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EXECUTIVE SUMMARY

The purpose of this report is to provide a detailed analysis of the existing design for the
lateral force resisting system of the Fairfield Inn and Suites. The loads calculated in the
existing structural conditions report determined were applied to the lateral force resisting
system comprised of reinforced concrete masonry shear walls. A description of the
structural system of the building and the path the loads travel to reach the foundation is
given.

To verify the shear strength system of the building, an ETABS model was created to
compare the analysis results to the hand calculations done for the Fairfield Inn and Suites.
The ETABS model only modeled the shear walls and rigid diaphragms for the building. The
gravity columns and transfer beams were not modeled at this stage to simplify the attempt
in creating a model of the Fairfield Inn and Suites. The calculations done by hand only took
into account the shear walls as the lateral resisting system. The lateral loads were applied
to the model to determine center of rigidity, torsion, overturning, and story drifts all taken
from the ETABS outputs and compared to the hand calculation and allowable limits set
forth by the code and industry.

With the comparison of the ETABs model and the hand calculations, there were a few
differences found in the location for the center of rigidity. Since the hand calculations only
accounted for the shear walls and the ETABs model include the rigid diaphragms, the
center of rigidity values see a difference. In general, the values still follow the same pattern
of increasing or decreasing as the floor height increases. Center of rigidity values were
taken in both the North/South direction and East/West direction. Therefore, with this
difference, the center of rigidity from the hand calculations was used in determining
relative stiffness, torsion, shear, and overturning. There were no concerns regarding the
calculated torsion and shear results. It verifies that the shear walls are properly reinforced
and are providing the majority of the lateral resisting system, with minimal assistance from
the slabs. These results suggest that it was only necessary to look at the shear walls in this
analysis.

The overturning results show that the dead loads gravity system of the building will resist
any uplift or torsion created on the building due to the lateral loads, since the lateral loads
are a small fraction of the gravity loads. The story drifts and displacements were found to
be within the allowable limits of the code. The hand calculations and the ETABs model both
conclude the story drift is sufficient and does not exceed the limits for the Fairfield Inn and
Suites.

Each analysis done on the lateral system of the building can be seen through detailed
descriptions and diagrams, as well as, the materials and codes used in the analysis and
design. Building layout and detailed calculations for each analysis performed can be found
in an Appendix at the end of the report.
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INTRODUCTION: Fairfield Inn & Suites

Fairfield Inn and Suites is a 10-story hotel. The hotel is located in the heart of Pittsburgh
within walking distance to downtown Pittsburgh, Heinz Field (football stadium), the new
Rivers casino, plus many other Pittsburgh attractions. The hotel’s closest attraction,
directly across the street, is the Pittsburgh Pirates baseball stadium, PNC Park. Being in
such a prime location, this hotel with accommodate thousands of guests visiting the area
throughout the year making it an essential addition to the community.

The hotel occupies 135 guest rooms in addition to an indoor pool and fitness center for its
guests. There will be a variety of typical king/queen size rooms to king/queen suites to
satisfy the needs of all guests. Guests to the hotel will enter into an 18’ lobby off of Federal
St. where the main entrance exists. The lobby consists of a large reception desk for check-
in/out, a breakfast area, and a large seating area featuring a cherry finished wood fireplace.
The hotel holds a basement below grade that consists of the electrical, mechanical, and
maintenance rooms, along with the laundry room and break room for employees.

The facade of the building is similar for all views. Cast-stone decorates the exterior levels
one thru four. Brick veneer than extends to the roof of the building. As one approaches the
18’ lobby entrance a glass curtain wall system surrounds the entrance doors and extends
above the entrance two stories adding verticality to the building. The entrance is then
emphasized by a large steel supported, tempered glass awning shading the lobby. On street
level, the lobby is lined by additional high glass windows also shaded with smaller glass
awnings. From the highway that passes the buildings north facade, one will notice the
hotel by its large illuminated sign placed inside a 56’x18’ bond-face brick detailed rectangle
accenting this view.

The structural system for the hotel is primarily hollow-core precast concrete plank floors
on load bearing masonry walls, while shear walls resist the lateral forces against building.
Steel transfer beams at the second floor transfer the loads of the load bearing walls to
columns supporting the 18’ lobby. The ground floor is a concrete slab on grade that
transfers the gravity loads of the building to a foundation system that is composed of auger
cast piles and steel grade beams.

Technical Report 3 runs an analysis of the lateral system of the Fairfield Inn and Suites.
This analysis determines if the building design is sufficient to resist the lateral loads that
were determined in Technical Report 3 against the building. An ETABS model of the
building was used to compare the results of the hand calculations with lateral analysis of
the building from the model.

Page |5



Fairfield Inn & Suites, Marriot Amanda Smith
Pittsburgh, PA Technical Report III

STRUCTURAL SYSTEM

Foundation

A geotechnical soils report was conducted for the Fairfield Inn and Suites site on November
27,2007 by Construction Engineering Consultants. In the study, it was found that the
typical soil found on site is brown silt, clay, and sand. The reported water level was
approximately 25’-0” on site. The depth of the basement is 12°-8” below grade, therefore
there should not be a concern regarding the uplift pressures on the foundation due to the
water level. Due to the moderate depth to bedrock and precaution taken in regards to
water level, the deep foundation system consists of auger cast friction piles and grade
beams. With the foundation not extending below 33 ft., the net allowable bearing pressure
on site is 200 psf.

The ground floor rest on a 6” concrete slab which is 5 ksi normal weight concrete (NWC).
The slab increases in thickness from 6” to 12” within the core shear walls where the
elevator pit and area well are located. The slab reinforcement consists of W/ 6x6-
W1.2xW1.2 welded wire fabric and #5 bars located 12” o.c. top and bottom and each way.
The slab depth is approximately 12°-8” below grade, while the elevator pit extends to 17°-5”
below grade.

The piles extend 12’-8” deep below grade and are spaced approximately between 26’ to 31’
apart (refer to Appendix A). The typical size of the pile caps
is a 7’-6” square approximately 4’ deep with four 16”
diameter piles per cap. The core shear walls incasing the
stairs and elevator have additional rectangular pile caps and
piles for more support. Pile caps are reinforced with #8 bars
at 6” o.c. The typical column piers extending from the pile
caps are composite 24”x24” columns with horizontal ties
and vertical bar reinforcement. (See Figure 1.1)
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Grade beams run between pile TYPICAL DETAIL THRU PILECAP
caps transferring the loads from Figure 1.1

the facade and interior shear

walls to the foundation (refer to Figure 1.2). Depth of beams
ranges between 36” and 48” depending on location.
Reinforcement and size varies per grade beam.

Figure 1.2
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Floor System

Fairfield Inn and Suites typical floor system is a precast concrete plank floor with a
thickness of 8” untopped. The hollow core concrete plank floor allows for the building to be
supported without the use of columns on floors two thru ten and longer plank spans.
Concrete compressive strength for floors is fc=5000 psi. The typical span of the precast
plank floors are 31’-0” and 26’-0”. The floor systems supported by load bearing concrete

masonry walls.

The floor system for the first floor is a combination between 4” slab on grade and the 8”
precast concrete plank floor. There is no basement below the first floor running along the
south wall and the entrance on the west wall of

the building (see Figure 2.1). Due to a pool 1
being located in this area, the hollow core of 41
the typical plank floor would not be sufficient
in supporting the weight of the pool and lobby
live loads. Therefore, the floor system is a 4”
slab on grade with W/6x6-W1.4xW1.4 weld

wire fabric reinforcement.

Since the floor system is a precast plank floor, "UI_;" T
there are a limited number of steel beams )

girders throughout the structure. These

transfer beams range in size from W 33x118
to W 40X149.With no columns to support i
floors two thru ten, the majority of the beams -
present are transfer beams on the second
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Figure 2.1: Partial First Floor Slab

floor that transfer loads from the floors above
to the columns extending from the pile caps
and thus transferring all loads to the foundation system. The transfer beams run along the
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Figure 2.2: Second Floor Transfer Beams

ey

back of the elevator shafts from the west wall to
the east wall, and along the back of south wall of
stair B extending from the west wall to the east
wall (see Figure 2.2). Transfer beams range in size
from W 33x118 to W 40x149. Girders run along
the first floor supporting mechanical equipment
loads and tying into the beams and shear walls
supporting the first floor. Girders and beams
throughout the building are non-composite
systems.

The roof system and smaller high roof system are
the same use the same 8” untopped precast
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concrete plank floor. W8x28 beams run along the shear walls inclosing the elevator and
stair shaft while W8x18’s extend outward from the corners of the shear walls inclosing the
shaft. Hoist beams support the top of the elevator shaft in high roof system. There are a
total of six drains located on the roof for the drainage system. (Refer to Appendix A)

Columns
The only columns used in the Fairfield Inn and Suites are the ones

extending from the pile caps to the second floor supporting the 18’ first
floor. The columns range in size from W10x100’s to W 12x120’s depending

on location. All columns connect into the pile caps where the weight ; !

each column supports transfers the load down to the foundation (refer 7{1—@3

to Figure 3.1). The base plates are %" thick and typically 14"x14". Each =7 | . |

plate utilizes a standard 4 bolt connection using 1” A325 bolts. o
Figure 3.1

Lateral System

The lateral system for the Fairfield Inn and Suites is a combination of ordinary reinforced
concrete masonry shear walls. The exterior shear walls are 10” concrete masonry and the
core shear walls are 8” concrete masonry. The core shear walls surround the staircases and
elevator shaft. On floors two thru ten, two additional load bearing masonry walls extend
from the west wall to the east wall running ,
along the south wall of staircase B and the '
north wall of the elevator shafts (see Figure
4.1). Elevations of each of these shear walls
can be found in Appendix B.

