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Executive Summary

Pearl Condominiums is located on 9™ and Arch Street in Philadelphia, Pennsylvania. This
structure is a mixed use development building. The building includes a retail floor at the ground
level containing 10 units and five floors of housing above containing a total of 90 condominium
units. One of the main design considerations for the site was the location of an existing SEPTA
commuter rail tunnel which runs under the site

The objective of this report is to compare the existing structure of Pearl Condominiums
building as a hybrid type of construction which uses load bearing wall and precast concrete
planks to the redesigned structure which implements the use of the Flex Frame system that uses
the combination of girder slab technology. The major factor influencing the redesign is the
elimination of interior load bearing walls, thus resulting in a more flexible floor plan. The lateral
system will also be changed to concrete shears walls to replace the concrete masonry shear walls
present in the existing design.

The second topic that will be discussed in the paper is the foundation system. The
analysis will focus on a possible alternative to the use of drilled piers, but will also include the
effect on the train tunnel that runs underneath the site. This will help to determine if drilled piers
were the most economical system for the foundation of Pearl Condominiums.

The paper will also briefly discuss two breadth topics concerning construction
management and sustainability. It is proposed to analyze the effect of the Flex Frame system on
construction cost and scheduling. Proposed for the issue of sustainability is the certification of
the building for a LEED rating and how this will affect the building redesign.

Existing Gravity and Lateral Systems:

The gravity system of this building is comprised of load bearing walls and precast
concrete planks. The main component in the lateral system is the use of concrete masonry units
as shear walls in the stair towers and the elevator core. The ground floor contains moment frames
to transfer lateral loads from the stair tower shear walls which end on the second floor. Finally,
metal stud walls with metal strapping are used to help resist lateral load in the east to west
direction of the building. From research and analysis performed during this semester the existing
structural system used in Pearl Condominiums, was a very efficient and economical construction
type to use for this type of building.

Conclusion:

After completing the analysis of the Flex Frame system, the conclusion that was reached
was the Flex Frame is a viable alternative to the use of wall and plank construction. The cost and
the time of construction required does not vary for this project therefore that is not a factor in
limiting the use of the Flex Frame system. This system’s main limitation occurs in the spans of
the 8” precast planks because they are the only one the Flex Frame system uses. Overall both
systems are very well designed for this type of construction.
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Building Background and Project Information

Pearl Condominiums is a mixed use

development housing including 10 retail Primary project team:

units on the ground floor and 90 e Owner - Parkway
condominium units on the upper floors. The Corporation

gross floor area is 111,570 square feet and e Architect — Blackney Hayes
has 6 stories above grade. The start of Architects

construction was March 30, 2006 and the e Construction Manager — JJ
finish date is October 2007. The zoning is Deluca Company Inc.

C-4 Commercial. Design considerations for e Structural Engineer —

the site included the site location existing
above a SEPTA commuter rail tunnel. The
Project Delivery method used was Design-
bid-build and the total cost of the project
was $22,646,674.

Pennoni Associates Inc.
Civil Engineer — Valimer
Associates, LLP
Mechanical Engineer — M.P.
Hershman, PE, Inc.
Electrical Engineer - DGW
Electrical Engineers, Inc.
Geotechnical Engineer —
David Blackmore and
Associates
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Existing Structural System

Foundations:

The primary support for the foundation is the use of drilled piers. The drilled pier option
was performed, so the loads from the building would be transferred from the pier to the soil
below the SEPTA commuter train tunnel. The drilled piers range in size of diameter from 3’-0”
to 3’-6” to 4’-0 To help distribute the load to the drilled piers the use of grade beams was
employed. They range in width from 12” to 40” and in depth from 18 to 30”. The slab on grade
is 6” reinforced with 6x6 W2.9xW2.9 WWR over 6” crushed stone over 6 mil. VVapor retarder.
(See Figurel)
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Figure 1 — South Side of Building Foundation Plan
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The columns in Pearl Condominiums are used in two different types of loading. The HSS
columns are used to take gravity loads, which occur at the ends of the building to support the
precast concrete planks (Figure 2) and the Wide flange columns are used to resist lateral loads
which occur on the ground floor in the moment frames (Figure 3)
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Figure 2 — HSS Columns at the south end of the building
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The interior bearing walls are comprised of 8 inch metal studs that are spaced at 12
inches and 16 inches on center depending on the floor location of the wall. (See Figure 4)

