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EXECUTIVE SUMMARY

St. Vincent Mercy Medical Center Heart Pavilion is a four story hospital that provides
diagnostics, surgery, and patient care. It was constructed for St. Vincent's Mercy Medical
Center Campus, established in 1855, in downtown Toledo, Ohio.

The facility is approximately 144,000 square feet and reaches a height of 57’-5” above
grade with a typical floor to floor height of approximately 14 feet. A typical interior bay is
30 feet by 35 feet and is comprised of composite steel with a concrete slab on deck. The
lateral system utilizes steel moment frames due to limited floor space. Drilled caissons and
spread footings make up the foundation system. The ground floor is a reinforced slab on
grade with grade beams between caissons to transfer wall load into the foundation.

In this third technical report, a thorough lateral analysis for St. Vincent Mercy Medical
Center Heart Pavilion is studied through detailed hand calculations and modeling via RAM
Structural System and SAP 2000. Lateral forces determined in the preliminary analysis
prepared for Technical Report I were verified using RAM Structural System. Upon
comparison, it was concluded that the preliminary calculations provided satisfactory
approximations of story loads. In order to determine how lateral loads were distributed
throughout the lateral system, the relative stiffness of each moment frame was calculated.
Once the relative stiffness of each frame was determined, torsion forces were calculated in
order to determine the controlling load case for the structural design of this building.

Due to the unique shape of this building, wind loading induced greater torsion effects than
seismic loading. However, since the soil is classified as site class E, the seismic base shear,
when coupled with the torsion effects for seismic, ultimately controls the design of the
building.

Spot checks for lateral members were also prepared to better understand why member
sizes were chosen by the engineer of record. It was determined that the girders and
columns within the lateral system are more than adequate for strength requirements. The
girders meet deflection criteria by approximately 14% while columns meet drift limitations
by approximately 37%. Further investigation of these member sizes will be conducted in
efforts to further optimize the structural system. Overall, the lateral system of the Heart
Pavilion meets strength requirements as well as serviceability requirements.
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INTRODUCTION: ST. VINCENT MERCY MEDICAL CENTER HEART PAVILION

St. Vincent’s Heart Pavilion is one of the seven hospitals that comprise Mercy Health
Partners. As Toledo’s first and only facility for the treatment of vascular disease, St.
Vincent’s Heart Pavilion has become a staple within the community. St. Vincent’s Mercy
Medical Center Campus is now able to take a leadership role in providing education to its
students as well as saving lives through the treatment of vascular disease.

Modernization is emphasized through the facade of St. Vincent Mercy Medical Center Heart
Pavilion. As one approaches the building from the North, a beautiful curtain wall composed
of curved aluminum and spandrel glass is seen, thus adding great verticality to the building.
As the eye gazes along the facade, stone bands and brick veneer promote horizontal
progression to an attractive vertical component of stairs wrapped in stone veneer and
spandrel glass. The eye is then led to the pedestrian bridge, connecting the Heart Pavilion
to a parking garage, which shows off its structure through exposed chevron bracing.

The structure of the Heart Pavilion is comprised of a composite steel floor system that
utilizes steel moment frames to resist lateral forces. Drilled caissons and spread footings
make up the foundation system. The ground floor is a reinforced slab on grade with grade
beams between caissons to transfer wall load into the foundation.

The purpose of Technical Report III is to gain a better understanding of how wind and
seismic forces are distributed throughout the lateral system and to determine which lateral
force controls the design of the structure. Upon completion of this report, conclusions will
be drawn on the validity of member sizes chosen for the lateral system.
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EXISTING STRUCTURAL DESCRIPTION

Floor System ©

St. Vincent Mercy Medical Center Heart Pavilion’s typical floor Q ot
system is made up of composite steel framing and normal weight © ‘ ‘
concrete, creating a total floor thickness of 6%2”. Composite action

is created by the use of 2” 20 gauge steel deck with 5%” long, 34” © ‘ | | |
diameter shear studs evenly spaced over the length of each beam. @ ] | [
Even though a composite system is used, the girders are actually *° it
non-composite. In order to avoid coping of the infill beams, the ()

girders are placed 2” higher than the beams on a typical floor and % =

1%” higher on the roof (see figure to the right). This system saved @ : —
money and fabrication time which resulted in faster steel erection. d -
Strength requirements are met by approximately 4.2% while Pl =0—
deflection criteria are met by approximately 26%. Please % ) S =2

reference Technical Report I for detailed calculations checking () (&) &) (Ef09 (b Ga)

member validity and deflection criteria.
Figure 1: Typical Floor Layout
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Figure 2: Detail of Existing Composite Steel Floor System

Columns

The columns used in St. Vincent Mercy Medical Center Heart Pavilion range from
W10x119’s to W12x210’s, depending on their location within the building. While these
sizes may seem large based purely on gravity, each column must resist induced moment
since all columns are part of a moment frame. These impacts are investigated in the
“Member Verification” section of this report. Pipe columns are used to support the roof for
the main entrance lobby and the emergency vestibule canopy. All of the main building
columns are spliced at the 2nd-3rd floor. Base plates range in thickness from 1” to 2 %4”
depending on which columns they are supporting. Each base plate utilizes a standard 4
bolt connection using either 34” A325 or 1 %4” A325 bolts.
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Lateral System

At the time of design, braced frames were thought to be architecturally incompatible with
this floor plan. As a result, steel moment frames were used for the lateral load resisting
system. Please reference figure 3, indicating the lateral system in red. Please reference

Appendix A for a larger view of all floor plans.
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Figure 3: Typical Floor Plan Indicating Lateral System
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The moment frames are connected in two different fashions as seen in figures 4 and 5
below. The beam to column web moment connection is comprised of flange plates that are
fillet welded to the column web and flange. The beam flanges are full-penetration welded
to these plates. The beam to column flange moment connection utilizes double angles
connecting the beam to the column flange, where the beam flange is then full penetration

welded to the column flange.