Shear walls supporting the ground floor to
the fourth floor support a compressive
strength of c=8000 psi. All other shear walls
support a compressive strength of f¢c=5000
psi. The typical vertical reinforcement in both
the 10” and 8” shear walls is #5 bars at 16”
0.c., 24” o.c,, or 32” o.c. with bars centered in

wall and solid grout wall.

¢ 8. ¢ Bl a% K@
I
With the majority of the exterior walls being Figure 4.1: Lateral Shear Wall System

shear walls, the center of rigidity stays pretty
central between the East and West walls. Due to the core shear walls not be centered in the

building, the center of rigidity shifts slightly north. When the center of rigidity is not in line
with the resultant lateral force, eccentricity and moments due to torsion become a factor.

Page |8



Fairfield Inn & Suites, Marriot Amanda Smith
Pittsburgh, PA Technical Report III

ETABS MODEL

ETABS is a computer modeling and analysis program developed by Computer and
Structures, Inc. One of the advantages of this program is the ability to look at each floor of
the building strictly as a rigid diaphragm against lateral loading. Therefore, for the analysis
in this technical assignment, the building’s lateral system and diaphragms were the only
components modeled. As seen in Figures 5.1 and 5.2, the shear walls and floor slabs were
the only elements modeled. Material properties and geometric properties were inputted
for the floor slabs and each shear wall. The simplification of only modeling lateral
components allowed for the gravity loads to be applied as additional area masses to the
diaphragms. Both wind and seismic loads were applied about the centers of rigidity of the
structure for analysis. The results from this model were compared to values produced by
hand calculations of the center of mass, centers of rigidity, and story displacements. The
overall building drift and controlling loads in each direction were also pulled from the

model analysis results.
Shear walls

‘t
)
'
.

%

,

South Wall

Figure 5.2 - ETABS Model View - North & East Walls

Figure 5.1 - ETABS Model - South & West Walls
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CODES AND REQUIREMENTS

Various references were used by the engineer of record in order to carry out the structural
design of the Fairfield Inn and Suites:

The 2006 International Building Codes as amended by the city of Pittsburgh

The Building Code Requirements for Structural Concrete (ACI 318-05), American
Concrete Institute

Specifications for Structural Concrete (ACI 301-05), American Concrete Institute

The Building Code Requirements for Masonry Structures (ACI 530), American
Concrete Institute

Specifications for Masonry Structures (ACI 530.1), American Concrete Institute
PCI Design Handbook - Precast/Prestressed Concrete Institute

Specifications for Structural Steel Buildings - Allowable Stress Design and Plastic
Design (AISC), American Institute of Steel Construction

Minimum Design Loads for Buildings and Other Structures (ASCE 7-05), American
Society of Civil Engineers

ETABS Modeling and Analysis - Computer & Structures, Inc

Drift Criteria

The following allowable drift criteria that will be used to check deflection of the Fairfield
Inn and Suites will be in accordance with the International Building Code, 2006 edition.

(Allowable Building Drift) Awina = H/400

(Allowable Story Drift) Aseismic = 0.015Hsx
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Load Combinations

The list below shows the various load cases according to ASCE-07 section 2.3 for factored
loads using strength design and from the International Building Code, 2006 edition. These
were the load cases used in the analysis of the lateral system for this report.

1.4D

1.2D + 1.6L +0.5L;

1.2D + 1.6L; + 1.0(L or W)

1.2D + 1.6W + 1.0L + 0.5L;

1.2D + 1.0E + 1.0L

0.9D + 1.6W

0.9D + 1.0E

These combinations were all considered in the ETABS Model. After analyzing story
displacements, shears, and drifts, it was concluded that the load combination 1.2D + 1.6W +
1.0L + 0.5Lr controls in the North/ South direction, with the wind controlling in the
North/South direction due to its larger surface area creating higher forces. The load
combination 0.9D + 1.0E controls in the East/West direction due to the slightly smaller

surface areas allowing seismic forces to control in this direction.
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GRAVITY LOADS

The gravity load conditions determined by ASCE 7-05 are provided for reference:

Dead Loads:
Concrete 150 pcf
Steel 490 pcf
Partitions 15 psf
MEP 10 psf
Finishes and Miscellaneous 5 psf
Roof 20 psf
Live Loads:
Description Design LOf’ild Used By ASCE 7-05
Engineer
Public Areas 100 psf 100 psf
Lobbies 100 psf 100 psf
First Floor Corridors 100 psf 100 psf
Corridors above First Floor 80 psf 80 psf
Private Hotel Rooms 40 psf 40 psf
Stairs 100 psf 100 psf
Roof 75 psf 20 psf
Mechanical 150 psf 150 psf
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LATERAL LOADS

Wind Analysis

Wind loads were calculated in accordance with ASCE 7-

05, Chapter 6. To examine the wind loads in the E/W lo 3

North/South direction and the West/East direction, the Wind
Analytical Procedure - Method two described in Section Directio |
6.5, was used to find design pressures. The variables

used in this analysis are located in Table 1a. Please refer

to Appendix C for equations and base calculations used
for the execution of this procedure. Figure 6.1 shows the
wind direction made to the typical floor plan.

N/S Wind Direction

Figure 6.1: Wind Direction

Table 1a
. . ASCE
Wind Variables References

Basic Wind Speed \Y 90 Fig. 6-1
Directionality Factor Kq 0.85 Table 6-4
Importance Factor I 1.15 Table 6-1
Exposure Category C §6.5.6.3
Topographic Factor Ky 1.00 §6.5.7.1
VeIoc‘ity Pressure Exposure Coefficient evaluated K, Varies Table 6-3
at Height Z

Velocity Pressure at Height z d, Varies Eqg. 6-15
Velocity Pressure at Mean Roof Height ah 20.47 Eqg. 6-15
Equivalent Height of Structure > 64.6' Table 6-2
Intensity of Turbulence l; 0.268 Eqg. 6-5
Integral Length Scale of Turbulence Lz 208.81 Eq. 6-7
Background Response Factor (East/West) Q 0.792 Eqg. 6-6
Background Response Factor (North/South) Q 0.788 Eqg. 6-6
Gust Effect Factor (East/West) G 0.808 Eq. 6-4
Gust Effect Factor (North/South) G 0.806 Eq. 6-4
External Pressure Coefficient (Windward) Co 0.8 Fig. 6-6
External Pressure Coefficient (E/W Leeward) Co -0.03 Fig. 6-6
External Pressure Coefficient (N/S Leeward) Co -0.05 Fig. 6-6
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Tables and calculations of wind pressures in each direction can be found in Table 9a and
Table 9b referenced in Appendix C. One table was developed to determine the wind
pressures in the North/South direction. This direction is adjacent to an existing building
and a major highway, which neither structure is significant enough to block the building
from receiving full wind loads. These wind loads are currently the most prevalent at this
site. The other table was developed to determine the wind pressures in the East/West
direction. There are currently adjacent buildings blocking the wind on the lower levels on
the hotel, but wind in this direction must be examined in the case that these buildings will
not be present in the future and the full wind load will be applied to the building. Basic
loading diagrams for wind forces in each direction are provided for reference in Figures 6.2

and 6.3.

LoD (k) Stoeyf Shep. (K)
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Figure 6.2: Wind Loading Diagram in North/South Direction
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Figure 6.3: Wind Loading Diagram in East/West Direction

Page |14



Fairfield Inn & Suites, Marriot Amanda Smith
Pittsburgh, PA Technical Report III

Seismic Analysis

An assumption was made in this seismic analysis that the Fairfield Inn and Suites employs
arigid diaphragm and therefore allows the use of the Equivalent Lateral Force procedure
found in Chapters 11 and 12 of ASCE 7-05. Upon investigation of the geotechnical report,
the Fairfield Inn and Suites falls under the Site D classification. The variables needed to
calculate base shear according to ASCE 7-05 are located in Table 2a.

