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ranging from 20,000 - 36,000 CEM. considerations.
-3000A 277 /480V 3-Phase 4-Wire electrical
system

-Sprinkler system installed throughout building
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EXECUTIVE SUMMARY

The New Acute Care Hospital and Skilled Nursing Facility is a proposed addition to the Chinese
Hospital in San Francisco, CA. This report involves an investigation into the implementation of
Fluid Viscous Damper technology in the special steel moment frames of the hospital as a means
of resisting the large seismic loads present in the region.

The design involved the redesign the lateral system using a response modification factor of 8
and to meet drift requirements for static loading conditions. Next, the amount of damping
required by each frame to resist yielding in a major seismic event was determined using a
nonlinear analysis. This total amount of damping was then used to determine the number and
capacity of FVDs needed.

Fluid Viscous Dampers were found to be an effective means of reducing the formation of plastic
hinges developed in the structure during a Maximum Considered Earthquake as defined by the
geotechnical engineers on the project. The design involved (28) 55 kip damping devices located
on diagonal braces throughout the moment frames of the structure. 8 devices were used on
frames A and E, while 6 devices were used on frames 1 and 7.

Included in the report is an investigation into the architectural impact of the inclusion of the
damper system. It was found that while the dampers could be incorporated into the system
without major problems, the architectural restrictions of the project prevent a completely

smooth implementation.

In addition, the total cost of the damper system was also determined. The device cost, including
installation, was found to be approximately $115,900. This increase in cost was accompanied by
a savings of $19,805.05 due to reductions in the steel moment frames. The net increase in cost
was found to be $96,095.
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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 the ' »
construction of this addition, the original FIGURE 1: SITE VIEW OF NEW ACUTE CARE HOSPITAL (BLUE)
portion of the hospital builtin 1925 will be |0CATED ADIACENT TO EXISING CHINESE HOSPITAL. PHOTO
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 facade 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.
Throughout this thesis
investigation, only the addition will
be investigated.

FIGURE 2: EXTERIOR VIEW OF NEW ACUTE CARE HOSPITAL AND
SURROUNDING BUILDINGS. PHOTO COURTESY OF JACOBS-CARTER BURGESS.
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EXISTING STRUCTURAL SYSTEM

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 (see Figure 2), 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.

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.

FLOOR SYSTEM

The floor system consists of a composite floor system using a 3” Verco W3 Formlock deck with
an additional 3 %” of concrete resulting in a total thickness of 6 %4”. This slab then rests on W-
shapes ranging from W10x12's used as beams to sizes as large as W24x207’s which also serve in
the buildings lateral system. %” @ shear studs were used to achieve composite action.

There are several different bay sizes used in the New Acute Care Hospital. Larger bays typically
exist towards the plan east side of the building while smaller bay sizes are typically used in the
western portion of the structure. In most cases, the bays varied from approximately 18’-0"x 17’-
0” to 23’-10"x24’-0".
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CARTER BURGESS.
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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.
See Figure 4 for the locations of the special moment frames.

Since brittle failure of connections in moment frames can potentially 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.

i S S Sy
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?
A
/

N
T UL

b o u 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 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 two structures are connected with a seismic gap that allows them
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
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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

8"

W12x14

W10

FIGURE 6: PARALLEL BEAMS USED FOR PLUMBING

Ariosto
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MATERIALS USED

TABLE 1: MATERIAL PROPERTIES USED IN ORIGINAL AND THESIS DESIGN

Concrete
Location Weight Strength f'c (ksi)
Foundation

Mormal 4000
Drilled Piers

Mormal 4000
Slab-on-Grade Walls, Columns, and Piers

Mormal 4000
Fill in Metal Deck and Curbs at Ground Floor Mormal 4500
Fill in Metal Deck at First Floor and Above, Top  Mormal 4500
Fill in Stair Pans

Mormal 2500
Fill in Over-Excavated Areas and Conduit Enca: Mormal 1500
Structural Steel
Type Standard Grade
W-Shapes ASTM AS92 Grade 50
Other Shapes ASTM AS92 Grade 50
Plates for Built-Up Members ASTM AS72 Grade 50
Steel Channels, Angles, Base Plates, Shear

