12.843 -4.26 197.018
SR1 (Max V2) | SEISMICYX 18.04 45.34 -0.65 -18.770 -1.5 786.986
SR1 (Max M3) | SEISMICYX 18.04 45.34 -0.65 -18.770 -1.5 786.986
SL1 (Max P) SEISMICXYY | 371.44 32.28 0.21 3.140 -3.536 237.072
SL1 (Max V2) | SEISMICYX 59.19 75.07 0.19 22.075 -0.3713 757.023
SL1(Max M3) | SEISMICYX 59.19 75.07 0.19 22.075 -0.3716 757.023
SB1 (Max P) SEISMICYX 576.64 -25.37 -4.54 11.176 4.083 140.879
SB1 (Max V2) | SEISMICXYY 144.02 49.2 -0.72 111.594 16.952 1351.247
SB1(Max M3) | SEISMICXYY 159.99 44.42 -0.27 -28.135 1.726 1734.023
ST1 (Max P) SEISMICYX -653.87 28.59 -9.03 -6.075 4.208 272.408
ST1 (Max V2) | SEISMICXY -67.7 117.69 0.48 -80.483 4.063 1201.721
ST1(Max M3) | SEISMICXYY -216.9 98.71 -3.58 38.009 1.557 2538.317
Table 16: Controlling Seismic Loads for Shear Wall #1
Wind
Load . ;
Case Axial (P) | Shear (V2) | Shear (V3) | Torsion (T) | Moment (M2) | Moment (M3)

SR1 (Max P) DCON2 225.39 98.16 -0.25 -10.057 -0.349 1240.895
SR1 (Max V2) | DCON11 123.94 116.03 -0.77 -19.615 -2.36 1609.218
SR1 (Max M3) | DCON11 123.94 116.03 -0.77 -19.615 -2.36 1609.218

SL1 (Max P) DCON7 238.17 93.89 -1.42 13.024 -2.255 891.857
SL1 (Max V2) | DCON11 83.88 134.71 0.11 26.715 -0.548 1364.967
SL1(Max M3) DCON11 83.88 134.71 0.11 26.715 -0.548 1364.967

SB1 (Max P) DCON11 908.89 -25.28 1.02 14.912 8.111 192.363
SB1 (Max V2) | DCON13 177.82 -81.56 0.5 -51.098 7.612 152.627
SB1(Max M3) DCON3 30.64 36.1 0.52 -17.975 0.4736 1135.531

ST1 (Max P) DCON12 | 1116.71 -22.78 3.39 8.767 -8.575 -363.268
ST1 (Max V2) DCONS8 372.38 -126.92 -3.7 59.445 -10.164 -604.321
ST1(Max M3) DCON3 -53.99 74.88 -0.4 17.788 3.824 1598.308

Table 17: Controlling Seismic Loads for Shear Wall #1
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After determining the controlling loads that are applied, each wall was ” _1_1
designed with necessary flexural and shear reinforcement. To do this Zj: ®
both PCAColumn and hand calculations were completed. The hand E 3
calculations were needed because PCAColumn can only design walls based

on axial loading and flexural moments. Therefore, only those loads were . -
applied to each wall while they were being analyzed using PCAColumn.

During the design using PCAColumn, it was determined that there was a i “
need for the incorporation of boundary elements in coordination with ACI

21.9.6.4. Because the walls are part of shafts, they can be individually r ¥ "
modeled as C shaped shear walls using the perpendicular connecting walls i |

as boundary elements. Analyzing the shear walls as C shapes gave them | i
extra flexural capacity and accounts for the fact that in reality the shear . -
walls will act together as a shaft to resist the forces. The flexural analysis

of the C shaped shear walls yielded a design using the minimum flexural 5 o
reinforcement of #5 @ 12” throughout the entire wall. An example of this

design is shown below in Figure 18. = 5
The addition of the boundary elements also eliminated the need for extra

reinforcement at the ends of the walls because of the large in plane I E o 3
moments. Without the C shape analysis of the walls, a pseudo- boundary

18%% 120" Shear Wall

element would need to be created at each end of the wall. These Figure 17: Shear Wall SR1 Detail

boundary elements consist of larger bars spaced closer together.
In the case of shear wall SR1, (7) #7 bars spaced at 6” were used as shown in Figure 17. This
reinforcement would add the needed flexural capacity for the walls.

For the shear design of each of the walls,

hand calculations were performed. The SR1

calculations were used to find the vertical Design Horizontal Shear Vertical Shear
and horizontal shear reinforcement Conditions Reinforcement Reinforcement
needed. To calculate this, the maximum f'. | 4000 Pt 0.0025 Pt 0.0025
shear load case for each wall for both the fy | 60000 | spacing 18 spacing 18
seismic and wind loads was found. This t 18 \ 116.03 Vy 116.03
controlling case was used to design the h | 96.33 Ve 218.58 Ve 218.58
shear reinforcement using equations for ly 10 \Z -63.87 \Z -63.87
minimum shear reinforcement in a wall. Vy [ 116.03 | 1/2¢V. 81.97 1/2¢V. 81.97
These equations can be found in Chapter d 96 Ay 0.180 A, 0.180
11 of ACI 318-08. Since, the structure is Use (2) #5 @ 18" Use (2) #5 @ 18"

located in Seismic Class B; there is no need to Table 18: Shear Reinforcement for Shear Wall SR1
design special or intermediate reinforced
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concrete shear walls as is discussed in Chapter 21 of ACI 381-08. The shear calculations for the
wall yielded a minimum area of steel for shear reinforcing of 0.180 in?. In this case using
minimum reinforcement of (2) #5 spaced at 18” would be an adequate design. The results for
the design can be found above in Table 18.

1-6"
L] L] [ [ ] [} [ ] [ [} . 3 i
8-0 ,L
* ® / #5 @12
0 |
. »| —ﬁ
9
10-0" 8 . AF
9"
. [ -—J\
Ll L]
\\
K 2 #@12' /7#5@12"

i
g Ol [] [} . . [] L] . []

3
JL— e o . ® . . . . . s
1

[
.JL)L 3 C - Shape Shear Wall (114"x 120")
(2) #5 @ 12" each way

Figure 18: C-Shape Shear Wall SR1 Detail

However, it was decided for the purpose of continuity in the design and ease of

construction that (2) #5 spaced @ 12” would be used instead. This was done because the
flexural reinforcement needed found using PCASlab was (2) #5 spaced @ 12”. This allows for
more consistent and even reinforcement throughout the entire wall as well as being a
conservative design. As for the rest of the shear walls, their controlling forces, reinforcement
details and sizes can be found in Appendix C.
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Design Process — Reinforced Concrete Coupling Beams

Coupling beams connecting structural shear walls provide stiffness and energy dissipation.
They are designed to crack before the shear walls and to act as plastic hinges in the building. To
account for this, the effective moment of inertia about the main bending axis was reduced for
both the seismic and wind cases. As stated above, the value used in the wind design is l¢s = 0.5
where as the value used in the seismic design is l.f = 0.35. These values are different because
in the case of seismic loading, the correct design accounts for less shear reaction forces in the
coupling beams. These different values for effective moment of inertia were used in the both
seismic and wind ETABS models. The same load cases for both seismic and wind were used to
design the coupling beams as well. Table 19 is an example of the controlling loads found in
each beam for the corresponding wind or seismic load cases. The design is then based off of
these values when computing the flexural and shear capacity of the beam along with the
required reinforcement. The load tables for the remaining coupling beams are located in

Appendix D.
Beam 3 (Stair 1)
Story | Spandrel | V2 T T (k-ft) M3 M3 (k-ft)
ROOF B3 13.84 14.6 1.22 350.214 29.18
8TH B3 17.94 | 17.529 1.46 426.54 35.55
7TH B3 25.26 | 20.065 1.67 577.218 48.10
6TH B3 26.29 | 16.408 1.37 596.334 49.69
5TH B3 28.39 | 17.294 1.44 645.447 53.79
4TH B3 29.69 | 17.778 1.48 675.866 56.32
3RD B3 29.63 | 17.589 1.47 674.034 56.17
2ND B3 30.05 | 19.578 1.63 713.036 59.42
1ST B3 17.98 | 22.762 1.90 398.137 33.18

Table 19: Coupling Beam 3 (Stair 1) Loading

The coupling beams to be designed were first chosen to be 18” thick, so that they would have
the same thickness as the shear walls. After choosing the thickness of the beams, ACI 318-08
Chapter 21.9.7 states that any coupling beam with a span-depth ratio (I,/h) <2 and

Vu = 4A.Vf'c to be reinforced using two intersecting lines of diagonal reinforcement. For each
coupling beam designed, the span-depth ratio was less than two. However, the maximum
shear found in the beams was far less than Vu = 4A.,Vf'c. With this being the case, the coupling
beams do not meet the criteria of ACI 318-08 21.9.7 and therefore will be designed according
to 21.9.4, which states that V, < 10A.,Vf'c. For the design of shear reinforcement in the beams,
the overall depth of the individual beams needed to be considered. Beams that are smaller
than 36” deep can be designed using flexural reinforcement according to ACI 318-08 Chapter
10.5.1 and shear reinforcement in accordance with ACI 318-08 Chapter 11.4.6. Beams that
were deeper than 36” must be designed as deep beams. In deep beams the flexural
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reinforcement can also be designed in accordance with ACI 318-08 Chapter 10.5.1; however the
shear reinforcement in the beam must be designed differently. Because of this, the minimum
area of steel for shear in the direction perpendicular to the flexural reinforcement is A min =
0.0025bys. Similarly, the minimum area of steel for shear in the direction perpendicular to the
flexural reinforcement is A min = 0.0015by,s. Another consideration for deep beams is skin
reinforcement, which is provided throughout the entire height of the beam. The skin

reinforcement shall be #4 bars spaced at s = 15 (40'fﬂ) — 2.5¢.. Shown below in Table 20 and
N

Figures 19 and 20 are examples of the final reinforcement design and corresponding detailing
for the coupling beams. The final designs for all of the coupling beams as well as the loading

used to determine those designs can be found in Appendix D.

Coupling Beam 3 (Stair 1)

Story I, h I./h A vV, d | Asmin | AVmin Flexural Reinf. Shear{;ri?‘:sverse Skin Reinf.
ROOF | 40 | 58 | 0.69 1044 | 660.3 | 55| 4.40 | 0495 | 3)#8 @ 6" T&B | (3)Legsof #4 @ 6" | #4 @ 6.5"
8TH 40 | 54| 0.74 972 614.8 | 51| 4.08 [ 0459 | 3)#8 @ 6" T&B | (3) Legsof #3 @ 6" #4 @ 6.5"
7TH 40 | 26| 1.54 468 2959|123 | 1.84 [ 0320 | 3)#5@ 6" T&B | (3)Legsof #3 @ 6" None
6TH 40 | 26| 1.54 468 2959 | 23| 1.84 [ 0320 | B)#5@ 6" T&B | (3) Legsof #3 @ 6" None
5TH 40 | 26| 1.54 468 2959|123 | 1.84 [ 0320 | 3)#5@ 6" T&B | (3)Legsof #3 @ 6" None
4TH 40 | 26| 1.54 468 2959 | 23| 1.84 [ 0320 | B)#5@ 6" T&B | (3) Legsof #3 @ 6" None
3RD 40 | 26| 1.54 468 2959|123 | 1.84 [ 0320 | 3)#5@ 6" T&B | (3)Legsof #3 @ 6" None
2ND 40 | 26| 1.54 468 2959 |1 23| 1.84 [ 0320 | 3)#5@ 6" T&B | (3) Legsof #3 @ 6" None
1ST 40 | 66| 0.61 1188 | 751.4 | 63 | 5.04 | 0.567 | 3)#H9 @ 6" T&B | (3)Legs of #4 @ 6" #4 @ 6"
Table 20: Coupling Beam 3 (Stair 1) Reinforcement
f— 1 —o
— .
2 [ (3) Legs #3
Stirrups @ 6"
S 1 . / o
\'\
- ) || mae
A\ /| () Legs#3
/" Stirrups @ 8" : :
2|_‘211 4'-g" . 6’
A I . .
N—EF N\
E#s@e -/  LEST ' . .
Top & Bottom / 3
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Figure 19: 26” Deep Coupling Beam Detail N f i i N
() #9 @ 6" Wi
Top & Bottom

Figure 20: 54” Deep Coupling Beam Detail
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Design Process — Dynamic ETABS Analysis (Mode Shapes & Period)

After the design of the reinforced concrete shear walls and the included coupling beams the
structure then needed to be analyzed dynamically for drift and the approximate fundamental
period. To do this ASCE 7-05 was used to calculate the approximate fundamental period, Ta.
Using 12.8.2.1 the period can be calculated by using the equation, . In the case of
Washington Park Condominiums, C; = 0.02, x = 0.75 and h, = the height of the building above
grade. Therefore, according to the minimum design requirements the fundamental period of
the structure is 1.046 seconds. The values for the seismic parameters of Washington Park
Condominiums can be found in Table 7 above. Once the value for the fundamental period was
determined according to code, ETABS was used to determine the period based on the structure
that had been designed in the program. ETABS uses an eigenvalue-eigenvector pair called a
natural vibration mode. The modes are identified by numbers 1 through n in order in which the
modes are found by the program. For the structure of Washington Park Condominiums, only
the first four modes are needed within the analysis. The four modes used in the analysis can be
found in Figure 21 below.

Mode 1: T=1.752 seconds (Rotation) Mode 2: T= 1.40 seconds (Y-Direction)

Mode 3: T=0.963 seconds (X-Direction) Mode 4: T=0.383 seconds (Rotation)

Figure 21: Modal Response Spectral Analysis
After the modes and periods were determined in ETABS they were compared to the calculated
fundamental period found from the code values. Both of the values for the period in the y-
direction mode and the rotation mode are above the approximate period determined by code.
This leads to the decision that is twofold; first, there currently is an issue with rotational
moments and torsion created by the asymmetrical nature of the building along with the
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difference between the center of mass and center of rigidity. Second, the building is deemed as
too flexible and stiffness needs to be added so that the period can be reduced. There are two
options to adding stiffness and rotational moment resistance to the building. First is adding
more shear walls to the design. After this solution was researched it was determined that it
was not feasible within the current parameters of the design because there are no practicable
locations for additional shear walls that don’t interrupt the floor plan or exterior architecture of
the building. Because of this, a second design alternative needed to be found. To meet the
requirements of both the architecture and structure, concrete moment frames were chosen as
a system to add stiffness and lateral load resistance to the building.

Design Process — Dynamic ETABS Analysis (Torsional Amplification)

In addition to the inherent stiffness problems within the building, there may also be issues due
to accidental torsion. This is apparent by the fact that the largest period in the building occurs
during a torsional mode shape. To determine if this is the case ASCE 7-05 Section 12.8.4.3 was
used to calculate the amplification of accidental torsional moments. To begin the calculation
ETABS was used to obtain the maximum deflections using both the seismic in the x and seismic
in the y loads. These loads were used to find the &4y for each load case, and were then
compared to the duax found using the seismic loads in the x and y directions that included an
eccentricity ratio of 5%. Using those values, the amplification factor, A, was found using the

Smax

2
T8 ) . The results for the amplification of the torsional moments
«0AVG

following equation, 4, = (

in both the x and y directions are given in Table 21 below.

Torsional Amplification Factor
Loading a 6s Smax A
Seismic X 0.5582 | 0.3474 -
1.534
Seismic XXY (5% Ecc) - - 0.67293
Seismic XXY (7.67% Ecc) - - 0.6822 1.576
Seismic XXY (7.9% Ecc) - - 0.6836 1.583
SeismicY 0.8155 | 0.5587 -
1.004
Seismic YX - - 0.8262

Table 21: Torsional Amplification Factor

The results show that the torsional moments within the building are about 3% higher than
desired. Although this doesn’t seem like a big deal, the larger torsional moments coupled with
the large period in a rotation mode shape lead to the fact that the building needs to be
designed for these rotational and torsional considerations. This will be accomplished by the
addition of exterior concrete moment frames in hopes that the period of the building, along
with the torsional effects will be reduced.
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Design Process — Concrete Moment Frame Analysis using ETABS

Concrete moment frames can be used as part of the lateral force resisting system in buildings to
add stiffness and reduced lateral stresses in members. Beams, columns and beam-column
joints in moment frames are designed and detailed to resist flexural, axial and shearing actions
that result as the building resists lateral loads. The concrete moment frames are most effective
in resisting these loads as a result of the modes of displacement during earthquake ground
movement. In the case of Washington Park Condominiums the concrete moment frames will
be designed primarily to increase the stiffness of the building and therefore, reduce the period
found by ETABS in the modal analysis.