Table 2a
Seismic Design Variables R ASCE
eferences
Site Class D Table 20.3-1
Occupancy Category Il Table 1-1
Importance Factor 1.00 Table 11.5-1
Ordinary
Structural System rigi‘;’:;d Table 12.2-1
shear walls

Spectral Response Acceleration, short S, 0.125 USGS
Spectral Response Acceleration, 1s S: 0.049 USGS
Site Coefficient F, 1.6 Table 11.4-1
Site Coefficient F, 2.4 Table 11.4-2
MCE Spectral Response Acceleration, short Sis 0.2 Eg. 11.4-1
MCE Spectral Response Acceleration, 1 s Sm1 0.1176 Eg. 11.4-2
Design Spectral Acceleration, short Sas 0.133 Eg. 11.4-3
Design Spectral Acceleration,1 s Sa1 0.0784 Eg. 11.4-4
Seismic Design Category Sqc B Table 11.6-2
Response Modification Coefficient R 2.0 Table 12.2-1
Approximate Period Parameter C. 0.02 Table 12.8-2
Building Height (above grade) h, 112.66
Approximate Period Parameter X 0.75 Table 12.8-2
Calculated Period Upper Limit Coefficient C. 1.70 Table 12.8-1
Approximate Fundamental Period T, 0.692 Eqg. 12.8-7
Fundamental Period T 1.17 Sec.12.8.2
Long Period Transition Period T, 12 Fig. 22-15
Seismic Response Coefficient Cs 0.034 Eqg. 12.8-2
Structural Period Exponent k 1.335 Sec.12.8.3
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The base shear calculated for seismic analysis

includes the effective seismic building weight. An
excel sheet was set up to determine the total
weight that accumulated at each floor above

grade. A summation of each floor resulted in the

effective building weight which was used to
determine the base shear and overturning

moments due to seismic loads. Please refer to

Appendix C for detailed calculations used to
obtain building weight, as well as, base shear and

overturning moments for each floor as seen in
Table 2b. The story shear is also determined for

each level and can be found in Table 2b. A seismic
loading diagram is provided as reference to relate
forces and shears that resulted as seen Figure 7.1.

RAST SHEAR

M-t

Figure 7.1: Seismic Loading Diagram

Table 2b
Base Shear and Overturning Moment Distribution
Story h, (ft) Story(ﬁ\)/elght whf Cor Fol_ri';eFrjl(k) Sto\r/\: (Skh)ear M, (Ft-K)
PH Roof 112.66 61.87 33932 0.012 4.88 4.88 525.16
Roof 102.66 927.40 449249 0.164 64.58 69.46 6307.25
10 92.66 1130.16 477463 0.174 68.64 138.10 6039.95
9 83.33 1130.16 414389 0.151 59.57 197.67 4686.25
8 74.0 1130.16 353641 0.129 50.84 248.51 3524.68
7 64.66 1130.16 295350 0.108 42.46 290.97 2547.34
6 55.33 1130.16 239878 0.088 34.48 325.46 1747.17
5 46.0 1130.16 187465 0.068 26.95 352.41 1113.84
4 36.66 1130.16 138463 0.051 19.91 372.31 636.87
3 27.33 1130.16 93552 0.034 13.45 385.76 304.82
2 18.0 1157.72 54877 0.020 7.89 393.65 71.00
1 0 390.00 0 0 0.00 393.65 0.00
2738259
Total Building
Weight = 11578.23 k
Base Shear = 393.65 k
Total Moment = 27504.33 ft-k
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LOAD DISTRIBUTION
Shear Walls
Load Path Lateral
Loads [ I | lab
The wind and seismic loads that act against the building need a }or Sla
way of traveling through the structure into the foundation, (

ultimately reaching the ground. This load path is assumed to be
governed by the concept of relative stiffness. The members that
are most rigid in a building draw the forces to them. As the
lateral forces come in contact with the building, the loads are
transmitted through the rigid diaphragms, to the shear walls, and

then down into the mat foundation. (See Figure 8.1) The shear walls / Distribw
that have minimal assistance from the slabs resist the majority of the Loads

lateral forces. The columns on the first level only transmit the gravity
loads from the transfer beams that hold the weight of the floors
above.

VY

[ w v

\ Foundation

Figure 8.1 — Load path diagram

Center of Rigidity and Mass

The Fairfield Inn and Suites and a number of shear walls. Essentially the entire building
frame is shear walls except for a few members. There is a shear wall located along the
north, south, west, and east face of the building in addition to a shear wall core. There are
four shear walls that surround the
staircases and the elevator shaft. Figure 8.3
shows the numbered system assigned to
each wall to better reference exactly which
shear walls are being discussed throughout
the analysis. The core shear walls are 8”
thick throughout their heights, while the
surrounding shear walls are a thickness of
10”. These walls do vary in length and are
located different distances from the center
of rigidity of the building. The thickness,
height, and distance from center of rigidity
all affect the rigidity of the walls and
altering the relative stiffness of each wall.

Figure 8.2 - ETABS Rigidity Diagram
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Figure 8.3 - Numbered Shear Walls

Tables in Appendix D define the rigidities of Walls 8-16 which are parallel to the
north/south lateral forces, and of Walls 1-7 which are parallel to the east/west lateral
forces. The rigidities of each wall were calculated using the following equation:
Et
R= 3

4(1) +3@

The equation has to take into account that walls supporting up to floor 4 have an f'c = 8000
psi and the walls above floor 4 have an f'c = 5000 psi. The rigidities of each wall can then be
used to determine the center of rigidity of each floor through the following equation:

Z[(R)(distance between origin and element)]
2R

Center of Rigidiy =

The values for the center of rigidity can be found in Table 3a for each floor. Since the
building structure is ultimately rectangular, it makes it easy to determine the center of
mass of the building. The center of mass does not vary from floor to floor and is consistent
throughout the building. Along with the center of rigidity, the center of mass values can be
found in Table 3a. The coordinates found by the hand calculations and the ETABS output
results are compared in this Table as well. The values differ because of the assumptions
made for each calculation. The rigidity calculated by hand assumes only the shear walls are
to be considered, but the ETABS model takes into account the building diaphragms when
determining the rigidity. The hand calculated values will be those used whenever the
center of mass and center of rigidity are needed. Detailed calculations can be found in
Appendix D.
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Table 3a - ETABS Vs. Hand Calculation Comparison
Center of Rigidity Center of Mass
ETABS
Calculation Hand Calculation ETABS Calculation Hand Calculation
X Y X Y X Y X Y

Story 10 717.90 649.60 614.11 535.68 554.394 524.396 554.986 524.4
Story 9 709.60 635.20 599.93 533.96 554.394 524.396 554.986 524.4
Story 8 700.47 619.80 580.41 531.92 554.394 524.396 554.986 524.4
Story 7 690.95 604.12 563.13 529.50 554.394 524.396 554.986 524.4
Story 6 681.28 588.20 549.52 526.63 554.394 524.396 554.986 524.4
Story 5 671.81 572.80 539.18 523.17 554.394 524.396 554.986 524.4
Story 4 662.91 558.40 531.36 518.96 554.394 524.396 554.986 524.4
Story 3 654.99 546.30 525.42 513.65 554.394 524.396 554.986 524.4
Story 2 648.46 537.10 520.85 506.63 554.394 524.396 554.986 524.4
Story 1 643.93 533.70 514.66 497.07 554.394 524.396 554.986 524.4

Relative Stiffness

With the rigidity of the walls determined, we can use them to find the relative stiffness of
each wall at each floor. The relative stiffness dictates what percentage of the lateral force is
distributed to each wall. The relative stiffness will not be consistent throughout the entire
height of the building. This can be calculated using the following equation:

R
Relative Stiffi ==
elative Stiffness = 5

The values for walls 8-16 at every floor can be found in Table 3b. The values for walls 1-7 at
every floor can be found in Table 3c. Detailed calculations can be found in Appendix D.

Knowing the relative stiffness of each wall, the values can be directly applied to the loads at
each floor to determine how much of the load each wall will have to resist.
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Table 3b - Relative Stiffness (%)

North - South Force

Wall 8 | Wall9 | Wall10 | Wall 11 | Wall 12 | Wall 13 | Wall 14 | Wall 15 | Wall 16
Floor 10 | 37.12 1.73 1.51 2.04 1.73 1.51 2.04 33.01 19.33
Floor 9 41.28 0.74 0.63 0.91 0.74 0.63 0.91 35.95 18.21
Floor 8 43.94 0.44 0.37 0.54 0.44 0.37 0.54 37.24 16.14
Floor 7 45.86 0.31 0.26 0.39 0.31 0.26 0.39 37.83 14.37
Floor 6 47.28 0.25 0.21 0.31 0.25 0.21 0.31 38.09 13.08
Floor 5 48.33 0.22 0.18 0.27 0.22 0.18 0.27 38.17 12.17
Floor 4 49.11 0.19 0.16 0.24 0.19 0.16 0.24 38.17 11.52
Floor 3 49.70 0.18 0.15 0.23 0.18 0.15 0.23 38.15 11.04
Floor 2 50.15 0.17 0.14 0.21 0.17 0.14 0.21 38.11 10.69
Floor 1 50.76 0.16 0.13 0.20 0.16 0.13 0.20 38.03 10.24

Table 3c - Relative Stiffness (%)
East- West Force

Wall 1 Wall 2 Wall 3 Wall 4 Wall 5 Wall 6 Wall 7
Floor 10 44.7 0.8 0.7 0.7 0.8 0.8 51.4
Floor 9 44.7 0.9 0.8 0.8 0.9 0.9 51.1
Floor 8 44.7 0.9 0.8 0.8 0.9 0.9 50.8
Floor 7 44.7 1.0 0.9 0.9 1.0 1.0 50.4
Floor 6 44.6 1.2 1.0 1.0 1.2 1.2 49.8
Floor 5 44.3 1.4 1.2 1.2 1.4 1.4 49.1
Floor 4 43.8 1.7 1.5 1.5 1.7 1.7 48.1
Floor 3 43.0 2.2 1.9 1.9 2.2 2.2 46.7
Floor 2 41.3 2.9 2.6 2.6 2.9 2.9 44.6
Floor 1 38.6 4.2 3.8 3.8 4.2 4.2 41.3

TORSION

When the center of rigidity and the center of mass do not occur at the same location,
torsion is present. The difference between the center of rigidity and center of mass is the
eccentricity. Moments are produced by this eccentricity and torsional shear becomes an
additional force on the building.