ASTM A6 Grade 36
Tabs
Structural Steel Plates ASTM AST2 Grade 50
Steel Bars ASTM AS29 Grade 30
Square or Rectangular Steel Tubes ASTM AS00 Grade B
Round Steel Tubes ASTM ASODD Grade C
Pipe Sections ASTM AS3 Grade B
Reinforcing Steel
ASTM ABls Grade 60

Ariosto

Page |15



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).

e 2007 California Administration Code
O Part1, Title 24, CCR

e 2001 California Building Code
0 Part 2, Title 24, CCR

(0]

(1997 UBC and 2001 CA Amendments)

e 2004 California Electrical Code
0 Part 3, Title 24, CCR

(0]

(2002 NEC and 2004 CA Amendments)

e 2001 California Fire Code
O Part 4, Title 24, CCR

(0]

(2000 UMC and 2001 Amendments)

DESIGN CODES AND STANDARDS 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 (IBC)
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

e National Earthquake Hazards Reduction Program (NEHRP)

o
o

Recommended Provisions for New Buildings and Other Structures (2003)
Recommended Seismic Provisions (2009)

e Federal Emergency Management Agency (FEMA)

(0]

Ariosto

Effects of Strength and Stiffness Degradation on Seismic Response (FEMA
P440A)

Prestandard and Commentary for the Seismic Rehabilitation of Existing Buildings
(FEMA 356)
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DESIGN LOADS

GRAVITY LOADS
TABLE 2: LIVE LOADS

Live Load (psf)

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

Maobile Racks 250 250
Corridors 100 80
Mechanical Rooms 125
Roof (Mech) 125
Roof (Other) 20" 20

*Reducible

The designed live loads were found to be larger than the minimum live loads specified by ASCE7-
05. It is likely that these values were higher based on the more stringent requirements of

OSHPD as well as the experience of the designers.
TABLE 3: DEAD LOADS

Floor Dead Loads

Material psf Partition Wall Dead Loads (psf)

6 1/4" Concrete Deck 30 Per ASCE7-05 12.7.2 | 10

Finishes 1

MEP and Misc. 20 Roof Dead Loads

Total 71 Material psf
80 Mil. TPO Roof Membrane 3.5

Exterior Wall Dead Loads 5/8" Dens Deck 25

Material psf 6 1/4" Concrete Deck 60.4

5" Concrete Panels 50 Total 53.4

6" Metals Studs and Wallboard | 0.38

6" Batt Insulation 0.9

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

According to ASCE7-05 Figure 7-1, the ground snow load for San Francisco CA is 0 Ib/ft%.
Therefore, no further investigation was taken into snow loads.
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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 and
the effects existing building on wind forces were neglected for the purpose of this analysis. This
simplification was appropriate in that it allows for the possibility that 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: Load Calculations. 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 151.59 kips and an overturning moment of 26,828.17 ft-
kips (See Figure 7).
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TABLE 4: WIND LOADS - NS DIRECTION

Wind Loads - NS Direction
Floor Owverturnin
Floor Height Elevation| Story y ; g
Level I8 (ft) Force Total Story ) cum_en
(ft) (kips) | Shear (kips) Contribution (ft-k)
Ground 12.5 0 11.94 151.59 0
13.5 12.5 12.90 139.65 1745.59
2 12.5 26 15.12 126.75 3295.45
3 13.5 39.5 17.13 111.63 4409.44
4 13.5 53 18.60 94.50 5008.54
5 15 66.5 22.03 75.90 5047.29
5] 15 B1.5 23.50 53.87 4390.63
PH 18.5 96.5 30.38 30.38 2931.23
Total Overturning Moment (ft-kips) 26828.17
Total Shear (kips) 151.59
13.99 psf
jﬁgﬁﬁ Pe . 7.64 psf
.fPEIE'».f. gg'-g"
PEE 8IS 44 62 ps
PEELBEE 1089 psf
.«PEIE‘J. 530" 10.22 psf i3
QElev. 398" 9.41 psf L
- 0" 2.30 psf
.XP_ Elev. 125" 7.09 psf
/i.'- Elev. 0-0" 7.09 psf
Vd N\, 26,828.17 fi-kips