LOAD BEARING METAL STUD WALL SCHEDULE
LOAD BEARING TYPE | STUD WALL
LEVEL
SIGMA STUDS MARINOWARE 5TUDS

ITH - RF. BOOSS300-32 @ 16" BOO0S200-33 e l6"
6TH - 1TH 80056300-33 @ |6" 8005200-54 @ 12"
5TH - 6TH BOOSE300-54 6 16" (2) BOOS200-54 @ (2"
3RD - 5TH £0056300-68 @ 6" (2) 8BOOS200-54 @ 12"
2ND - 3RD £0056300-68 € 12" (2) 8005200-68 @ 12"

LEVEL LOAD BEARING TYPE 2 STUD WALL
ITH - RF. 80055300-33 6 |6" 8005200-33 6 I6"
6TH - TTH BOOSE300-33 @ 16" (2) BOOS200-43 @ 12"
5TH - 6TH B00SE6300-54 © 16" (2) BOO5200-54 @ 12"
3RD - 5TH BOOSE300-68 @ 6" (2) BOOS5200-68 @ 12"
2ND - 3RD BHOOSE300-68 @ 12" (2) BOOS200-9T & 12"

LEVEL LOAD BEARING TYPE 3 STUD WALL
ITH - RF. 80056300-33 6 |6" 8005200-33 6 I6"
6TH - TTH B00S6300-33 @ 16" (2) 8005200-54 @ 12"
5TH - 6TH BOOSE300-54 © 16" (2) BOO5200-54 & 12"
3RD - 5TH £0056300-68 @ 16" (2) BOOS200-68 @ 12"
2ND - 3RD BOOSG300-68 @ 12" (2) 8005200-97 @ 12"

Figure 4 — Metal Stud Bearing Wall Schedule

Pearl Condominiums
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Floor System:

The floor system for level 2 thru 6 is comprised of a 10” Precast Concrete Plank with a
% concrete thick topping. (See Figure 5) The concrete strength of the precast plank is f’c equals
5,000 psi.
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Figure 5 — Section Properties of Precast Planks
Level two acts as a transfer level, which requires the use of wide flange beam (W36).
These transfer beams eliminate the need for load bearing walls to distribute the load to the

foundations. The result of having these elements increases the available floor area for the retail
units. (See Figure 6)
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Figure 6 — Transfer Beams located on the Second Floor.

Typical Floor Plan

As shown in Figure 7, Pearl Condominiums shape and layout of the space is symmetric.
This lends itself to the idea of using a structural system that is uses repetition in the design of the
floor system. The floor system consisting of precast planks and metal stud bearing walls can
easily duplicated from floor to floor.

Pearl Condominiums Joseph G. Lichman Jr.
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Lateral Resisting System:

The Lateral System in the building is
comprised of three types: concrete masonry
unit (cmu) shear walls, moment frames and
metal stud shear wall. (See Figure 7)

The concrete masonry unit shear
walls are used around the elevator and
stairway towers. These walls range from
thickness of 10” in the stair areas and 12” in
the elevators. The strength of the concrete
masonry units (f’m) range from 1500 psi to
2000psi and 3000psi depending on the area
they are used in.

The stair tower cmu walls end on the
second floor, which results in the use of
moment frames on the first floor to transfer
the loads from the cmu shear walls on the
second floor to the foundation below.

The metal stud shear walls are
composed of 8” metal studs varying in
thickness. The two heights of the studs are
13’-8” and 9°-0”. Metal diagonal straps
connected by #12 screws to the metal studs
and 7/8” diameter anchor bolts connected
through different boot types help to resist
the lateral forces applied to the metal studs.
The metal studs are covered by gypsum wall
board.

Pearl Condominiums

Final Report
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Figure 7 —Lateral Resisting System Present
in Pearl Condominium

Joseph G. Lichman Jr.
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Problem Statement

During the analysis of the gravity and the wind force resisting systems present in Pearl
Condominiums, it is clear that the systems chosen by the design team is currently the most
efficient possible. A possible issue arose during the analysis of the gravity system with the use of
the load bearing wall, which limited the flexibility of the floor plans. For the redesign the floor
system, the main objective will be to try and see if another structural system is possible to be
able to create a more flexible floor plan by eliminating the need for the interior load bearing
walls. Another aspect that will be investigated will be the lateral shear walls changing the
material from concrete masonry units to reinforced concrete With respect to the foundation
system, the objective will be to compare other possible systems to the existing drilled piers
system to see if any are a viable alternative. This will prove if the current system was the most
economical and efficient system used because of the impact of the SEPTA commuter train tunnel

that runs underneath the site.