Figure 4: Beam to Column Web Connection

Foundation System

The foundation system is made up of 80
drilled caissons and 6 spread footings that
support the entrance lobby. The caisson
caps are a uniform size of 4’x4’x3’ thick.
Between caissons are grade beams, varying
in depth from 2’ to 4’ depending on the
location, which transfer fagade and wall
load to the foundation system. The ground
(main) floor rests on a 6” concrete slab
reinforced with W/4x4-W4.0x4.0 welded
wire fabric. Please reference the Member
Verification section for detailed calculations
checking overturning moment on the
foundation system.
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Figure 5: Beam to Column Flange Connection
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Figure 6: Caisson Detail at Interior Grade Beam
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CODE REFERENCES AND LOAD COMBINATIONS

Various references were used by the engineer of record in order to carry out the structural
design of St. Vincent Mercy Medical Center Heart Pavilion:

- The 2002 International Building Code as amended by the State of Ohio

- The Building Code Requirements for Structural Concrete (ACI 318-02),
American Concrete Institute

- Specification for the Design, Fabrication, and Erection of Structural Steel for
Buildings —Load and Resistance Factor Design, Third Edition, American
Institute of Steel Construction

-  Minimum Design Loads for Buildings and Other Structures (ASCE 7-02),
American Society of Civil Engineers

Lateral serviceability requirements for St. Vincent Mercy Medical Center Heart Pavilion
used by the engineer of record are as follows:

Awnp = H/500 Allowable Building Drift
Awinp = H/400 Allowable Story Drift
Asgismic = 0.015hsx Allowable Story Drift

The following load cases were considered within the analysis of this technical report per
IBC 2006, § 1605:

1.4 (Dead)

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

1.2 (Dead) + 1.6 (Roof Live) + 1.0 (Live or 0.8 Wind)
1.2 (Dead) + 1.6 (Wind) + 1.0 (Live) + 0.5 (Roof Live)
1.2 (Dead) + 1.0 (Seismic) + 1.0 (Live)

0.9 (Dead) + 1.6 (Wind)

0.9 (Dead) + 1.0 (Seismic)

Load combinations including wind and seismic loading were applied in various directions
within the computer analysis. Snow loading was not included within this analysis. A
detailed list of all load combinations applied within the computer model is available upon
request. After completion of torsion analysis, it was ultimately concluded that seismic
loading controls the design of this structure.
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MATERIALS

Multiple materials were used for the construction of St. Vincent Mercy Medical Center
Heart Pavilion. The details of these materials are listed as follows:

Concrete

Foundations

Walls

Slabs

Grade Beams
Reinforcing Steel

Reinforcing Bar

Tie Wire

Welded Wire Fabric
Structural Steel

Wide Flange

Angle, Plate, Channel

Connection Bolts

Anchor Bolts

Square/Rectangle (HSS)

Round (HSS)

Metal Deck and Shear Studs
Composite Floor
Roof Deck

Shear Studs

fc=3000 psi
fc=3000 psi
f'c=3500 psi

f'c =4000 psi

A.S.T.M. A-615 GRADE 60
AS.T.M. A-82

AS.T.M. A-185

AS.T.M. A992

AS.T.M. A36

AS.T.M. A325

AS.T.M. A307 OR A36
A.S.T.M. A500, GRADE B

A.S.T.M. A500, GRADE B

2”7 20. GA.
15" 22 GA.

%" x5 %"
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LATERAL FORCE RESISTING SYSTEM ANALYSIS

A three dimensional structural model was generated in RAM Structural System to verify
hand calculations associated with story forces and base shears due to lateral loads. In
addition, the center of rigidity was also verified using this model.

Isometric View of Structural Model

Figure 7: Structural Model Including Gravity Elements

Figure 8: Structural Model Displaying Only Lateral Elements
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Applicable Loads

Loading conditions are a very important consideration for the design of any structure. The
dead load conditions assumed by the engineer of record at the time of design and live load
conditions obtained from ASCE 7-02 are provided for reference in figure 9 below. The dead
and live load values listed in this figure are the values used in the Member Verification
section of this report.

Applicable Loads
Dead Loads Live Loads
Concrete 150 PCF 1st Floor Corridors 100 PSF
Steel 490 PCF Lobbies 100 PSF
Partitions 20 PSF Loading Dock 100 PSF
M.E.P. 10 PSF Penthouse Floor 100 PSF
W;?g;‘i’fg& 10 PSF Corridors above 1st Floor 80 PSF
Finishes & Misc. 5 PSF Patient Rooms 60 PSF
Roof 20 PSF Operating Rooms 60 PSF
Bridge Floor 60 PSF
Roof 20 PSF
Figure 9: Applicable Loads
Wind Criteria

Wind loads were analyzed using the analytical procedure of ASCE 7-05 §6.5 for Technical
Report I and are analyzed using RAM Structural System for Technical Report IIl. The
assumptions listed below were used to determine gust effect factors, wind pressures, and
story shears for both reports. Please refer to Appendix B for detailed calculations regarding
wind analysis.

Basic Wind Speed V.....cccoovvvv v 90 mph
Exposure Category......ccoccoveeremenieeeeeriesiee e ernens B
Importance Factor........cccovvnievenvecccen v e 1.15
Internal Pressure Coefficient.........ccccoovvrininnes +/-0.18
Directionality Factor.........cccccvivivivciniceiniiinien, 0.85
Topography Factor.........cccccveviniveinccnsieinenneen 1.0
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Wind Hand Calculations vs. RAM Output

The following figures were provided for a comparison of values obtained from the
preliminary analysis in Technical Report I and those obtained from the three-dimensional
RAM model.

Wind Design (E-W Direction)

Story Loads (k) Story Shears (k)
Stor Hand RAM % Hand RAM %
y Calculations Output Difference | Calculations Output Difference
Roof 28 38.85 27.9 0 29.56 -
3 53 43.96 20.6 28 64.23 56.4
2 50 41.91 19.3 81 92.03 12.0
1 48 52.98 9.4 131 126.58 3.5
Total Base
Shear (k) 179 177 1.1 179 179.56 0.3
Overturning 6,043 9,026 33.1

Moment (ft-k)

Figure 10: Story Loads for E-W Direction

The value obtained for base shear in the E-W
direction matches very closely with the
output from RAM Structural System. The
loads on specific floors vary slightly due to
simplified assumptions made within the

calculations in the preliminary analysis. First,

G20 © 0 OO

AASGILDIS

floor with the adjacent parking garage on the
south side of the building was neglected for
its contribution to wind loads. Second, the

the pedestrian bridge connecting the second |:>
<
g
=
%]

curtain wall on the corner of the building was =
taken to be a rectangular shape as opposed to

a curve as seen in figure 11 to the right. In
addition, wind effects on the roof and canopy
entrance were neglected. Please reference
Appendix B for detailed calculations for the

===

loads obtained in the preliminary analysis (e e e S
that were used for this technical report. @ @3)3)(63)

ﬁ E-W Wind

Figure 11: Typical Floor Plan
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Wind Hand Calculations vs. RAM Output

The following figures were provided for a comparison of values obtained from the
preliminary analysis in Technical Report I and those obtained from the three-dimensional
RAM model.