For rigid diaphragms, like Fairfield Inn and Suites, two separate moments need to be taken
into account when determining torsion in a building. According to ASCE 7-05, torsion in
rigid diaphragms is the sum of the inherent moment and the accidental moment. The
inherent moment, My, is caused by the eccentricity between the center of rigidity and the
center of mass. The lateral force exerted on the building at that level; times the eccentricity

Page |20




Fairfield Inn & Suites, Marriot

Pittsburgh, PA

Amanda Smith

Technical Report III

of the floor gives the inherent moment. The accidental moment, Mg, is due to the rigidity of
the slab. The accidental moment takes into account an assumed displacement of the center
of mass. The displacement is a distance equal to 5% of the center of mass dimension each
way from the actual location perpendicular to the direction of the applied force. Torsional
moments produced by forces in both directions can be seen in Tables 4a and 4b. Detailed
calculations of this method can be found in Appendix E.

Table 4a - Overall Building Torsion
North/South Direction
Factored Lateral | COR-COM Mk iz Miwor  (ft-k)
Zeras (4 (ft) (ft-k) (ft-k)
Story 10 41.78 4.93 205.82 193.01 398.83
Story 9 38.43 3.75 143.93 177.56 321.49
Story 8 37.90 2.12 80.30 175.12 255.42
Story 7 37.23 0.68 25.27 172.01 197.28
Story 6 36.66 -0.46 -16.69 169.35 152.66
Story 5 35.95 -1.32 -47.36 166.10 118.74
Story 4 35.28 -1.97 -69.45 162.99 93.54
Story 3 34.35 -2.46 -84.64 158.71 74.07
Story 2 33.30 -2.84 -94.72 153.83 59.11
Story 1 61.49 -3.36 -206.6 284.07 77.43
Total: 1748.55
Table 4b - Overall Building Torsion
East/West Direction
Factored Lateral COR-COM M Mis Mt tot
Force (k) (ft) (ft-k) (ft-k) (ft-k)
Story 10 21.11 0.94 19.85 92.25 112.10
Story 9 19.39 0.80 15.44 84.73 100.18
Story 8 19.09 0.63 11.96 83.42 95.38
Story 7 18.70 0.43 7.95 81.72 89.67
Story 6 18.38 0.19 3.41 80.32 83.73
Story 5 17.97 -0.10 -1.84 78.53 76.69
Story 4 17.58 -0.45 -7.97 76.82 68.85
Story 3 17.06 -0.90 -15.28 74.55 59.27
Story 2 16.45 -1.48 -24.36 71.89 47.53
Story 1 30.17 -2.28 -68.71 131.84 63.14
Total: 796.55
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SHEAR

In order to determine the shear forces on each level of the building, the direct and torsion
forces need to be calculated. The combination of the two forces is the overall shear force
occurring at each level. The direct shear forces relate to relative stiffness of the shear walls.
The torsion forces relate to the torsion moments produced on each floor due to the wind or
seismic loads.

Direct Shear

The lateral forces acting on a building must be distributed among the shear walls in the
structure to be directed down through the load path. The distribution of these forces is the
direct shear force that occurs at each level of a building. The story shear forces are
distributed dependent on the relative stiffness of each shear wall. The greater the stiffness
of the wall, the greater the load the wall can receive. The direct shears applied to each wall
can be seen in Tables 5a and 5b. Detailed calculations of obtaining the direct shears in both
directions can be found in Appendix F.

Table 5a - North/South Direct Shear

Load Combination Force DI Ve FOTE (1
1.9D+1.6W+L+0 5Lr (K) Factored | Wall | Wall | Wall | Wall | Wall | Wall | Wall | Wall | Wall
Force (k) 8 9 10 11 12 13 14 15 16
Roof 26.11 41.776 15.51 | 0.72 0.63 0.85 0.72 0.63 0.85 13.79 | 8.07
Floor 10 24.02 38.43 15.87 | 0.28 | 0.24 0.35 0.28 0.24 0.35 13.82 | 7.00
Floor 9 23.69 37.90 16.65 | 0.17 | 0.14 0.21 0.17 0.14 0.21 14.11 | 6.12
Floor 8 23.27 37.23 17.08 | 0.12 0.10 0.14 0.12 0.10 0.14 | 14.09 | 5.35
Floor 7 22.91 36.66 17.33 | 0.09 | 0.08 0.11 0.09 0.08 0.11 13.96 | 4.80
Floor 6 22.47 35.95 17.38 | 0.08 | 0.06 0.10 0.08 0.06 0.10 | 13.72 | 4.37
Floor 5 22.05 35.28 17.33 | 0.07 | 0.06 0.09 0.07 0.06 0.09 13.47 | 4.06
Floor 4 21.47 34.35 17.07 | 0.06 | 0.05 0.08 0.06 0.05 0.08 13.10 | 3.79
Floor 3 20.81 33.30 16.70 | 0.06 | 0.05 0.07 0.06 0.05 0.07 12.69 | 3.56
Floor 2 38.43 61.49 31.21 | 0.10 | 0.08 0.12 0.10 0.08 0.12 | 23.39 | 6.29
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Table 5b - East/West Direct Shear

Load Combination Factored Distributed Force (k)
Force (k)

0.9D+1.0E Force (k) | Wall1 | Wall2 | Wall3 | Wall4 | Wall5 | Wall 6 | Wall 7
Roof 21.11 21.11 9.44 0.17 0.15 0.15 0.17 0.17 10.85
Floor 10 19.39 19.39 8.68 0.17 0.15 0.15 0.17 0.17 9.92
Floor 9 19.09 19.09 8.54 0.18 0.16 0.16 0.18 0.18 9.70
Floor 8 18.7 18.70 8.36 0.19 0.17 0.17 0.19 0.19 9.42
Floor 7 18.38 18.38 8.19 0.22 0.19 0.19 0.22 0.22 9.16
Floor 6 17.97 17.97 7.96 0.25 0.22 0.22 0.25 0.25 8.83
Floor 5 17.58 17.58 7.71 0.30 0.26 0.26 0.30 0.30 8.46
Floor 4 17.06 17.06 7.33 0.37 0.33 0.33 0.37 0.37 7.97
Floor 3 16.45 16.45 6.80 0.48 0.43 0.43 0.48 0.48 7.33
Floor 2 30.17 30.17 11.64 1.26 1.15 1.15 1.26 1.26 12.45

Torsional Shear

Due to the torsion present in the structure, an additional force is present on the building.

Each shear wall within in the building will have to resist a torsional shear force. The
torsional shear is due to the torsion moments produced on each floor caused by the
eccentricity. The total torsional shear present at each wall also relates to the relative
stiffness of each shear wall. Once again, the greater the relative stiffness, the greater the
shear force will be against that wall. To determine the torsional shear values the following

equation is used:

e Vtot = total story shear

_ Vtot e di Ri

e e = eccentricity (distance from center of rigidity to center of mass)

e di = distance from center of rigidity to shear wall

e Ri =relative stiffness of shear wall

e | =torsional moment of inertia
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The torsional shear forces were determined for the shear walls supporting floor 6 and can
be found in Table 6a. Further detailed calculations of how to determine the torsional shear

can be found in Appendix F.

Table 6a - Torsional Shear in Shear Walls Supporting Floor 6

Factored Distance Distance

Story Relative | from COM | from Wall (R)(d?) Torsional

Shear Stiffness R; | to COR | ito COR di N Shear (k)

Viot (k) e (in) (in)
Wall 1 E/W 194.37 0.443 2.2 521.6 120525.5 0.194
Wall 2 E/W 194.37 0.014 2.2 420.6 2476.7 0.005
Wall 3 E/W 194.37 0.012 2.2 218.6 573.4 0.002
Wall 4 E/W 194.37 0.012 2.2 114.6 157.6 0.001
Wall 5 E/W 194.37 0.014 2.2 16.6 3.9 0.000
Wall 6 E/W 194.37 0.014 2.2 934 122.1 0.001
Wall 7 E/W 194.37 0.491 2.2 481.7 113929.1 0.199
Wall 8 N/S 238.13 0.483 5.5 544.5 143200.0 0.677
Wall 9 N/S 238.13 0.002 5.5 146.5 42.9 0.001
Wall 10 N/S 238.13 0.002 5.5 146.5 42.9 0.001
Wall 11 N/S 238.13 0.003 5.5 146.5 64.4 0.001
Wall 12 N/S 238.13 0.002 5.5 137.5 37.8 0.001
Wall 13 N/S 238.13 0.002 5.5 125.5 31.5 0.001
Wall 14 N/S 238.13 0.003 5.5 137.5 56.7 0.001
Wall 15 N/S 238.13 0.382 5.5 486.5 90412.6 0.478
Wall 16 N/S 238.13 0.122 5.5 552.5 37241.3 0.173

Torsional Moment of Inertia J = £ (R))(d?) = 508918.4
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Shear Strength Check

With the direct shear forces and the torsional forces acting on each shear wall, a check
needs to be done on each wall to determine if the reinforcement is sufficient to support the
loads. According to ACI 318-08, the shear strength of a reinforced concrete shear wall can

be defined by this equation:

Vn = Acv[ac)\\/(f’c) + (ptfy)]

A shear strength done on the shear walls supporting Floor 6 were conducted and detailed
calculations can be found in Appendix F. Each shear wall was within the capacity
determined by the shear strength. The reinforcement for each wall proved to be adequately

designed. The shear wall checks and verifications can be found in Table 7a.