Problem Solution

Floor system:

The redesign of the system includes
first and foremost the removal of the interior
load bearing walls. To compensate for the
loss of the interior load bearing walls, the
proposed structural system to be
implemented is the Flex Frame system. This
floor system is comprised of precast
concrete planks which are supported by
special steel “d beams”. The precast planks
are grouted solid around the “d beam” to
create the beam to plank connection. (See
Figure 3) The “d beam” is a specialty beam
which is created by cutting a wide flange
beam in half and adding a plate, with a
smaller width than the bottom flange, to
create a top flange.

With the Flex Frame system there

are a few limiting factors such as the deepest

member that is currently available is a nine
inch “d beam”, this will decrease the
possible span and tributary width that the

Pearl Condominiums

beam can carry. From this the spans of the
precast concrete planks will be reduced, in
turn reducing the size of the typical bay. The
overall geometry of the building will not be
changed but the implementation of a column
grid will be used to facilitate in the redesign.
This column grid will be beneficial in seeing
the impact of the new system on the layout
of the space on the floor plans.

Joseph G. Lichman Jr.
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Structural Depth Study

The objective for the depth study is the analysis of the Flex Frame system in creating an
alternative solution to the use of load bearing walls used in Pearl Condominiums. This will result
in creating an open floor plan by eliminating the use of the load bearing walls.

To begin the redesign, the first area focused on was the roof, which required the
transition from the use of the steel joist and load bearing wall system to a wide flange beam and
girder system. This was done primarily to see the comparison in the size of steel joists to steel
wide flange beams. With the steel joists the required depth to support the applied load was 24
inches and the steel beam maximum required depth designed is 14 inches.

With the removal of the load bearing walls the implementation of the HSS columns were
required to pick up the load from the steel girders. The roof load was added to by the addition of
the extensive green roof, in an effort to gain points for a LEED certification. The total load
applied to the steel beam was 45 psf for dead and 30 psf for live load. The grid for the entire
structural system was developed to limit the interference on the architectural plans. The columns
followed the load path that the load bearing walls were designed. For the roof the largest span
was 34°-9”, which resulted in a beam the size of W14x 61. The columns were spaced at 11°-8”
on the column line. (See Figure 8 for Column Schedule) (See Figure 9 A&B for new framing
plan of roof.

Column Schedule

All Columns on Floor

Line Level Type of Column
A&N Roof - 7 HSS 6x6x1/4
A&N 7-6 HSS 6x6x1/4
A&N 6-5 HSS 6x6x1/4
A&N 5-3 HSS 6x6x5/16
A&N 3-2 HSS 6x6x5/16
A&N 2 - Ground HSS 6x6x1/2
B-M Roof - 7 HSS 6x6x1/4
B-M 7-6 HSS 6x6x1/4
B-M 6-5 HSS 6x6x3/8
B-M 5-3 HSS 6x6x1/2
B-M 3-2 HSS 8x8x1/2

B,C,G.8,L 2 -Ground HSS 10x10x1/2

Figure 8 — Column Schedule
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Figure 9A — North Side Roof Structural Framing Plan
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For the redesign of floors 3, 5, 6, and 7 the framing was kept all the same to limit the
effect on the architectural floor plan, and simplicity of construction with repetitive members.
(See Figurell) This is were the implementation of the Flex Frame did occur The Dissymmetric
beam that was chosen for this design was the DB 9x46, this is the largest size that is currently
available. The limitation to the Flex Frame system that arose during the redesign is in the use of
the precast planks. The only precast plank that can be used is the 8 inch thick precast plank. For
the required spans that are present in this design the 8 inch precast plank with 2 inch topping will
have to have a 1 inch camber before erection to limit the deflection after the load is applied. ( See
Figure 10 — 4HC8+2; 78S span 33’-34’ chosen for design)
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Figure 10 — Precast Plank
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Figure 11 — Typical Architecture Floor Plan with Structural raing