Wind Design (N-S Direction)

Story Loads (k) Story Shears (k)
Stor Hand RAM % Hand RAM %
y Calculations Output Difference | Calculations Output Difference
Roof 57 59.3 3.9 0 44.83 -
3 111 80.89 37.2 57 107.27 46.9
2 105 83.36 26.0 168 164.77 2.0
1 102 97.72 4.4 273 230.26 18.6
Total Base
Shear (k) 375 321 16.8 375 327.98 14.3
Overturning | 1, 15 | 15418 | 182

Moment (ft-k)

Figure 12: Story Forces for Wind Design in N-S Direction

Ignored Loading Dock

The base shear and story loads in the N-S
direction are slightly off from the wvalues
obtained from RAM Structural System. This
variance is due to simplified assumptions
made within the calculations in the
preliminary analysis. First, the protruding
loading dock located on the main floor of the |:>
=
=
W

building was neglected for its contribution to
wind loads. Second, the curtain wall on the
corner of the building was taken to be a
rectangular shape as opposed to a curve as <&
seen in figure 13 to the right. In addition,
wind effects on the roof and canopy entrance
were neglected. Please reference Appendix B

for detailed calculations for the loads
obtained in the preliminary analysis that
were used for this technical report.
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Figure 13: Typical Floor Plan
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Seismic Criteria

Seismic loads were analyzed using chapters 11 and 12 of ASCE 7-05. Please refer to
Appendix C for detailed calculations used to obtain building weight as well as base shear
and overturning moment distribution for each floor as seen in Figure 9 on the following

page.
Occupancy Category......cccuuerenerrrieersseeresenenens IV
Importance Factor........cccccoviiviniin v 1.5
Spectral Response Accelerations
S et —— 0.056
SHte ClasS .. ceeeeereieicee ettt e e e E

Site Class Factors

F 2.5

B 35
S s rr et 0.425
ST ereerren e e seeseeere e rn s e e e e e er e en e 0.196
Sdsrenrenrer e 0.283
S e renrererereere et ee e rr e er e e e e e e e 0.131
Seismic Design Category.......c.cccvvviinerininnnineens B
Response Modification Factor..........cccccevvennnee. 3.0
Seismic Period Coefficient (Ce)....ccevrerinireervnnnns 0.028

Seismic Period Coefficient (Cs).......cceeernernen.0.092
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Seismic Hand Calculations vs. RAM Output

The following figures were provided for a comparison of values obtained from the
preliminary analysis in Technical Report I and those obtained from the three-dimensional
RAM model.

Seismic Design

Story Loads (k) Story Shears (k)
Stor Hand RAM % Hand RAM %
y Calculations Output Difference | Calculations Output Difference
Roof 241 231.85 3.9 241 235.41 2.4
3 436 395.18 10.3 677 647.49 4.6
2 275 259.65 5.9 951 916.40 3.8
1 149 157.31 5.3 1100 1112.48 1.1
Total Base
Shear (k) 1100 1044 5.4 1100 1112.48 1.1
Overturning
Moment 87,017 84,617 2.8
(ft-k)

Figure 14: Story Forces for Seismic Design

The base shear value for this building seems extremely high at first glance, however, the
nature of the soil within the site had a significant impact on the determination of this value.
Based on field and laboratory test data within the geotechnical report for the site, it was
determined that more than 10 feet of soil located 12 to 40 feet below existing grade has an
un-drained shear strength of less than 500 psf. As a result, the site is characterized by the
Ohio Building Code as Seismic Site Class E, “Soft Soil Profile”. This means that the soil is
very weak and cannot take great shear force. If the soil was classified as Seismic Site Class
B, the base shear would be reduced by approximately 60%. Without considering torsion
effects, this reduction leads to a wind-controlled design.

Due to the fact that the soil is soft in nature, seismic forces control the design of this
building even when torsion effects are considered, as seen in the “Torsion Effects” section
later in this report.
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DISTRIBUTION FACTORS

Lateral forces are distributed based on frame relative stiffness. The composite floor system
was treated as a rigid diaphragm, thus distributing lateral loads to each moment frame
within the building based on their relative stiffness. Figures 15 and 16 below show how
each frame was analyzed to determine the relative stiffness. The intersection of column
lines A and 1 are taken as x=0.00 and y=0.00, respectively.

Frame 1

Frame 2

Frame 3

Frame 4

Frame 5

Frame 6

Frame 7

¥ &)

-3-
i

i

(@3 (o o)

Figure 15: Moment Frames on 1st and 24 Floor

Frame 1

Frame 2

Frame 3

Frame 4

Frame 5

CEDO @B O O OED G

Frame 6

Frame 7

EFrame D
__E__E__Frame C

Figure 16: Moment Frames on 3 Floor and Roof
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Frame Modeling with SAP 2000

Relative stiffness of each frame was determined using SAP 2000. A one kip load was
applied, the deflection was measured, and the inverse was taken, thus producing the
relative stiffness of that frame. Most frames had the same number of bays for the entire
height of the building. However, since the main and first floors are larger than the second
and third floors, some frames have two different stiffness, depending on which floor is
being analyzed. An example of this case is seen in frame F in figure 17 and 18. For these
cases, a one kip load was applied at the top of the frame to measure stiffness for the 3rd
floor and roof and the procedure was repeated with a one kip load applied to the 21d floor
to measure stiffness for the 1st and 2nd floor. For this reason, a particular frame may have
differing stiffness and distribution factors for different floors as seen in figure 19 on the
following page.

Figure 17: Frame F

yl yl

Figure 18: Frame F
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Relative Stiffness and Distribution Factors

Relative stiffness was computed using SAP 2000 for each frame using the concept that
stiffness is load divided by deflection. This procedure was carried out for each moment
frame within the building and figure 19 below was provided based upon this data.