To complete the design of the concrete moment frames, the geometry of the structure was
added to the ETABS model that already included the placement of the shear walls stated above.
The figure below shows the layout of the new exterior concrete moment frames. The moment
frames were determined to be most efficient on the exterior of the building because the
current lateral resisting elements are already located more centrally therefore creating torsion
in the building. The exterior moment frames reduce these torsional forces and therefore

reduce the difference between the center of mass and center of rigidity of the building.

5 H " : I i i |

3 3

® 0 60 60 0 0 0

Figure 22: Beams within Concrete Moment Frame
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After adding the necessary columns and
beams to the ETABS model end length
offsets were added to each of the lateral
beams. This was done because when two
members such as a beam and a column
are connected at a point, there is some
overlap of the cross sections. When a
beam is added in ETABS it is assumed that
origination of that beam is at the centroid
of the column. This isn’t always the case
in real structures and therefore adding
end length offsets allows for a more

realistic analysis. For all of the beams an
end length offset of 12” was defined because Figure 23: 3D ETABS model with Moment Frames
the columns that the beams frame into are all 24” x 24”. In addition to defining end length
offsets, a rigid zone factor was also identified for the beams. The rigid zone factor specifies the
fraction of each end offset assumed to be rigid for bending and shear deformations. In the case
of Washington Park Condominiums the rigid zone factor was set to be 0.5 so that 6” of the
beam is assumed to be rigid for bending and shear deformations. Another modification made
to the lateral beams in the concrete moment frames was to reduce the effective moment of
inertia about the major and minor axes to 0.35. This was done to comply with ACI 10.10.4.1
which states that for beams the effective moment of inertia is equal to 0.35l;. After these
modifiers were all changed, the structure was analyzed to obtain new forces in both the shear
walls and the concrete moment frames, along with new values for the fundamental period and
building drift. The new periods obtained by ETABS with the addition of the exterior concrete
moment frames are shown below for each of the four modes.

Mode 1:T=1.43 seconds (Rotation)

Figure 24: Mode Shape #1 (Rotation)
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Mode 2: T=1.312 seconds (Y-Direction)

Figure 25: Mode Shape #2 (Y-Direction)

Figure 26: Mode Shape #3 (X-Direction)

Mode 4: T= 0.3601 seconds (Rotation)

Figure 27: Mode Shape #4 (Rotation)
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The addition of the concrete moment frames caused the fundamental period of the building to
be reduced as shown in Table 22. Mode #1 which has the highest natural period has been
reduced to 1.43, which for design purposes is deemed acceptable. The addition of concrete
moment frames also changes the approximate fundamental period calculated by code. The
new approximation uses C;=0.016 and x = 0.9, therefore allowing the fundamental period of
the building to be T, = 1.659 seconds. This new upper limit for the fundamental period is above
the calculated period found using ETABS and therefore the calculated periods found in ETABS
will be used. With that being said, Mode #1 is still a rotational mode which points to the fact
that torsion could be anissue in the design. Because of this both the shear walls and the
concrete moment frames shall be design with torsional reinforcement where considered
necessary by code.

Fundamental Period Comparison
Shear Wall Shear Wall and .
LR DR Only Design Moment Frame Design SUISIERES
1 (Rotation) T=1.752 seconds T=1.43 seconds 0.322 seconds
2 (Y-Direction) T =1.40 seconds T=1.312 seconds 0.088 seconds
3 (X-Direction) T =0.963 seconds T=0.914 seconds 0.049 seconds
4 (Rotation) T =0.383 seconds T =0.360 seconds 0.023 seconds

Table 22: Fundamental Period Comparison

Design Process — Concrete Moment Frame Design (Columns)

For the purpose of higher education and better proficiency in reinforced concrete design the
moment frames in Washington Park Condominiums will be designed as part of an intermediate
moment frame as characterized in ACI 21.3. This design will allow for more in depth detailing
of the reinforcement in both the columns and beams within the moment frame and while also
reducing the risk of the system’s failure due to shear in the beams and columns.

The addition of moment frames to the exterior of the building, led to the redesign of both the
exterior and corner columns shown above in Figure 12. These columns can no longer be
designed solely as gravity columns because they will now take lateral load, and therefore are no
longer governed or designed by the controlling gravity load combination. The loads that are
acting on these columns were determined using the ETABS analysis denoted above. For
simplicity, only a corner column and exterior column on each of the short and long directions of
the building were designed. The table below shows the maximum loading results that were
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found in ETABS for one of the exterior columns. The details of all of the columns that were
analyzed along with their respective load tables can be found in Appendix E.

Column C65 (Column Line 9) for Seismic
Story Floor Load P V2 V3 T M2 M3
Max P 1st SEISMICXYY 20.28 -0.71 | 0.17 | 0.00 -0.23 0.96
Max V2 Roof SEISMICXYY 2.34 1.5 0.57 1.44 2.89 6.47
Max T 6th SEISMICXYY 10.36 1.36 0.45 1.58 2.77 7.54
Max M2 2nd SEISMICYX 3.73 0.06 0.59 | 0.29 11.88 -1.20
Max M3 2nd SEISMICXYY 19.24 1.3 0.33 | 0.95 2.84 14.96

Table 23: Loading on Exterior Column C65

Using the loads provided by ETABS the controlling load combinations were able to be
determined. In the case of the corner and short direction exterior column, the controlling load
case included wind loading rather than seismic loading. However, in the long direction the
controlling load case includes the seismic load. The loadings, shown in Table 24 below, were
then used to design the reinforcement using both PCAColumn and hand calculations that
adhere to the intermediate moment frame provisions of ACI 21.3.

Concrete Column Loading
Type Area Self Wt. Dead Live Quake Wind Snow LC
Corner (C55) 118.75 | 49.027 | 194.750 | 53.438 9.320 42.520 | 2.731 | 415.37
Exterior 1 (C65) | 314.71 | 49.027 | 516.124 | 141.620 | 20.280 20.200 | 7.238 | 855.74
Exterior 2 (C80) | 240.33 | 49.027 | 394.141 | 108.149 14.600 13.020 | 5.528 | 663.55

Table 24: Controlling Loads on Exterior Columns

To complete the design of the columns, both PCAColumn and various hand calculations were
utilized to determine the appropriate amount of flexural, shear and transverse reinforcement
required by ACI 318-08. First the columns were entered into PCAColumn for the design of
necessary flexural reinforcement. The column size remained the same as the interior columns
for ease of design and analysis along with ease in constructability because of the conformity in
design between both the gravity and lateral columns.

Using PCAColumn allowed for the input of both axial loads and flexural moments along the
major and minor axes. Once the loads were entered into the program, the design yielded the
following interaction diagram shown in Figure 28. Once the flexural reinforcement was
designed using PCAColumn, the shear and transverse reinforcement using ACl 21.3 needed to
be designed. For columns in intermediate concrete moment frames, hoops need to be
provided at the beginning and end of each column. In this particular design, these hoops begin
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and end at a distance 4” from the column/beam joint face. In addition to the hoops, ties are

provided throughout the rest of the column for transverse and shear reinforcement. The

reinforcement specifics and details used to adhere to ACI 21.3 can be found in Table 25 and

Figures 29 and 30 below.
P (kip)
2000
(Pmax)
|
_4\\50 I I I I I I I I I I I I I 4&\_)0
i M (44°) (k-ft)
-400 (Pmin)
Figure 28: Interaction Diagram for Exterior Column C65
Shear Reinf.
Type Flexural Reinf. Transverse Reinf.
AVin 0.240
" Use (2) #4 Hoops @ 8" . "
Corner (C55) (8)#8 @9 for 24" each end Use (3) #3 Ties @ 24
. " Use (2) #4 Hoops @ 8" . "
Exterior 1 (C65) (8)#8 @ 9 for 24" each end Use (3) #3 Ties @ 24
. " Use (2) #4 Hoops @ 8" . "
Exterior 2 (C80) (8)#H8 @ 9 for 24" each end Use (3) #3 Ties @ 24
Table 25: Required Reinforcement for Moment Frame Columns
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3.0 9.0 Figure 29: Exterior Column Detail (Column Ends)
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(2) #4 Hoops @ 8" for 24" each end (3) #3 Ties @ 24"

Design Process — Concrete Moment Frame Design (Beams)

The concrete beams that are added as a part of the moment frames are designed to provide
stiffness to the structure as well as resist lateral forces caused by the wind and seismic loading
on the building. The beams also serve as an integral connection between the concrete moment
frames and the two way flat plate slab because the beams carry both lateral loads and transfer
gravity loads to the exterior columns of the building. To begin the design of the concrete
beams, the loads were once again identified using ETABS. For simplicity purposes two exterior
beams were identified as beams that could be designed and then reproduced throughout the
remainder of the building. The beams represent the two typical beam lengths found
throughout the building. However, it was determined that both beams would require the same
reinforcement and therefore the results for only Beam 9 will be discussed and replicated
throughout the entire concrete moment frame.

The table below shows the maximum loading results that were found in ETABS for Beam 9.
First, a preliminary sizing was completed to obtain a rough estimate for the size of the beams.
The width of the beam was first chosen to be 12” and then using the equation bd? > 20M,, the
d for each beam was determined. From this the maximum d found was 9”, however this rough
estimation only takes into account the moment in the beam and does not account for the fact
that the beam will also serve as an edge beam in the two way flat plate concrete slab system.
Because of this it was determined that the beam shall be designed to be deeper. The beam
also will experience additional shear and axial forces because it is part of a moment frame and
therefore cannot be designed solely on the moment alone. Both of these issues led to the
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increase in the depth of the beams to 18”. This approximation is deemed adequate and will be
verified by hand calculations providing the design of the necessary reinforcement.

Beam 9 (Earthquake) Beam 9 (Wind)

Story | v2 | T(k-ft) | M3 (k-ft) | Story | V2 | T(k-ft) | M3 (k-ft)
ROOF | 3.86 0.10 29.52 ROOF | 3.95 0.11 30.68
8TH 1.82 0.17 13.79 8TH 491 0.24 37.51
7TH 1.72 0.17 13.06 7TH 5.04 0.23 38.55
6TH 1.72 0.18 13.04 6TH 5.27 0.26 40.22
5TH 1.63 0.18 12.39 5TH 5.3 0.26 40.48
4TH 1.5 0.17 11.41 4TH 5.19 0.26 39.66
3RD 1.35 0.15 9.89 3RD | 4.83 0.25 36.88
2ND | 1.05 0.13 5.98 2ND | 4.22 0.22 32.26
1ST 0.62 0.08 4.74 1ST 2.75 0.14 21.04

Table 26: Concrete Beam Forces — Beam #9

After a cross section was chosen and the design loads were identified the flexural, transverse
and shear reinforcement needed in the beams was designed using provisions for intermediate
concrete moment frames found in ACI 21.3. First, the flexural reinforcement necessary in the
3,/frcbyd
fy
was checked and it was determined that torsional reinforcement is not necessary in the beam.

beam was sized using the equation A = . Next, the need for torsional reinforcement

After that, the design of the shear and transverse reinforcement using ACl 21.3 was completed
by first checking if V;, < 4./f’.b,,d and then designing for minimum shear reinforcement in

. 50by,s
beams using Ay, min = —

. After determining the area of reinforcement necessary, ACI 21.3
y

indicates that hoops need to be provided in beams at a spacing of s = d/4 for a distance of h/2
beginning and ending no more than 2” from the face of the supporting member. In addition to
the hoops, stirrups are provided throughout the rest of the column for transverse and shear
reinforcement. The reinforcement specifics and details used to adhere to ACI 21.3 can be
found below in Table 27 as well as Figures 31 and 32. The remainder of the beams designed
can be located in Appendix E along with their respective load tables.
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Figure 31: Beam B9 Detail - End of Beam

Final Report Mt. Lebanon, PA
Fifth Floor B9
Given: Estimation of d Torsional Reinforcement
M, | 40.48 bd? > 20M, 8.214 Tu < %bave (AP, | 36.885
V, 5.3 Used = 15.5 Reinf. Needed? no
T, 0.26 Calculation of A, (Flexure) Transverse Shear Reinforcement
[0) 0.9 A 0.882 V. 23.527
b 12 Use (2) #5Bars T& B Vu 2 %V, no
h 18
f'e 4000 Shear Reinforcement
f, | 60000 V. < 4vf'.bd yes V< 4vf'.bd yes
Smax= d/4 = 3.875", use 4" Smax=d/2 =7.75", use 8"
AVpin 0.120 AVpin 0.120
Use (2) #3 Hoops @ 4" for Use (2) #3 Stirrups @ 8"
36" @ each end throughout length
Table 27: Beam B9 Design — Fifth Floor
. 3 1|_ n . / _O"
N /[ 0 v . A— 10 7
| N /%) /-~ (2)#3 Hoops * . /o) /- (2)#3 Stirrups
/@ 4" for 36" /@ 8" throughout
/ in each end y
1!_6" (2) #5 1'-6" . (2) #5
/ T&B ' T&B
1u 1|r
15 1
(] J ,_ 2 N \@ JJ ;l\ 2
N } . N 1 | S
" iy
1" /7 2

Figure 32: Beam B9 Detail — Throughout Beam
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Design Process — Drift Analysis using ETABS

Using ETABS it was determined that the maximum seismic drift in the shear walls and concrete
moment frame was well below the allow limit of A = 0.020hs. The maximum drift was found
using the seismic load in the y direction with an added 8% eccentricity for accidental torsion
considerations. For comparison purposes the maximum drift found when analyzing the system
using only the shear walls is also shown. The results of the maximum seismic story drift
determined are illustrated in Tables 28 and 29 as well as Figure 33 below.

Controlling Seismic Drift - Shear Walls Only

Floor Story Height | Total Height Story Allowable Story Drift (in) Total Allowable Story Drift (in)
(ft) (ft) Drift (in) Aseismic = .020hg, Drift (in) Dseismic = .020hg,
Second 14.33 14.33 0.3268 < 3.44 | Acceptable 0.3268 < 3.44 Acceptable
Third 11.00 25.33 0.2836 < | 2.64 | Acceptable | 0.6104 < 6.08 Acceptable
Fourth 11.00 36.33 0.3428 < 2.64 | Acceptable | 0.9532 < 8.72 Acceptable
Fifth 11.00 47.33 0.386 < | 2.64 | Acceptable | 1.3392 < | 11.36 | Acceptable
Sixth 11.00 58.33 0.4144 < | 2.64 | Acceptable | 1.7536 < | 14.00 | Acceptable
Seventh 13.17 69.33 0.4408 < 3.16 | Acceptable 2.1944 < 16.64 | Acceptable
Eighth 13.50 82.67 0.5468 < 3.24 | Acceptable 2.7412 < 19.84 | Acceptable
Roof 13.83 96.33 0.5636 < | 3.32 | Acceptable | 3.3048 < | 23.12 | Acceptable
Table 28: Controlling Seismic Drift — Shear Walls Only Design
Controlling Seismic Drift - Moment Frames Included
Floor Story Total Story Allowable Story Drift (in) Total Allowable Story Drift (in)
Height (ft) | Height (ft) | Drift (in) Dseismic = .020hg, Drift (in) Aseismic = .020hg,

Second 14.33 14.33 0.3024 < 3.44 | Acceptable 0.3024 < 3.44 Acceptable
Third 11.00 25.33 0.2576 < 2.64 | Acceptable 0.56 < 6.08 Acceptable
Fourth 11.00 36.33 0.308 < 2.64 | Acceptable 0.868 < 8.72 Acceptable
Fifth 11.00 47.33 0.35 < 2.64 | Acceptable 1.218 < | 11.36 | Acceptable
Sixth 11.00 58.33 0.3824 < 2.64 | Acceptable 1.6004 < | 14.00 | Acceptable
Seventh 13.17 69.33 0.3976 < 3.16 | Acceptable 1.998 < | 16.64 | Acceptable
Eighth 13.50 82.67 0.4916 < 3.24 Acceptable 2.4896 < 19.84 Acceptable
Roof 13.83 96.33 0.5056 < 3.32 | Acceptable 2.9952 < | 23.12 | Acceptable

Table 29: Controlling Seismic Drift — Shear Walls and Moment Frame Design
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Figure 33: Actual versus Allowable Seismic Story Drift

The drift due to wind in the building controlled the design before the amplified story drift using
ASCE 7-05 was applied for seismic drift. However, the design in general is controlled by the
gravity loading on the concrete. A drift limitation due to wind loading of A = H/400 was used as
recommended by ASCE 7-05. This limitation was used specifically for the drift in the entire
building including the diaphragms. Also used was a drift limitation of A = H/500 for wind

serviceability considerations to minimize damage on non-structural components like claddings

and partitions. For comparison purposes the maximum drift found when analyzing the system

using only the shear walls is also shown. The results of the maximum wind story drift

determined are illustrated in Tables 30 and 31 as well as Figure 34 below.