-16 -



Pearl Condominiums Joseph G. Lichman Jr.
Philadelphia, PA Final Report

D-Beam® Properties Table

r-i-| Steel Only / Web Ignored Transformed Section / Web Ignored
=l Designation Allowable
. Ix [Cbot | Ctop | Sbot | Stop | Moment | 1x | cpot | Ctop | Sbot | S top
Z|I= Fy=50 KSI
TS £-0.6 Fy
<|m 5/16 — - T — — — - - — —
a in in in in: in Ieft in in in in: in
. DB8x35 | 102 | 2.80 | 5.20 | 36.5 | 19.7 49 279 | 416 | 440 | 67.1 | 63.5
DB8x37 | 103 | 2.76 | 5.24 | 37.3 | 197 49 282 | 416 | 442 | 67.7 | 638
DB8x40 | 122 | 3.39 | 461 | 36.1 | 265 66 280 | 426 | 430 | 679 | 672
DB8x42 | 123 | 3.35 | 4.65 | 36.9 | 26.5 66 201 | 426 | 432 | 68.4 | 67.5
DBOx4l | 159 | 3.12 | 6.51 | 51.0 | 244 61 332 | 427 | 535 | 77.7 | 62.1
DBOx46 | 195 | 3.84 | 5.79 | 50.8 | 33.7 84 356 | 443 | 5.20 | 80.6 | 68.6

® (] []
D-Beam® Dimensions Table
Web Included |Depth | Web Parent Beam 8" 4"
Designation| . . Top Bar | = ] I
Weight | Avg. Area| d |Thickness| Size a | b | wxt e -
tw +
I =22
it | i in in in |in[inxin| = E3
DB8x35 | 34.7 10.2 8 340 |W10x49| 4 3 3x1 E @
DB8x37 | 367 | 108 8 345 Jwizxsa] 2 |5 | 3xd . - |
DES8x40 | 98 17 8 340 |Wi0z49] 3 135 3%l D-Beam® Reference Calculator is Available
DB8x42 | 418 | 123 | 8 | 345 [wiaxs3s| 1 [s5]3x1s on Website. www.girder-slab.com
DBOzd4l | 40.7 11.9 9.645 375 | Wldzx61]3.375]5.25) 3zl
DBOzd6 | 458 134 9.645 375 | Wldzx61|2.37515.75) 3x 1.5

Figure 12 - D-Beam

The D-Beam chosen during the redesign is the DB9x46 (See Figure 12 for properties).
The maximum span for this particular beam is 13 feet with the tributary width of 34 feet. (For
calculations see Appendix) The D-Beams help to decrease the required depth of the floor system
compared to wide flange beam system. The creation process for these d-beams, start with the
parent beam, for the case of the D9x46 the parent beam is a W14x61. Next the parent beam is cut
in half, during this step the notch the beam, this allows for the grout to pass through the beam
and into the planks. Next a steel top bar is welded to the new beam, for this case the size of the
steel plate is 3 inches by 1.5 inches

The assembling process for the girder slab system incorporates the use of grout which
creates a composite action for the D-Beam and the precast planks increasing the strength which
is also an advantage over the traditional load bearing walls with precast planks. The girders at the
end of the building on Column lines A & N are the opposite; they are placed below the placed
below the precast planks to support them. (See Figure 13A &B for typical floor framing)
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Figure 13A - Typical North Side Structural Floor Framing
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Figure 13B — Typical South Side Structural Floor Framing
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The second floor framing remains the same because of trying to keep the same
architectural floor plans that are now in the existing system. The major change is the removal of
the masonry load bearing walls and now giving the possibility of expanding the retail space into
another without having to worry about making changes to the walls. The plans are now more
open.

The change from the concrete masonry shear walls to reinforced concrete shear walls did
not affect the building structural design. With respect to the lateral system the size of the
concrete wall required was only 8” with both horizontal and vertical reinforcement of #5 at 14”
on center. The only major change is in the reduction of the width of the walls from 12” to 8.
(For calculations see Appendix) With the use of ETABS model the shear walls were checked
and designed, this was done to compare the hand calculations to the computer modeling
software. (ETABS design below Figure 14) (See Figure 15 for Lateral System floor plan)