Stiffness (k/in) Distribution Factors
Frame 3rd 2nd 1st 3rd 2nd 1st
Roof Floor Floor Floor Roof Floor Floor Floor

26.67 | 26.67 | 26.67 | 26.67 0.070 0.070 0.070 0.070
39.68 @ 39.68 & 39.68 | 39.68 0.104 0.104 0.104 0.104
39.68 | 39.68 | 39.68 | 39.68 0.104 0.104 0.104 0.104
39.68 @ 39.68 & 39.68 | 39.68 0.104 0.104 0.104 0.104
E.1 42,74 | 42.74 | 42.74 | 4274 0.112 0.112 0.112 0.112
E.2 18.05 @ 18.05 '@ 18.05 | 18.05 0.047 0.047 0.047 0.047

O N W >

F 24.69 | 24.69 | 4348 | 43.48 0.065 0.065 0.096 0.096
G 24.69 | 24.69 @ 43.48 | 4348 0.069 0.069 0.096 0.096
H 2584 | 3390 | 3390 | 33.90 0.068 0.075 0.075 0.075
J 2584 @ 3390 @ 3390 | 33.90 0.068 0.075 0.075 0.075
K 2584 | 3390 | 3390 | 33.90 0.068 0.075 0.075 0.075
L 2584 3390 @ 3390 | 33.90 0.068 0.075 0.075 0.075
M 21.74 | 21.74 | 21.74 | 21.74 0.057 0.057 0.057 0.057

1.0 1.0 1.0 1.0
1 53.48 | 53.48 | 53.48 | 53.48 0.138 0.138 0.138 0.138
2 64.52 | 64.52 @ 64.52 | 64.52 0.167 0.167 0.167 0.167
3 64.52 | 64.52 | 64.52 | 64.52 0.167 0.167 0.167 0.167
4 64.52 | 64.52 @ 64.52 | 64.52 0.167 0.167 0.167 0.167

5.1 23.58 | 23.58 | 23.58 | 23.58 0.061 0.061 0.061 0.061
5.2 46.08 @ 46.08 @ 46.08 & 46.08 0.119 0.119 0.119 0.119
6 24.04 | 24.04 | 45.66 | 45.66 0.062 0.062 0.112 0.112
7 45.66 45.66 @ 45.66 | 45.66 0.118 0.118 0.118 0.118

1.0 1.0 1.0 1.0

Figure 19: Frame Stiffness and Distribution Factors
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TORSION EFFECTS

When the resultant shear force of lateral loads acts at an eccentricity, the resultant force
will try to twist the building around its center of rigidity. This concept is known as torsion.
Depending on the building footprint, torsion effects can have a significant impact on the
controlling load case used for structural design. The irregular shape of St. Vincent Mercy
Medical Center Heart Pavilion creates significant torsion effects on certain frames due to
where the center of rigidity is located. Please refer to figures 20 and 21 and below, where
the center of mass is shown in red and the center of rigidity is shown in blue.

Figure 20: Center of Mass and Rigidity for 1st Figure 21: Center of Mass and Rigidity for 3
and 2nd Floor Floor and Roof
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Center of Rigidity and Center of Mass

Center of rigidity was calculated by hand for all floors by multiplying frame stiffness by the
distance the frame is from the origin and dividing by the sum of all stiffness times the
distance from the origin. Figure 22 was provided based upon this data. The equations used
are as follows:

Kix*dix/2Kix (for frames 1-7)
Kiy*diy/ZKiy (for frames A-M)

The intersection of column lines A and 1 are taken as x=0.00 and y=0.00, respectively.

Calcl-ll:llggons Ram Output
Center of Center of Center of Mass | Eccentricities
Rigidity (ft) Rigidity (ft) = 9 Diff., = % Diff., (ft) (fo)
Floor XR VR XR VR XM VM ex ey
Roof @ 7882 | 149.77 | 70.28 | 144.78 12.2 3.4 74.25 | 135.82 | 4.57 | 13.95
3 78.82 | 149.77 | 72.74 | 142.15 8.4 5.4 63.32 | 14285 | 15,5 | 6.92
2 82.33 | 159.03  76.10 @ 141.37 8.2 12.5 66.25  144.44 16.08 14.59
1 82.33 | 159.03 | 81.43 | 139.20 1.1 14.2 69.11 | 154.69 | 13.22 | 4.34

Figure 22: Center of Mass and Center of Rigidity

The RAM output for the center of rigidity is very close to what was calculated by hand. The
variation is a result of ignoring the entrance canopies, pedestrian bridge, and openings in
the floors for the hand calculations. After verifying the center of rigidity values obtained
from RAM Structural System by hand, it was concluded that the center of mass values
obtained from RAM would be satisfactory to use within this report for torsion calculations.
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Torsion Effects from Wind Loading

Torsion due to wind loading is caused by the eccentricity
measured from the geometric center of pressure to the center of
rigidity. Frame A was chosen in the North-South direction for
torsion analysis because of the assumption made that the curved
curtain wall was actually rectangular. It was desired to see what
effects torsion would have on this frame. Frame C was also
chosen for torsion analysis because this frame has the greatest
distribution factor in this direction; therefore it will receive larger
forces, which may be significant when doing spot checks. Frame
M was also analyzed because this is the farthest frame from the
center of rigidity; therefore it should receive the most torsion
force as seen in figure below. The total forces for these frames
are calculated by adding the direct force and the torsion force.

1
*]
(¢”]
2
—

PE@&DG BE © O OED G

| Frame C

Al

1

2

Frame A

56 © (e @

These forces are then multiplied by a factor of 1.6 because this is the LRFD load factor for

wind.
. . Total Factored
Force N-S | Force E-W | DirectForce Torsion Force
] . Force on Each
Story | (XDir) | (YDir) (k) (k) Story (K)
K K
(K) (K) Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
« Roof 57 28 3.99 0.17 6.6
g 3 111 53 7.77 0.32 12.9
g 2 105 50 7.35 0.12 11.9
=
1 102 48 7.14 0.11 11.6
Figure 23: Total Force on Frame A Including Torsion Effects
SEnPLE  CALCULATION OF TDRSIONAL FuRCES — 2P Clooe PEMNE A .
TOSWNAL (MOMETY = STORY FRCE ((EMTER of WALL — (EMTEL oF RIGIowY) s %5,

= 1 (lee.5-18.02) = 9432\

TOCSIOWAL MOMEATTy = STORY foe (L (CESTER 6F WALL - (E07e2 of 1g101TY )

]

W | 8ts - jaand| = 2300\

ToeSIoMAL foeCE = Kiy | gy * Ki N Oy
Te =

oR

{r2.28%10% + 3,5 €10 ) (iz28%10% + 2.5 xid% )

t 1 4 4

Ty I\i xx I\f

g g
= 2063815 :1*3.%?.\_(3%)* 26,41 (166.5 - 149,9%) (4732) = 0,32 %

(OE

|

(0,166.5) %

L

A;z /"v\«. L
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Total Factored

Force. N-S Force'E-W Direct Force Torsion Force Force on Each
Story (X Dir.) (Y Dir.) (k) (k) Story (K)
K K
(K) (K) Fix=(Kix/ZKix)F @ Fix=((Ki*xi)/Ip)M F=DF+TF
O Roof 57 28 5.94 1.06 11.2
g 3 111 53 11.56 0.89 19.9
E 2 105 50 10.94 1.67 20.2
1 102 48 10.62 1.62 19.6
Figure 24: Total Force on Frame C Including Torsion Effects
. . Total Factored
Force N-S | Force E-W | DirectForce Torsion Force
g . Force on Each
Story (X Dir.) (Y Dir.) (k) (k) Story (K)
K K
(K) (K) Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
= Roof 57 28 3.25 1.34 7.4
g 3 111 53 6.33 2.61 14.3
© 2 105 50 5.99 1.87 12.6
= 1 102 48 5.82 1.81 12.2