Table 7a
____ Shear Wall Strength Checl
(Supporting Floor 6) .

Floor 6 | Direct Shear (K) ;::sa'?r(]:; V, (k) V:g;?' Spa::lu)ng Le(?:)th Thl;l:‘r;ess A (in%) | ac P oV, (k)

Wall 1 51.17 0.194 51.36 (2) #5 8 1041 10 10410 2 | 0.0078 4735 Okay
Wall 2 1.18 0.005 1.18 (2) #5 32 258 8 2064 2 | 0.0024 444 Okay
Wall 3 1.03 0.002 1.03 (2) #5 32 246 8 1968 2 | 0.0024 423 Okay
Wall 4 1.03 0.001 1.03 (2) #5 32 246 8 1968 2 | 0.0024 423 Okay
Wall 5 1.18 0.000 1.18 (2) #5 32 258 8 2064 2 | 0.0024 444 Okay
Wall 6 1.18 0.001 1.18 (2) #5 32 258 8 2064 2 | 0.0024 444 Okay
Wall 7 57.88 0.199 58.08 (2) #5 16 1107 10 11070 2 | 0.0039 3104 Okay
Wall 8 99.81 0.677 |100.49| (2)#5 24 696 8 5568 2 | 0.0032 1400 Okay
Wall 9 1.46 0.001 1.46 (2) #5 32 102 8 816 2 | 0.0024 175 Okay
Wall 10 1.25 0.001 1.25 (2) #5 32 96 8 768 2 | 0.0024 165 Okay
Wall 11 1.76 0.001 1.76 (2) #5 32 110 8 880 2 | 0.0024 189 Okay
Wall 12 1.46 0.001 1.46 (2) #5 32 102 8 816 2 | 0.0024 175 Okay
Wall 13 1.25 0.001 3125 (2) #5 32 96 8 768 2 | 0.0024 165 Okay
Wall 14 1.76 0.001 1.76 (2) #5 32 110 8 880 2 | 0.0024 189 Okay
Wall 15 83.49 0.478 83.97 (2) #5 24 624 10 6240 2 | 0.0026 1387 Okay
Wall 16 35.71 0.173 35.89 (2) #5 24 389 10 3890 2 | 0.0026 865 Okay
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DRIFT AND DISPLACEMENT

The overall drift of a building should be limited as much as possible. The driftis a
serviceability consideration that relates to the rigidity of each of the shear walls. The higher
a building, the more important the overall drift of a building becomes a factor. The wind
drift is limited to an allowable drift of A =€/400. The wind controls the drift in the
North/South direction of the building. The seismic forces control the drift in the East/West
direction. The seismic drift is limited to an allowable drift of A = 0.015hsx. For the Fairfield
Inn and Suites the allowable building drift limit will be:

Diimit = (1224”) /400 = 3.06”

Each floor will be examined independently to determine an approximate story
displacement and story drift, adding up to overall building drift. A hand calculation was
done to determine the displacements on each floor, keeping in mind that the modulus of
elasticity and rigidity change as the f'c of shear walls supporting up to level 4 changes from
fc=8000 to f'c = 5000. The hand calculations done were determined using the following
equation:

Acantilever = Aflexural + Ashear

The ETABS model also analyzed the story drift of the building. The building drifts were
taken in the x-direction which related to the east/west forces, and in the y-direction which
related to the forces in the north/south direction. The drift in the x-direction was 0.61”, and
1.84” in the y-direction. Drifts in both directions are less than 3.06”, therefore well within
the limits enforced. The hand calculations done according to drift are an approximation. In
order to computer the story drift and displacements of all the shear walls working together
by hand would be very intricate and beyond the scope of this assignment. ETABS does
analyze the drift and displacements with all the shear walls working together as a lateral
resisting system, therefore, the values computed by hand can’t be directly compared with
the ETAB results.

The actual hand calculations used to determine the drift and displacement can be found in
Appendix G and tables 11a, 11b, and 11c for walls 7, 8, and 16.
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OVERTURNING

Moments caused against the building could result in overturning affects. The lateral forces
against the building result in overturning moments. The foundation for the Fairfield Inn
and Suites would experience the most impact from overturning moments. The dead load of
the building would serve as the system to resist the overturning. Table 8a shows the
moments due to wind and seismic loads. In the north/south direction, the wind loads
controlled and the seismic loads in the east/west direction. These moments are
transformed into axial loads and transmitted through the lateral elements to the
foundation. A rough estimate was done to check if the overturning would be an issue to the
Fairfield Inn and Suites. Stresses due to the lateral loads were compared with the stresses
due to the self weight of the building resisting. The stresses from the lateral loads are a
small fraction of the stresses from the dead loads; therefore the foundation will have
minimal overturning affects. Since moments are present, there will however be a force
along the perimeter of the building. Detailed calculations of the overturning check can be
found in Appendix H.

Table 8a — Overturning Moments

E/W Seismic
Height N/S Wind Forces Forces
Story
Above .
Floor Height | Lateral | Moment | Lateral
Ground (ft) Force Total Force Moments
- Z (ft) M (ft-k)

Fx (k) (ft-k) Fx (k)

PH
Roof | 112.66 | 1000 | 635 | 683.81 | 4.88 525.16

Roof 102.66 10.00 26.11 2549.55 64.58 6307.25

10 92.66 9.33 24.02 2114.02 68.64 6039.95
9 83.33 9.33 23.69 1863.69 59.57 4686.25
8 74.00 9.33 23.27 1613.48 50.84 3524.68
7 64.66 9.33 22.91 1374.77 42.46 2547.34
6 55.33 9.33 22.47 1138.49 34.48 1747.17
5 46.00 9.33 22.05 911.35 26.95 1113.84
4 36.66 9.33 21.47 687.00 19.91 636.87
3 27.33 9.33 20.81 471.58 13.45 304.82
2 18.00 18.00 38.43 345.85 7.89 71.00

1 0.00 0.00 0.00 0.00 0.00 0.00

Total = | 251.58 | 13753.59 | 393.65 | 27504.33
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CONCLUSION

In analyzing the existing lateral system of the Fairfield Inn and Suites, the loads determined
in the technical report 1 were applied to the lateral system of the building. The loads were
factored using the ASCE 07-05 load combinations for strength design. It was determined
through the ETABs model output that the controlling load combinations were 1.2D + 1.6W
+ 1.0L + 0.5 L; in the North/South direction and the combination 0.9D + 1.0E in the
East/West direction. The wind controlled in the north/south direction because that side of
the facade is larger than the other side resulting in higher wind forces in that direction than
seismic loads in that direction. The seismic controls in the east/west direction because of
the result of the poor soil site class D.

The ETABS model was used as a reference and in comparisons to verify that the model and
hand calculations were providing similar and reasonable results. In comparison, it was
determined the values computed by hand were to be used in all subsequent calculations.
This was determined because it was concluded after finding the center of rigidity of each
floor that the model was taking the slab as the rigid diaphragm into account as a member
providing lateral resistance rather than just the shear walls. Also, with this being the first
attempt at using ETABS to model the building, there was some uncertainty as to whether
everything was input under the proper assumptions that the hand calculations made.
Therefore, to ensure consistency in the assumptions made and to verify only the shear
walls were analyzed as acting to resist the lateral forces, the hand calculations were used in
each analysis.