Controlling Wind Drift - Shear Walls Only
Story Total Story Allowable Story Drift (in) Total Allowable Story Drift (in)
Floor . . e 1 .

Helght (ft) Helght (ft) Drift (ln) Awinp = H/400 Drift (ln) Awinp = H/400
Second 14.33 14.33 0.177 < | 0.43 | Acceptable 0.177 < | 043 Acceptable
Third 11.00 25.33 0.137 < 0.33 Acceptable 0.314 < 0.76 Acceptable
Fourth 11.00 36.33 0.1559 < 0.33 Acceptable 0.4699 < 1.09 Acceptable
Fifth 11.00 47.33 0.1674 < 0.33 Acceptable 0.6373 < 1.42 Acceptable
Sixth 11.00 58.33 0.1727 < 0.33 Acceptable 0.81 < | 175 Acceptable
Seventh 13.17 69.33 0.2103 < 0.33 Acceptable 1.0203 < | 2.08 Acceptable
Eighth 13.50 82.67 0.2109 < 0.40 Acceptable 1.2312 < | 2.48 Acceptable
Roof 13.83 96.33 0.1648 < 0.41 Acceptable 1.396 < | 2.89 Acceptable

Table 30: Controlling Wind Drift — Shear Walls Only Design
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Controlling Wind Drift - Moment Frames Included
Floor Story Total Story Allowable Story Drift (in) Total Allowable Story Drift (in)
Second 14.33 14.33 0.154 < | 0.43 | Acceptable 0.154 < | 043 Acceptable
Third 11.00 25.33 0.112 < | 0.33 | Acceptable 0.266 < [ 0.76 Acceptable
Fourth 11.00 36.33 0.1264 < | 0.33 | Acceptable 0.3924 < | 1.09 Acceptable
Fifth 11.00 47.33 0.1329 < | 0.33 | Acceptable 0.5253 < | 1.42 Acceptable
Sixth 11.00 58.33 0.1349 | < | 0.33 | Acceptable | 0.6602 | < | 1.75 | Acceptable
Seventh 13.17 69.33 0.1616 < | 0.33 | Acceptable 0.8218 < | 2.08 Acceptable
Eighth 13.50 82.67 0.1594 < 0.40 Acceptable 0.9812 < | 2.48 Acceptable
Roof 13.83 96.33 0.1214 [ < | 0.41 | Acceptable 1.1026 | < | 2.89 Acceptable
Table 31: Controlling Wind Drift — Shear Walls and Moment Frame Design
Wind Drift Comparisons
Shear Wall Design Drift
£
" Shear Wall/Moment
5 Frame Drift
e H /400
e H /500
Figure 34: Actual versus Allowable Seismic Story Drift
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Structural Depth Conclusions:
Gravity System

The results of the gravity redesign conclude that a two way flat plate concrete slab system with
reinforced concrete columns was adequate to support the gravity loads of Washington Park
Condominiums and therefore is seen as a viable alternative to the composite steel joist system
currently in place. The layout of the floors was designed in such a way that all of the columns
remained in the same place and the individual apartment floor plans were not impacted. In
additional to the layout of the floors, the floor to floor heights of each floor did not change,
however the ceiling heights on the each floors had to be dropped to accommodate the 10”
concrete slab and airspace necessary to run all of the needed MEP equipment throughout the
ceiling cavity. This will discussed at more length in the architectural detailing breadth. Another
impact on the design was that the overall building weight increased because the structure was
changed from steel to concrete. This increase led to the resizing of the existing spread footing
foundations and the resizing of the piers connecting those foundations to the columns.

Lateral System

For the lateral system a core of “shaft” shear walls was originally designed to replace the
system of steel moment frames. The shear walls were laid out around the stair and elevator
shafts within the building so that there would be little to no impact on the floor plans. Upon
completing a dynamic analysis using ETABS it was determined that the shear wall system was
sufficient to resist the lateral loads of the building. In addition to this the story drift and overall
building drift of the structure were within the maximum limitations laid out in ASCE 7-05. With
that being said there were issues concerning the rotational period of the building as well as the
accidental torsion caused by the buildings rectangular shape. This led to the design of exterior
concrete moment frames to help add stiffness to the building, while reducing the accidental
torsion found in the structure. Although the lateral system of the building may be over
designed, the knowledge and understanding that was gained in designing both shear walls and
concrete moment frames proves to be invaluable.

Without the use of ETABS in coordination with ASCE 7-05 it would not have been possible to
determine the torsional effects that the lateral loads had on the structure. Although the
torsional effects did cause for a modification in design, both the gravity and lateral systems
within the building were designed based on strength and then checked for drift. Itis
understood that this will not always be the case especially since a building may be located in an
area of high seismic or wind loading. Overall the redesign of the structural system for
Washington Park Condominiums proved to be adequate using the given loads found in and on
the structure.
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The purpose of the acoustical breadth study is to investigate the sound transmission through

various floors and walls within the building. Acoustics was chosen as a breadth study because it
was mentioned as a possible option by the owner of the building. The owner expressed
concern that the residents would experience unwanted noise in their apartment from other

apartments, roof mechanical equipment, first floor retail spaces and the elevators. This

concern stems from the fact that many of these louder spaces in the building share walls with

the apartments, therefore creating the possibility for unwanted noise. This concern also led to
the owner commissioning an acoustics study to be performed for the existing structure of the
building by the Sextant Group. The Sextant Group performed an acoustics study for the current
wall and ceiling constructions in various locations in the building with the purpose of

determining the estimated STC rating for each assembly. The estimated STC ratings were then

compared to the minimum sound and impact isolation requirements for wall and floor

assemblies found in IBC 2006.

The new acoustics study is necessary because
of the change in structural system. A change
in the structural system caused the wall and
floor systems to also change and therefore
modifies the STC rating of each individual
assembly. The study will also perform
transmission loss and STC calculations on each
of the assemblies studied in the previous
acoustics study as well as studying various
other assemblies. To begin the analysis, the
spaces that share common walls and/or floors
and have a high expected noise level will be
identified. The figure to the right shows the
different spaces in the building, with red
signifying the spaces that have a high
expected noise level, blue signifying the
apartments and green signifying spaces that
were not considered in the study. From this
figure it is clear to see that the main focus of
the study is how the noise from the spaces
with high expected noise levels transmits
through the wall and floor assemblies and
into the apartment units. The spaces that are
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Figure 35: Spaces in building based on noise level.
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signified in red include; the retail space, the elevator shaft, the corridor and the roof top
mechanical equipment. Each space will be analyzed separately for how sound is transmitted
from the space through the shared wall or floor assembly and into the apartment.

To begin the analysis of each individual space a few different parameters needed to be
determined. These parameters include; the expected noise level in the adjacent space, the
expected background noise of the space being studied and the sound absorption of the wall
assembly. All of these values were found using Architectural Acoustics by M. David Egan.
Architectural Acoustics also set forth the process of designing the necessary transmission loss
and STC required, isolating each apartment from the various noise sources. Once those values
were identified they were used to set the basis for the design along with the required noise
reduction and transmission loss in each assembly. After the required transmission loss for each
assembly was established, a wall of floor construction could be developed to meet the required
level. Each assembly has different materials used in the wall construction based on the purpose
of the assembly. The values for the transmission loss and STC of each material were found
using Architectural Acoustics as well as Noise Control in Buildings by Cyril M. Harris. These
values were added together to obtain the overall transmission loss and STC in each wall and
floor assembly. This process was completed a total of five different times for five different wall
and floor assemblies throughout the building. The results for the five separate assemblies are
listed in Tables 32 thru 36 below.

Floor Sound Isolation Assembly used above First Floor Retail Space

125 | 250 | 500 | 1000 | 2000 | 4000 | STC

Expected Noise Level in Retail Space 72 | 83 | 82 82 80 75
Minus expected background noise in Apartment (RC-30) 45 | 40 | 35 30 25 20
Required NR 27 | 43 | 47 | 52 55 55 50
Minus 10 log a2/S -1 -1 -1 -1 -1 -1
Required TL 28 | 44 | 48 53 56 56 50
Finding an Adequate Wall Construction:
3/4" Wood Flooring on 1" glass fiber 0 1 0 1 1 1 -
10" Reinforced Concrete Slab 44 | 48 | 55 58 63 67 -
18" Airspace 12 | 12 | 14 15 16 8 -
1/2" Gypsum Wall Board Finished Ceiling 15 | 20 | 25 29 32 27 -
Total TL of Wall Construction 71 | 81 | 94 | 103 | 112 | 103 | 95

Difference between Actual and Required Transmission Loss | 43 | 37 | 46 50 56 47 45

Table 32: Floor Sound Isolation between 1* Floor Retail Space and 2" Floor Apartments.
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Floor Sound Isolation Assembly used on Floors 3 thru 8

125 | 250 | 500 | 1000 | 2000 | 4000 | STC
Expected Noise Level in Apartments 62 | 64 | 67 70 68 63
Minus expected background noise in Apartment (RC-30) 45 | 40 | 35 30 25 20
Required NR 17 | 24 | 32 40 43 43 50
Minus 10 log a2/S 101 -1 -1 -1 -1
Required TL 18 | 25 | 33 41 44 44 50
Finding an Adequate Wall Construction:
3/4" Wood Flooring on 1" glass fiber 0 1 0 1 1 1 -
10" Reinforced Concrete Slab 44 | 48 | 55 58 63 67 -
18" Airspace 12 | 12 | 14 15 16 8 -
1/2" Gypsum Wall Board Finished Ceiling 15 | 20 | 25 29 32 27 -
Total TL of Wall Construction 71 | 81 | 94 | 103 | 112 | 103 | 95
Difference between Actual and Required Transmission Loss | 53 | 56 | 61 62 68 59 45
Table 33: Floor Sound Isolation between Floors on Apartment Levels 3 thru 8
Floor Sound Isolation Assembly used below Rooftop Mechanical Equipment
125 | 250 | 500 | 1000 | 2000 | 4000 | STC
Likely noise level from Rooftop Mechanical Equipment 93 89 85 80 75 69
Minus expected background noise in Apartment (RC-30) 45 40 35 30 25 20
Required NR 48 49 50 50 50 49 50
Minus 10 log a2/S -1 -1 -1 -1 -1 -1
Required TL 49 50 | 51 51 51 50 50
Finding an Adequate Wall Construction:
24 gauge decking with 1 3/8" sprayed insulation 17 22 26 30 35 41 -
10" Reinforced Concrete Slab 44 48 55 58 63 67 -
18" Airspace 12 12 14 15 16 8 -
1/2" Gypsum Wall Board Finished Ceiling 15 20 25 29 32 27 -
Total TL of Wall Construction 88 | 102 | 120 | 132 | 146 | 143 | 105
Difference between Actual and Required Transmission Loss | 39 52 69 81 95 93 55

Table 34: Floor Sound Isolation between Penthouse Apartments and Rooftop Mechanical Equioment

B. Follett

Page 59




Architectural Engineering Senior Thesis
Final Report

Washington Park Condominiums

Mt. Lebanon, PA

Wall Sound Isolation Assembly to be used between Elevator and Apartment

125 | 250 | 500 | 1000 | 2000 | 4000 | STC
Likely noise level from Elevator 86 | 85 | 84 83 82 80
Minus expected background noise in Apartment (RC-30) 45 | 40 | 35 30 25 20
Required NR 41 | 45 | 49 | 53 57 60 50
Minus 10 log a2/S 101 -1 -1 -1 -1
Required TL 49 | 50 | 51 | 51 51 50 50
Finding an Adequate Wall Construction:
18" Concrete Masonry Unit Wall 31 | 40 | 44 51 57 61 -
Resilient channels 1 1 2 2 1 1 -
2 Layers of 1/2" Gypsum Wall Board 19 | 26 | 30 32 29 37 -
Total TL of Wall Construction 51 | 67 | 76 | 85 87 99 75
Difference between Actual and Required Transmission Loss | 9 21 | 26 31 29 38 25
Table 35: Wall Sound Isolation between Elevator Shaft and Apartment
Wall Sound Isolation Assembly to be used Between Apartments
125 | 250 | 500 | 1000 | 2000 | 4000 | STC
Likely noise level in Apartments 62 | 64 | 67 70 68 63
Minus expected background noise in Apartment (RC-30) 45 | 40 | 35 30 25 20
Required NR 17 | 24 | 32 40 43 43 50
Minus 10 log a2/S 101 -1 -1 -1 -1
Required TL 18 | 25 | 33 41 44 44 50
Finding an Adequate Wall Construction:
2 Layers of 1/2" Gypsum Wall Board (each side) 19 | 26 | 30 32 29 37 -
2 Layers of 3 5/8" Steel Studs @ 24" O.C. 2 4 5 6 7 6 -
1/2" Air Gap 1 0 2 3 1 -
2 Layers of 3 1/2" fiberglass insulation 10 | 18 | 22 18 10 22 -
Total TL of Wall Construction 32 | 49 | 57 58 49 66 61
Difference between Actual and Required Transmission Loss | 14 | 24 | 24 17 5 22 11

Table 36: Wall Sound Isolation between Two Apartments and Apartments and Corridors
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After the five separate assemblies were designed, their acoustical performance was compared
to that of the existing assemblies as provided by the Sextant Group. The results of the
comparison can be found below in Table 37.

Acoustic Performance Comparison

STC - HUD Noise | STC - Existing STC - New

el Control Guide Design Design Difference
Floor Assembly between 1st Floor
Retail and 2nd Floor Apartment STC-56 STC-62 STC-95 +33
Floor Assembly between Floors STC-56 STC-58 STC- 95 +37

on Apartment Levels 3 thru 8

Floor Assembly between
Penthouse Apartment and STC-56 STC-62 STC - 105 +43
Rooftop Mechanical Equipment

Wall Assembly between Elevator

it sl A e STC-56 STC-55 STC-75 +20

Wall Assembly between two
Apartments and an Apartment STC-56 STC-57 STC-61 +4
and a Corridor

Table 37: Acoustical Study Comparisons

Based on the calculations and the comparison between the acoustical study performed by
Sextant Group and the one done above, it is obvious that all new wall and floor assemblies
outperform both the requirements set forth by U.S. Department of Housing and Urban
Development and the existing design. This can be attributed to the fact that the structural floor
system of the building was changed to reinforced concrete which has extremely high TLand STC
values when compared to the existing VESCOM composite joist system. Overall, the acoustical
study met the requirements of the owner by increasing the TL and STC values in the wall/floor
assemblies therefore creating better sound isolation between spaces.

Although the study is comprehensive it does not focus on vibrations caused by any of the
mechanical equipment. This is because the vibrations from the rooftop mechanical equipment
would be controlled by using Kinetics Model FDS free-standing spring isolators and Kinetics
Model KSR Isolation Rails. Both of these isolation systems were discussed by the Sextant Group
in the existing acoustical report and would be used if they were necessary in the new structure.
For reference, the cut sheets for both of those systems are included in Appendix F.
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Architectural Detailing Breadth Study:

The purpose of the architectural detailing breadth study is to examine how the ceiling cavity of
the building will change due to the redesign of the structural floor system. The existing
composite steel joist system was used as an architectural element that allowed the ceiling to be
installed directly to the joist bottom
chord. The 18" depth of the joists also g _
allowed the mechanical systems (HVAC, - gl e
plumbing, fire protection, electricaland |
telecommunications) to be installed
within the joist system, saving space and
allowing for higher ceilings and floor to
floor height within the apartments. The
figure right is an example of how the
ceiling cavity is used as a space to run all
of the necessary mechanical equipment.