151.59 kips

FIGURE 7: WIND LOADING DIAGRAM (NS) SHOWING WIND PRESSURES
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TABLE 5: WIND LOADS — EW DIRECTION

Wind Loads - EW Direction
Fl Overturni
Floor He?uf:t Elevation| > Total Story :jﬂ;:::g
Level & (ft) Foree | shear {kips) L
(ft) (kips) Contribution (ft-k)
Ground 12.5 0 8.29 105.28 0
1 13.5 12.5 8.96 96.98 1212.31
2 13.5 26 10.50 88.03 2288.69
3 13.5 39.5 11.90 77.53 3062.36
4 13.5 53 12.92 65.63 3478.43
5 15 66.5 15.30 52.71 3505.34
6 15 81.5 16.32 3741 3049.29
PH 18.5 96.5 21.10 21.10 2035.74
Total Overturning Moment (ft-kips)| 18632.16
Total Shear (kips) 105.28
16.23 psf
8.74 psf
P Elev. 95'-6"
-"FE|E“U’. 815" 11.40 FIST
xP_EIev. B66'-6" 10.69 psf
-"FElE‘u’. o3'-0" 10.03 psf E
4 o
.»-FE|E".-'. 39'-8" 9.24 psf ;E
= =0 8.15 psf
P Elev. 12'-8" 6.96 psf
P' Elev. 0-0" 6.96 psf 5
-/ N\, 18,632.16 ftkips
105.28 Kips

FIGURE 8: WIND LOADING DIAGRAM (EW) SHOWING WIND PRESSURES
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SEISMIC LOADS

For this thesis analysis, the seismic loads were initially calculated using the Equivalent Lateral
Force Method (ELFM) outlined in ASCE7-05 Chapter 12. Since a computer model was available
at the time of the 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
first mode period determined using ETABS, 2.08 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 A: Load
Calculations.

The analysis resulted in a base shear of 771.49 kips and an overturning moment of 64,853.54 ft-
kips.
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TABLE 6: SEISMIC LOADS CALCULATED USING EQUIVALENT LATERAL FORCE METHOD

Seismic Loads
Story Story Torsional
h W "
Floor () (ips) wh Force F, | ShearVv, | Moment
(kips) | (kips) |M.(ft-kips)
7 111.5 1945.12 | 2382226 | 215.34 0.00 1453.54
] 96.5 1839.94 | 1812149 163.81 215.34 13268.45
a3 83 1850.11 | 1451666 | 131.22 379.15 10629.01
4 69.5 1840.6 | 1104953 99.88 510.37 2090.40
3 56 1865.87 | 808697.2 | 73.10 610.25 2921.23
2 42.5 1907.14 | 545238.4 ( 49.29 GH3.35 399220
1 30 1881.67 | 318112.4| 28.76 732.64 232920
Ground 15 1879.64 | 111698.9 10.10 761.40 817.85
Basement 0 i Li] 0.00 771.49 0.00
Base Shear (kips) 771.49

Overturning Moment (ft-kips)| 64853.54

QEE-FEE 5o a4

e.EE'L_ﬁJ'_-ﬁ'_ 18381 k £— 21534k
QpEley 656" 13122 K £—373.15k
QAEley. 53-0° 99.83 k £— 51037k
QEkey. 395" S £—— 61025k
QAFEley 260" 4929 K <——683.35K
QEley. 126" 2876 K —> £ —— 73284k
Bl 00" 1040 K-> 761.40 k
i‘ Elew. -15-0" s 7149 K
V4 Hx\-_.I.E4:E|53.54 fi-kips
771.48 kips

FIGURE 9: SEISMIC LOADING DIAGRAM (BOTH DIRECTIONS) SHOWING STORY FORCES (LEFT) AND STORY SHEARS (RIGHT)
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LoAD COMBINATIONS

The ASCE7-05 load combinations are given in Figure 10 below. 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 that determination of the governing load case can be simplified to whether 1.6W is
greater than 1.0E for the general loading conditions and 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.