Through this analysis, it confirms that looking into the shear walls as the only lateral
resisting system was reasonable. Torsion was present in the building due to the
eccentricity between the center of mass and the center of rigidity for each floor of the
building. This added torsional shear in addition to the direct shear acting on the shear
walls. A shear strength check was done to determine the thickness and reinforcement of
the shear walls was designed sufficiently to resist the total shear. The overall building drift
was determined by ETABS to be within the allowable limits of the building determined by
the code. The story drifts and displacements determined by hand were also found to be
within the allowable limits. Since the calculations neglect the core shear walls working as a
unit, the drifts and displacements can only be an approximation. The values are most likely
smaller than actual story drifts for the building. Overturning was found present in the
building due to the lateral loads on the building, but a stress check determined that the self
weight of the building resists these loads making this issue irrelevant to the Fairfield Inn
and Suites. At this stage, the overall analysis done determines that the shear walls designed
were satisfactory to resist the various load combinations present on the building.
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APPENDIX A

Building Layout
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Roof/Penthouse Roof Plan
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APPENDIX B

Shear Wall Elevations
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Figure 4 - Shear Wall 1 Elevation Figure 3 - Shear Walls 2, 5, 6 Elevations

Figure 5 — Shear Wall 3, 4 Elevations Figure 6 - Shear Wall 7 Elevation
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Figure 7 - Shear Wall 8 Elevation Figure 8 - Shear Walls 9, 10, 11 Elevations

Figure 9 - Shear Walls 12 & 14 Elevations
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Figure 10 - Shear Wall 13 Elevation

Figure 12 - Shear Wall 14 Elevation Figure 11 - Shear Wall 15 Elevation
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APPENDIX C

LOADS

(This page is intentionally left blank)

Page |37



Fairfield Inn & Suites, Marriot Amanda Smith

Pittsburgh, PA Technical Report I1I
Wind Loads
I/ 3
TECH REPORT ) - CALCULAT(ONS
A. SmimH

WD LOADS

METHOD 2 - andlyheal Pprocedire
* Dettvmire wind voviapies

V=90 uph
Ya= 0.55
: 1=1.15
i pxposure =B
i Kz¢ =100
wtvpolott K; ¢ .
L T 3 L 1) Kz
(Habit -32) 1 0’ 0
cose Z 2 I8'-0" 0.60
3 77 4" 0. L%
4 3u'-g" 04
5 4o'-0" 0.70
") Bey -4 0.93
i b4'-§ 0.7
g -0’ 0.90
9 73 -4 0.94
10 92'% 097
roof 102" 8" .00
vnqmco{ g .01
Qe (velocrty pressuct) = 0.00 2%0|Kq|lla, Ka VT
varies by leve |

ge = 0-00250 [Ks |1 00)(0.45)(%02)(1.15)

. - * -
pompie. @ el Z: %2~ 12. 1 mtzggggm—msw foR AL

0" @umwoofmitjh’r 5 < W20 FNZOU . 7.4 . =Ky~ 10
2

2= 0.0h= 06(i0700) <[ekb"]> 2,..= 20V

4p= 000250 (1.00)(0gS)(100)q0)119) =[DF7 )
£§ 10 (%)"" - 0-30(3&.\0'/" =[0-26% |
131 )(2/35Y = 320(“‘“/33),5 <[ 70881}
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& /s

WIND LORDS ((ont)

Ql= [
140,63 (820 )"

Novtn/Suth  B=91'-0°

0403

el b
XHOMS(QHIOIW
208%
r_QNZO’TZX
6 =0.925 (

1 +1.79eT2Q
' "l."av _.Ii

hr/_c? NS - 0.500. ]

- pressuse coffFiciont

Norh [ South
windwad = 0. ¥

leewavel = -0.5
L/3= O.Ql

L=%83" B-9l
- wWind Pressuce
P2= 4200p ~qn BCpi
P, - %h()CP‘%hGCPi

NOAN [ Soutn
Rxampie € leve| 2: P, =

Ph = 20.47(0306)(-0.5) 2047(0-18)

h= 10700

gost/west g < 32’
Q =

O L2
J|+ou5 (g%;o;% 4

[Qew - 0192

9e /v Shoad be 34

[T-GE/W = (0.30%

_@st{west |
Wndward = 0.8 (%27 |
leeword = ~0.3 Uy

Yg =109

A LSRE St -)

(indwovil ) o7 iz
=+
(1eewardl) MESAL

fOR. ENCLOSED B UILDINGS|

1200 (0.800)(05) - 2047(-0.1%)
Pas 153 pst

Pn- - 11.93 Pt
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| 3/

WIND pressuce  ((ont)
oSt/ west
ample € Jeve| 2

Dy = 1206(0-506)0%) - 2047(-0.15)

Pa= .54 pst
pp- 2047(0809) (0:3) - 20.47(0.1%)
| Ph= —8.05 pst

-"w‘md?reswcs for poch S‘h)wj calculated v tabie -

oforce of windwOrd (onu)
£= & (shoyheignt) ps

NS Rompre € evel 5 F =" A3 )(40) = 11.9] K. -
o Force Tota) PressSuce

NfS axampie @ Jeve| 5: F= q1' (A34')(25 A4 pst) = 22.05 K
> Windword Shear Story

NiS Oxample. € 16| G F= Fuamen @(Prck+rooft 10+9)

€= (%13+15.25+ 1359+ 350) = Yo ¥

« Total Sheay” story
N/S ixampie @ level 10 F = F,., @(priot + ot T10)
F = (035 + 2611 +24.02) = 5b.HE K
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Table 9a
Wind Loads (North/South Direction)
B=91'-0" L=283"-0"
Helgh: Story 3 Total F?rce of | Force of Windward Total Windward Total
above . Wind Pressure (psf) Windward Total
Level Height K, q, Pressure Shear Story | Story |Moment (ft{ Moment
e W pey | TSR [ Presmwe } u ohaseny|  ® (ft-k)
(ft) ‘ Windward | Leeward | only(k) | (k)
PH Roof 112.66 10.00 1.02 20.67 17.02 -11.93 28.95 3.73 6.35 3.73 6.35 401.92 683.81
Roof 102.66 10.00 1.00 20.27 16.75 -11.93 28.69 15.25 26.11 18.98 32.46 1488.97 2549.55
10 92.66 9.33 0.97 19.66 16.36 -11.93 28.30 13.89 24.02 32.87 56.48 1222.43 2114.02
9 83.33 9.33 0.94 19.05 15.97 -11.93 27.90 13.56 23.69 46.43 80.17 1066.63 1863.69
8 74.00 9.34 0.90 18.24 15.45 -11.93 27.38 13.13 23.27 59.56 103.45 910.26 1613.48
¥4 64.66 9.33 0.87 17.63 15.06 -11.93 26.99 12.78 2291 72.34 126.36 766.88 1374.77
6 55.33 9.33 0.83 16.82 14.53 =11.93 26.47 12.34 22.47 84.68 148.83 625.13 1138.49
5 46.00 9.34 0.79 16.01 14.01 -11.93 25.94 11.91 22.05 96.59 170.88 492.13 911.35
4 36.66 9.33 0.74 15.00 13.36 -11.93 25/29 11.34 21.47 107.93 192.35 362.82 687.00
3 27.33 9.33 0.68 13.78 12.57 -11.93 24.51 10.67 20.81 118.60 213.16 241.93 471.58
2 18.00 18.00 0.60 12.16 11.53 -11.93 23.46 18.88 38.43 137.48 251.59 169.92 345.85
1 0 0 0 0 0 0 0 0 0 137.48 251.59 0 0
I Windward Story Shear =| 137.48 |kips
I Total Story Shear =| 251.59 |kips
I Windward Moment =| 7749.01 |ft-k
I Total Moment =| 13753.59 |ft-k
Table 9b
Wind Loads (East/West Direction)
B =83'-0" L=91'-0"
:E:)gvfz Story Wind Pressure (psf) Total v:;::;:[:: d F(;rg;:)f Windward Total Windward Total
Level Height K, q, Pressure Shear Story [ Story |Moment (ft-| Moment
ground - z (ft) (psf) Pressure | Pressure (k) Shear (k) K) (ft-k)
(ft.) Windward | Leeward Only (k) (k)
PH Roof 112.66 10.00 1.02 20.67 17.05 -8.65 25.70 4.54 6.84 4.54 6.84 488.88 736.82
Roof 102.66 10.00 1.00 20.27 16.79 -8.65 25.43 13.93 21.11 18.47 27.95 1360.70 2061.57
10 92.66 9.33 0.97 19.66 16.39 -8.65 25.04 12.70 19.39 31.17 47.34 1117.11 1706.30
9 83.33 9.33 0.94 19.05 16.00 -8.65 24.65 12.39 19.09 43.56 66.43 974.72 1501.44
8 74.00 9.34 0.90 18.24 15.48 -8.65 24.12 12.00 18.70 55.56 85.13 831.80 1296.52
7 64.66 9.33 0.87 17.63 15.08 -8.65 23.73 11.68 18.38 67.24 103.51 700.77 1102.49
6 55.33 933 0.83 16.82 14.56 -8.65 23.21 11.27 17.97 78.51 121.48 571.23 910.47
5 46.00 9.34 0.79 16.01 14.04 -8.65 22.68 10.88 17.58 89.39 139.06 449.69 726.72
4 36.66 9.33 0.74 15.00 13.38 -8.65 22.03 10.36 17.06 99.75 156.12 331.52 545.75
3 27.33 9.33 0.68 13.78 12.59 -8.65 21.24 9.75 16.45 109.51 172.57 221.05 372.81
2 18.00 18.00 0.60 12.16 11.55 -8.65 20.19 17.25 30.17 126.76 202.74 155.25 271.51
1 0 0 0 0 0 0 0 0 0 126.76 202.74 0 0
I Windward Story Shear=| 126.76 |kips
I Total Story Shear =| 202.74 |kips
I Windward Moment =| 7202.70 |[ft-k
I Total Moment =| 11232.39 |ft-k
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Seismic Loads