Figure 25: Total Force on Frame M Including Torsion Effects

Frame 1
Frame 3

In the East-West Direction, Frame 1, 3 and 6 were chosen for

torsion analysis. Since the curtain wall along frame 1 was

assumed to be rectangular instead of a curve, it was desired to see
what effects torsion would have upon this frame. Frame 3 was
also chosen for torsion analysis because this frame has the
greatest distribution factor in this direction; therefore it will
receive larger forces, which may be significant when doing spot
checks. Frame 6 was also analyzed because this is the farthest
frame from the center of rigidity; therefore it should receive the
most torsion force as seen in figure below. It was chosen over
frame 7 because frame 6 continues up through all four floors of
the building. The total forces for these frames are calculated by
adding the direct force and the torsion force. These forces are
then multiplied by a factor of 1.6 because these loads are from wind.

Fr

ROENONCIOROROROEI]C
=
6
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Total Factored

Direct Force Torsion Force
Force N-S | Force E-W K) k) Force on Each
Story | (XDir.) (Y Dir.) Story (K)
K K
(K) (K) Fiy=(Kiy/2Kiy)F @ Fix=((Ki*xi)/Ip)M F=DF+TF
- Roof 57 28 3.88 0.75 7.39
g 3 111 53 7.34 1.43 14.02
E 2 105 50 6.92 0.99 12.65
1 102 48 6.64 0.95 12.15
Figure 26: Total Force on Frame 1 Including Torsion Effects
. . Total Factored
Force N-S | Force E-wW | Direct Force Torsion Force
i . Force on Each
Story | (XDir) | (YDir) (k) (k) Story (K)
K K
(K) (K) Fiy=(Kiy/EKiy)F = Fix=((Ki*xi)/Ip)M F=DF+TF
- Roof 57 28 4.68 0.47 8.24
g 3 111 53 8.85 0.92 15.62
E 2 105 50 8.35 0.48 14.13
1 102 48 8.01 0.46 13.57
Figure 27: Total Force on Frame 3 Including Torsion Effects
. . Total Factored
Force N-S | Force E-W | Direct Force Torsion Force
. . Force on Each
Story (X Dir.) (Y Dir.) (k) (k) Story (K)
K K
(K) (K) Fix=(Kix/ZKix)F @ Fix=((Ki*xi)/Ip)M F=DF+TF
© Roof 57 28 1.74 0.84 4.1
g 3 111 53 3.30 1.51 7.7
E 2 105 50 5.60 2.54 13.0
1 102 48 5.37 2.46 12.5

Figure 28: Total Force on Frame 6 Including Torsion Effects
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Torsion Effects from Seismic Loading

Torsion due to seismic loading is caused by the eccentricity measured from center of mass
to center of rigidity. For purpose of determining the controlling load case for the structural
design of St. Vincent Mercy Medical Center Heart Pavilion, the same frames for both
directions were chosen for torsion analysis due to seismic loading. The total forces for
these frames are calculated by adding the direct force and the torsion force. These forces
are then multiplied by a factor of 1.0 because this is the LRFD load factor for seismic.

Force Direct Force Torsion Force ’;z;iLF:Iftngl?
Story K) (k) () Story (K)
Fix=(Kix/ZKix)F @ Fix=((Ki*xi)/Ip)M F=DF+TF
< Roof 241 16.87 0.33 17.2
GE-‘ 3 436 30.52 1.75 32.3
g 2 275 19.25 0.76 20.0
. 1 149 10.43 0.32 10.7
Figure 29: Total Force on Frame A Including Torsion Effects
SACALE CALUALATION OF ToRSoNAL Force —  3P2 flooR  fexme A

TOESIWAL MUNENT, = SToew Forct (CeoTEe of MASSy — (ENTER of RIGIOTN , )

1—['5{1‘&’5,52- ‘48.32] = (o759 '%

TORSINAL MANEDTy =  STRY foece (Caasvee OF MASSy — CEATEL of RIGIDITYY)
= 43 | 142,88~ 49A1| = o1t "™

il

ToesweAL foece = K| Y{ My + KiNe g
e Te coly Coly
= 26.6%(§4.5 - 48.82) + 20 GH]o- 144,97 _ K
#9) = LIS
(i 2oi0” + 3-5?‘0”) (2013) f“’t?;mt‘*gsc”""“) (v357) "
T

M

Tx I\i p ¥y I.i [
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Total Factored

Force Direct Force Torsion Force Force on Each
sory | " ) (1) Story (K)
Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
O Roof 241 25.10 0.30 25.4
g 3 436 45.41 1.45 46.9
) 2 275 28.64 0.65 29.3
= 1 149 15.52 0.28 15.8
Figure 30: Total Force on Frame C Including Torsion Effects
Force Direct Force Torsion Force TF(())EileF(?r(;t]f])::l?
Story (K) (K) (k) Story (K)
Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
= Roof 241 13.75 0.44 14.2
) 3 436 24.88 1.85 26.7
E 2 275 15.69 0.73 16.4
. 1 149 8.50 0.31 8.8
Figure 31: Total Force on Frame M Including Torsion Effects
Direc:{ Force TOI‘SiOll(l Force 'I[:'(:,ﬁLF::tg:ce}?
sory | Foree | O “ Story (K)
Fix=(Ki/ZKi)F = Fix=((Ki*xi)/Ip)M F=DF+TF
- Roof 241 33.35 0.96 34.3
g 3 436 60.34 1.18 61.5
) 2 275 38.06 0.40 38.5
= 1 149 20.62 0.19 20.8

Figure 32: Total Force on Frame 1 Including Torsion Effects
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Total Factored

Direct Force Torsion Force
St Force () (k) Force on Each
ory (K) Story (K)
Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
- Roof 241 40.24 0.33 40.6
QE) 3 436 72.80 0.69 73.5
£ 2 275 45.92 0.19 46.1
. 1 149 24.88 0.12 25.0
Figure 33: Total Force on Frame 3 Including Torsion Effects
Direct Force Torsion Force Total Factored
St Force k) (k) Force on Each
ory (K) Story (K)
Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
© Roof 241 14.99 0.49 15.5
g 3 436 27.12 2.04 29.2
) 2 275 30.78 1.54 32.3
= 1 149 16.67 0.66 17.3