1.4D + F)

120D+ F+T)+1.6(L+ H)+0.5(L, or Sor R)
1.2D 4+ 1.6(L, or Sor R) + (L or 0.8W)
1.2D 4+ 1.6W + L +0.5(L, or Sor R)

1.2D+1.0E+ L +0.2S8

7.

S IR IR o

0.9D + 1.6W + 1.6H
0.9D+1.0E+1.6H

FIGURE 10: ASCE 7-05 LOAD COMBINATIONS

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

TABLE 7: 7TH FLOOR SHEAR FORCE OUTPUT FROM ETABS

D a1 DA bl | O -THE hd b b hd b b
STORYY COMB40L Bottom 163.05 -45.41 -p2.08 -201736 130307.6 -93249.3
STORYY COMBAOZ Bottom 163.05 -45.41 -62.08 2153429.6 130307.6 -93249.3
STORYY COMBS01 Bottom 163.05 -341.14 -341.14 107629.7 180538.4 -146481
STORYY COMBB0OL Bottom 122.28 -45.41 -62.08 -201736 100524.3 -71980.3
STORYY COMBY0OL Bottom 122,28 -341.14 -341.14 107629.7 150755.1 -12521
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PROBLEM STATEMENT

As was previously shown, the structure of the New Acute Care Hospital and Skilled Nursing
Facility is controlled by seismic loads. Unlike wind loads, seismic loads are primarily a strength
issue. This is true to the extent that the prevailing design philosophy for the seismic design of
structures is to allow only minor damage in moderate earthquakes, and some major dame in
severe earthquakes. In fact, the primary concern for severe earthquakes is to save lives by
preventing a complete collapse of the structure. However, following a severe earthquake,
certain structures would be essential to the response effort. These structures include police
departments, fire stations, prisons, and a range of other structures, including hospitals.
Therefore, a unique challenge is presented to designers in how to design a structure that can
not only withstand a severe earthquake, but also remain fully functional immediately following
the event.

PROPOSED SOLUTION AND DESIGN PHILOSOPHY

When major seismic events occur, structural elements tend to deform beyond their elastic
limits, which can potentially result in failure or collapse of these individual elements. This failure
is a result of the structure dissipating energy developed during the earthquake through
structural damage. One possible solution to this problem is by using Fluid Viscous Dampers
(FVDs) to absorb this energy and dissipate it in the form of heat. This can be compared to how
shock absorbers reduce the impact of sudden jerks and movements in a car.

FIGURE 11: TAYLOR DEVICES FVD, 50,000LB OUTPUT. PHOTO COURTESY OF TAYLOR DEVICES INC.

Fluid Viscous Damper technology was originally used for a variety of military applications, such
as absorbing the recoil energy of weapons. After the cold war ended in 1990, this technology
became public. Since that time, FVDs have been applied to numerous different building and
bridge projects around the world.
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The purpose of this thesis investigation will be to redesign the lateral system of the New Acute
Care Hospital to make use of Fluid Viscous Damper technology. The lateral system will first be
designed using a response modification factor of 8 and to meet drift requirements for static
loading conditions. Next, the amount of damping required by each frame to resist yielding in a
major seismic event will be determined using a nonlinear analysis. This total amount of
damping will then be used to determine the number and capacity of FVDs needed.

Since this structure is considered an essential facility for the San Francisco Bay area, it must be
able to remain operable under even the most severe seismic conditions. Therefore, an alternate
design will be sought that can experience no yielding under a Maximum Considered Earthquake.