Although there are many benefits that

Figure 36: Existing Apartment Ceiling Cavity

make the composite joist system effective,
there are also issues that arise from having an inconsistent depth of space for the mechanical
equipment within the ceiling cavity. One of the main issues with the existing system is the fact
that the placement of the ductwork must coordinate with either openings in the joists or the 4
ft spaces between joists. The current system allows for circular ductwork of up to 12” in
diameter to be run through the joists along with rectangular ductwork up to 12” x 6” and
square ductwork of 9” x 9”. Where the design demands larger sizes, the ductwork must be
situated within the 4 ft spaces between joists. These spaces are open and allow a maximum
duct depth of 18”. An example of larger ductwork running parallel to the joists through the
ceiling cavity can be seen in Figure 37 below.

e T e T e I T T e T T Y e e T e e YT T T e e T T T T e T T e T S T T YT T T T T T re————

Figure 37: Ceiling Cavity in Apartment
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The composite joist floor system has many benefits other than just the allowable depth within
the ceiling cavity. One of the main benefits of the system is the fact that the ductwork and
other equipment can easily be attached and hung from the top chord of the joist. This allows
for more simplified steel to steel connections that are typical to all steel construction. Figure 38
below shows how the ductwork is currently connected to the bottom chord of the joist or the
bottom of the steel decking. The connections consist of either a bolted or welded stud used to
anchor and support the hanger straps of the ductwork. These connections will be discussed
more below when the connection necessary for hanging the ductwork from the new concrete
slab is discussed.

Figure 38: Ceiling Cavity in Corridor/Apartment

Overall, the composite joist system is extremely effective in reducing the amount of space that
is necessary for the ceiling cavity because it is able to integrate the structural system and
mechanical systems into the same space.

To begin the analysis of the ceiling cavity in the new reinforced concrete floor system, it is
essential to determine the amount of open space that is necessary for the ductwork of the
building. Since the depth of the slab is uniform throughout the building, the cavity depth will
not change and therefore the placement of the ductwork will not have to be modified like it did
in the existing composite joist system. Once the amount of available space is determined, it will
also be necessary to decide whether or not any of the ductwork in the building needs to be
resized or moved based on the fact that there is less space in the ceiling.
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To begin the design, the coordination of the systems and design requirements of the building
were taken into account to determine the allowable depth of the ceiling cavity. Based on the
floor to ceiling heights of the building as set forth by the architect along with the acoustical
performance study as shown above, the depth of the airspace between the bottom of the
concrete slab and the top of the ceiling is 18”. This size allows for optimal acoustical
performance of the floor system as well as maintaining the finished floor to ceiling height
within the apartments of 8’-9”. The 18" airspace chosen for the ceiling cavity is adequate for all
of the ductwork in the building since there are no ducts that have a depth greater than 15”.
The added 3” of depth allows for the addition of insulation to the ductwork if it is deemed
necessary by the mechanical contractor or the architect. For the purpose of this study, and the
acoustics study, no insulation was added. The figure below shows a typical cavity design for the
space between the corridor and the apartments, using the new structural concrete floor
system.

2

Figure 39: New Corridor/Apartment Ceiling Cavity

To continue the design it was essential to establish acceptable spacing between ductwork and
other mechanical equipment in the cavity. For this design, the minimum spacing between all of
the equipment has been set at 3.0”. A spacing of 3.0” allows for the addition of 1” of insulation
to the ductwork and piping, while still creating clearance of at least 1”. Another design issue
that needed to be revised was the connections between the hanger straps of the ductwork and
the concrete slab. This connection would require a lag screw along with an expansion shield
being drilled into the slab so that the straps could be attached. The below detail shows the
difference between the connections required when hanging ducts from the existing steel
decking and the new concrete slab.
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Figure 40: Ductwork to Slab Connections

For the new connection, %4” diameter TITEN® Concrete Screws were chosen to attach the straps
to the concrete. The screws in the connection are 3 %4” long and are covered by a lag screw
expansion shield. The entire connection has a tension capacity of 726 Ibs and a shear capacity
of 900 Ibs. The cut sheets for both the concrete screw and the lag screw expansion shield are
included for reference in Appendix G.

Based on a comparison between the existing composite steel joist system and the new
reinforced concrete system it is apparent that both systems are adequate for the design and
placement of the mechanical equipment within the ceiling cavity. Even though both systems
are sufficient in their design, there are benefits and drawbacks inherent in the coordination
between each system and the mechanical equipment present in the design. There appears to
be no significant cost difference in terms of the placement of the mechanical equipment
because the ceiling cavity of the existing design has already been optimized to fit all of the
ductwork and piping. The only noticeable benefit apparent using the concrete slab system is
the fact that the airspace used to run the mechanical equipment is deeper and more uniform.
Overall, both structures provide sufficient ceiling cavities that allow the mechanical, electrical,
plumbing and other systems the opportunity to be designed and constructed with maximum
coordination and minimal interference.
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Final Conclusions and Recommendations:

The main goal of a designing a new structural system for Washington Park Condominiums
proved to be both effective as well as ineffective. In many ways changing the structural steel
system to that of a system completely made from concrete holds some inherent benefits. For
one, many apartment and condominium buildings in general are built using concrete because of
the material’s intrinsic properties of heaviness and mass, which allows for more lateral stiffness
and resistance of horizontal movement. Because of this, occupants in tall buildings experience
less building motion as well as less noise and vibration from other parts of the building.

One of the main issues in the building was the fact that every beam and column in the structure
was used as part of the moment frame. This seemed extremely inefficient and was one of the
main causes for the lateral system redesign. With that in mind, shear walls and concrete
moment frames were designed to resist the lateral loads on the building. Although the shear
walls proved to be sufficient in resisting these loads, the exterior concrete moment frame was
designed to reduce the period and add stiffness to the building. In some respect, the moment
frames can be viewed as over design, however the value found in designing various lateral
resistance systems proves to be particularly beneficial.

When recalling the goals set forth at the onset of this report, it is apparent that most of them
have been accomplished to some degree. Structurally the building satisfies all requirements
found in IBC 2003 and ASCE 7-05. More specifically, the flat plate slab, columns and shear walls
were all able to be designed with minimal to no impact on the building’s architecture and floor
plan. Lastly, the ultimate goal of exploring reinforced concrete as a structural system as well as
learning of its similarities and differences from a steel system was accomplished.

In terms of breadth studies, both the acoustics and architectural detailing studies are viewed as
relevant. The acoustics study requested by the owner, allows for better sound isolation
between apartments as well as better isolation between the apartments and spaces which have
high noise levels. The detailing study showed that the change in structural system would not
significantly impact the ceiling cavity or the necessary coordination between the structure and
the mechanical systems of the building.

The final conclusions and recommendations of this study are that the current structural system
of the building is the most efficient. However, the benefits to designing a reinforced concrete
system in mid to high rise apartment buildings are obvious and well documented throughout
the industry. Overall, it is concluded that a project such as this takes years of experience and
understanding to design properly so that the structures efficiency is maximized. From this
report it has be determined that the design completed by the engineers is both practical and
capable of meeting the design requirements, making it the correct design for the building.
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Appendix A: Flat Plate Reinforce Concrete Slab Design
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Direct Design Method

Total Static Moments at Factored Loads Frame A Frame B
Frame A Frame B M i M’ (i M M’ M i
W, 0.2824 Wy, 0.2824 Total Moment 439.-47 736.64 -439.-47 Total Moment 7445_-50 239.88 4453
l; 28333 1 28 Column Strip -329.60 141.98 -329.60 | ColumnStrip | -334.12 143.93 -334.12
1, 28 I, 28.333 Middle Strip -109.87 94.65 -109.87 Middle Strip -111.37 95.95 -111.37
M, 676.10 M, 585.38
141, 1.01 1./1, 0.988 Frame A - Reinforcement Frame B - Reinforcement
o 0 o 0 M (Colurnn Strip) #5 @ 5.5" O/C M {Column Strip} #5 @ 6" 0/C
beal 168 beq 168 M’ (Column Strip) #5 @ 14" OfC M’ (Column Strip} #5 @ 14" Q/C
Br 168 B 172 M {Middle Strip) #5@ 15.25" O/C M {Middle Strip} #5 @ 15.75" O/C
deis 8.3125 it 8.9375 M’ (Middle Strip) #5 @ 15.25" O/C M’ (Middle Strip) #5 @ 15.75" O/C
Interior Moments Shear Capacity in Slab Shear Reinforcement
Frame A Frame B vy 52.41 Bar/Wire Limit -V, 244.19
W {C.B5M) | 439.47 | M (C.65M) 445.50 bV, 142.44 oK NS USE BAR/WIRE
M'(0.35M.}] 23664 | M{0.35M,3] 239.88 Punching Shear Capacity in 5lab v, 188.68
Vy 222.9050976 s=d/2 4.5
NO GOOD
Endspan Moments b, 128.715832 A, 1.57
Frame A Frame B Use (15) #3 Stirrups @ 4.5"
M e 47327 M 479.77
m' 338.05 M 342.69
Mo 202.83 M ey 205.61
Frame A Column Strip Kiddle Strip
Description [V M’ [0 M’
Al Moment -329.60 141.98 -109.87 94.65
2 Width of Strip (b} 168 168 168 168
3 Effective d 8.3125 8.3125 8.3125 8.3125
4 Wn = Mu/ -366.22 1587.76 -122.07 105.17
) KMn*12/b -26.16 11.27 -8.72 7.51
4] R= I'\ﬂn/bd2 -378.58 163.08 -126.19 108.72
7 piTable A5} 0.0067 0.0026 0.00213 0.0018
8 A, =pbd 9.357 3.631 2.975 2.514
9 A min = -002bt 3.36 336 3.36 3.36
10 M= Larger of 8 & 5/0.31 30 12 13 il
11 N = b2t 8 8 8 8
Frame B Column Strip iiddle Strip
Description [ M M M
1 Moment -334.12 143.93 -111.37 95.95
2 Width of Strip (b} 168 168 172 172
3 Effective d 8.9375 8.9375 8.9375 8.9375
4 mMn = Mu/d -371.25 159.92 -123.75 106.62
5 Mn*12/b -26.52 11.42 -8.63 7.44
3] R= I'\r"\nﬂ;!d2 -331.98 143.00 -108.08 9312
7 o (Table A.5) 0.00583 0.00245 0.00188 0.0021
8 A =pbd 8.754 3.679 2.890 3.228
9 Acmin = .002bt 3.36 3.36 3.44 3.44
10 M= Larger of 8 & 9/0.31 28 12 it ik
11 N = b/2t 8 8 9 9
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Exterior Slab Reinforcement Long Direction

(2) #5 @ 16" (3)#5 @ 16" — (3)#5 @ 16 (HS @ 16" — . 2)u5@ 16"
\\ (ength = 4-10" Length = ux.l/ \\ Length = 9.0 Length = -0 I/ \l@hﬂ. m .M_N i Length = 410 I/
= gl o =
/ @#3@ ﬂm.l\ /LE Bars |\ B @ q.m.l\ /| B #3 @ 75" /!

(2)#5 @ 16" (2)#5 @ 16"

Length = 260" —_— Length = 284" _— (2)#5 @ 16°

Length = 280"
Beam Strip and Transverse Reinforcement
4)#5 @ 16" ! - 4)#5@ 16"
P W@ — (@) #5 @ 16 — @#s@1

Length = 84",
\I Length = 65" I/

(4) #5 @ 16° :
\I Length = 9-0" Length = 90 I/

(4) #5 @ 16"
\l Length = 84"

Length = 6'4" I/

(4) #5 @ 18" \
Length = 280" —/

(10) #5 @ 16"

(5) #5 @ 16"
\l Length = 9-5" Length = m_.s.l/

(4)#5 (@ 168" \\
Length = 28'-4"
Middle Strip Flexural Reinforcement

(10)#5 @ 16"

(10)#5 @ 16 Length = 9.5
\I Length = 9-5° 1/

/LGm@ 16°

Length = 280"

(10) #5 @ 16"
\I_.o..ﬁ:._ = 510"

(5)#5 @ 16"

Length = ,e..u,l/

(B) #5 @ 16" /
Length = 2807

(4)#5 @ 16° \
Length = 264" —

Column Strip Flexural Reinforcement

/I_Eau @ 16"

Length = 28°-0"
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4 #5@ 12"
\l Length = 17'-2"

(14)#5 @ 12"

\I Length = 7-6"

Interior Slab Reinforcement

(14)#5 @ 12

Length = 7'-5" I/

(14)#5 @ 12"

Length = 172" 1/

A

¥

a#s@12"
Length = 17'-2"

(6)#5 @ 16"

\I Length = 17'-2"

(10) #5 @ 16" \
Length = 28'-4" —

(28)#5 @ 6"
\| Length = '-6"

/::_m

Length = 19-10"

Middle Strip Flexural Reinforcement

(28) #5 @ 6"

Length = m..m_.t/

/I:ium@ 12"

Length = 17"-2"

(6)#5 @ 16"

Length = :..N.I/

(6)#5 @ 16" \
Length = 172"

(17)#5 @ 10" \\
Length = 28'-4"

Column Strip Flexural Reinforcement

/Ia:a@ 16"

Length = 17'-2"
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Interior Slab Reinforcement Long Reinforcement

(14) #5 @ 18° — (9) #5 @ 16" — ©)#s @ 16°

10) #5 @ 1
. 8) 45 @ 16" Lergth = 510"~ (10145 g 16° Length = 8-9° (©)#5 @ 16" Length = §-5"
\l Length = §-5* n/ g Length = 5-10°
4

i i

l\ ‘ |\ /! /I
@) #5@ 14 X \\ 8)#5 @ 16" .
Longih = 239" - @@ 18 Length = 28-4* (S 45 @ 167 (@#5@ 16

Length = 28-0 —

Middle Strip Flexural Reinforcement

29) #5 @ 5.5° — 5 S 9) #5 @ 16"
(29)#5@ (29)#5@ 5.5 —— @@

- (10) #5 @ 16" Length = 510" — (29) #5 @ 5.5 Length = &-0" Length = 94"
Length = 9-5" |/ Length = 90" Length =5-10"
/ \

Length = 28°0" Length = 23-9°

r
17) #5 @ 10° (10)#5 @ 16 \ /!
e \ Length = 28-4" (16) #5 @ 10.5"

Length = 28'-0° Length = 280"

Column Strip Flexural Reinforcement
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Appendix B: Gravity Column Design & Foundations
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24 ® 24 in

Code: ACI 318-02

Units: English

Run axis: Biaxial

Run option: Design
Slenderness: Not considered
Column type: Structural
Bars: ASTM AG15

Date: 03/29/09

Time: 18:41:58

P (kip)
2500

(Pmax)

11

I I I I I I 1 2I00
M (0%) (k-ft)
(Pmin)
-1500 -+

pcaColumn v3.64. Licensed to: Penn State University. License ID: 52411-1010265-4-22545-28F4D

Column:

fc =5 ksi

Ec = 4031 ksi
fc=4.25ksi

e_u = 0.003 infin
Betal = 0.8

Confinement: Tied

Project: Washington Park Condominiums

fy = 60ksi
Es = 29000 ksi
fo = 4.25 ksi

File: ¥:\~One Last Final Last Time\PCA Columniinterior Column.col

Engineer:
Ag=576in*2
As =18.72in*2
Xo =0.00in
Yo =0.00in

Clear spacing =5.12 in

phi{a) = 0.8, phi(b) = 0.9, phi(c) = 0.5

12#11 bars
Rho =3.25%
Ix = 27648 in*4
ly = 27648 in*4

Clear cover=1.50in
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General Footing Design i