Figure 34: Total Force on Frame 6 Including Torsion Effects

Controlling Load Case

After taking torsion effects from lateral loads into account as well as the load combination
factors for both wind and seismic, it was concluded that seismic loading controls the
structural design of St. Vincent Mercy Medical Center Heart Pavilion. This was expected as
the base shear for seismic loads was approximately 1100 kips as opposed to a base shear of
375 Kkips for wind in the North-South direction. However, a torsion analysis was necessary
because greater torsion forces were generated by wind loading. This result was expected
because the eccentricity for torsion from wind is measured from the center of pressure to
the center of rigidity whereas the eccentricity for torsion from seismic is measured from
the center of mass to the center of rigidity. Based upon this conclusion, the controlling
LRFD load combination for this structure is 1.2 (Dead) + 1.0 (Seismic) + 1.0 (Live) since the
structural design is ultimately controlled by seismic loading.
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MEMBER VERIFICATION

In order to check the validity of member sizes, a portal analysis was done with the loads
obtained from the torsion analysis. Moments due to dead and live loads were then added
to the moments found from the portal analysis.

Portal Analysis o

Frame C was chosen for a portal analysis in the North-South
direction even though Frame E.1 has a higher distribution factor
because the girders along Frame C will have a more critical
negative moment. Since no beams frame into the girder pointed
out on the plan, the distributed load from dead and live loads will
be evenly distributed across this member. As a result, negative
moment is created at the ends of the girder. As seen in the floor
plan on the right, infill beams frame into all girders along Frame
E.1, creating no negative moment on the ends and a maximum
positive moment in the center of the girder. This is not the most
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Verification of Girder from Frame C
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Verification of Column from Frame C
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Portal Analysis on Frame 3

o
)
Frame 3 was chosen for a portal analysis in the East-West %
direction because it has the highest distribution factor for this i
direction and all the girders will have induced negative moment = 1 b
since there are no infill beams framing into these girders. If there ©
were beams framing into the girders, there would be a positive g
moment generated in the middle of the girder and no negative
moment at the ends. This situation is not the most critical loading @ FFHTITHHSE
condition for girders included in moment frames because lateral -
loads create moments in the ends of the girders. % b
- |
The portal method for frame 3 was carried out for every bay
within the frame; however some repetitious bays were left out of =01
the drawing below for simplicity. O
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Verification of Girder from Frame 3

SPoT CHECKS O AAMNE 3

— CHELK FRAMME 3 BECAUSE THUS fRAME HAS WAHEST OISTRWMUTION
FACTOR. foR- TWS  OwWRECTION, —

GEOER. CHECL. -~ CHRELKE QEOEL BT, (OL. LINES &+ C SIACE (T (S
THE LONGEST SPAN

e

Feovs PoRTAL ARMAMMSIS Y W, = 14 oN  w 24%¥%  ( leoEe

2T MANENT VUE T oL+« UL—
wu = wopsf
Wor= o psF  [(AUUATEO Hoof WELGHT WO SEASWIC SECTION,
PLEASE E£FERL TO APPERDIK &
TAcE 1o psHd Foe Aw FLooRl
q-.estc FEAMES (DT () wix1H0 @S
- l___ ol g L]
Ly 43 ( 0.9 /m) = 42.9
R tues OF W2H¥XBY

B NCNENT Cof UENT METHSO (AU 8.2.2)
@ NEG. aMERT @ INT, FACE OF SUFPOET —
| M~ = wela _ _Le4EW (429" _ 294 \E
n I =
o et trt
i Wy = |,l(l109&?)*l.b(uaps£‘]= I‘iZ.prg
H ebwort= (35fy +25[5) _ 8,54’
z

® — ! iy - .
= 4 = = \u4o oW = {6y K\f
st s+ A ww= 192 est(BSY') = tedop Loy

r

Mo, = 244" + 14" = 288"
Feom TABLE 3-1% 4= 84"

bMha = 840™ > My =38BC Y oK

S SIE THE MNEMBEE 1S MARE THAD ADEAWATE ST TH
g X LET'S CRECE SERNACEABALITY foe '
‘ Apaciono = Swt' 5 Gy (we)T (F29) | oo
© 2BUET 3 ( 2a000) (2370) :
HTE i = (uavr) - u
s I i|! g /ﬂ‘o /1-*‘*0 = LS
1.84" < 245"
airder THIS w2U%Y QIEDER WAS CHOSER SASED 00 SEENCEABILITY

m
T
|
|

|

G|
SRS

olcfSloc Tk

Kristen M. Lechner Page 34



Verification of Column from Frame 3
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Overturning Moment on Foundation System

E Direct Force Torsion Force Total Force on
Story E’ge (k) (k) Each Story (K)
Fix=(Kix/ZKix)F | Fix=((Ki*xi)/Ip)M F=DF+TF
o Roof 241 16.70 0.50 17.2
QE) 3 436 30.22 2.10 32.3
g 2 275 26.52 1.07 27.6
- 1 149 14.37 0.45 14.8
Figure 36: Total Force on Frame G due to Seismic Loading
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SERVICEABILITY REQUIREMENTS

Drift is an important serviceability requirement that can cause several problems within a
building if the limitations are not met. Wind drift is not addressed in the code, however,
standard engineering practice has employed a limitation of H/400 for many years. Seismic
drift is addressed in ASCE 7-05 and is limited based on the occupancy category of the
building. St. Vincent Mercy Medical Center is classified as occupancy category IV and
normally would be limited to an allowable story drift of 0.010 hsx. However, since the
facility is only 4 stories, the allowable story drift is limited to 0.015hsx per ASCE 7-05 Table
12.12-1. Story drift values for wind loading and story drift ratios for seismic loading were
determined by RAM Frame. As seen in Figures 36 and 37 below, drift limitations are met
for both wind and seismic loading.