The criteria used to determine the success of a design will be the performance standards
specified by the Federal Emergency Management Agency’s Prestandard and Commentary for
the Seismic Rehabilitation of Existing Buildings (FEMA 356). FEMA 356 lists three structural
performance levels for seismic loads (See Figure 12 Error! Reference source not found. below)
by which the formation of plastic hinges are evaluated. In the first level, Immediate Occupancy
(10), minor repairs may be needed, but are not typically required prior to reoccupying the
building. In the second level, Life Safety (LS), there is a low risk of life-threatening injuries as a
result of structural failure. At this stage, repair is possible, but may not be practical for
economic reasons. In the third stage, Collapse Prevention (CP), the structure is on the verge of
collapse. Structural repairs are not typically either possible or practical. Since the goal of this
analysis is to achieve a design in which yielding does not occur, the LS and CP levels will be

Structural Performance Levels

Collapse Prevention Life Safety Immediate Occupancy
Elements Type 85 83 81
Steel Moment Frames  Primary Extensive distortion of Hinges form. Local buckling  Miner local yielding at a few
beams and column panels. of some beam elements. places. No fractures. Minor
Many fractures at moment  Severe joint distortion; buckling or observable
connections, but shear isolated moment permanent distortion of

connections remain intact.  connection fractures, but members.
shear connections remain
intact. A few elements may
expenience partial fracture.

Secondary Same as primary. Extensive distortion of Same as pnmary.
beams and column panels.
Many fractures at moment
connactions, but shear
connections remain intact.

Dirift 5% fransient 2 5% transient; 0.7% transient;
or permanent 1% permanent negligible permanent

FIGURE 12: STRUCTURAL PERFORMACE LEVELS AS SPECIFICED BY FEMA 356

considered unacceptable.
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DESIGN CONCEPT

There are several different variations in which Fluid Viscous Dampers may be incorporated into
the building structure. Among these are as part of diagonal braces, chevron braces, horizontal
braces, and toggle-brace dampers. Each of these configurations has its own set of benefits. For
example, the toggle-brace damper system is effective if drift values are low enough that some
amplification is necessary for the dampers to be effective. The design principles for any of these
damper systems are identical, with changes occurring only in the specific behavior of the
dampers. Diagonal braces are the configuration that is most commonly used due to the
effectiveness by which damping can occur. Therefore, this is the only set-up that will be
investigated.

FIGURE 13: DIAGONAL BRACE FVD CONFIGURATION; PHOTO COURTESY OF TAYLOR ET AL.

These diagonal fluid viscous dampers will be placed in the four exterior moment frames for
several reasons. First, these four frames are the strongest frames. Secondly, these frames
continue all the way through the structure, whereas frame 2 terminates at the third floor level.
Finally, braces in these frames have the least impact on the architectural layout. For more
information on the architectural impact of these dampers, see Architectural Impact on page 41.
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COMPUTER MODELING

Two independent computer models were used in this analysis. A 2D model was created using
SAP for the purposes of performing various analysis on individual frames, while a 3D model was

created using ETABs to determine effects of loads on the complete lateral system.
Moment Frame A Moment Frame E

:

T 1 1

.
f : i I I I ]
IO ..f. [ MI
| g b — ' i
'fiFf jEH = HH
111 111 7 11
AAAAA AAAA A4 A AAA
Moment Frame 1 Moment Frame 2 Moment Frame &6 Moment Frame 7

Qi 757 00000 TN 0 3101 T gy
Long Shear Wall Short Shear Wall
FIGURE 14: 2D MOMENT FRAME MODELS

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

FIGURE 15: 3D LATERAL SYSTEM MODEL

section properties in SAP. Lastly, the column restraints at the base of the structure were
modeled as “pinned” connections in order to achieve a conservative approximation of the

column base fixity.
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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.

STRUCTURAL REDESIGN OF LATERAL SYSTEM
STIFFNESS ANALYSIS

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

Once the stiffness of each frame 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.

Y kiyx; 7= Ykiyi

X = & Tix i
Z kiy Z kix

After 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.

