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Executive Summary

The purpose of this report was to complete an in-depth analysis on the lateral system of
the New Acute Care Hospital and Skilled Nursing Facility in San Francisco, CA. This was
accomplished through a combination of methods including hand calculations, a 2D
computer model, and a 3D computer model.

Before this analysis began in earnest, the seismic loads, which were found to be critical
in Technical Report |, were reevaluated. The revised seismic analysis resulted in loads
that, while still appeared to control, were lower than those originally calculated in
Technical Report |.

This study found that lateral loads are transmitted through the structural primarily
through a set of special steel moment frames. Torsional effects were analyzed, and it
was found that each frame takes a percentage of load that is a function of both its
stiffness, as well as its length. Shorter frames were shown to carry a lower percentage
of load, whereas long frames take a greater percentage.

The report also included a study of the lateral loads and the combinations of loads that
might control design in the structure. It was found that Wind Case Il from ASCE7-05
would be the controlling wind load on the structure. In addition, it was confirmed that
seismic loads would be the controlling lateral load. Load combinations including seismic
loads were found to control over those without them.

Lastly, several checks were undertaken to insure that drift met industry standards,
critical members were appropriately sized, and that overturning would not occur. It was
found that while drift was properly controlled and the members were adequately sized,
overturning would be an issue.
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Introduction

The New Acute Care Hospital and Skilled
Nursing Facility will serve as an addition to
the existing Chinese Hospital located in the
historic Chinatown district of San Francisco
(See Fig. 1). The site lies on the north flank
of Nob Hill, at an elevation of
approximately 110’ above sea level. Due
to the slope of the site, the ground floor of
the site is located partially below grade.

This new addition will be connected
directly to the existing Chinese Hospital,

located at 845 Jackson Street. As part of Figure 1: Site View of New Acute Care Hospital (blue)

the construction of this addition, the located adjacent to existing Chinese Hospital. Photo
original portion of the hospital built in 1925 Courtesy of Google Maps.
will be demolished. Then the new facility, which has seven stories above ground and
one below will be constructed with a hard connection to a previous addition built in
1975. Therefore, the precast concrete panel exterior fagade has been designed in a way
that respects the 1975 design
while providing a more modern

look.

At approximately 92,000 SF, this
new facility will provide
additional patient rooms as well
as well several new medical
departments to serve the local
community. Construction is
expected to begin in 2010 and
reach completion by Chinese
New Year 2013.

Figure 2: Exterior view of New Acute Care Hospital and surrounding
buildings
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Structure Overview

The structure of the New Acute Care hospital rests on a mat foundation and consists
primarily of composite steel decking with steel framing. A perimeter moment frame
system is used to resist lateral loading.

Foundation System

According to the geotechnical report provided by Treadwell & Rollo, the soil conditions
on the site can be described as “very stiff to hard sandy clay and clay with gravel,” which
rests on “intensely fractured, low hardness, weak, deeply weathered shale.” Because of
this, the New Acute Care Facility has been designed to bear on a 36” mat foundation.
Columns rest on concrete pedestals, typically sized at 3’-0” x 3’-0”. Since the base of the
structure will lie below the water table, the foundation was also designed for
hydrostatic uplift.

The close proximity to nearby structures, particularly the 1975 addition to the Chinese
Hospital, provided a challenge to the designers. Underpinning was used to maintain the
foundations of existing structures on either side of the building (see Figure 2).

Framing System

The New Acute Care Hospital uses steel columns (See Figure 3) to support the buildings
gravity loads. These columns range in size from W14x445 near the base of the structure
to W8x40’s near the roof level. As the columns rise vertically through the structure they
are spliced together, usually at a distance of 22’-0”. Aside from those used in the lateral
system, most of the columns are connected to beams and girders using pinned
connections.
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Lateral System

Lateral loads are transmitted through the structure primarily through the use of a series
of special moment frames. There are 4 special moment frames running east-west, and 2
running north-south. One of the EW frames, located along gridline 2, terminates at the
third floor level.

Since brittle failure of connections in moment frames tends to be a problem in regions
of high seismic activity, the moment frame beams have been designed using Reduced
Beam Sections (RBS). These RBS sections help to insure that yielding occurs in the

reduced section of the beam rather than in the connection itself. See Figure 5 below.

ey TR

T i e
i

Figure 5: Reduced Beam Section

In addition to the steel moment frames, the basement walls also serve as shear walls for
the basement level. These walls are constructed are 18” thick and composed of 4ksi
concrete.

Roof System

The roof system is supported in a similar manner to the floors below, with a concrete
filled metal deck supported by beams and girders. However, beams at this level are
typically spaced much closer together, at a distance of approximately 10-12 feet. The
sizes of these roof beams generally vary from W10x12’s to W24x104’s.

.Other Features

One of the unique structural features of the New Acute Care Hospital is its connection to
the existing Chinese Hospital. The structures are connected with a seismic gap that

Ariosto Technical Report 3 Page |9



allows the two structures to act independently. This size of this gap varies with story
height so that a greater amount of movement is allowed at the upper floors.

A second unique feature of the New Acute Care Hospital is a result of the tight floor
plan. There are several areas in which partition walls lie directly on beams. Since
plumbing would normally be routed through these partition walls, a system of two,
parallel beams spaced at 16” were used to create a gap for the plumbing system. See
Figure 6 below.