Lic. # : Evaluation Version

Wer 8021

362008,
License Owmar ; Evaliation Varsioi

Imesior Coumn Spread Focting g (CS5)
General Information Calcula © 2006 cBC 2007 Aci veor General Information BC 2006, CBC
Material Properties Soil Design Values Material FIDDam“ Soil Design Values
fc: Concrete 78 day sirength = 4.0 ks Allgwabie Soil = 9.0 ksf T Concrete 78 day strength 4.0 k=i Abpwable Soil Bezmg = 9.0 ksf
Fy Yield = 60.0 ksi inciease Bearing By Footing Weght w No Fy - Rebar Yield 60.0 ksi Increase Beaning By Fooling Weght = No
Et : Concrete Elistc Modulus = 3.122.0 ksi Sod Passive Resistance (lor Siiding) = 250.0 ped Ec: Concrete Elastc Modulus = 3.122.0 ksi Sod Passive Resstance (for Siiding) = 250.0 ped
Concrete Density = 145.0 pof SodiConcrate Friction Coeff. = 0.30 Concrete Density = 145.0 pef SolConcrete Friction Coeff. = 0.30
o Values  Flanure = 080 o Vales  Flasure = 0.90
v B = 0850 Increases based on footing Depth PR % "0 Increases based on footing Depth
Analysis Settings Reference Depm below Surtace . .ﬂnaiysn Sﬂlln L] Reference below Surface = [
hhn Stees % Bending Resnl. = 00140 igw. Pressute bcraase por ool of depth = kst . = 00140 Aiow, Pressise Incrase per fool of depth ' kst
Whin Aligw % Temg Reinf : 00180 when base foctng fs = muwmmnmr = 00180 when base looing = below s L]
Min, Qverturming Salety Facter 1.50 :1 Min, Overtuming Factor = 1.50 :1
Min, Qvertumirg Safety Faclor 1.50 :1 Inereases based on footing Width Min. Overtumming Safety Factor = 1.50 1 Increases based on footing Width
AuteCals Foating Weight as DL Yes Pressure Increase par ool of width = kst AutoCale Foating Weight as DL Yes Alow. Pressure Increase: of width % kst
AuloCalc Pedestal Weight as DL Mo when foaling is wider than s f MuitoCak Pedestal Weight as DL Mo when foaling is wider = f
Dimensions Dimensions
W alang XX Axis * 1308 'Width along X-X Auis x 708
Length alang 2.7 Ax = 13.08 Length along 2.2 Axi = 708
Footng Thcknes = 38.0 iy & Foosng Thicknes = 1804 L
Loamo:amnnﬂseﬂrnmhnlmmr.. Load location offset from footing center.
e Along X-X Axis oin e - Mong KX Aois: = Oin PR
ez Along 2.2 Asis = Oin ez - Along Z-Z Axis = Oin
Pedestal dimensions o i = s
e Along XX Ars = 36.0mn o T X P - Along XX Awis. : 16.0 in e
Pz - Along 2-Z Axis T 36.00n pe : Along 2.2 Aus = 16.0 in
Heght : 38.0n i ht 36.0n
Rebar Centaring ta Edge of Cancrete he Rebar Canterine to Edge of Concrete L3
&t Batiom of footing = 30in - a 30in g
|
v F) .. &
Reinforcing ¥ Reinforcing .
Bars dlong X-X Aus 2 - " - i nyaam;xx.\m ” T J N
¥ 120 . e 7.0 = e i
= 8 ¢ Peeﬂlomgaw&xe = LA F
- Bars along 2.2 Avis
Ba’sdnngZﬂ‘Z!-s = 12.0 Number of Bars = 70
= g8 Reirforcing Bar Sz = L
B [} Teck (AC1154 4 Bandwidth Distribeition Check (AC1 1544.2)
Diroam Hequnchlowseosalm na ngumm;bsa«&naam n/a
 Bars requited within Zone = na # Bars required within zone = na
# Bars required on sach sida of 2one # Bars required on each side of zone =
® nla b
Applied Loads Applied Loads
i Lt L 5 w E 1] 0 Lr L 5 w £ H
P : Cokamn Laad N 1,080.0 1400 782450 14,4360 k IP-: Column Load 2450 350 53.50 2740 42520 9.320 k
0B : Overturden s kst 08 Overburden kst
Moxs s o Mo = 37.060 11.70 K
Mz = k4 Wz = 5.350 7670 k4
Vet = K Ver = 0.580 0.50 k
Wz = k Wz = 4440 0.870 k
General Footing Design Sernverin  General Footing Design

Lic. # : Evaluation Version

luation Version

Desergten | Exterigr Colimn Spread Footng {C65] Dewwm. Exterior Colemn Spread Footng {CBT)
General Information Cateulations per [BC 2006, CBC 2007, ACI 118-05  Genaral Information Calculations per IBC 2006, CBC 2007, ACI 318-05
Material Properties Soil Design Values Material Proporties Soil Design Values
fe: Concrete 28 cay strength 40 kai Aligwable Beann? 8.0 kst fo: Concrete 28 day stength. = 4.0 ksi Alowable Sod Baari = 9.0 ksl
Fy - Pebar Yok 60.0 ks inciease Bearing By Vinight Mo Fy : Retar s = 0.0 kst Bearing ay'?mmw = No
Ec . Concrete Elastic Modulus 31220 bsi Sol Passive Fasu\am(hf Sldra) 250.0 pef Concrede Elastic Modulus = 31220 bsi Sol Passive Resistance (for Siding) - 250.0 pef
Concrete Densty 145.0 pol SoliConcrete Friction = 0.30 = 145.0 pef SoliConcrete Friction Coaff. = 030
o Vales  Flewre 0.80 o Vaes  Flenre = 0.90
Shear 0.850 Increases based on footing Depth 3 0.850 i
Analysis Setlings Relecsnce Degin beow Surtace. : " Analysis Settinga Inarsdstibuaad ori foallng Dapthy i
Sneel%semg Reind. = 00140 Hlow. Pressure mueaseneroommln = kst b Reird. = 00140 Pressare Increast pes foot of depth = kel
Min Allow % Temp Reinf = 00180 when base foaling is below : f Min Allow % Temp Reinl. = 00180 foating is below = ft
Min. Overtumning Safely Factor = 1.50 :1 Min. Overturning Sadety Factor = 1.50 :1
Min. Overturning Safety Factor = 1.50 11 Increases based on footing Width Min. Qverturning Salety Factor = 1.50 :% Increases based on footing wmln
AuteCale Fooling Weight as DL Yes Pressure Increase per foot of width = kst AutoCale Footing Weight as DL Yes Allow. Pressure Increase per fool i kst
AutoCalc Pedestal Weight as DU No when foeting i widet than = n AutoCakc Pedestal Weight as DL No when footing i wider than = f
Dimensions. Dimensions.
Width along X-X Axs g 950 ft 4 Widih along X-X Axs. ¥ 850 ft
Lengt along Z:2 An s 950 % Lengt along 2.2 Ax = 8501t
Foating Thicknes = 280 in Foating Thicines = 2400 3 T
memmmrwlmmr.. Load location oftset from footing center...
e Along X-X On o Alang XX Axis = Oin
exmsgum . On umzzm = Oin
Padestal oma:smf.. 15 = Pedestal dimensions. &
- Alang is = On * - Along X-X Ais i 24, T
Ab»qunuus - i;g n ﬁ Algng 2+ Aois 5 240mn
0n wght y 12!
ﬁena?%erm 1o Edge of Concrete. ¥ Rebr Lartrine 1o Edge of Concrete., i ]
a Bottom of footing . 30n § al Bottam of footing B in 2
¥ ' £ vw
Reinforcing 4 Reinforcing
Bars dong X = ¥ 4 N Bars afong XX Avie
90 - w * e of Bare ” 80
# 8 Remkm-\g Bar Size . ¥ 8
Bars aiong 77 Axis
8.0 .0
¥ 8 8
Band 1L L4.2
Direction Requlmg Oose'Sepaanon nia i
# Bars required within zone = nia
# Bars required on each side of zone # Bars required on each side of zone
= nia = nia
Applied Loads Applied Loads
1] Lr L 5 W E I 1] Lt L s w E H
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Appendix C: Reinforced Concrete Shear Wall Design
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Seismic
Load Case Axial (P) Shear (V2) Shear (V3) Torsion (T} Torsion (T} Moment (M2) Moment (M3) Moment (M3)
SR1 (Max P) SEISMICXY -339.55 -2.08 1.6 -154.116 -12.843 -51.14 2364.212 197.018
SR1 (Max V2) SEISMICYX 18.04 45.34 -0.65 -225.241 -18.770 -17.943 9443.836 786.986
SR1 (Max M3) SEISMICYX 13.04 45.34 -0.65 -225241 -18.770 -17.943 9443.836 786.986
SL1 (Max P) SEISMICXYY 371.44 32.28 0.21 37.681 3.140 -42.439 2844.864 237.072
SL1 (Max V2) SEISMICYX 59.19 75.07 0.19 264.901 22.075 -4.456 9084.273 757.023
SL1(Max M3) SEISMICYX 59.19 75.07 0.19 264.901 22.075 -4.456 9084.273 757.023
SB1 (Max P) SEISMICYX 576.64 -25.37 -4.54 134114 11.176 48.999 1690.543 140.879
SB1 (Max V2) SEISMICXYY 144.02 49.2 -0.72 1339.123 111.594 203.426 16214.961 1351.247
SB1{Max M3) SEISMICXYY 159.99 44.42 -0.27 -337.621 -28.135 20.712 20808.273 1734.023
ST1 (Max P) SEISMICYX -653.87 28.59 -9.03 -72.904 -6.075 50.491 3268.891 272.408
ST1 (Max V2) SEISMICXY 7.7 117.69 0.48 -965.801 -80.483 48.758 14420.651 1201.721
ST1{Max M3) SEISMICKYY -216.9 98.71 -3.58 456.107 38.009 18.692 30459.802 2538.317
Load Case Axial (P) Shear (V2] Shear (V3] Torsion (T) Torsion (T) Moment (M2) Moment (M3) Moment (M3)
ER1 (Max P) SEISMICXY -215.4 717 2.69 -96.846 -8.071 -28.592 1818.786 151.566
ER1 (Max V2) SEISMICYX 2.05 63.14 0.19 -259.607 -21.634 -5.197 8976.801 748.067
ER1 (Max M3) SEISMICYX 2.05 63.14 0.19 -259.607 -21.634 -5.197 8976.801 748.067
EL1 {Max P) SEISMICXY 234.04 19.85 2.72 -13.398 -1.117 -46.475 1337.336 111.445
EL1 (Max ¥2) SEISMICYX 74.46 40.25 1.89 193.955 16.163 10.347 8893.151 741.096
EL1{Max M3]) SEISMICYX 74.46 40.25 1.89 193.955 16.163 10.347 8893.151 741.096
EB1 {Max P) SEISMICY 281.68 12.86 -2.61 -112.166 -9.347 36.039 1237.315 103.110
EB1 (Max V2) SEISMICKYY 100.31 21.14 -1.28 -148.705 -12.392 13.041 3519.549 293.296
EB1{Max M3} SEISMICXY 49.05 17.18 -1.05 -168.69 -14.058 6.809 3796.498 316.375
ET1 {Max P} SEISMICYX -414.81 -3.86 -6.99 102.986 8.582 40.663 971.678 80.973
ET1 (Max V2) SEISMICXY -67.69 44.62 -0.99 188.964 15.747 9.423 7727.589 643.966
ET1{Max M3) SEISMICXY -67.69 44.62 -0.99 1838.964 15.747 9.423 7727.589 643.966
Load Case Axial (P) Shear (V2) Shear (V3) Torsion (T} Torsion (T} Moment (M2) Moment (M3) Moment (M3)
ER2 (Max P) SEISMICYXX -201.78 -3.89 2.95 40.727 3.394 -26.736 -771.408 -64.284
ER2 (Max ¥2) SEISMICY -34.06 68.26 0.59 -227.941 -18.995 -3.207 8783.707 731.976
ER2 (Max M3) SEISMICY -34.06 68.26 0.59 -227.941 -18.995 -3.207 8783.707 731.976
EL2 {Max P} SEISMICKYY 176.51 -13.03 1.39 -20.225 -1.685 -25.443 -379.311 -31.609
EL2 (Max V2) SEISMICY 35.92 18.43 -0.46 237.647 19.804 -4.973 4692.472 391.039
ELZ{Max M3) SEISMICY 35.92 18.43 -0.46 237.647 19.804 -4.973 4692.472 391.039
EB2 (Max P) SEISMICY 352.3 17.83 -6.12 81.942 6.829 46.645 442.158 36.847
EB2 (Max v2) SEISMICXYY -11 37.87 0.61 -143.531 -11.961 -7.401 5179.077 431.590
EB2{Max M3} SEISMICXYY -11 37.87 0.61 -143.531 -11.961 -7.401 5179.077 431.590
ET2 {Max P} SEISMICY -354.17 -17.32 -6.03 85.993 7.166 64.236 975.804 81.317
ET2 (Max V2) SEISMICYX -217.12 -22.56 1.77 119.972 9.998 234.993 13.388 1.116
ET2{Max M3) SEISMICXY 12.59 22.35 0.81 114.25 9.521 3.023 4869.599 405.800
Load Case Axial (P) Shear (V2) Shear (V3) Torsion (T) Torsion (T) Moment (M2} Moment (M3) Moment (M3)
SR2 (MaxP) SEISMICYXX -381.85 -11.67 0.08 -59.82 -4.985 -45.568 48.112 4.009
SR2 [Max v2) SEISMICY 190.75 82.3 -0.1 -229.747 -19.146 20.446 8985.545 748.795
SR2 (Max M3) SEISMICY 190.75 82.3 -0.1 -229.747 -19.146 20.446 8985.545 748.795
SL2 (Max P) SEISMICRYY 342.88 1.58 2.38 -107.826 -8.986 -53.481 -1333.371 -111.114
SL2 (Max V2) SEISMICY -111.99 43.53 0.01 263.148 21.929 35.504 9521.877 793.490
SL2{Max M3} SEISMICY -111.99 43.53 0.01 263.148 21.929 35.504 9521.877 793.490
SB2 (MaxP) SEISMICY 566.88 7.15 -3.92 30.375 2.531 50.525 -9455.641 -787.970
SBZ (Max V2) SEISMICXYY 21.77 62.71 0.36 1370.778 114.232 -25.687 16639.196 1386.600
SB2{Max M3) SEISMICKYY 34.44 60.66 -1.35 -409.844 -34.154 -6.166 22283.546 1856.962
STZ (Max P) SEISMICY -645.64 -70.67 -8.81 -103.792 -8.649 51625 -14426.134 -1202.178
ST2 (Max V2] SEISMICXYY -17.67 109.19 -0.01 -1079.338 -89.945 20.401 18927.567 1577.297
ST2(Max M3) SEISMICXYY 4.54 105.65 0.71 505.164 42.097 -3.403 32186.7606 2682.231
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Load Case Axial (P) Shear (V2} Shear (V3) Torsion (T) Torsion (T) Moment (M2} Moment (M3} Moment (M3}
SR1 (Max P) DCON22 225.39 98.16 -0.25 -120.687 -10.057 -4.19 14890.736 1240.895
SR1 (Max V2) DCON11 123.94 116.03 -0.77 -235.382 -19.615 -28.314 19310.616 1609.218
SR1 (Max M3) DCON11 123.94 116.03 -0.77 -235.382 -19.615 -28.314 19310.616 1609.218
SL1 (Max P) DCON17 238.17 93.89 -1.42 156.283 13.024 -27.058 10702.278 891.857
SL1 (Max V2) DCON11 83.88 134.71 0.11 320.575 26.715 -6.576 16379.607 1364.967
SL1(Max M3) DCON11 83.88 134.71 0.11 320.575 26.715 -6.576 16379.607 1364.967
SB1 (Max P) DCON11 908.89 -25.28 1.02 178.942 14.912 97.327 2308.359 192.363
SB1 (Max V2) DCON13 177.82 81.56 0.5 -613.175 -51.098 91.345 1831.518 152.627
SB1{Max M3} DCON3 30.64 36.1 0.52 -215.701 -17.975 5.684 13626.37 1135.531
ST1 (Max P} DCON12 1116.71 -22.78 3.39 105.204 8.767 -102.905 -4359.221 -363.268
STA (Max v2) DCON138 372.38 -126.92 -3.7 713.341 59.445 -121.967 -7251.846 -604.321
ST1{Max M3) DCON3 -53.99 74.88 -0.4 213.458 17.788 3.824 19179.699 1598.308
Load Case Axial (P) Shear (V2] Shear (V3] Torsion (T) Torsion (T} Moment (M2) Moment (M3) Moment (M3)
ER1 (Max P) DCON26 196.09 12 0.86 198.889 16.574 29.825 -2924.067 -243.672
ER1 (Max V2) DCON11 47.51 134.92 -0.23 -252.975 -21.081 -3.728 16499.134 1374.928
ERL (Max M3) DCON11 47.51 134.92 -0.23 -252.975 -21.081 -3.728 16499.134 1374.928
EL1 (Max P) DCON17 269.7 69.45 1.38 72.966 6.081 -19.986 11521.463 960.122
EL1 (Max v2) DCONS 206.5 80.06 1.79 154.854 12.905 6.638 14899.96 1241.663
EL1{Max M3) DCON11 81.4 79.89 2.98 289.333 24.111 28.705 16311.792 1359.316
EB1 (Max P) DCON11 604.5 33.19 1.71 3.901 0.325 82.061 948.66 79.055
EB1 (Max V2) DCON59 428.83 38.4 0.78 247.125 20.594 169.56 397.374 33.115
EB1(Max M3} DCON25 81.4 6.77 -0.62 -215.461 -17.955 9.46 4156.354 346.363
ET1 (Max P) DCON12 733.41 25.47 2.08 -207.526 -17.294 -78.558 -138.927 -11.577
ET1 {Max V2) DCON74 151.6 66.61 1.3 -60.198 -5.017 -10.413 -7166.857 -597.238
ET1{Max M3) DCON74 151.6 66.61 1.3 -60.198 -5.017 -10.413 -7166.857 -597.238
Load Case Axial (P) Shear (V2) Shear (V3) Torsion (T) Torsion (T) Moment (M2} Moment (M3} Moment (M3])
ER2 (Max P) DCON18 147.18 -108.12 -0.46 215.701 17.975 18.675 -13588.956 -1132.413
ER2 {Max V2) DCONS -58.35 141.24 0.59 -298.35 -24.863 -4.49 17910.506 1492.542
ER2 {Max M3) DCONS -58.35 141.24 0.59 -298.35 -24.863 -4.49 17910.506 1492.542
EL2 (Max P} DCON17 118.66 10.55 -2.15 593.977 49.498 -69.353 4478.591 373.216
EL2 (Max v2) DCON13 -9.33 53.46 -0.92 286.033 23.836 -7.837 7945.794 662.150
EL2{Max M3) DCONS 30.19 42.85 -1.1 355.635 29.636 9.778 8756.796 729.733
EB2 (Max P) DCON5 692.49 27.98 -2.08 190.049 15.837 98.334 355.225 29.602
EB2Z (Max V2) DCON17 292.51 49 1.87 336.019 28.002 114.352 1038.699 86.558
EB2({Max M3} DCON3 17.41 27.35 -0.22 -55.3 -4.608 -0.608 3508.527 292,377
ET2 {(Max P) DCONG 664.33 30.36 3.27 -267.122 -22.260 -125.391 -2849.345 -237.445
ET2 (Max V2) DCONS -509.11 -40.47 0.91 173.139 14.428 363.865 -38.908 -3.242
ET2{Max M3) DCON17 -492.62 3.15 -2.16 241.834 20.153 97.103 4844.513 403.709
Load Case Axial (P) Shear (V2) Shear (V3] Torsion (T) Torsion (T) Moment (M2) Moment (M3} Moment (M3)
SR2 (Max P) DCON20 470.46 146.44 2.83 -238.606 -19.884 62.256 15768.584 1314.049
SR2 (Max v2) DCON13 440.82 190.09 2.46 -338.927 -28.244 57.654 20921.703 1743.475
SRZ (Max M3) DCON13 440.82 190.09 2.46 -338.927 -28.244 57.654 20921.703 1743.475
SL2 (Max P) DCON15 269.95 72.41 -1.47 -351.921 -29.327 -73.499 15275.676 -1272.973
SL2 (Max V2) DCONG1 -109.89 159.6 0.82 411.263 34.272 85.731 26739.088 2228.257
SL2(Max M3) DCONG1 -109.89 159.6 0.82 411.263 34.272 85.731 26739.088 2228.257
SB2 (Max P) DCON13 1078.89 -44.82 2.71 5.955 0.496 135.276 -23324.788 -1943.732
SB2 (Max V2) DCON20 633.11 -72.23 5.38 -1170.244 -97.520 327.926 -18686.789 -1557.232
SB2{Max M3) DCON68 793.77 -61.35 2.44 112.489 9.374 104.515 -25840.677 -2153.390
ST2 (Max P} DCON14 1409.83 147.11 4.28 180.263 15.022 -140.453 34039.847 2836.654
ST2 (Max V2) DCON15 515.75 171.31 -5.5 -976.881 -81.407 -177.286 17604.327 1467.027
ST2(Max M3) DCON19 1064.65 153.98 3.4 273.862 22.822 -107.185 37310.669 3109.222
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SR1