F; = Figirect T 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. Since each of the moment
frames do not share the same height, 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.
The results of the stiffness analysis, which show the percentage of lateral load distributed to
each frame, can be found in Table 8. See Appendix B: Center of Rigidity Determination for a
complete set of calculations.
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TABLE 8: PERCENTAGE LOADS TO EACH FRAME BY LEVEL

Fi=Figirert T Fitpreicn Basement

Moment Frame Figireat Fitarsion F % Load | Check
Grid Line 1 0.001005( -0.02633| -0.02532| -2.532
Grid Line 2 0.000292( -0.01153| -0.01124] -1.124
Grid Line 6 0.000693( 0.007679| 0.008378] 0.838
Grid Line 7 0| 0.024461( 0.024461) 2.446 100-35
Basement - short high | 0.499002| -0.02548| 0.469522| 46.952
Basement - short low | 0.499002( 0.038668| 0.5337671] 53.767
Grid Line & 0.000743 0| 0.000743] 0.074
Grid Line E 0.000796 0] 0.000736] 0.080 100.00
Basement - long west| 0.499231 0| 0.499231] 49.923 ]
Basement - long east | 0.499231 0| 0.499231] 49.923
Fi=Figrect T Fitorsion Ground Floor - 3rd Floor

Moment Frame Figireat Fitarsion F % Load | Check
Grid Line 1 0.303393( 0.04693| 0.350329] 35.033
Grid Line & 0.110243( -0.0171] 0.09315] 9.315 100.00
Grid Line 7 0.292078( -0.06034| 0.231736] 23.174 ]
Grid Line 2 0.294274( 0.03052| 0.324794]| 32.479
Grid Line & 0.434076( 0.063064| 0.54714] 54.714 100.00
iGrid Line E 0.515924( -0.06307| 0.452852| 45.285 )
Fi:Fidire-ct * Fit-::rsinn 4th Floor - Roof

Moment Frame Figireat Fitarsian F % Load | Check
Grid Line 1 0.458338( 0.018751| 0.477139| 47.714
Grid Line 6 0.145523( -0.00597| 0.13956] 13.956 93.11
Grid Line 7 0.3%96083( -0.02164| 0.374443] 37.444
Grid Line & 0.48| 0.081335| 0.561335] 56.133 99.97
Grid Line E 0.52| -0.08268| 0.437316] 43.732
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STATIC PUSHOVER ANALYSIS

After the relative stiffness each frame was determined, the appropriate percentages of the

lateral loads were applied to each frame. These loads were simply the calculated story force

multiplied by the percentage load found in Table 8 above. The values for the seismic load
(Equivalent Lateral Force Method) can be found in Table 9 below.

TABLE 9: SEISMIC LOAD APPLIED TO EACH FRAME BASED ON STIFFNESS

Grid 7 Moment Frames

Grid 1 Moment Frames

Floor | F=C,V F% Fiase =

(kips)

7 215.34 46% 99.617

6 163.81 A% 73.778

5 131.22 A6% 60.704

4 99.88 46% 46.200

3 73.10 34% 24.617

2 49.29 34% 16.597

1 28.76 34% 9.683

Ground 10.10 34% 3.400

Basement] 0.00 -3% 0.000
Grid 2 Moment Frames

Floor | F=C,V F% Fizpo N

(kips)

7 215.34 0% 0.000

6 163.81 0% 0.000

5 131.22 0% 0.000

4 39.88 0% 0.000

3 73.10 35% 25.402

2 49.29 35% 17.126

1 28.76 35% 9.992

Ground 10.10 35% 3.509

Basement] 0.00 -1% 0.000
Grid 6 Moment Frames

Floor | F=C,V F% Fiappses

{kips)

7 215.34 16% 34.185

6 163.81 16% 26.004

5 131.22 16% 20.831

4 99.88 16% 15.856

3 73.10 10% 7.242

2 49.29 10% 4.882

1 28.76 10% 2.849

Ground 10.10 10% 1.000

Basement| 0.00 1% 0.000

Ariosto

Floor | F=C,V F% Fiae =
{kips)

7 215.34 37% 79.630

6 163.81 37% 60.574

5 131.22 37% 48.525

4 99.88 37% 36.935

3 73.10 22% 15.992

2 49.29 22% 10.782

1 28.76 22% 6.291
Ground 10.10 22% 2.209
Basement 0.00 2% 0.000

Grid A Moment Frames

Floor | F=C,V F.% Fiapp N
(kips)