W12x14

W12x14

8"

-
4

o 4
= A

Figure 6: Parallel beams used for plumbing
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Materials Used

Concrete
Location Weight Strength f'c (ksi)
Foundation Normal 4000
Drilled Piers Normal 4000
Slab-on-Grade Walls, Columns, and Piers Normal 4000
Fill in Metal Deck and Curbs at Ground Floor Normal 4500
Eiilrit:\S’l\/lai’Lalezsk at First Floor and Above, Topping Slab, Light 4000
Fill in Stair Pans Normal 2500
Fill in Over-Excavated Areas and Conduit Encasement Normal 1500
Structural Steel
Type Standard Grade
W-Shapes ASTM A992 Grade 50
Other Shapes ASTM A992 Grade 50
Plates for Built-Up Members ASTM A572 Grade 50
Steel Channels, Angles, Base Plates, Shear Tabs ASTM A36 Grade 36
Structural Steel Plates ASTM A572 Grade 50
Steel Bars ASTM A529 Grade 50
Square or Rectangular Steel Tubes ASTM A500 Grade B
Round Steel Tubes ASTM A500 Grade C
Pipe Sections ASTM A53 Grade B
Reinforcing Steel
ASTM A615 Grade 60
Ariosto Technical Report 3 Page |11



Applicable Codes

Original Design Codes Used

In addition to the following codes, the California State Government requires that all new
government and hospital buildings are approved by the Office of Statewide Health
Planning and Development (OSHPD).

2007 California Administration Code

o Part1, Title 24, CCR
2001 California Building Code

0 Part 2, Title 24, CCR

O (1997 UBC and 2001 CA Amendments)
2004 California Electrical Code

0 Part 3, Title 24, CCR

0 (2002 NEC and 2004 CA Amendments)
2001 California Fire Code

0 Part4, Title 24, CCR

0 (2000 UMC and 2001 Amendments)

Design Codes Used in Thesis Analysis

e American Society of Civil Engineers (ASCE)
0 ASCE7-05, Minimum Design Loads for Buildings and Other Structures
e International Building Code, 2006 Edition
e American Institute of Steel Construction (AISC)
0 Steel Construction Manual, Thirteenth Edition (LRFD)
e American Concrete Institute
0 ACI 318-08, Building Code Requirements for Structural Concrete

Ariosto Technical Report 3 Page |12



Design Loads

Gravity Loads

Live Load (psf)

Live Load As Designed Per ASCE 7
Treatment Rooms 80*+20(partitions) 60
Patient Room 80*+20(partitions) 40
Other Rooms (offices) 80*+20(partitions) 50
Storage Areas
Fixed Racks 125 125

Mobile Racks 250 250
Corridors 100 80
Mechanical Rooms 125 -
Roof (Mech) 125 100
Roof (Other) 20%* 20

The designed live loads were found to be larger than the minimum live loads specified
by ASCE7-05. Itis likely that these values were higher based on the more stringent
requirements of OSHPD as well as the experience of the designers.

Floor Dead Loads
Material (psf)
6 1/4" Concrete Deck 50
Finishes 1 Partition Wall Dead Loads (psf)
MEP and Misc. 20 Per ASCE7-05 12.7.2 \ 10
Total 71

Roof Dead Loads
Exterior Wall Dead Loads Material (psf)
Material (psf) 80 Mil. TPO Roof Membrane 5.5
5" Concrete Panels 50 5/8" Dens Deck 2.5
6" Metals Studs and Wallboard 0.38 6 1/4" Concrete Deck 60.4
6" Batt Insulation 0.9 Total 68.4
Total 51.28

Dead load values were determined from a combination of sources including but not
limited to ASCE7-05, design aids, and manufacturer specifications
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According to ASCE7-05 Figure 7-1, the ground snow load for San Francisco CA is 0 Ib/ft’.
Therefore, the structure experiences no snow load.

Lateral Loads
Wind Loads

Wind loads were calculated as prescribed by ASCE7-05 Chapter 6. Although the New
Acute Care Facility is an addition to an existing structure, it was modeled as an
independent structure for the purpose of this analysis. This simplification was
appropriate in that it allows for the possibility of the existing Chinese Hospital structure
being demolished at a later date.

Microsoft Excel was used extensively in both the analysis and determination of net wind
pressures, story forces, and overturning moments. The net wind pressures comprised of
pressure of the windward, leeward, side, and internal area of the building. A detailed
summary of the analysis can be found in Appendix A. Once the net wind pressures were
determined, the net wind loads were found. Wind loads were the largest in the NS
direction resulting in a base shear of 199 kips and an overturning moment of 34,880 ft-
kips (See Figure 4).
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199 kips
Wind Loads - NS Direction
Floor Flc?or Elevation Story Total Story Overturning
Level Height (ft) Force Shear (kips) Moment (ft-k)
(ft) (kips) P
Ground 6.25 0 9.32 199.43 0
1 13 12.5 19.38 190.11 2376.43
2 13.5 26 22.44 170.74 4439.11
3 13.5 39.5 24.55 148.29 5857.46
4 13.5 53 26.09 123.74 6558.12
5 14.25 66.5 28.89 97.65 6493.54
6 15 81.5 31.95 68.76 5603.72
PH 16.75 96.5 36.81 36.81 3551.96
Total Overturning Moment (ft-lbs) 34880.34
Total Shear (lbs) 199.43
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139 kips
Wind Loads - EW Direction
Floor I-Ii:(leci)or:t Elevation Story Total Story Overturning
Level & (ft) Force Shear (lbs) Moment (ft-lbs)
(ft) (Ibs)
Ground 6.25 0 6.48 138.62 0
1 13 12.5 13.47 132.14 1651.76
2 13.5 26 15.60 118.67 3085.45
3 135 395 17.07 103.07 4071.29
4 13.5 53 18.13 86.01 4558.29
5 14.25 66.5 20.08 67.87 4513.40
6 15 81.5 22.21 47.79 3894.92
PH 16.75 96.5 25.58 25.58 2468.82
Total Overturning Moment (ft-lbs) 24243.92
Total Shear (lbs) 138.62
ASCE 7-05
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Seismic Loads