Washington Park Condominiums
Mt. Lebanon, PA

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

SR2

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

T 4000 P 0.0025 Pt 0.0025

fy 60000 spacing 13 spacing 18

t 18 Wy 116.03 Wy 116.03

h 96.33 W, 21558 W, 218.58

Iy 10 v, -63.87 v, -63.87

A 116.03 12, 51.97 12, 81.97
95 Ay 0.180 Ay 0.180

Use (2)#5 @ 18"

Use (2)#5 @ 18"

T 4000
f, 60000
t 15
h 96.33
Iiy 10
Wy 190.09
96

Pt 0.0025
spacing 18
Wy 190.09
W 218.58
v, 34.88
1/ 24, 51.97
Ay 0.180

Pt 0.0025
spacing 18
Wy 190.09
L' 218.58
v, 34.28
1/ 24N, 51.97
Ay 0.180

SL1

Use (2)#5 @ 18"

Use {2)#5 @ 18"

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

512

fi 4000

fy 60000

i 15

h 96.33

I 10

i 134.71
=l

o 0.0025

spacing 18
v, 134.71
V, 21858
v, -38.96

1/2¢V, 81.97
A, 0.180

Pt 0.0025

spacing 15
Wy 134.71
W, 21858
v, -38.96

1/2dv. 81.97
A, 0.180

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

Use (2145 @ 18"

Use (2)#5 @ 18"

fie 4000
i 60000
t 15
h 96.33
Iy 10
My 155.6
=l

Pt 0.0025

spacing 18
Yy 159.6
W, 218.58
v, 5.78

1/2¢v, 81.97
Ay 0.180

Pt 0.0025

spacing 18
Wy 159.6
W, 218.58
v, 5.78

1/2¢v, 81.97
A, 0.180

SB1

Use {2)#5 @ 18"

Use {2)#5 @ 18"

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

SB2

fl 4000

f, 60000

T 15

h 96.33

It 19.542

Yy 81.56
187.6032

o 0.0025

spacing 18
Yy 81.56
V. 427.14
Y, 318.40

1/2¢V, 160.18
A, 0.180

[oR 0.0025

spacing 18
Yy 81.56
. 427.14
' 318.40

1/20v 160.18
A, 0.180

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

Use (2)#5 @ 18"

Use (2)#5 @ 18"

fl 4000

i 60000

t 15

h 96.33

liy 19.542

Wy 72.23
187.6032

[oR 0.0025

spacing 18
Yy 72.23
v, 427.14
Y, -330.84

1/2¢v, 160.18
A, 0.180

o R 0.0025

spacing 18
Yy 72.23
. 427.14
' -330.84

1/2¢V, 160.18
A, 0.180

5T1

Use (2)#5 @ 18"

Use (2)#5 @ 18"

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

ST2

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

fi 4000

Ty £0000

t 15

h 96.33

[y 19.542

Yy 171.31
187.6032

Pe 0.0025

spacing 18
Yy 171.31
V. 427.14
V, -198.73

1/2¢v, 160.18
A, 0.180

[oR 0.0025

spacing 18
Yy 171.31
v, 427.14
V, -198.73

1/2¢v, 160.18
A, 0.180

Use {2)#5 @ 18"

Use {2)#5 @ 18"

fi 4000 o 0.0025 [oR 0.0025

fy 60000 spacing 18 spacing 18

t 18 vy 126.92 vy 126.92

h 96.33 V. 427.14 v, 427.14

[ 19.542 ' 257.92 V, 257.92

Yy 126.92 1/24V, 160.18 1/2¢\, 160.18
187.6032 A, 0.180 A, 0.180

Usef2)#5 @ 18" Use [2)#5 @ 18"
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ER1
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Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

° 4000

f, 60000
18

h 96.33

I 10

W, 134.92
96

P 0.0025
spacing 18
Yy 134.52
1A 21B.58
Y, -3B.68
1/24V, 81.97
A 0.180

P 0.0025
spadhng 18
vy 134.92
V. 218.58
Y, -3B.68
1/24V, B81.57
A, 0.180

Use (2) #5 @ 18"

Use (2)#5 @ 18"

ERZ
Design Conditions Hor.izontal Shear \r'e.rtial Shear
Reinforcement Reinforeement
i 4000 Pt 0.0025 P 0.0025
fy 60000 spacing 18 spacing 18
i 18 vy 141.42 Vo 141.42
h 96.33 V. 21B8.58 V. 21B8.58
Iy 10 \'A -30.02 Y, -30.02
Vu 141.42 17240, 81.597 172, 81.597
d 965 Ay 0.180 A, 0.180

EL1

Use (2) #5 @ 18"

Use (2} #5 @ 18"

Design Conditions

Horizontal Shear
Reinforcament

Vertical Shear
Reinforcament

T 4000
f, 60000
t 18
h 96.33
I 10
Ao 80.06
d 36

= 0.0025
spacing 18
A" 20.06
W, 218.58
LA -111.83
1/24V, 81.97
A 0.180

= 0.0025
spadng 18
i 80.06
W, 218.58
\'A -111.83
1/24V, 81.97
A 0.180

Use (2) #5 @ 18"

Use (2)#5 @ 18"

ELZ
Dasign Conditions Hor.izontal Shear \r'e.rtial Shear
Reinforcement Reinforcamant
A 4000 [ 0.0025 [sN 0.0025
£ £0000 spacing 18 spacing 18
£ 18 vy 53.46 Yy 53.46
h 06.33 V. 218.58 V. 218.58
b 10 \'A -147.30 Y, -147.30
A 53.46 1720, 81.97 172, 81.597
d £l A 0.180 A, 0.180

EBL

Use (2} #5 @ 18"

Use (2) #5 @ 18"

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcament

EB2

. 4000

f, 60000
18

h 96.33
I, 12
W, 384

115.2

a1 0.0025
spacing 18
Vi 38.4
LA 262.25
\'A -211.09
1/24V, 98.36
A 0.180

[sN 0.0025
spadng 18
Vi 38.4
LA 262.29
LA -211.09
1124V, 98.36
A 0.180

Use (2) #5 @ 18"

Use (2) #5 @ 18"

Design Conditions Hor.izontal Shear \r'e.rtial Shear
Reinforcement Reinforcement
fi 4000 P 0.0025 =X 0.0025
12 £0000 spacing 18 spacing 18
t 18 v, 49 v, 49
h 96.33 V. 21B8.58 V. 21B8.58
L 10 Vs -153.24 Y, -153.24
M 49 1724V, 81.97 1724V, 81.597
d 96 A 0.180 A, 0.180

ETL

Use (2) #5 @ 18"

Use (2} #5 @ 18"

Design Conditions

Horizontal Shear
Reinforcement

Vertical Shear
Reinforcement

foe 4000
fy 60000
t 18

h 96.33
b 12

M BE.61
d 115.2

P 0.0025
spacing 18
Yy 66.61
Ve 262.25
Vi -173.48
1724V, 98.36
A, 0.180

P 0.0025
spadng 18
Vi 66.61
Ve 262.25
W, -173.48
1/24V, 98.36
A, 0.180

Use (2) #5 @ 18"

Use (2)#5 @ 18"

ET2
Design Conditions Hor.izontal Shear \r'e.rtial Shear
Reinforcement Reinforcement
Tl 4000 [ 0.0025 =% 0.0025
fy &0000 spacing 18 spacing 18
: 18 Vy 40,47 Yy 40.47
h 96.33 V. 21B8.58 V. 21B.58
I 10 W, -164.62 W, -164.62
Yo 4047 17200, 81.57 172, 81.597
d 96 A, 0.180 A 0.180

Use (2) #5 @ 18"

Use {2} #5 @ 18"
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s Detail for Shear Walls:
SL1, SR1, SL2, &SR2
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3

Detail for Shear Walls: Detail for Shear Walls:
ER1 & EL1 EB2, ER2, EL2, & ET2
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Detail for Shear Walls:
EB1 & ET1

Detail for Shear Walls:
SB1, ST1, SB2 & ST2
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Code: ACI 318-02

LUinits: Englsh

Run axds: Biaxial

Run option: Investigation
Slendemess: Not considered
Column type: Structural

Code: ACI 318-02

LUinits: Englsh

Run axds: Biaxial

Run option: Investigation
Slendemess: Not considered
Column type: Structural

0 P (kip) T T A ] P (kip)
2000 8000
- v L (Pmax)
(Praix)
+ +
& x '.-H. lu. . fi. x : .

Bars: ASTM AB15 Bars: ASTM AB15
Date: 040209 ? = Date: 040209
-30000 P
Time: 163235 ; ; Time: 163200 —t
(Pmin} M (0) (kft) 18000
(Pmin) M (359°) (k-ft)
-2000 -+ -1000

peaColumn v3.64. Licensed to. Penn State University. License ID: 52411-1010265-4-22545-28F 40 peaColumn v3.64. Licensed to; Penn State University. License ID: 52411-1010265-4-22545-28F 40D

File: ¥:\~One Last Final Last Time\PCA ColumniShear Walls\EB1 cal File: ¥:\~One Last Final Last Time\PCA ColumniShear Walls\EBZ col

Project: Project:

Column: Engineer: Column: Engineer:

fo=4ksi ty = 60ksi Ag=4320in2 4245 bars fo=4ksi ty = 60ksi Ag=3456in2 34 bars

Ec= 3605 ksi Es=20000ksi As =1302in%2 Rho = 0.30% Ec= 3605 ksi Es=20000ksi As =11.42in%2 Rho =0.32%

fo=3.4ksi fe=34ksi Xo = 13200 1.138410+007 in*4 fe=34ksi Xo = 10.130n be= 5.697800+006 in*4

&_u = 0.003 infin Yo =0.00in Iy = 1.530848+006 in*4 &_u = 0.003 infin Yo =0.00in Iy = TBETTS in*4

Betal = 0.85 Clear spacing = 8.37 in Clear cover = NIl Betal = 0.85 Clear spacing = 8.37 in Clear cover = N

Confinement: Tied phi(a) = 0.8, philb) = 0.9, phiic) = 0.65 Confinement: Tied phifa) = 0.8, phiib) = 0.8, philch = 0.65

F {iig) P (kip)
R o (Pmax)
. {Pmax)
™ “ / .\..
78 x 120 in 114 x 4

Cote: ACI 315-02 Code: ACI 31802

Units: English T Units: English

Run axis: Biaxial Run axis: Biaxal

Run option: Investigation Run option: Investigation

Slendermess: Not considered T Slendemess: Not considered

Column type: Structural Column type: Structural

Bars: ASTM 4815 Bars: ASTM AB15

L . ; 1.7 ' \ N
Date: 040208 e —t— p—rt—t— Date: 040209 — gy o N WGt L
Time: 16:31:24 (PrinM (350 (ft) Time: 16:30:32 -30000 N 30000
(Pmin) M (358°) (k-ft)

peaColumn v3.64. Licensed to: Penn State University, License 1D 52411-1010265-4-22545-28F 4D

peaColumn v3 64, Licensed to: Penn State University. License ID: 52411-1010265-4-22545-26F 4D

Fila:
Project:

Column:

fo=4ksi fy = B0ksi
Ec= 3605 ksi Es = 26000 ksi
fo=J4ksi fe=34ks
&_u = 0,003 infin
Betal = 0.85
Confnement: Tied

“\~Ome Last Final Last Time\PCA ColumniShear Walls\EL1.col

Enginser:

Ag = 4320in2

As = 13.02In"2

¥o =18.50in

Yo =0.00in

Clear spacing = 8.37 in

phifa} = 0.8, phifo)= 0.9, philc) = 0.65

42 #5 bars

Rho = 0.30%

I% = 8.28848a+005 in*4
Iy = 2:3498+006 in*4
Clear cover = NIA

Project:

Cobumn:
fo=4ksi

Ec= 3605 ksi
fo=34ksi

&_u = 0.003 infin
Betal = 0.85
Confinement: Tied

File: ¥'\~One Last Final Last Time\PCA ColumniShear Walls\SL1 col

Engineer:
fy = B0ksi Ag = SB18IM2
Es = 26000 ksi As = 16T4in"2
fc=34ks Xo =38.080n
Yo =000in

Clear spacing = 8.37 in

phita) = 0.8, phif) = 0.8, phiic) = 065

54 #5 bars.