Stor Stor
Story Height}zft) Drift ()i’n)
Roof | 57.4 0.298
3 43 0.257
2 29 0.192
1 15 0.101

AN AN A

Wind Drift

0.432
0.420
0.420
0.450

Allowable Story Drift (in)
AWIND=H/400

OK
OK
OK
OK

Total

Drift (in)

0.848
0.550
0.293
0.101

Allowable Total Drift (in)

AWIND=H/400

AN AN A

1.722
1.290
0.870
0.450

Figure 36: Actual Drift due to Wind Loads vs. Industry Standard

Story

Roof
3
2
1

Seismic Drift

Story Actual Drift | Allowable Drift
Height (ft) Ratio Ratio

57.4 0.0021 | < | 0.0075 | OK

43 0.0036 < 0.0075 @ OK

29 0.0046 | <| 0.0075 | OK

15 0.0047 < | 0.0075 @ OK

Figure 37: Actual Drift due to Seismic Loads vs. Code Limitations

DETEEMINE ALLOWASLE STOEY Dei1ft @AT\O
ASCE 1-0S TABLE [2.2-|

C4 = DEFLECTION AMPLIALATION FACTLE = 3 (For STEEL mo«wmg

T = \MEORTANE FACTHE= 1§ (USex 8% £oe)
d\x = 0,015 5K

fx = Cd dxe
I
PRWT 2410, 3

-

(raele 12427
(FauATion 12.8-15)

A

0.8 ()

_ o.05 (L)

sy

4

3

0.00t8

OK
OK
OK
OK
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CONCLUSION

A better understanding of how lateral forces are distributed throughout a structure was
gained upon completion of Technical Report III. When lateral forces are applied to the
structure, the load follows the stiffness of the structure. Therefore, moment frames with a
greater stiffness receive larger story loads. These story loads are generated as a result of
lateral loads traveling through the floor diaphragm to the lateral resisting elements.

In efforts to determine which force controls the structural design, torsion analysis was
investigated. Torsion due to wind loading is caused by the eccentricity measured from the
center of the wall to the center of rigidity. This is because the center of pressure from the
wind blowing will act at the center of the wall. Torsion due to seismic loading is caused by
the eccentricity measured from the center of mass to the center of rigidity. Since the center
of the wall in each direction and the center of rigidity are much farther apart than the
center of mass and the center of rigidity, torsion forces from wind loading are greater. This
was expected considering the shape of this building.

The total forces acting on each moment frame due to wind and seismic loading were
compared in order to determine which lateral load controls the design of the structure. It
was concluded that even though a greater torsion effect is seen from wind loading, seismic
loading still controls the design of the structure. The soil is classified as seismic site class E
and is very soft in nature. As a result, the seismic base shear for this structure was
considerably affected. The torsion effects from wind acting on the structure are not great
enough to overcome story loads generated by seismic loading.

Overall, the lateral system of the Heart Pavilion meets strength requirements as well as
serviceability requirements. It was determined that the girders and columns within the
lateral system are more than adequate for strength requirements. Upon completion of
serviceability checks due to dead and live loads, it was found that the girders meet
deflection criteria by approximately 14%. Upon completion of checking lateral drift
limitations, it was found that the actual seismic drift ratio on the first floor is 0.0047
compared to an allowable seismic drift ratio of 0.0075. It was concluded that column sizes
meet allowable drift limitations by approximately 37%. Further investigation of these
member sizes will be conducted in efforts to further optimize the structural system.

All design values used and procedures carried out were done in accordance with applicable
codes. Please refer to the appendices for further review of detailed notes, figures, or tables
regarding this matter. Questions should be directed to Kristen M. Lechner via email:
kml5016@psu.edu.
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APPENDIX A: BUILDING LAYOUT

Photos courtesy of Ruby + Associates
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Existing Floor Layout
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Existing Floor Layout
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Existing Floor Layout
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Existing Floor Layout
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APPENDIX B: WIND ANALYSIS

Photo courtesy of www.wbdg.org
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Main Wind Force Resisting System

Variables to Obtain Gust
Factor

Variable | Wind Direction

N-S E-W
n: (Hz) 0.869 | 0.869
Stiffness | Flexible | Flexible
B 335 175
L 175 335
h 57.4 57.4
g4 3.4 3.4
8v 3.4 3.4
g 416 | 416
ZBAR 34 34
Building Information €BAR 0.333 0.333
Number of Floors 4 Lear 320 320
Building Height (ft) 57.4 bear 045 0.45
N-S Building Length (ft) 335 OBAR 0.25 0.25
E-W Building Length (ft) 175 Izpar 0.298 | 0.298
L/B in N-S Direction 1.91 Lzpar 325 325
L/B in E-W Direction 0.52 Q 0.765 | 0.814
VZgar 60.0 60.0
N1 4.7 4.7
Ny 3.82 3.82
Building Location Factors ng 22.32 11.66
Basic Wind Speed (V) mph 90 n, 39.03 | 7471
Exposure Category B Rn 0.227 | 0.227
Importance Factor (I) 1.15 Rg 0.044 0.082
Wind Directionality Factor (Kq) 0.85 Ry 0.025 0.013
Topographic Factor (Kz) 1.0 Rn 0.0528 | 0.0528
R 0.0755 | 0.1028
G 0.791 0.822
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Main Wind Force Resisting System

Floor Total Wind Pressures (psf)

Height Level | Height | K, q: N-S N-S N-S E-W E-W E_'W
(fv) (ft) Windward | Leeward Side Windward | Leeward Side
Wall Wall
14.40 Roof 5740 | 0.84 | 17.09 13.89 -9.83 -12.54 14.31 -7.54 -12.91
14.00 3 43.00 | 0.78 | 15.74 13.03 -9.83 -12.54 13.42 -7.54 -12.91
14.00 2 29.00 | 0.69 | 14.06 11.97 -9.83 -12.54 12.32 -7.54 -12.91
15.00 1 15.00 | 0.57 | 11.65 10.44 -9.83 -12.54 10.73 -7.54 -12.91

Distribution of Windward and Leeward Pressures

Wind Design

Level Load (k) Shear (k) Moment (ft-Kk)
N-S E-W N-S E-W N-S E-W
Roof 57 28 0 0 3284 1580
3 111 53 57 28 4764 2287
2 105 50 168 81 3037 1450
1 102 48 273 131 1533 726
Total 375 179 375 179 12618 6043

Total Base Shear from Windward and Leeward Pressures
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Hand Calculations from Preliminary Analysis
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Hand Calculations from Preliminary Analysis
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Hand Calculations from Preliminary Analysis
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Hand Calculations from Preliminary Analysis
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Wind Hand Calculations vs. RAM Output

East-West Direction

Wind E-W Story Loads (k)

Story
Hand Calculations RAM Output % Difference

Roof 28 38.85 27.9
3 53 43.96 20.6
2 50 41.91 19.3
1 48 51.98 7.7

Total Base
Shear (k) 179 177 1.3
i 12,618 10,588 19.2

Moment (ft-k)