The seismic loads evaluated in Technical Report | were reevaluated as a means of
confirming the loads determined in the initial investigation. As before, the loads were
calculated using the Equivalent Lateral Force method outlined in ASCE7-05 Chapter 12.
Since a computer model was available at the time of this analysis, the fundamental
period of the structure was compared with that calculated using the code (T,=C:h,")
which resulted in a period of 1.75sec. However, since the period determined using
ETABS, 2.04 sec., was greater than the code specified period, the code specified value
was still used.

Since the New Acute Care Hospital uses special moment frames in both directions, the
code specified period, T, is independent of direction for this structure. Therefore, a
single analysis holds for both directions. For a detailed set of calculation procedures,
see Appendix B: Seismic Calculations.

This revised analysis resulted in a both a lower base shear (897.6lbs vs. 1521.7Ibs) and
overturning moment (99.9 ft-k vs. 118.6 ft-k) in respect to those calculated in Technical
Report I. This is due mainly to the presence of errors in the original calculations.

Seismic Loads
Story Story Moment
Stf)ry S'tory Modified K Force Shear | Contribution
Level Weight [Height h, hxk wyhy Cux (Ibs) (Ibs) (ft-lbs)
(lbs) (fe) F=ChV | Vi =ZF M,
7 2401.39 111.5 181.19 | 435102.59 0.27 341.14 0.00 38037.02
6 1839.94 96.5 156.81 | 288525.42 0.18 226.22 341.14 21829.88
5 1850.11 81.5 132.44 | 245024.45 0.15 192.11 | 567.36 15656.94
4 1850.60 68 110.50 | 204491.25 0.13 160.33 759.47 10902.44
3 1865.87 54.5 88.56 | 165246.07 0.10 129.56 | 919.80 7061.02
2 1907.14 41 66.63 127062.98 0.08 99.62 1049.36 4084.54
1 1881.67 27.5 44.69 84086.98 0.05 65.93 1148.98 1813.02
Ground 1879.64 15 24.38 45816.22 0.03 35.92 1214.91 538.83
Basement 0.00 0 0.00 0.00 0.00 0.00 1250.83 0
Overturning Moment M=3M, (ft-Ibs) 99923.68 99.924 ft-k
Effective Seismic Weight W (lbs) 15476.36 15.476 k
Base Shear V=C,W (lbs) 897.63 0.898 k

Figure 7: Seismic Loads
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Computer Models

Two independent computer models were used in this analysis. A 2D model was created
using SAP for the purposes of determining drift based on unit loads on individual
frames, while a 3D model was created using ETABs to determine effects of loads on the
complete lateral system.

While these models had several differences, they were created using a number of
similar attributes. In addition to the geometric and material based constraints of the
structure, there were several aspects of the special moment frames that were
incorporated into both models.

There are 3 major attributes of special moment frames that were modeled using each
software package. First, panel zones were explicitly modeled at beam-column
connections to account for the yielding and deformations that occur at these areas due
to buildup of shear forces due to moment transfer. This is required by ASCE 7 §12.7.3b.
Secondly, the reduced properties of the beam sections due to the RBS’s had to be taken
into account. This was accomplished by modeling the beams using the RBS connection
type in ETABs and 90% of the section properties in SAP. Lastly, the columns were
modeled as “pinned” connections in order to achieve a conservative approximation of
the column base fixity.

In addition to these requirements, the concrete shear walls at the basement level were
assigned a modification of 70% of the moment of inertia as specified by ACI 318.08
§10.10.4.1 and ASCE7-05 §12.7.3a. This effectively “cracks” the section giving a reduced
strength.

A detailed account of other modeling assumptions can be found in Appendix C:
Computer Modeling.

2D SAP model

The main purpose of the SAP model was to determine drifts in order to determine the
relative stiffness of each frame or wall element. In order to accomplish this, a 1k load
was applied to each frame in three iterations; first at the top of the basement level,
then at the 3™ floor level and finally at the roof level. This was necessary due to the
presence or lack thereof of each frame at different floor levels. The deflections were
then measured at the level which the unit load was applied.
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Figure 8: SAP frames under lateral loading
The deflections found using SAP were then compared with a set of hand calculations
performed for the basement shear walls. These shear walls were treated as a cantilever
section, and the total deflection was taken as the sum of the deflection due to flexure in

addition to that due to shear.
ATOTAL: AFLEXURE + ASHEAR

This comparison showed that the deflections found by hand calculations were 11%
higher than those found using SAP. See Appendix C: Computer Modeling for the
deflection comparison calculations. This was deemed to be an acceptable difference,
therefore the model deflections were used for the duration of the stiffness calculations.