Seismic Force Resisting System: Example of Floor Weights Found

Floor 2
Approximate Area: 7505.12 sf
Floor to Floor Ht. 9.33 ft
Walls: Superimposed:
Perimeter: | 816.64 ft. Partitions: 15 psf
Height: 9.33 ft. MEP: 10 psf
Unit Wt: 20 psf Finished: 5 psf
Weight = 152.39 k Weight = 225.15 | k
Slab:
Thickness: 8 in
Unit Weight: 150 pcf
Weight = | 750.512 k
Beams:
. Total
Shape Quantity V(\llsl/?:)t Ie:;cin(]ft) W((aliﬁht
W 8x10 5 10 3 0.15
W 8x10 1 10 4.77 0.05
W 8x18 4 18 17.5 1.26
W 8x18 1 18 12.88 0.23
W 24x55 1 55 8.5 0.47
W 30x90 1 90 20.56 1.85
W 33x118 1 118 10.42 1.23
W 33x118 1 118 13.42 1.58
W 33x118 1 118 12.33 1.45
W 33x130 1 130 10.42 1.35
W 33x130 1 130 13.42 1.74
W 33x130 1 130 12.33 1.60
W 33x141 1 141 14.71 2.07
W 33x141 1 141 12.5 1.76
W 40x149 1 149 12.5 1.86
W 40x149 1 149 14.71 2.19
W 40x199 2 199 22.11 8.80
Weight = 29.67 k
Total Weight of Floor = 1157.72 k
or 154.26 psf
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TECH | CALLULATIONS
S A SMITH

SEISMIC LoaDRS

B _Siag 3 Fa Ss °Sp§= 1/3 (SMS\

Sus= 1.0 (0.129) Sepe £ 1012 [Sps70.133 |

{3 F4S, ¢ Sa % (Sw)

Sw = 24(0049) [Sw=0lTb|  [55.07%5)

- T, (approvienatt fund. Pmod) = CeAat
A )
To- 0.0Z (112.60)

Ta= 0.L92 S
- T-Ta(C) = 0.092(1.7) -7 s]

Tk . - 004 - [00234 [ >, 0.0
I (%% [0.0534 |

5
EPaD

Ses - 0.33 - p.opus
K/I 4

Ser T - 0.0784(12) | gz
| TRy 1077 (2)

k- 075 +0.5(r) = 0.75+0.5(117) =[].335 = K|

SEE EXCEL SHEET FOR FWOOR WEIGHTS

Flooe | @ 7505.v2 s+ [ 5190 pst
FlooZ 2 2 1805.12 st | 15420 pst

FLOOR 3~ 10 7505 12 54\ |50.58’PS-F
ROOF 1 77505 1z s§ 125.57 pst
PHROOF : B57 Ly S i 110.94 pst

TOTAL BUILDING WEIEGHT

Wy = 7505‘”_(5'_(“,)-} 7505]2(]5‘-{‘2b)-& g(']EOS)ZXlSOSX)
+ 750512 (123.57) + 57.L¥(110.94)
W - 1157g &
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Z |
| | 2

(EANMPAD

SEISMIC (OADS  (ConT)
- base Shear (V)
Y= C W, = 0.034(11578)
LV =29305 ~|

°© Wyhyx ' varies € height
pample For level Y43 Wy = 113006 K
Ne = 3000
K= 1.335
= 130,11 (30.06)" >

[ < 1384064 |
2 h* = Sum of w, h fer tach froor =[ 72728299 - '&\

* Cyy = Wabi® VOnes @ m.qh

Zhy* |
pxomple for floor 27 Cyy = 353641 £0.029 | |
2738254 ;

s Cw YV (Inttral force)
example @ fioor b Cuw = 0.088 |

V=2393.065
Fy = 0.08¥(393.05)
[Fo = 344¢ K |

- Story S ()
V, = lodeml force (£, ) © level + ()@ all [evels gpove
2x0mpIe F100r A Vy = Fu(Pr)+ F(@o)t B (10} ()

Vs = 197.07 K|

> MomantS  (Mx)
Me= (b area k) x

sample £ 9 . Mx = (78.0u5)(59.57)
J My 40607 Fy |
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APPENDIX D

Load Distribution

(This page is intentionally left blank)
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Rigidity /Relative Stiffness
“RGIDITY 0
FIRST FLOOR
SHEAR WALL
LaouT
Q
:‘i
s
\.{)\J
47 E = 57000 F¢
5 4
4(") 5(") E = 5700 [goco = 5.098x10° PS‘ (Foors 1-3)
E= D100JE000 = 4.030xj0* PS) (Fucoes 4 - ,0)
. -8" 7 10"
27 haight fom base To t+op tacn level (yaries)
B — L = Itngth of wall eltment
wall |
b | 101" (5Oq€x|0’l<si)(10") - 77452
: (2 3, (Z
M I :uml, I()':l I_O%J
1041,
wall 2,5,0 R,. = (509¢x10%)(%") %394
fie2 (Z'“’ 3+_?>(7-_'b
Zlu“I l 258
A%
158"
wall 3,4: g
i 5 - 50qxxnof )§")
21" 21 \3 21p
“1 :’ fir) Z‘-HP ‘-5( \ o
‘\ \ 240" |
e wall 7
llt ez (5 oqu/os)(lon) = $ITXE3
| I i =9
| ’ (&Y + 3 (55
\\ L b
'
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 PELATIVE  STIFFNESS

iz= E.-;+ 22-|+23-|+24-) *25-142(’-‘ '1"27-[ s [.5872_3

Z
7y

& 131F wall 11 = 50980 - "3
| o = Y T
wall 2,5b= 3394 = 4. 2™
157730
S wall 3,4 = 735 . 23.%™
& 157730
\t‘) Wwal) 7 = 0030’7 B l—“_ 3 -,
1527306
*CENTER RIGIDITY * e
% OTERIG pe = % 8
. 1 +——7d.
- Ll g
@
SR-d . (17450(5)*(F394Y10u)+ (8394(510)¥&3%ui)b20) + 7"‘35(“'2)”“’35(303)*‘318%3(«5)
e 155723
Y-Coordinate = 8497.07

‘16ID1T (% -Coordl)

wall ¥ - IIzau"
TR

wall 9 712:
IZIU" 12 -
oY
wall j0713:
T
Q0

(5 mzuo ks )(10) . Y
iv) * 3(%a)

- (5.9 x10° st@) 3

()oz) 3( 102

[

zu.) 3(2w

8525

920
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1
Woll 11714 : % |
e ’ , Ez"'" Boriy = (5. oqxuos A | |
| e 26 127 |
\——7‘67__\ 1o HO E
wall 16
IZW;“ Rio-y = (50‘1‘4’(:10‘)(2]’(9 < 42329 :
I o)+ Y5
| b24y" ;
S [walhe: ;.
S ‘ Izm o Mg (f 09¢ x IO’)(?IJU(} - 2188 |
26 f
—— 3zq +5(3%‘1 }j
Sr = 11%195
L
© RELATIVE STIFFNESS “
=2 z* K "vijoo . Wallig: L= gilgse !
2K wall 4712 07> |
Wall 107 13 0. bk * f
Wall 115 )4 095™ |
wall 15¢ 35%1*%
Wl Y- 1835
- CENTER. RIGIDITY
o] @]
ol ®| O
o] ®]
(o
» 2 ,.j _l
75"
87"
1036
|102"
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Sp

2K

‘L | w707

Er

| |
Kigidity , Relative Shitr “anter of viaidity for each {floor
Con be found it bl€S i

* CENTEEZ Of MASS
- Since bwilding footprint 13 rectongular
Covter CF MOSS QoOrdinGtes :

I

i -~

05497, B4y ")

Figure 9.1 - ETABS model of finding the center of
rigidity of the floors
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Table 10a

vall8 ||

e . g f vt =
Supported Wall 16

| e=110 | e=624 | £=389 | > N6

Floor | (in) |&=696 ° " |Rigidity (x)
Floor 10 112 102077 5605 90778 53147 274987 614.1
Floor 9 224 46393 1023 40398 20464 112377 599.9
Floor 8 336 26855 331 22760 9863 61122 580.4
Floor 7 448 13443 114 11089 4213 29311 563.1
Floor 6 560 8961 59 7218 2480 18952 549.5
Floor 5 672 6203 35 4899 1562 12834 539.2
Floor 4 784 4430 22 3444 1039 9021 531.4
Floor 3 896 3251 15 2495 722 6541 525.4
Floor 2 1008 2443 10 1857 521 4872 520.8
Floor 1 1224 1491 5; 4 6 5 4 6 1117 301 2937 514.7

Table 10b

- i Center of
3 2 e ; i e 2 s el R Do e

Floor | (in) |€=1041|8=258 | =246 | £=246 | £=258 | £=258 | &=1107 Rigidity (y)
Floor 10 1224 5083 92 80 80 92 92 5844 11364 535.7
Floor 9 1112 6309 122 106 106 122 122 7213 14102 534.0
Floor 8 1000 7931 167 145 145 167 167 9009 17731 531.9
Floor 7 888 7993 186 162 162 186 186 9013 17888 529.5
Floor 6 776 10351 274 239 239 274 274 11578 23227 526.6
Floor 5 664 13654 425 372 372 425 425 15135 30806 523.2
Floor 4 552 18426 707 621 621 707 707 20232 42021 519.0
Floor 3 440 25668 1292 1141 1141 1292 1292 27917 59742 513.6
Floor 2 328 37651 2679 2391 2391 2679 2679 40587 91058 506.6
Floor 1 216 61227 6635 6035 6035 6635 6635 65520 158723 497.1
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APPENDIX E