Rho =0.30%

I = 1.167442+007 in"4
ly = 7.0312e+006 in*4
Clear cover = NiA
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P (kip)
4000

i

(Pmax)

Code: ACI 318-02

Uniits: English

Run axis: Biaxial

Run oplion: Investigation
Slendemess: Not considered
Column type: Structural

Bars: ASTM AB15

Date: 04002108

¥ 4

b
60000

(Pmin) M (3597) (k-ft)

Time: 18:33:11

-2000 -+

pcaCaolumn v3.64. Licensed to: Penn State University. License D: 52411-1010265-4-22545-28F40

File: Y:\=One Last Final Last Time\PCA ColumniShear Walls\ST2 col

Project:

Column: Engineer;

fe=4ksi fy =60ksi Ag=5T24i0°2 56 #5 bars

Ec= 3805 ks Es = 20000 ksl As =17.380n"2 Rho = 0.30%
fc=34ksi fo=34ks Xo =7.82in b = 3.68061e+007 in*4
&_u = 0.003 infin Yo =0.00in Iy = 1,33733a+006 In*4
Batal =085 Clear spacing = 537 in Clear cover = N,
Confnement: Tied phi(a) = 0.8, phi(b} = 0.9, phi(c) = 0BS5S
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Appendix D: Reinforced Concrete Coupling Beams
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Max Wind Loading

Bearn 7{Stair 2) Bearn 3 {Stalr 1}
Story Spandrel V2 IF T th-ft) M3 M3 (k-ft) Stary Spandrel V2 it T fk-ft} M3 M3 {l-ft)
ROOCF B7 17.42 15.332 1:28 427.857 35.65 ROCF B3 15.84 14.6 1.22 350.214 259.18
8TH B7 36.62 29,1597 243 B880.943 73.41 8TH B3 17.54 17.525 1.46 426.54 35.55
7TH B7 38.92 25.029 2.08 891.973 74.33 7TH B3 25.26 20,065 1.67 577.218 48,10
6TH B7 43.56 27.373 2.28 987.327 82,28 &TH B3 26.29 16.408 1.37 596.334 49,69
5TH B7 48.16 25403 245 1093.734 91.14 5TH B3 28,39 17.254 1.44 645.447 53.79
4TH B7 51.54 30.838 2.57 1171.626 97.64 ATH B3 258,69 17.778 1.48 675.866 56.32
3RD B7 52.73 31.164 2.60 1157.056 95.76 3RD B3 25.63 17.585 1.47 674.034 56.17
2ND B7 55.02 36.935 3.08 1302.006 ] 108.50 2ND B3 30.05 19.578 1.63 F13.036 55.42
15T B7 34.11 37.581 313 754.077 62.84 15T B3 17.98 22.762 1.80 398.137 33.18
Beam 6 (Stair 2) Beam 1 {Stair 2}
Story Spandrel W2 T T fle-ft) M3 M3 [k-ft) Story Spandrel V2 T T fkft) M3 M3 [k-ft)
ROCE B& 9.88 14,189 1.18 221.635 18.47 ROCF Bl 929 14.425 1.20 271.2592 22,61
8TH B 21.32 20.515 1.71 467.015 3B.92 BTH Bl 17.92 20,702 173 510.432 42.54
¥TH B 23.12 18.848 1.57 481.977 40.16 7TH Bl 16.37 17.192 1.43 440,335 36.69
&6TH B& 25.76 15.859 1.65 530.308 44,15 6TH Bl 16.25 17.558 1.46 432,294 36.02
5TH B& 2843 21.238 1.77 585.923 48.83 5TH Bl 15.95 17.813 1.48 425.019 35.42
ATH B& 30.5 22,02 1.84 628.673 52.39 4TH Bl 15.11 17.425 1.45 402,745 33.56
3RD BE 3172 21.838 1.83 652,691 54.39 3RD Bl 13.48 16.345 1.36 358.989 29.92
2ND B 34.12 27.837 2.32 726,758 60.57 2ND B1 12.03 18.038 150 335.52 27.56
15T B 24.24 18.973 1.58 490.55 40.88 18T Bl 579 9.032 0.75 147.824 12.32
Max Sefsmic Loading
Bearn 7 (Stair 2) Beam 3 {Stalr 2)
Story Spandrel W2 T T fkft) 3 M3 k-t Story Spandrel V2 T T {kft) M3 13 k-t
ROOCE B7 8.1 8.843 0.737 195,78 16.648 ROOF B3 8.93 9.636 0.803 216.517 18.043
EBTH B7 17.13 16.272 1.356 408416 34.035 ETH B3 17.54 17.5259 1.4a61 426.54 35.545
FTH B7 16.22 13.443 1.120 357.852 28,821 7TH B3 16.38 14.456 1.205 360.657 30.055
6TH B7 17.52 14.176 1.181 385.435 32,120 &6TH B3 17.34 14,867 1.235 380.642 31.720
5TH BY 18.65 14,581 1.215 410,713 34.226 5TH B3 18.15 15.234 1.270 398.658 | 33.222
ATH B7 19.17 14.672 1.223 422.046 35.171 ATH B3 18.35 15.125 1.260 402,991 33.583
3RD BY 18.78 14.082 1.174 414,241 34.520 3RO B3 17.63 14.248 1187 387947 523877
2ND B7 15.58 5.6004 0.800 345.725 28811 2ND B3 14.86 10.685 0.851 316.05 26.341
15T B7 15.56 32.673 2.723 386.957 32.250 18T B3 13.57 20.051 1.671 338.212 28.184
Beamn & (Stair 2) Beam 1 {Stalr 2}
Story Spandrel W2 i T {k-ft} W3 M3 {k-ft) Story Spandrel Y2 1 T fk-ft) M3 M3 {k-ft)
ROOCE BE 4.61 6.35 0.529 101.482 8.457 ROOF Bl 443 7.225 0.602 122.52 10.210
8TH B& 5.85 12.079 1.007 214,281 17.857 ETH Bl 8.7 12,658 1.058 236.452 19.704
fTH BG 9.71 10.577 0.881 194,935 16.245 fTH Bl 7.32 10.367 0.864 183.585 15.332
&6TH Bo6 10.45 10.826 0.902 208.89 17.416 6TH Bl 742 10.503 0.875 186.107 15.509
5TH BE 11.1 11.208 0.934 222,179 18.515 5TH B1 746 10.561 0.880 187.151 15.556
ATH B& 11.38 11.127 0.927 227.52 18.960 ATH Bl 7.23 10.159 0.847 181.282 15.107
3RD B& 11.22 10.654 0.B88 224,81 18.734 3RD Bl 6.64 9.353 0.779 166.557 13.880
2ND B& 5.84 8.505 0.709 152,466 16.0359 2ND Bl 5.2 7.096 0.591 127.848 10.654
15T B 10.51 12.656 1.055 235.97 19.664 15T Bl 4.97 6.535 0.545 1359.007 11.584
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Coupling Beam 7 {Stalr 2)

Story [y ¢in} | h{in} Infh B Mo d ASmin Ariin Flexural Reinf. Shear Reinf. Skin Reinf.
ROOF 40 58 0.69 1044 264,113 55 4,400 0.495 (e @ 6" T&B {2} Legs of #5 @ 11" #4 @ 6.5"
ETH 40 54 0.74 972 614,747 51 4,080 0.459 (e @ 6" T&B {2} Legsof #5@ 11" #4 @ 6.5"
7TH 40 26 1.54 468 295,989 23 1.840 0.320 (5@ 6" TE&B {(2)Legsof #4 @ 16" MNone
BTH 40 26 1.54 468 295.989 23 1.840 0.220 (IHS @ E"TE&B {2) Legs of #4 @ 16" None
5TH 40 26 1.54 468 295.989 23 1.840 0.320 (25 @B"T&B {2)Legs of #4 @ 16" None
4TH 40 26 1.54 468 295.989 23 1.840 0.320 (2@ 6" TE&B {2)Legsof #4 @ 16" MNone
3RD 40 26 1.54 468 295.989 23 1.840 0.320 (3RS @ B " T&B {2} Legs of #4 @ 16" None
2ND 40 26 1.54 468 295.989 23 1.840 0.320 (25 @ 6" T&B {2} Legs of #4 @ 16" Mone
15T 40 1] 0.61 1188 THLEST 53 5.040 0.567 {(2IHO@B"T&B {2)Legsof #5@ 11" #4 @ 6.5"
Coupling Beam 6 (Elevator 2)
Story I finy | hin} In/h By Vo d Asmin Avin Flexural Reinf. Shear Reinf. Skin Reinf.
ROOF a6 58 0.79 1044 Bh0. 284 a5 4,400 0.495 (2 HE@B"TEB {2)Legsof #5@ 11" #4 @ 6"
8TH 46 54 0.85 972 614.747 ol 4,080 0.459 (NHE@ B"T&B {2) Legs of #5 @ 11" #4@ 6"
JTH a6 26 1.77 468 295.989 23 1.840 0.320 (2@ 6" TE&B {2} Legs of #4 @ 16" MNone
&TH 46 26 1.77 468 295.989 23 1.840 0.320 (5@ 6" T&B {2} Legsof #4 @ 16" MNone
5TH a6 26 1.77 468 295.989 23 1.840 0.320 (BIHS @ 6" T&B {2} Legs of #4 @ 16" Mone
4TH 46 26 177 468 295.989 23 1.840 0.320 (5@ 6" TE&B {2} Legs of #4 @ 16" MNone
3RO a6 26 13T A58 295,989 23 1.840 0.320 (25 @ 6" TE&B {(2)Legs of #4 @ 16" Mone
2ZND a6 26 LHT 468 295,989 23 1.840 0.320 (5@ 6" TE&B {(2)Legsof #4 @ 16" MNone
15T 46 1] 0.70 1188 751352 53 5.040 0.567 (2O @B"TE&B {2)Legsof #5@ 11" #4 @ 6"
Coupling Beam 3 {5tair 1)
Story [o4iny | hin) [/h B Vo d Asin Avin Flexural Reinf. Shear Reinf. Skin Reinf.
ROOF 40 58 0.69 1044 Bh0. 284 55 4,400 0.495 (e @ 6" T&B {2} Legs of #5 @ 11" #H4 @ 6"
2TH 40 54 0.74 Q72 514,747 51 4.080 0.459 (2 HE@B"T&B {2)Legs of #5 @ 11" H4 @ 6"
7TH 40 26 1.54 468 295.989 23 1.840 0.320 (25 @ 6" T&B {2} Legsof #4 @ 16" Mone
&TH 40 26 1.54 468 295.989 23 1.840 0.320 (5@ 6" TE&B {2} Legsof #4 @ 16" MNone
SIE 40 26 1.54 468 295.989 23 1.840 0.3220 (BIHS @ " T&B (2} Legs of #4 @ 16" Naone
4TH 40 26 1.54 468 295,989 23 1.840 0.320 (5@ 6" TE&B {2) Legs of #4 @ 16" MNone
3RD 40 26 1.54 468 295.989 23 1.840 0.320 (25 @ 6" T&B {(2)Legsof #4 @ 16" MNone
ZND 40 26 1.54 468 295.989 23 1.840 0.320 (3HS @ B " T&B {2} Legs of #4 @ 16" None
15T 40 1] 0.61 1188 FH1 287 53 5.040 0.567 (2O @ B"TEB {2} Legs of #5@ 11" #HA @ 6"
Coupling Bearn 1 (Elevator 1)
Story | 15 {ind | hiin} [/h Aoy W, d A i Ao Flexural Reinf. Shear Reinf. skin Reinf.
ROCF 45 58 0.79 | 1044 | 660.284 55 | 4400 | 0.495 | (2} H#S @ 6"T&B | {2)legsof#5@ 117 #4@ 6"
2TH a6 54 0.85 972 514,747 51 4.080 0.459 (2@ B"T&B {2} Legsof #5@ 11" #H4 @ 6"
7TH 46 26 02 468 295.989 23 1.840 0.320 (IR @ 6" T&B {2} Legsof #4 @ 16" None
BTH a6 26 13T A58 295.989 23 1.840 0.320 (25 @ 6" TE&B {2} Legsof #4 @ 16" MNone
5TH a6 26 LHT 468 295,989 23 1.840 0.320 (5@ 6" TE&B {2) Legs of #4 @ 16" MNone
4TH 46 26 LT 468 295.989 23 1.840 0.320 (25 @ 6" TE&B {(2)Legs of #4 @ 16" MNone
3RD 46 26 1.77 468 295.989 23 1.840 0.320 (25 @B"T&B {(2)Legsof #4 @ 16" None
2ND a6 26 1.77 468 295.989 23 1.840 0.320 (S @ B"TEB {(2)Legsof #4 @ 16" MNone
TaF 46 =151 0.70 1188 71357 53 5.040 0.567 (2O @B"TEB {2} Legs of #5@ 11" H4 @ 6"
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I

(3) Legs #3

Stirrups @ 6"
2l_2ll
3"
(i 1
3)#5@ 6" 3
To(p)& Bo%om

T

(3) Legs #4
Stirrups @ 6"

#4 @ 6"

5!_6 n

3ll

(3)#9 @ 6"
Top & Bottom
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’Il 1l_6l| "/
7/ 1'_6“ b
N l |
(3) Legs #4 »
Stirrups @ 6" (3) Legs #3
Stirrups @ 6"
#4' @ 6.5“ #4 @ 6Il
4'-10 46"
3ll 3“
. L B
(3)#9 @ 6" (3)#9 @ 6"
Top & Bottom Top & Bottom
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Appendix E: Concrete Moment Frame — Columns and Beams
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Column €55 (Column Line 9) for Seismic

Story Floor Load P V2 V3 T M2 M3

Max P 1st SEISMICYX 932 0.24 -0.65 0.00 8.39 -3.13
Max V2 Roof SEISMICXY 1.27 0.49 0 0.42 045 7.67

Max T 6th SEISMICXYY ] 2.16 0.38 -0.3 1.58 2,01 -0.40
Max M2 2nd SEISMICYX -8.91 -0.26 0.87 0.29 11.70 -3.94
Max M3 2nd SEISMICXY 1.27 0.49 0 0.42 0.45 7.67

Column C55 (Column Line 9) for Wind

Story Floor Load P V2 V3 T M2 M3
Max P 1st DCON14 42,52 -0.12 1.15 0.00 -1.55 0.17
Max V2 Roof DCON21 0.49 0.58 -0.23 -1.17 1.09 -4.08
Max T 5th DCON14 25.02 0.13 4.41 2.57 17.96 -0.22
Max M2 2nd DCON13 -39.7 -0.18 4.44 -1.84 37.06 -2.30
Max M3 2nd DCON15 22.83 0.51 -2.19 0.48 -18.57 5.35

Column C80 (Column Line 9) for Seismic

Story Floor Load P V2 V3 T M2 M3
Max P 1st SEISMICYXX ] -14.6 -0.66 0.11 0.00 -1.44 8.54
Max V2 Roof SEISMICXYY | -1.64 2.52 0.04 1.44 047 11.33
Max T 6th SEISMICXYY | -7.37 2.16 -0.02 1.58 0.30 -8.11
Max M2 2nd SEISMICYX | -2.68 0.33 0.55 0.29 11.89 3.28
Max M3 2nd SEISMICXYY | -13.84 1.74 -0.08 0.95 -1.52 16.89

Column €80 (Column Line 9) for Wind

Story Floor Load P V2 V3 T M2 M3
Max P 1st DCON20 13.02 0.15 -0.79 0.00 10.29 -1.94
Max V2 Sth DCOMN19 -6.55 2.34 -0.1 2.22 -0.90 -10.33
MaxT Sth DCON14 -5.22 2 -0.12 2.57 -1.29 -9.03
Max M2 2nd DCON13 9.95 -1.99 0.79 -1.84 14.07 -13.01
Max M3 2nd DCON19 -11.89 2.2 -0.62 1.59 -10.88 14.62

Column C65 (Column Line 9) for Seismic

Story Floor Load P V2 V3 T M2 M3
Max P 1st SEISMICXYY | 20.28 -0.71 0.17 0.00 -0.23 0.96
Max V2 Roof SEISMICXYY 2.34 1.5 0.57 1.44 2.89 647
Max T 6th SEISMICXYY | 10.36 1.36 0.45 1.58 2.77 7.54
Max M2 2nd SEISMICYX 3.73 0.06 0.59 0.29 11.88 -1.20
Max M3 2nd SEISMICXYY | 19.24 1.3 0.33 0.95 2.84 14.96

Column €65 (Column Line 9) for Wind

Story Floor Load P V2 V3 T M2 M3
Max P 1st DCON19 20.2 -0.25 0.88 0.00 -1.18 0.33
Max V2 2nd DCON19 18.59 1.69 -0.14 1.59 -6.21 -1.01
Max T 5th DCON14 8.63 1.22 0.27 2.57 -0.57 6.10
Max M2 1st DCON13 -16.99 0.2 -1.13 0.00 14.64 -2.63
Max M3 2nd DCONL19 18.59 1.69 -0.14 1.59 -7.56 15.03
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Concrete Column Loading

Type Area Self Wt. Dead Live Quake Wind Snow LC

Corner (C55) 118.75 49.027 194.750 53.438 9.320 42.520 2.731 415.37

Exterior 1 (C65) 314.71 49.027 516.124 141.620 20.280 20.200 7.238 855.74

Exterior 2 (C80) 240.33 49.027 394.141 108.149 14.600 13.020 5.528 663.55

Shear Reinf.
Type Flexural Reinf. Transverse Reinf.
AVpin 0.240
" Use (2) #4 Hoops @ . "
Corner (C55) (8)#8 @ 9 8" for 24" each end Use (3) #3 Ties @ 24
. " Use (2) #4 Hoops @ . "
Exterior 1 (C65) (8)#8 @ 9 8" for 24" each end Use (3) #3 Ties @ 24
. " Use (2) #4 Hoops @ . "
Exterior 2 (C80) (8)#8 @ 9 8" for 24" each end Use (3) #3 Ties @ 24
3.0" 9.0" 3.0" 9.0”
(| (] | [|
3.0" 3.0"

.