3D ETABs Model
The main purpose of the ETABs model was to determine the effect of applied lateral

loads on the complete lateral system. Each lateral element was modeled, and then
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connected as appropriate by rigid diaphragms at each floor level. Loads were then
applied to the center of mass of each rigid diaphragm. Due to the simple rectangular
plan of the structure as well as the uniform structural layout, the center of mass was
taken to be the geometric center of each floor. The accuracy of this model was verified
through the determination of the center of rigidity through hand calculations as well as
a through the fundamental period of the structure.

Figure 9: 3D Lateral System Model

The center of rigidity of each floor was determined using the relative stiff of each frame
element. This stiffness was taken as the ratio of the applied load to horizontal
displacement it causes.

Once the stiffness of each element was found, the center of rigidity was found by
dividing the sum of each elements stiffness times its location by the total stiffness in
that direction.

Zkiyxi —Yzzkl'xyi

X = el
Z kiy Z kix
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This center of rigidity was then compared to that given by ETABs, which shows that both
points lie relatively close to one another (See Figure 10, Figure 11 and Figure 12).

The other method with which the accuracy of the model was determined was the
fundamental period of the structure. ETAB’s modal analysis determined the 1°* mode
fundamental period of the structure in the x, y, and z directions.

1st Mode Period of Vibrations (secs)

X 2.04
Y 1.90
z 1.29

These values can be compared to the approximate fundamental period specified by
ASCE7-05 §12.8.2.1.

T, =C; hifi

This frequency, which was found to be 1.75 sec, is a conservative approximation of the
structures behavior given only the type of system used and its height. A more
sophisticated analysis should generally give a smaller, more “accurate” frequency. Since
the ETABs determined frequency is about 16% higher than the code determined
frequency, it can be concluded that while the ETABs model will deliver results in the
ballpark of the actual structures behavior, its results will likely be overly conservative.
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Structure Behavior

Once the center of rigidity was found, a thorough analysis was undertaken to determine
the behavior of the structure under lateral loading. This was accomplished by applying a
unit load to the center of mass of each floor. The load path was determined by adding
the force in each frame developed due to direct forces to the torsional forces developed
due to eccentricity.

Fi = Figirect + Fitorsion

Since these forces were determined using a unit load, they can easily be used to express
the percentage of the lateral load that each frame element carries. As with stiffness,
this analysis was performed in separate iterations for the basement, the ground floor
through the third floor, and the fourth floor through the roof level. There are several
interesting conclusions that can be drawn from this analysis. (See Appendix D:
Structural Behavior for calculations).

Fi=Figiret T Fitorsion Basement

Moment Frame Fifirert Faarsion F % Load | Check
Grid Line 1 0.001005( -0.02633| -0.02532| -2.53217
Grid Line 2 0.000292( -0.01153| -0.01124| -1.12354
Grid Line 6 0.000699| 0.007679| 0.008378 0.83779 100.35
Grid Line 7 0| 0.024461| 0.024461( 2.446065 '

Basement - short high | 0.493002( -0.02948( 0.469522( 46.95222
Basement - short low | 0.499002( 0.038668| 0.537671| 53.76705

Grid Line A 0.0007432 0| 0.000743| 0.074269
Grid Line E 0.000796 0| 0.000796| 0.079574 100.00
Basement - long west| 0.499231 0| 0.499231| 49.923208
Basement - long east | 0.499231 0| 0.499231( 49.92308

At the basement level, the shear walls, which were also the stiffest elements by a large
margin, absorbs the majority of the lateral load (nearly 50% per wall). It is interesting to
note that there seems to be some shear reversal at this level in the frames along gridline
1 and gridline 2.
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Fi=Figiret T Fitorsion Ground Floor - 3rd Floor

Moment Frame Figirect Faarsion F % Load | Check
Grid Line 1 0.303393| 0.04693| 0.350329| 35.032389
Grid Line 6 0.110249( -0.0171] 0.09315] 9.314996 100.00
Grid Line 7 0.292073| -0.06034| 0.231736| 23.17355 ’
Grid Line 2 0.294274| 0.03052| 0.2247594| 32.47942
Grid Line A 0.484076| 0.063004| 0.54714| 54.71403 100.00
Grid Line E 0.515924| -0.06307| 0.452852| 45.2852 ]

Once the basement walls terminate at the ground floor level, the forces begin to

distribute themselves differently. For the levels in between the ground floor and the 3"

floor, forces are absorbed nearly equally by the pairs of perimeter moment frames (1

and 7, A and E), while the interior moment frames (6 and 2) carry a smaller percentage

of the load

Fi=Figiret T Fitorcion 4th Floor - Roof

Moment Frame Figirect Faarsion F % Load | Check
Grid Line 1 0.458388| 0.018751| 0.477139( 47.71393
Grid Line 6 0.145523| -0.00597| 0.13956| 13.95597| 93.11
Grid Line 7 0.396083| -0.02164| 0.274443| 37.44426
Grid Line A 0.48| 0.081335| 0.561335| 56.13349 99.87
Grid Line E 0.52| -0.08268( 0.437316| 43.73162 ’

The final iteration of this analysis was performed for the 4" floors through the roof

level, where the frame along grid 2 no longer exists. Like the lower portion of the

structure, the perimeter frames again take the majority of the load.
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Load Combinations

According to ASCE 7-05, there are four cases that must be considered when wind loads
are being analyzed. Loading conditions were developed in ETABS to analyze each of
these cases. The results of these conditions were compared, and Case Il proved to be
controlling wind condition for the structure, as it produced the highest drift.