Torsion

(This page is intentionally left blank)
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ﬁws:ou 7
- OverpuUL Bwtdm% —torsion

w0 40 find My, 1or We eed A inhnavont pemant W
Which 15 AU 4o RCCicty onol Hine Gecidenttal Momeng Mm
Which 1S Kag  assumed dusplocmunt o cuter of mass

Mk,-k){— T Mx* Mia

| Foctored odel fovee = bW
= Hox(—FomSo#-fo}al wmd?wsswc)

| - can beford in wind
f +abips for eoan darcchon

, M= (‘Fﬂdﬂrcd |oteyal Fwa) x( ,cccm’mmw) ;,
geantnaty = center G mjwwq - (yter of Mass |
axample @ floor 4 NS durechan : |
¢= 5254 - 56497 = 729.52= -2.40 i.
:
|

1
l
|
l
|

Soctored 1ateral foree = 1.0 x 21,47 = 34.35K
M, = 335 x -24l —-3hoY K F
1 = (octored joteral force) x (7 egfy\umv’;wuﬁ att lamn;
“2xample & Fioor i NS dirtchen:  (wpportrg Froor) |
center of pass = 5697 " 1"
775 displacemsnk in eath davecten = B 5 U = 42
factored loteral foree = 1. LX 2147 = 34.35K
M= B435"° w2 = 158.7) KH

l
t Miar = M+ My = -S4 + 19€.7] = 7407

% Qverall B\,u'ldinﬁ Torson for each floor n fach  divechon
| in +ob)es
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APPENDIXF

Shear
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.
| SHEAR. 4 |
. (:ovﬁvolh'nj loads

L NOrth/Soukh i 1.2D+1-bW 4L+ 0.5,
East/west © 09D +1.0E 4. H

° Direct Sheor

l; = ( factored story fOra) % relotive Stiffmass %
1 100
 axamplt: FLooR 7 in N/S dureChon @ wal g

- 3.6 K x 04580 = 17.33

nAn

o areC Shear volues for eadn floor con bt found

in TObies
T |-TorsIwAL SHEAR |
b Vﬂ»,ﬁdl 2] '
y:

!
I
V‘N’Y = S"'Om Shlo.r |
¢ = tistance from Center of mass o Cemter ngidiy |
di = distance from Renunt <0 Center Vl(jidﬁq r
g, = relohive Shifness of enmunk ’
T = hrsionad mowmank of wevdioe
example:  wall 7 Smppming floor
- factored stoysnaec = (1.6 x121.5%) < 194.37 ©
- Cener of ngudrty (y-coord) = 526. % "
5 ‘ - center of wass (q-(goyd) < By yv
£=-Bw.w-5244=22"
- g = 0.49
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| 5 E
j ‘ z

- locodibn of wall 7 = J008"  (y-coord) 7]
{ di= walli - COR; = 1008" -52.lp" = 481.7"

| Rixti2 = 0M49 xy4g.7% = 13929
|- T = 508740.5  (from table )

T - (194.37){2.2)(4517) (0.491)
50591%
T=0199K ;

9| ccalculnted valwes for all Shear walls Supparing Floor b |
- ton bt found W Tablt
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] . | |
l/ 1
. SHEAR STRENOTH _ |

!
|
ACl 31¥.08 sect. 21.9.4 ‘
- strudtural walls shall net exceed Vi §
|
|
I
!

BVt PAC (K ATt pefy)
=015

|  A.” 90ss area Of Concrete

gt | X, = Cotfhuent 2.0 i hvyy >2.6
1

= &
iy E_Yy'\ S = Sheor vemforgment spaci
h= thckuss of wall (g* i jo°
Axampit 1 wall & supporting Floor (o

- tirect Shuar = distributed directforce on all floos akove
Tloor (» o wall¥

FOMTABLE = 16.87 *10.05+ 17.0% +17.33+4/72.38= A%< |
- torsional Spear = o table

Vy = 99.80 +0.077 = 10049
Vurkical Renforcoment:  (2)*#5 @ §0C

y 4 (2)(0:31) _ ¢.0073
(2)(10)
Acv = (104D)(10) = 1040 12 ,,

OV, = 0-75(10Lll0)[zlsooo +o.007§(uo)]
1000
G\, = 4758 K
OV ~475¢"> 10049°  oxay!

“H vemogning  calculated Shor S-trmgm ‘or s,
walls canrgc found n Tab)e

i =
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APPENDIX G

Drift and Displacement

(This page is intentionally left blank)
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 STORM  DISPLACEMENT s

. on approxmate Midnod used o duterming Story S |
15 Ho  Awnt % ’(V\Lbuﬂdmﬂ

- stoy dnft
A= 0.015hgy © Stony heignt below Stony x |
(f\SCG 1 1Lumc 12.L-1)

Dewt = Bexwrnt * Dsnar

Asin= P> |Dgger= 12PN

3ET ‘ EA
Deoni ~ Ph + | IPM
Jea EA

E. - 57000 8oco = 5096 x10% Ksi  (Story 1-3)
& €= 5100085000 = 4030 X103 K (Stony 4~ 10)

Er = Modulus of nqnolrM
= 0ME
€, = 2.04 x10f s (Story 1-3)
Er= 1. b1X103 LS (510eY 4-10)
A =(lergtiy x ek ) Xnoouss = [0 0% 8"

e (khcuu@ x(l @gvx);
12

xample o wal ¥ n NS durechan
2D +1.ow +1.0L +)1.9L,

fusor. 2 Supporied : 3 |
o YN 32520 4 1.2(32)(2w)
i i WEsa 3(5.MXIOYLTY L0410 ((p00)

vaL”
- pown? - Bi = 0.000075Z +0.000570

A-10"x b0’
T-10 x(90° - mowrgy (D = %0006 in
1z
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|

!
{

FLoor 3 Supporked :

.70 ¢

N

 FLoop. Y Supporteot -

707 A= LALO nt :
\\ oy - 280901280 1
T\ A= 17.07(440° 1.2 (17-67)(440)
S 3(a098 )L 204 x10° (0900)
a s~ 0.00033% + 0. 00035
A, - 0 ooocns"}
fLoog. S SUﬂxMted‘
17.23 -
= \ A= L4uoin-
\\\ T = 790901280 n*
\ 552"
; = 3
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Table 11a
Roof | 1551 | 4030 | 1610 10 696 | 1224 | 0.008372 | 0.002033 | 0.010404 | 0.000009
10 15.87 4030 1610 10 696 1112 0.006423 | 0.001889 0.008312 0.000007
9 16.65 | 4030 | 1610 10 696 | 1000 | 0.004903 | 0.001783 | 0.006686 | 0.000007
8 17.08 | 4030 | 1610 10 696 | 888 | 0.003520 | 0.001624 | 0.005144 | 0.000006
7 1733 | 4030 | 1610 10 696 | 776 | 0.002384 | 0.001440 | 0.003825 | 0.000005
6 1738 | 4030 | 1610 10 696 | 664 | 0.001498 | 0.001236 | 0.002733 | 0.000004
5 1733 | 4030 | 1610 10 696 | 552 | 0.000858 | 0.001024 | 0.001882 | 0.000003
4 17.07 | 5098 | 2040 10 696 | 440 | 0.000338 | 0.000635 | 0.000973 | 0.000002
3 1670 | 5098 | 2040 10 696 | 328 | 0.000137 | 0.000463 | 0.000600 | 0.000002
2 3121 2040 10 696 | 216 | 0.000073 | 0.000570 | 0.000643 | 0.000003

4030

0.001456

0.000895

Table 11b
Roof 8.07 4030 1610 10 389 1224 | 0.024966 | 0.001894 0.026859 0.000022
10 7.00 4030 1610 10 389 1112 0.016226 | 0.001491 0.017717 0.000016
9 6.12 4030 1610 10 389 1000 0/010313 | 0.001172 0.011485 0.000011
8 5.35 4030 1610 10 389 888 0.006319 | 0.000911 0.007230 0.000008
i 4.80 4030 1610 10 389 776 0.003779 | 0.000713 0.004492 0.000006
6 4.37 4030 1610 10 389 664 0.002160 | 0.000557 0.002716 0.000004
5 4.06 4030 1610 10 389 LY 0.001152 | 0.000430 0.001582 0.000003
4 3.79 5098 2040 10 389 440 0.000431 | 0.000252 0.000683 0.000002
3 3,56 2040 10 389 328 0.000167 | 0.000177 0.000344 0.000001
0.000085 | O 90

‘ & "
0.002351

0.000002

1610
10 9.92 4030 1610 10 1107 0.000998 | 0.000743 0.001740 0.000002
9 9.70 4030 1610 10 1107 0.000710 | 0.000653 0.001363 0.000001
8 9.42 4030 1610 10 1107 0.000483 | 0.000563 0.001046 0.000001
7 9.16 4030 1610 10 1107 0.000313 | 0.000479 0.000792 0.000001
6 8.83 4030 1610 10 1107 0.000189 | 0.000395 0.000584 0.000001
23 8.46 4030 1610 10 1107 552 0.000104 | 0.000315 0.000419 0.000001
4 297 5098 2040 10 1107 440 0.000039 | 0.000186 0.000226 0.000001
3 233 5098 2040 10 1107 328 0.000015 | 0.000128 0.000143 0.000000
2 12.45 5098 2040 10 1107 216 0.000007 | 0.000143 0.000150 0.000001
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Overturning
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