X

.
24.0"
%)
_f_ <

X

.
—
24.0"

- - - - » -
24.0° 24.0"
(8) #8 bars @ As =1.10% (8) #8 bars @ As = 1.10%
(2) #4 Hoops @ 8" for 24" each end (3) #3 Ties @ 24"
Exterior Column Reinforcement Detail - Exterior Column Reinforcement Detail -
Column Ends Throughout Column
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Story Spandrel V2 | T(k-ft) | M3 (k-ft) Story Spandrel | V2 | T(k-ft) | M3 (k-ft)
ROOF B9 3.86 0.10 29.52 ROOF B9 3.95 0.11 30.68
8TH B9 1.82 0.17 13.79 8TH B9 491 0.24 37.51
7TH BS 1.72 0.17 13.06 7TH B9 5.04 0.23 38.55
6TH B9 1.72 0.18 13.04 6TH B9 5.27 0.26 40.22
5TH B9 1.63 0.18 12.39 5TH B9 5.3 0.26 40.48
4TH BS 1.5 0.17 11.41 ATH B9 5.19 0.26 39.66
3RD BS 1.35 0.15 9.89 3RD B9 4.83 0.25 36.88
2ND B9 1.05 0.13 5.98 2ND B9 4.22 0.22 32.26
1ST B9 0.62 0.08 4.74 1ST B9 2.75 0.14 21.04
l 1 I_OII r
\\ |
O o (2) #3 Hoops
@ 4" for 36"
y in each end
1 l_6ll (2) #5
T&B
1_" 1 I_OII
\ .
N 1 | O /9 (2) #3 Stirrups
15" /- / @ 8" throughout
Moment Frame Beam Reinforcement f
Detail - Beam Ends 1'-6" (2) #5
T&B

1_ll
e J iE 5
12" 74’
Moment Frame Beam Reinforcement
Detail — Throughout Beam
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— —
Roof Flaor B9 Fourth Floor BS
Given: Estimation of d Torsional Reinforcement Given: Estimation of d Torsional Reinforcement
M, 3068 bd? = 20M, 7.151 Tu 2l {az/P) 36.885 M, 39.66 bd? = 20M, 8.130 Tu s ldavf LA /P 26.885
Vy 3.95 Used= 15.5 Reinf. Needed? no Y, 519 Used= 15.5 Reinf. Needed? no
il 011 Caleulation of A, (Flexure) Transwerse Shear Reinforcement i 0.26 Caleulation of A, (Flexure) Transverse Shear Reinforcement
$ 09 A, | oeez V. 23.527 & 0.9 A | oes2 V. 23.527
b 12 Use [2) #5BarsT & B Vu 2 YadV, no b 12 Use [2) #5BarsT & B V= YW, no
h 18 h 18
i 4000 Shear Reinforcement e 4000 Shear Relnforcement
i 60000 voeaihd | ves i 50000 voeahd | yes
S =df4=3875", use 4" Smax =2 =7.75", use 8" Spnax = 04 =3.875", use 4" Smax=0f2=7.75", use
A | o120 Aven | 0120 AV | 0120 AV | 0120
Use [2) #3 Hoops @ 4" for 36" Usea (2] #3 Strirrups @ 8" Use [2) #3 Hoops @ 4" for Use (2) #3 Strirrups @
@ each end throughout length 36" @ each end 8" throughout length
= o=
Eighth Floor B3 Third Floor B3
Given: Estimation of d Torsional Reinforcement Given: Estimation of d Torsional Reinforcement
M, 37.51 bd? = 20M, 7.907 Tu =lpNF AP 36.885 M, 36.88 bd® = 20M, 7.840 Tu 2 )b VFLA /P 26.885
high 4.91 Used= 15.5 Reinf. Needed? no e 4.83 Used= 15.5 Reinf. Needed? no
il 0.24 Calculation of A, (Flexure) Transverse Shear Reinforcement T 0.25 Calculation of A, (Flexure} Transverse Shear Reinforcement
¢ 09 A 0.882 V. 23.527 o] 0.9 A I 0.882 V. 23.527
b 12 Use [2) #5BarsT & B Vu 21V, no b 12 Use [2) #5BarsT & B Vu 2 VbV, no
h 18 h 18
e 4000 Shear Relnforcement e 4000 Shear Reinforcament
i 60000 vzdvfbd | yes i 50000 Visdifhd | ves
Snax=d/4=3.875", use 4" Smax =02 =7.75", usa 8" Smax = 0f4 =3.875", use 4" Smax=df2=7.75", use
AVimin | o1z Aven | 0420 AV, | 0120 AV | 0120
Use [2) #3 Hoops @ 4" for 36" Use (2] #3 Strirrups @ 8" Use [2) #3 Hoops @ 4" for Use (2) #3 Strirrups @
@® each end throughout length 36" @ each end 8" throughout length
Seventh Floor B9 Sacond Floor B3
Given: Estimation ofd Torsional Reinforcement Given: Estimation of d Torsional Reinforcement
M, 38.55 bz 20M, 2.016 Tu sl AP 36.885 M, 32.26 bd? = 20M, 7.332 Tu = b WFLA/P) 26.885
Vy 5.04 Used= 15.5 Reinf. Needed? no e 4.2 Used= 15.5 Reinf. Needed? no
i3 0.23 Calculation of A, (Flexure) Transverse Shear Reinforcement it 0.22 Caleulation of A, {Flexure) Transverse Shear Reinforcement
& 09 A, | oeez Vv, 23.527 & 0.8 N | oes2 V. 23.507
b 12 Use [2) #5BarsT & B Vu 2 ViV, no b 12 Use [2) #5BarsT & B Vu = VeV, no
h 18 h 18
fie 4000 Shear Relnforcement i 4000 Shear Relnforcement
f, 50000 vosafod | yes f, 60000 Voswfbd | yes
Span= /4 =3.875", use 4" Spax = 0f2=7.75", use 8" Spax = 0f4=3.875", use 4" S =df2=7.75", use
Ao | 0420 Avma | 020 Ao | 0120 A | 0120
Use [2) #3 Hoops @ 4" for 36" Usa (2) #3 Strirrups @ 2" Use [2) #3 Hoops @ 4" for Use (2) #3 Strirrups @
@ each end throughout length 36" @ each end 8" throughout length
Sixth Floor BS Eighth Floor B9
Given: Estimation ofd Torsional Reinforcement Ghven: Estimation of d Torsional Reinforcement
M, 4022 bd® 2 20M, 2.187 Tu £l (A /P 36.885 M, 21.04 bd’ = 20M, 5.922 Tu kdF4A /P | 36885
bl 527 Used= 15.5 Reinf. Needad? no Yy 275 Used= 15.5 Reinf. Needed? no
T 0.26 Calculation of A, (Flexure) Transverse Shear Reinforcement T 0.14 Calculation of A, (Flexure) Transverse Shear Relnforcement
& 09 A | ose v, 23.527 & 0.9 A | oes Ve 23.527
b 12 Use [2) #5BarsT & B VU 2JadV, no b 13 Use [2) #5BarsT & B Vu = VY, no
h 18 h 18
te 4000 Shear Relnforcement i 4000 Shear Relnforcement
£ 60000 Vosavihd | yes n 50000 Voeavfbd | ves
S = df4=32.875", use 47 Sman=df2=7.75" use 8" Snax = Of4 = 3.875", use 4" Smax = dF2=7.75", use
A | o1z Aven | 020 AV | 0120 At | 0120
Use [2) #3 Hoops @ 4" for 36" Usa (2) #3 Strirrups @ 2" Use [2) #3 Hoops @ 4" for Use (2) #3 Strirrups @
@ each end throughout length 36" @ each end 8" throughout length
Fifth Floor B9
Given: Estimation of d Torsional Reinforcement
M, 40.48 bd? = 20M, 8214 Tu 2l {AT/P) 36.885
A 53 Used= 15.5 Reinf. Needed? no
T 0.26 Caleulation of A, (Flexure) Transverse Shear Reinforcement
& 0.9 A, | oeez V. 23.527
b 12 Use (2) #5BarsT &B Yu zradv, no
h 18
i 4000 Shear Relnforcement
fy 50000 ¥, < 4V bd | yes
S = d/4=2.875" use 4" S = df2=7.75" use 8"
At | 0420 Avme | 020
Use [2) #3 Hoops ® 4" for 36" Usa (2] #3 Strirrups @ 8"
@® each end throughout length
- _______________________________________]
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KINETICS™

Description

Kinelics Model FDS Spring Vibration lscialons consist of
Figh deflection, free-slanding, unhoused, large diameter,
Iatorally slable steel springs assembled ino an upper loar

]

Th

Hateed

o iy et ae L " z
Free Standing o - LN w =
Spring Isolators = HEEIE e i
Model FDS 1 and 2 o AR e o
il oo | M |in| & oo | 7 o
o AR B om| 7 i
— AR R el i
[t AR ven | 1 o
e EA e i

=

[

e

[

=

plale and leveling assemibly. To assure stability, the spring Crurge as 180 1
iscialors have labersl spring sbliness gresler han 1.0 e ] ] .. -4
fmes the raled verical stiffness and are designed 1o 100 100

i
BHNHEREENNY

provide & mirkmum of 50% overload capacily. Spngs are

g
TP T PRI ] PR (ST PRI TR R | 1 1

epoxy powder coaled, with a 1000-hour sall spray mting 1 [ n
per ASTM B-117. In lighter capacites, FDS Speing fro! B .
'soialors have molded neoprens boltom ioad plale ) ose | o
assemblies. In heavier capaciies, springs ane welded io = brr4f e 4
the load plate assembles and are furished wilth & s nse | 4 0
neoprene noise isclation pad. FDS Isclators have 5] ™ m
provisons for boling e scialor o the slructure. FDS 1. oes | 7 0
isclators dre availabie wilh defections to 2° (51 mm) and e - 4
wilh load capaches lo 18,000 s, (8165 kp) as standard " aes | 7 0
products, Custom isolators with higher defiection and e -3 " 4
Qrealer i0ad capacles ar 450 availabio. Kinehcs Mode! 10 K "
FDS Spring Isalalors ane heghly effective for control of both el ) i
Figh nd low fregueney vibealion preduced by recipreealng . red B o - B b »
ar or refrigeralion compressoes, pumps, packaged air e T R T P B %
handling and air condiliening equipmenl, certrifugal and s az0 | vor [saon| 264 | aoa | w2 | e 1
axial fans, inlemal combiston angines, el et 430 | | Wno)ae] 40 | Ka | fie 4

100 az | sor | saon| 264 |aoa | 2 | oe "
Application 150 a3 | sor | wson| ae |ao | | e 3
Kinetics Model FDS spring mounls are recommended for . FREBREF
wse In isclating floor mounted sources of noise and 180 a0 | sor | woo | 20 | aoo | a0 | oss
wibration located near criically quiet aness i az | sor | mee | 2o | wo | 20 | o

100 aza | wor | eoe | 3m |weo | 2m | s

100 azn | sor | mos | 2w |ae | o | e

Medel FDS spring mounts are typically used o reduce the
anamissicn of nose and viraton from law speed
mechanical equipment inlo a butding struclure. O

static defiections are availabie lo 2° (51 mm) fo
campengale far long span flear siructures

FDS-1-50008/140008
FDS-2-80008/120008

Model FOS spring mounts are used n @ wide mange of
apphcabons, some requining Kinelics equipment bases in
addion Io spring isolators, and can be used Io suppor

or refigeraion compressars, close coupled and base
mounted pumps, packaged air handiing and refrigertion
equpment, cantifugsl fans, mlemal combuston engines,
and smilar equipmenl. Model FDS isolalors are for use an
equipment Bal is nol subject to lalersl fofces such
a5 wind

Specifications

Vibration isolalors shal be free standing, unhoused,
laleraly slatide steel springs. Spengs shall have &
lnteral stfiness greater ®an 1.0 Lmes e rated
verlical slifitess and shal be designed |o provide &
minimum 50% cverioad capacity

Springs shal be sssembled of welded betwean lop
and ballom load plales. The upper load plale shall be
provided with steel leveling bolts, lock nul and
washer for atiachment 10 the supporied equipment
The lower load plate shall incormporale & non-skid
noise isciation pad and shall have provisions for
bolling the isclalor lo the supporting structure,
as required

Springs shall be selecled lo provide operaling static
dellectons shown on the Viration lscialon
Schedule or 85 clharwse indicated on the propec
documents. Springs shall be color coded or
otherwae identied 1o ndicate ad capocity

Spring solalion mowunts lor icor-mounted equpmaent
shall be Model FDS, as manufaciured by Kinetics
Noise Conbrod, Inc.

ks changes 13 1 and o grodcts witous redcs
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KINETICS™ e i 6 G el

Roof Curb Rail m Iree-stancing, unboused. laterally sible

stool springs. Springs shall have a lateral stiffness.
Model KSR grmarter than 1.0 times the mted vertical siffness ard
shall bo designed for 50% cvaricad to solid,

Springs shall be color coded 1o Indicate ke
capacity.

sEtH

Rails shall provide contimucs suppar for the rootop
equipment and shal ba designed 1o provide isolation

I .
i

against casing.radiated vibeation in the rooHop e e
R et et

A noise and vibration control system
that goes beyond internal isclation.

Description

Kingtics KSA Isclation Aails ane tha naxt generason

isclation sysem designed and engineered o isclale
roofiop equspmant from the roof structure.

Application

Kinatics Model KSR Isclation Rails are spocifically
designed and engineered for use a3 & noise and
vibrasion isolabon system dor roal curt-mourtied

with equipment cvermang and wilh accassible
spriega, the Kinebes KSR goes wall Bayond internal
isolation by reducing casingradated vibration
caused by lurbutant air flow as well as comprassar
and @an vibeaton

S rails e & positvg elasiomenic air and wealh-
o saal parmitting tha inside of tha unit 1o ba usad s
& refurn air plenum. The KSR males with the inside
of the manutactrers curb sliminating any internal
intarfarance. The KSA aiso leatures an improssive
tamily ol options incldng:

* Animirum weather seal flashing
» Soismic restraint

= Airbarne nois contol patkage
» Duct bockolls

equipment

Model KEA isciation rails ate compatible with most
recl-supported aquipment and standard roof curd
systems without modificaticn and provida supper!
naise and vibeason solation, and an air and waler
s0al lor supported equipmant

Typical applicaticns include support and isolation for
isitary-packaged air-handling and relrigeration
equipment, and exhaust fans, ordnanly mounked
dirocty an non-isolated oo curb systams.

Modal KSA isclation rals signilican®y reduce noisa
and vibeaton transmitied from rooftop equipment into
rocd structurgs by using equipmont waight as an ingr-
tia mass to load high-deflecsion. fee-standing, sia-
bia springs integrated with tha continueous
aluminum isolabon i syskm.

equpment housing and stiuclureborne  vibration
from rotnting and mechanical equipment in the
rocicp package.

Fail ot arirociad ak op
ard bottom mambars connacted by spring sclators
and a contituous air- and water-tight seal. The seal
shall b & beaded elasiomeric material retained in a
keyway along the fop extrusion. The weather strip
shall bo sealed along the bottom with an aluminum

fascia strip,

Rail assemblies shall incorporate means for aftach-
ment 1o the buliding and the supported equipment
and shall incorporate additional stiffening members i
necessary 1o Assure stabdity.

Vibeation isolatons shall be selected by the marutac-
turer for sach spocilic applcation 1o comply with
ddellection requirements as shown on the Vibration
Isolation Schedule or as indicated on the project
dosuments.

Fioof Curb Fails shall be Model KSR as marutac-
tured by Kinatics Noise Conlrel. Ine.

8300 irelan Place 1730 Mayersite Crvap
B0, Box 655
Duti, Oh 43017 LST 143
Prone 014-89-0400
P 614580 0540 Fax: 3056711858
won hnalieshone tom
asien @ hinaticancie com
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