‘l,—l—i—l——-— Py a.75 P gy
‘i—.— — - - —
0ISP gy [ 0Py
Pwx PLx j ‘ Pry i 1 { l 4
B @75 Fry
CASE 1 CASE 3
— By By
. 0.562 P wy
biy L e ! T 1i3
— = —
=l 2l 43 2 E
i R r - =
) a75P wx 0.75PLy l l | l l e.75PLY 4383 P mx * l i ‘ ; 0343 PLx
1 S63 Py
Mr=0.75 (Pyx+Pry)Byxex  Mp=0.75 (Pyy+PryBrey  Mr=0.563 (Pyx+PrgByex + 0.563 (Pwy+PryByey
ex=+0.15 By ey=+0.15By exy==0.15 By er==0.15By
CASE 2 CASE 4

Figure 13: Wind Load Cases from ASCE7-05 Figure 6-9

Case 2 is described by ASCE7-05 as being “Three quarters of the design wind pressure
acting on the projected area perpendicular to each principal axis of the structure in
conjunction with a torsional moment..., considered separately for each principal axis.
(See Figure 13 above). This condition was broken up into four individual conditions.
The first condition had wind pressure in the EW direction with a positive eccentricity.
The second condition was EW wind pressure with a negative eccentricity. Conditions
three and four corresponded to conditions one and two but in the NS direction.

Once the controlling wind condition was determined, it was necessary to determine the
controlling combination of loads. ASCE7-05 specifies that the following 7 load
combinations that must be considered in the strength design of structures.
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1. 1.4(D + F)

2120+ F+T)+1.6(L+ H)+0.5(L, or S or R)
3. 1.2D+1.6(L, or Sor R) + (L or 0.8W)

4. 1.2D +1.6W + L +0.5(L, or Sor R)
5
6
7

12D+ 1.0E+ L +0.28
. 0.9D + 1.6W + 1.6H
. 09D +1.0E+1.6H

Figure 14: ASCE 7-05 Load Combinations

For the analysis of the lateral system, the key load combinations are 4 and 5 for general
loading, and 6 and 7 for uplift. It can be seen determination of the governing load case
can be simplified to whether 1.6W-+L is greater than 1.0E for the general loading
conditions, and whether 1.6W is greater than 1.0E for uplift. Since seismic loads are
greater than the wind loads by a large margin, cases 5 and 7 can be said to control
strength design for general loading and uplift respectively. In addition, it is evident that
the general loading combination for seismic will control strength design.

ETABs was used to confirm this assertion by comparing the story shears at the seventh
floor for each load combination.

STORY7 COMB401 Bottom 163.05  -45.41  -62.08 -201736 130307.6 -93249.3
STORY7 COMB402 Bottom 163.05  -45.41  -62.08 215429.6 130307.6 -93249.3
STORY7 COMBS01 Bottom |  163.05 -341.14 -341.14 107629.7 180538.4 -14648
STORY7 COMBG601 Bottom 122,28  -45.41  -62.08 -201736 100524.3 -71980.3
STORY7 COMB701 Bottom 122,28 -341.14 -341.14 107629.7 150755.1 -12521
Drift

The ETABs model was used to determine the maximum drifts for both wind and seismic
forces. These forces were then compared with industry accepted values as well as the
maximum allowable drift to prevent collision with the existing hospital.

Since deflections due to wind loads are a serviceability issue, they were analyzed using
unfactored service loads. Only the four Case 2 conditions previously described were
investigated since they were already shown to control. These values were then
compared with the industry standards of H/400 and the more conservative H/600. In
addition, these drifts were also checked against the constraints of the seismic joint as
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specified in the structural drawings. As Figure 15 below shows, the structure met all

necessary criteria.

Maximum Drift - EW Wind - positive eccentricity (in)

height () |Bscus (ETABS) |Asiuane = L7400 |Agipuane = H/600 (b, (Pounding)

Roof 1338 1.2288 3.345 2.23

Story 6 1158 1.1279 2.895 1.93 19.2
Story 5 978 0.9665 2.445 1.63 15.96
Story 4 798 0.7669 1.995 1.33 12.72
Story 3 636 0.5808 1.59 1.06 9.48
Story 2 a74 0.3878 1.185 0.79 6.24
Story 1 312 0.174 0.78 0.52 3
Ground 150 0.0068 0.375 0.25 0

Maximum Drift - EW Wind - negative

eccentricity (in)

height (h,) |Asqus (ETABS) |Auguane =0.010, |A,ame =H/600|A, ., (Pounding)

Roof 1338 2.4731 13.38 2.23

Story 6 1158 2.242 11.58 1.93 19.2
Story 5 978 1.8814 9.78 1.63 15.96
Story 4 798 1.4456 7.98 1.33 12.72
Story 3 636 1.0718 6.36 1.06 9.48
Story 2 474 0.7404 4,74 0.79 6.24
Story 1 312 0.3411 3.12 0.52 3
Ground 150 0.0149 15 0.25 0

Maximum Drift - NS W

ind - positive e

ccentricity (in)

height (h,} |8aque (ETABS) |&giowame =0.010, |bop e =H/B00|A, ., (Pounding)
Roof 1338 1.5948 13.38 2.23
Story 6 1158 1.4607 11.58 1.93
Story 5 978 1.2476 9.78 1.63
Story 4 798 0.9868 7.98 1.33
Story 3 636 0.7445 6.36 1.06
Story 2 474 0.4952 4.74 0.79
Story 1 312 0.2234 3.12 0.52
Ground 150 0.0115 1.5 0.25