Story PierLbl StnLoc  EdgeBar EndBar EndSpcng RegRatio CurrRatio
STORY6 P1 Top #4 #4 12 0.0025 0.0045
Bot #4 #4 12 0.0025 0.0045
Story
Forces
Story Pier Load Loc P V2 V3 T M2
STORY6 P1 QUAKE Top 0 5.46 0 0 0
STORY6 P1 QUAKE Bottom 0 5.46 0 0 0
STORY6 P1 WIND Top 0 -1.12 0 0 0
STORY6 P1 WIND Bottom 0 -1.12 0 0 0
Story Item Load Point X Y 4 DriftX DriftY
Max Drift
STORY6 X QUAKE 106 3355.68 0 787.002 0.000001
Max Drift
STORY6 Y QUAKE 107 3355.68 761.88  787.002 0.000008
Max Drift
STORY6 X WIND 106 3355.68 0 787.002 0.000003
Max Drift
STORY6 Y WIND 107 3355.68 761.88  787.002 0.000001

Figure 14 — ETABS Design

With respect to the foundation system only one row of columns would be possible to
have unrestricted foundation construction, which would allow for the use of piles without
needing to reinforce the tunnel. To compare prices for the pile using HP 10x42 the cost per linear
foot is $28 and the price for a drilled pier of 10” diameter is $18 per foot. The drilled pier for this
project was the most economical and most efficient way. This type of construction of using the
drilled pier creates the least amount of disturbance to the tunnel below and eliminates the need
for reinforcing the tunnel, which would have greatly increased the cost of the project.
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Figure 15 - Lateral Sytem Floor Plan with Columns and Shear Walls
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Breadth Study #1: Construction Cost and Schedule Analysis

The goal of this breadth study was to compare the existing structure of Pearl
Condominiums to the redesign Flex Frame System. The analysis consisted of the structural
system that started at the columns of the ground floor. The decision was made not to make any
changes to the foundation system and analyze the impact of the new system on the floors above
the ground floor. The use of RS Means Building Construction Data Cost book facilitated the
estimation of the cost and time for construction for the new system.

Starting the comparison, the base values of the existing load bearing wall system are 3
months for construction and the cost of construction was $1,754,524. The construction being
compared is the precast planks, the load bearing walls that support them, the transfer level on the
second floor and the roof framing.

The redesign using the Flex Frame resulted in the time of construction of 2 months and
12 days (See Figure 16 for schedule), along with the cost of construction reacting $1,760,136.
The cost per floor and columns is as follows:

Roof — $232,011.37

Column from Roof to Level 7 — $24,510
Floor 7 - $206,167.20

Columns from Level 6 to 7 - $24,510
Floor 6 - $206,167.20

Columns from Level 5to 6 - $24.510
Floor 5 - $206,167.20

Columns from Level 3to 5 - $24,510
Floor 3 - $206,167.20

Columns from Level 2 to 3 - $43,075
Floor 2 - $327,867.53

Columns Ground to Level 2 - $342,492
Concrete Walls for Elevator and Stair Cores - $191,981

Conclusion:

After comparing the cost and time for construction, the Flex Frame system is a viable
system to replace the load bearing wall and precast plank system. The difference in the time of
construction and the cost is small enough that either system is a possible solution for this
building. With the Flex Frame system the open-web dissymmetric beam has a added cost of
$1.25 per pound for the added fabrication required to produce this beam.
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Breadth Study #2: LEED Certification Study

The objective for this breadth study is the gaining of a LEED certification for this
building, which requires obtaining a minimum of 26 out of a possible 69 points. When this
building was in design the idea of LEED was still new, so it was not incorporated into the design.
Some of the possible points to gain for certification this project are:

For the Sustainable Site, the highest possible obtainable amount of points that could be
awarded would be 9 out of 14. One of the major categories in Sustainable Site reflects on the
influence on the use of Alternative Transportation, this is beneficial for the location of the site,
which is in Philadelphia. The availability of transportations such as the SEPTA Rails and Buses
are close to the location of the site.

For the Material and Resources, the highest obtainable amount of points that could be
awarded would be 10 out of 13. One of the major categories in Material and Resources is Waste
Management and Recycled Content which reflects on the influence of construction management.
This can be obtained by careful planning during the construction process. The Material and
Resources category is where for this building can gain the most possible points, which can be
accomplished by careful planning of what material to use and the waste management during the
construction

There are also ways to gain credits by implementing low-flush toilets, the tenants of the
units have control of their thermostat. The only part that is regulated temperature is by the owner
are the hallways and the common areas. It is possible for this building to become LEED certified
if planning to gain the certification happens during the design process, it is harder to go back in
after the building is constructed to achieve a LEED certification, without major financial
implications to the cost of the building.
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Summary and Conclusion