APPLIED STORY FORCES
Type: Wind IBC03 1 Y

Level Ht Fx Fy
ft kips kips
H. PENT-H 74.04 0.00 0.00
H. PENT-L 73.37 0.00 0.00
ROOF 59.92 0.00 38.85
3RD 45.50 0.00 43.96
2ND 31.50 0.00 35.58
BRIDGE PLAT 26.50 0.00 6.33
COOLING 21.00 - ---
TOWER
STUBS 20.04 --- ---
IST 17.50 0.00 34.54
LOW 1ST 16.50 0.00 3.06
MAIN 2.50 0.00 14.38
H COL BASES 1.67 --- ---
0.00 176.71
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Wind Hand Calculations vs. RAM Output

North-South Direction

Wind N-S Story Loads (k)

Story
Hand Calculations RAM Output % Difference
Roof 57 59.30 3.9
3 111 80.89 37.2
2 105 83.36 26.0
1 102 97.72 4.4
Total Base
Shear (k) 375 321 16.8
Overturnin
Moment (ft-l<g1) LAfeIE
APPLIED STORY FORCES
Type: Wind IBC03 1 X
Level Ht Fx Fy
ft kips kips
H. PENT-H 74.04 0.00 0.00
H. PENT-L 73.37 0.00 0.00
ROOF 59.92 59.30 0.00
3RD 45.50 80.89 0.00
2ND 31.50 74.83 0.00
BRIDGE PLAT 26.50 8.53 0.00
COOLING 21.00 --- ---
TOWER
STUBS 20.04 --- ---
1ST 17.50 73.31 0.00
LOW IST 16.50 495 0.00
MAIN 2.50 19.46 0.00
H COL BASES 1.67 --- ---
321.27 0.00
-End of Section-
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APPENDIX B: SEISMIC ANALYSIS

Photo courtesy of
www.science.howstuffworks.com
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Seismic Force Resisting System

Occupancy Category I\
Importance Factor 15
(U]
Ss 0.170
S1 0.056
Site Class E
Total Buildin
Height (ft) s >7:4
Ta 0.715
To 12
Frequency (Hz) 1.40
Structural Behavior Dials)ll;g;:gm
Total Weight (k) 12043
Sms 0.425
Sm1 0.196
Sas 0.283
Sa1 0.131
SDC B
R 3.0
Cs 0.091
k 1.11
Base Shear
() 1100
Base Shear and Overturning Moment Distribution
Story hy (f6) Wesitg?::cy(k) hdWyx | Co | Fa=CuV | Vi(k) | My (ft-K)
Roof 57.4 1132 100432 | 0.219 241 241 13817
3 43 2824 181955 | 0.396 436 677 29103
2 29 2751 114571 | 0.250 275 951 27591
1 15 3100 62203 0.135 149 1100 16507
Main 0 2236 0 0.000 0 1100 0
Total 57.4 12043 459162 | 1.000 1100 87017
Base Shear= = 1100 k
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Seismic Force Resisting System: Floor Weights

Floor 2
Approx. Area = 25,120 SF
Floor to Floor Ht. = 14 ft
1
Walls: Superimposed:
Perimeter = 755 ft Partitions = 20 psf
Height = 14 ft MEP = 10 psf
Unit Wt. = 20 psf Finishes = 5 psf
Weight= 211 k Weight= 879 k
Slab:
Thk. = 4.5 in
Unit Wt. = 150 pcf
Weight= 1413 k
Columns:
. Total
Shape Quantity ‘?l]ke)l/gf‘gt H(e:?éﬁtrzn[rflt) Waight
W10x112 7 112 14 10.98
W12x40 3 40 14 1.68
W12x96 1 96 14 1.34
W12x120 5 120 14 8.40
W12x136 3 136 14 5.71
W12x152 3 152 14 6.38
W12x170 18 170 14 42.84
W12x210 6 210 14 17.64
Weight = 95 k
Beams:
. Weight Beam To't al
Shape Quantity (b /%t) Length (ft) Walght
W12x22 3 22 25 1.65
W14x22 2 22 19.5 0.86
W16x26 12 26 25 7.80
W16x26 44 26 30 34.32
W18x40 2 40 25 2.00
W18x40 1 40 30 1.20
W24x55 14 55 25 19.25
W24x55 5 55 30 8.25
W24x68 6 68 25 10.20
W24x68 26 68 30 53.04
W24x84 3 84 25 6.30
W24x84 3 84 30 7.56
Weight = 152 k
2nd Floor Weight = 2751 k OR 110 psf

This table is provided to show the method used for determining floor weights. All tables are available upon request.
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Hand Calculations from Preliminary Analysis

SEISMIC DESIGN
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Hand Calculations from Preliminary Analysis
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Seismic Hand Calculations vs. RAM Output

Story

Roof
3
2

1
Total Base Shear
(K
Overturning
Moment (ft-k)

East-West Direction

Seismic E-W Story Loads (k)

Hand Calculations
241
436
275
149

1100

87,017

APPLIED STORY FORCES
Type: EQ IBC03 Y +E F

Level Ht
ft
H. PENT-H 74.04
H. PENT-L 73.37
ROOF 50.92
3RD 45.50
2ND 31.50
BRIDGE PLAT 26.50
COOLING 21.00
TOWER
STUBS 20.04

RAM Output
231.85
395.18
259.65
157.31

Fx
kips
0.00
0.00
0.00
0.00
0.00

1044

Fy

kips
0.00
0.00
231.85
305.18
250.65

0.00 0.00

% Difference
3.9
10.3
5.9
5.3

5.4

Loads and Applied Forces

RAM Frame v11.2
s DataBase: StV

IST 17.50
LOW 1ST 16.50
MAIN 2.50
H COL BASES 1.67

0.00 152.66
0.00 0.00

0.00 4.65

0.00 1044.00
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Seismic Hand Calculations vs. RAM Output

North-South Direction

Seismic N-S Story Loads (k)

Story - -
Hand Calculations RAM Output % Difference
Roof 241 231.85 3.9
3 436 395.18 10.3
2 275 259.65 5.9
1 149 157.31 5.3
Total Base Shear 1100 1044 5 4
(k)
Overturning
Moment (ft-k) 87,017

APPLIED STORY FORCES
Type: EQ IBC03 X +E F

Level Ht Fx Fy
ft kips kips
H. PENT-H 74.04 0.00 0.00
H. PENT-L 73.37 0.00 0.00
ROOF 59.92 231.85 0.00
3RD 45.50 395.18 0.00
2ND 31.50 259.65 0.00
BRIDGE PLAT 26.50 0.00 0.00
COOLING 21.00 --- ---
TOWER
STUBS 20.04

Loads and Applied Forces

RAM Frame v11.2
DataBase: 5t. V

1ST 17.50 152.66 0.00
LOW 1ST 16.50 0.00 0.00
MAIN 2.50 4.65 0.00
H COL BASES 1.67
1044.00 0.00

-End of Section-
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