Maximum Drift - NS W

ind - negative eccentricity (in}

height (h,} |Asmus (ETABS) [Aomueme =0.01h, [Aipuame = H/600|A, ., (Pounding)

Roof 1338 1.9394 13.38 2.23
Story 6 1158 1.7674 11.58 1.93
Story 5 378 1.5021 3.78 1.63
Story 4 798 1.1842 7.98 1.33
Story 3 636 0.8891 6.36 1.06
Story 2 474 0.5846 4.74 0.79
Story 1 312 0.2613 3.12 0.52
Ground 150 0.0119 15 0.25

Figure 15: Drift Values for Wind Loads
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While wind loads were primarily a serviceability issue, seismic loads are classified as a
strength issue. Therefore, factored loads were used in this drift check (1.0). In addition,
the drifts were compared to a maximum drift of 0.01h,, which is specified in ASCE7-05
Table 12.12-1. Like the wind drifts, the seismic drifts met all necessary deflection
criteria (See Figure 16).

Maximum Drift - EW Seismic (in)

height (h,} Az (ETABS) |Agpawame =0.01h, |4, [Pounding)

Roof 1328 6.8097 13.23 =
Story 6 11358 6.0003 11.58 19.2
Story 5 978 4.9122 9.78 15.96
Story 4 798 3.6956 7.98 12,72
Story 3 636 2.6469 6.26 0.48
Story 2 474 1.6536 4.74 6.24
Story 1 312 0.7203 3.12 3
Ground 150 0.0436 1.5 0

Maximum Drift - NS Seismic {in)
height (h,) (&, (ETABS) [fiws

=0.01h, |A...|Pounding)

=)

Roof 1338 5.7867 13.38
Story 6 1158 5.168 11.58
Story 5 978 4.2836 9.78
Story 4 798 3.2913 7.98
Story 3 636 2.4161 6.30
Story 2 474 1.5444 4,74
Story 1 312 0.6851 3.12
Ground 150 0.0412 1.5

Figure 16: Drifts values for Seismic Loads
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Spot Checks

Several spot checks were completed in order to check the validity of member sizes as
well as the implications of this analysis. The first two spot checks were on a typical
girder and a typical column on moment frame 7. In order to determine the loads on
these members, a portal analysis was undertaken using the fraction of the seismic loads
taken by that moment frame. Only seismic loads were considered in the portal analysis
since those loads were found to be the controlling lateral force for strength. Once the
moments present in the members were determined, it was confirmed that the members
would be able to carry them as well as any gravity loads that might be present on the
members. Both the column and girder were found to be more than adequate to carry
the required loads.

The next spot check performed was the effect of the lateral loads on the foundation
system through overturning. For this analysis, moment frame 6 was selected since it has
the shortest length, and will therefore prove to be critical for overturning forces. The
uplift forces were determined in the frame, and it was found that the dead loads in the
structure would not be sufficient to counteract it. This indicates that overturning will be
an issue for this structure, which is a potential subject to look into in the upcoming
proposal. See Appendix F for a complete set of calculations for these spot checks.
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Conclusions

The three major conclusions that can be drawn from this analysis regard to controlling
lateral loads, torsional effects, and modeling procedures. It was shown that seismic
loads are critical for both strength and deflection. In addition, load combinations
containing seismic will control the design of the lateral elements. Torsional effects were
examined and it was found that torsional effects generally only made a small
contribution (usually less than 5%) to the overall force in each frame element. Lastly,
modeling practices were investigated using the ETABs and SAP software packages. The
results of these models were compared to hand calculations and were shown to
produce an adequate, although overly conservative level of accuracy.
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Appendix A: Wind Calculations
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Velocity Pressure Coefficents K,and Velocity Pressure g, Gust Effect Factors G and Gy
I Height K, a9, Term NS Wind EW Wind
ny 0.86
Ground 0 0.850 15.368
Ba 3.40
1 12.5 0.850 15.368
By 3.40
2 26 0.943 17.140 2 a15
3 395 1.037 18.749 Zissan 63.45
4 53 1.102 19.924 c 0.2
5 66.5 1.156 20.900 Lonean 0.179
6 815 1.215 21.958 Lonasan 569.841
Roof 96.5 1.253 27,654 Q 0.858 0.844
Parapet 1015 1.264 22,843 Vanean 89.607
Penthouse 115 1.298 23.459 Ny 5.469
R, 0.048
. . P 4.669
Wind Load Design Criteria 2“ o101
Design Wind Speed 85 mph s 1712 5.953
Directionality Factor K 0.85 Re 0.203) 0154
m 19.928)  14.099
Importance Factor (1) 1.15 R, 0.023|  0.068
Exposure C i LULL
- R 0.326 0.282
Topographic Factor (ky) 1 Gr 0.899 0.883
Mean Roof Height (h) 105.75 ft
Ky 1.27
O, 23.04
Internal Pressure Coefficent GCy;
For Enclosed Buildings 0.18
-0.18
External Pressure Coefficents
Wind Direction NS EW
L/B 1.413 0.708
C, (walls) windward 0.800
C, (walls) leeward -0.417 ‘ -0.500
C, (walls) sidewall -0.700
h/L 0.784 | 1109
C, (roof)
0-hf2 -1.120 -1.300
h/2-h -0.750 -0.700
h-2h -0.612 -
=2h - -
Reduction Factor 0.800 0.800
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Wind Loads - NS Direction