After completing the analysis of the Flex Frame system, the conclusion that was reached
was the Flex Frame is a viable alternative to the use of wall and plank construction. The cost and
the time of construction required does not vary for this project therefore that is not a factor in
limiting the use of the Flex Frame system. This system’s main limitation occurs in the spans of
the 8” precast planks because they are the only one the Flex Frame system uses. Overall both
systems are very well designed for this type of construction.
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Floor Live Loads

Occupancy or Use Uniform Live Load (psf)
Condominium Units w\ Partitions 60
Retail Units (first floor) 100
Stairs 100
Corridor above first floor 80
Corridor at first floor 100
Roof 30

Floor Dead Loads

Occupancy or Use Uniform Dead Load (psf)
Concrete Precast Plank 66
Roof 20

Superimposed Floor Dead Loads

Occupancy or Use Uniform Dead Load (psf)
Roof 20
Condominium Units w\ Partitions 25
Corridor above first floor 25
Corridor at first floor 25
Retail Units 25

Snow Loading

Item Value
Ground Snow Load (Pg) 25 psf
Exposure Factor B
Roof Exposure Fully Exposed
Exposure Factor (Ce) 0.9
Thermal Factor (Ct) 1.0
Occupancy Category ]
Importance Factor (Is) 1.0
Flat-Roof Snow Load 16 psf
Pf = 0.7CeCtlsPg




Wind Loads:

North to South Direction

Windward Calculations

Level z Kz gz Cp Ext. GCpi Piotal (+GChpi)
Pressure (psf)
1 0 0.57 10.05 0.80 6.83 +/- 0.55 -1.89
2 16 0.62 10.93 0.80 7.43 +/- 0.55 -1.29
3 25.92 0.70 12.34 0.80 8.39 +/- 0.55 -0.33
4 35.83 0.76 13.40 0.80 9.11 +/- 0.55 0.38
5 45.75 0.81 14.28 0.80 9.71 +/- 0.55 0.98
6 55.67 0.85 14.98 0.80 10.19 +/- 0.55 1.46
Roof 72.3 0.90 15.86 0.80 10.79 +/- 0.55 2.06

Leeward Calculations

Level y4 Kz External Protal (+GCpi)
dn (psf) Co Pressure (psf)
1 0 0.57 15.86 -0.20 -2.70 -11.42
2 16 0.62 15.86 -0.20 -2.70 -11.42
3 25.92 0.70 15.86 -0.20 -2.70 -11.42
4 35.83 0.76 15.86 -0.20 -2.70 -11.42
5 45.75 0.81 15.86 -0.20 -2.70 -11.42
6 55.67 0.85 15.86 -0.20 -2.70 -11.42
Roof 72.3 0.90 15.86 -0.20 -2.70 -11.42
Total
i Level
Negative Internal Pressure ( Protal | Force at Eloor
+GCpi kips
4 (0S) | GCo | Po (osh) (psf) epe)
15.86 -0.55 -8.7 1 953 0
Positive Internal Pressure 2 10.13 52
3
QZ (pSf) GCDi Pnos (pSf) 11.09 43
15.86 0.55 8.7 4 11.81 45
S5 12.40 46
6 12.88 64
Roof | 134s 41




Seismic Loads:

Occupancy Category — 11

Importance Factor — 1.0

Seismic Design Category — B

Response Modification Factor — 5.5
(Reinforced Masonry Shear Walls)

Site Class - D

Ss =0.270g

S1=0.060g

Fa=1.585

Fv=24

SDS =0.287

SDl =0.096

Seismic Base Shear:
V = Cs*W

W =11796 k
Cs =0.0285

R =4 (Reinforced Concrete Shear Wall)
V =336k

Vertical Distribution of Forces:
Fundamental Period:

Ta =0.496 sec
K=1.0
Level WX hx wx*hx” "k Cvx Fx Mx
2 2171 16.000 34736 0.0817 32.3 516.8
3 2080 25.917 53907.36 0.127 42.7 1106.7
4 2064 35.833 73959.312 0.174 58.5 2096.2
5 2064 45.750 94428 0.222 74 3385.5
6 2115 55.667 117735.705 0.277 93.1 5182.6
Roof 736.26 68.500 50434 0.119 40 2740
Overturning Moment = 15028
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