Floor Height AbO\fe HS;?gr:T Pr\:rsI::re Internta:jspfr]essure Net Pressure (psf)
Ground (ft) ! )
(ft) (psf) (#}(Gcg) | (-)Ges) |(+)(Ges)  |(-)(Geg)
Ground 0 12.5 6.91 4.15 -4.15 2.76 11.06
1 12.5 13.5 6.91 4.15 -4.15 2.76 11.06
2 26 12.5 8.18 4.15 -4.15 4.04 12.33
3 39.5 13.5 5.34 4.15 -4.15 5.19 13.49
4 53 13.5 10.19 415 -4.15 6.04 14.33
2 86.5 15 10.89 4.15 -4.15 6.74 15.04
6 81.5 15 11.65 4.15 -4.15 7.50 15.80
PH 96.5 18.5 12,15 4.15 -4.15 8.00 16.30
Parapet 101.5 5 12.29 4.15 -4.15 8.14 16.44
PH Roof 115 - 12.73 4.15 -4.15 8.58 16.88
Leeward All = -12.79 4,15 -4.15 -16.54 -8.85
Side All - -18.65 4.15 -4.15 -22.80 -14.50
0t0 52.875' = -22.71 4.15 -1.15 -26.86 -18.57
Roof | 52.875'to 105.75' - -17.24 4,15 -4.15 -21.39 -13.10
105.75' to 134.83' = -14.29 4.15 -4.15 -18.44 -10.14
Wind Loads - EW Direction
Floor Height AbO\fe HS;?gr:T Pr\:rsl:jre Internta:jspfr]essure Net Pressure (psf)
Ground (ft) . ) - - - - - ; ; ;
(ft) (psf) (+)(Geg) | NGeg) |(+)(Geg)  |(-){Geg)
Ground 0 12.5 6.71 4.15 -4.15 2.57 10.86
1 12.5 13.5 6.71 4.15 -4.15 2.57 10.86
2 26 13.5 7.97 4.15 -4.15 3.82 12.11
3 39.5 13.5 9.10 4.15 -4.15 4.96 13.25
4 33 13.5 5.93 4,15 -4.15 3.79 14.08
5 66.5 15 10.62 4.15 -4.15 6.48 14.77
6 81.5 15 11.37 4.15 -4.15 7.22 15.52
PH 96.5 18.5 11.86 4,15 -4,15 7.72 16.01
Parapet 101.5 5 12.00 4.15 -4.15 7.85 16.15
PH Roof 115 - 12.43 4,15 -4.15 8.29 16.58
Leeward All = -14.32 4.15 -1.15 -18.47 -10.18
Side All - -4.15 4.15 -4.15 -8.29 0.00
0to 52.875' = -25.696353 4.15 14—]5-' -29.84 -21.55
Roof 52.875' to 95.395' - -15.750632 4.15 —IZ-TIEI -19.90 -11.60
- - 4,15 -4.15 - =
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Appendix B: Seismic Calculations
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Appendix C: Computer Modeling

Relative Stiffnesses of Lateral Elements - Basement
Moment Frame Drift per 1k load k=P/Ap
{4ap) {in) (k/in.)
Grid Line 1 0.0032 312.50
Grid Line 2 0.0049 204.08
Grid Line 6 0.0110 90.91
Grid Line 7 0.0046 217.39
Grid Line A 0.0030 333.33
Grid Line E 0.0028 357.14
Basement - long 0.0000 224064.53
Basement - short 0.0000 155231.29

Center of Rigidity - Basement

X Direction |k;, X; ks

MF A 333.33 122| 40666.667

MFE 357.14 1113 397500

W, 224064.53 1] 0

We 155231.29 1141.25| 177157715

SUM 379986.30 177595882

x = Ik Tk, 467.3744
Y Direction (ks X ks

MF 1 312.50| 1550.75| 484609.38

MFE 2 204.08 1336| 272653.06

MFB 90.91 244.5| 22227.273

MFET 217.39 27| 5869.5652

W, 0.00 1583.5 1]

W, 0.00 0 0

SUmM B24.88 J85359.27

y =Tk, %/Zk, 952.0868
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Relative Stiffnesses of Lateral Elements -Ground - 1st
- k \
. k=P/h,
Moment Erame Drift perl .Inad (&) -,'" v
(in) (k/in.)
Grid Line 1 0.0129 77.52
Grid Line 2 0.0133 75.19
Grid Line 6 0.0355 28.17
Grid Line 7 0.0134 74.63
Grid Line A 0.0081 123.46
Grid Line E 0.0076 131.58
Basement - long
Basement - short
Center of Rigidity - Floors Ground -3
X Direction |k, X ki x
MF A 123.46 122 15061.73
MF E 131.58 1113 1464474
SUM 255.04 161509.1
% = Tk, %/ Tks, 633.2802548
Y Direction |k, X ki x
MF 1 77.52 1550.75| 120213.2
MF 2 75.19 1336) 100451.1
MFG 28.17 244.5| BEEJ.324
MFT 74.63 27| 2014.925
SUM 255.50 229566.6
y =3k, x/Zk;, 898.4873816
Relative Stiffnesses of Lateral Elements - Floors 4-7
Moment Frame Drift pgr %k.luad k:Pj-’ﬂp
{4p) (in) (kfin.)
Grid Line 1 0.0267 37.45
Grid Line 6 0.0841 11.89
Grid Line 7 0.0309 32.36
Grid Line A 0.0182 54.95
Grid Line E 0.0168 59.52
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Center of Rigidity - Floors 4 - Roof

¥ Direction

MF A 122

MFE 1113

SUM

% = Tk o/ Tk, 637.32

¥ Direction

MF 1 1550.75

MF& 244.5

MF7 27

SUM

Y= Ek-yx-,r"zk-y 757.1216
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Appendix D: Structural Behavior

Direct Force - Basement
M tF k=p/a, (kfin.) ki F.=lk. [Ek;, )P
oment Frame = in. =k .
. (Basement) v
Grid Line 1 312.50 0.001004554
Grid Line & 90.91 0.000292234
Grid Line 7 217.29 311083 0.00069882
Grid Line 2 0.00 0
Basement - short (2) 155231.29 0.493002196
Grid Line A 333.33 0.000742689
Grid Line E 357.14 AARB20 0.000795738
Basement - long (2) 224064.53 0.499230786
Force due to eccentricity - Basement
—] 4
Moment Frame k=P/A, d; b g FeelkdPye)/Zkd,
(k/in.} (Basement]) (Basement} -
Grid Line 1 312.50| 652.50| 133048828.13 0.026326245
Grid Line 2 204.08| 437.50| 33062500.00 0.011527639
Grid Line & 90.91| 654.25| 38913005.68 0.007679084
— 104 801644776
Grid Line 7 217.33| 87L.50| 165111358.70 0.024460647
Basement - short high 333.33| 685.00| 156408333.33 0.029480015
Basement - short low 333.33 898.5| 269100750.00 0.038668312
Grid Line A 333.33| 511.25| 87125520.83 0
Grid Line E 357.14| 479.75| 82200022.3 0
0 102477546381
Basement - long west| 155231.29|  633.25| 62248612620.3 0
Basement - long east 155231.29 508.00( 40059608817.1 0
Direct Force Floors 1-3
zki
Moment Frame k=P/4 k/in. F. =k /ik. P
o | ) {Floors 1-3)) vk 2y 1Py
Grid Line 1 7752 0.303398826
Grid Line & 28.17 0.110249151
—— 255.50
Grid Line 7 74.63 0.292077974
Grid Line 2 75.19 0.294274049
Grid Line A 123.46 0.484076433
ac e 255.04
Grid Line E 131.58 0.515923567
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Force due to eccentricity - Floors 1-3

k=P/& a? d?
Moment Frame /8 d; kid [ Zke F-t:|[k-c:i-Px,ej,(};l'zkidi2
(k/in.} {Floors 1-3)} (Floors 1-3)} "
Grid Line 1 77.52| £52.50| 33004360.47 0.046930051
Grid Line & 28.17| 654.25| 12057551.06 0.017099192
el 107.75 | 1161333775
Grid Line 7 74.63| 87150 56680018.66 0.060342433
Grid Line 2 75.19| 437.50| 14391447.37 0.030520148
Grid Line A 123.46| 511.25| 32268711.42) . 0 | yecng3ps 0.063063876
Grid Line E 131.58| 479.75| 30284218.75 0.063071586
Direct Force Floors 4-Roof
Moment Frame k=P/n, (k/in.) Iki[4-Roof) Fry=(ks/ Zhs, )P,
Grid Line 1 3745 0458388235
Grid Line 6 11.89 8L.71 0.145528726
Grid Line 7 32.36 0.396083038
Grid Line A 54,95 0.48
—— 114.47
Grid Line E 59.52 0.52
Force due to eccentricity - Floors 4-Roof
k=p/A d2 d2
Moment Frame _’! P d: kd e Zkd F-Izl[k-c:i-Ii‘l.ej,(}J-"Zkir:ii2
(kfin.) [Floors 4-7)} (Floors 4-7)} -
Grid Line 1 37.45| 652.50| 15945926.97 0.018751099
Grid Line & 11.89| 654.25| 5089691.53| 35.00 | 45615303.0 0.00536305
Grid Line 7 32.36| 87150 24579684.47 0.021640455
Grid Line A 54.95| 511.25| 14361349.59) _ . | Lonciacas 0.081334854
Grid Line E 59.52| 479.75| 13700003.72 0.082683306
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Appendix E: Load Combinations
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Appendix F: Spot Checks

Forces on Frame 7
Seismic Loa| Factor F(K)
7 341.14 0.37 127.74
] 226.22 0.37 84.71
5 192,11 0.37 71.93
4 160.33 0.37 60.03
3 129.56 0.23 30.02
2 99.62 0.23 23.09
1 65.93 0.23 15.28
Ground 35.92 0.23 8.32
Basement| 0.00 0.02 0.00
Forces on Frame 6
Seismic Load | Factor F (k)

7 341.14 0.14 47.61

6 226.22 0.14 31.57

3 192.11 0.14 20.81

4 160.33 0.14 22.38

3 129.56 0.09 12.07

2 99.62 0.09 9.28

1 65.93 0.09 6.14

Ground 35.92 0.09 3.35

Basement 0.00 0.01 0.00
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Appendix G: Plans
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Figure 19: Typical Framing Plan
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Figure 20: Typical Moment Frame Elevation
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