7 215.34 57% 122.361

6 163.81 57% 93.079

3 131.22 57% 74.563

4 99.88 57% 56.755

3 73.10 56% 40.805

2 49.29 56% 27.512

1 28.76 56% 16.051
Ground 10.10 56% 5.636
Basement 0.00 0% 0.000

Grid E Moment Frames

Floor | F=C,V F Fiappses
{kips)

7 215.34 43% 92.689

6 163.81 43% 70.508

3 131.22 43% 56.482

4 99.88 43% 42.992

3 73.10 A44%, 32.478

2 49.29 44% 21.897

1 28.76 44% 12.775
Ground 10.10 44% 4,486
Basement| 0.00 0% 0.000

2424
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Next, the gravity and lateral loads were applied to each frame. The 1.2D + 1.0E + L load
combination, which was previously found to be the controlling load combination, was used, and
the maximum moments were determined using SAP. A demand to capacity (DC) ratio was then
determined for each member in which

__ Maximum Moment

DC = for girders
SGirderFy
and
Maximum Moment
DC = 5 " 5, for columns.
column( y Acotumn

It is important to note that the elastic section modulus, S, was used rather than the plastic
section modulus, Z, since the members are intended to remain elastic. Throughout the
structural redesign, members were designed so that the DC ratio for the columns remains lower
than that for the beams. This insures that strong column-weak beam action is maintained. In
other words, the beams will always fail prior to the columns.

Hinges were then added to the ends of both the beams and columns. These hinges were
located away from member ends according to the provisions of FEMA 356: Prestandard and
Commentary for the Seismic Rehabilitation of Buildings.

SAP was then used to subject each frame to a pushover analysis. In a pushover analysis, the
frame is first subjected to an initial load condition from which the analysis begins. In this case,
the full dead loads were used for the initial condition. A lateral load was then applied to the
frame, and stresses and deflections are recorded. The load is gradually increased, and stresses
and deflections are recorded in several different intervals. In addition, the formation of plastic
hinges is denoted for each “step”.

A pushover analysis gives several important pieces of information. First, it can be used to
determine where failure is most likely to occur based on the formation of plastic hinges. For
example, in Figure 16 below, it can be seen that plastic hinges form starting at the lower levels,
and move upward throughout the structure. The yellow hinges indicate that collapse is
occurring, and should be prevented. Since our goal was to insure that the structure meets the
Immediate Occupancy performance level, the cyan and green hinges should also be avoided.
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FIGURE 16: FORMATION OF PLASTIC HINGES ON FRAME E

Plastic Hinges

Immediate Occupancy i

Life Safety

Collapse Prevention

In addition, a plot of base shear vs displacement gives what is known as a pushover curve. This

pushover curve can be used to show how the structure as a whole (in this case, an individual

frame) will behave under increased loading. The slope at any given point indicates the stiffness

of the structure given a certain degree of loading. The sharp discontinuities indicate the

formation of a plastic hinge, and therefore a loss of strength in the structure. Although the

overall strength of the structure is indicated by the peak value for Base Shear, several plastic

hinges are formed by this point, and elastic behavior is no longer occurring. Since the goal of

the structural redesign is to ensure that the structure remains elastic, a point along the initial

straight line segment of the curve must be selected as the system strength.

. Pushover Curve

8=

File

Static Nonlinear Case Flat Type

Units
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no07g
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Crpe)
486 540

Mouse Pointer Location  Horiz | Vert |

Cancel
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Cunent Plat Parameters
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Add New Parameters...
Add Copy of Parameters...
Modify/Show Parameters...

FIGURE 17: BASE SHEAR VS DISPLACEMENT PUSHOVER CURVE
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CONVERSION INTO SDOF SYSTEM

There are several methods by which a point along the pushover curve can be selected. The
design spectra from either ASCE7-05 or NEHRP can be used to determine the “demand” on the
structure. However, a more accurate method is to use the Site-Specific Response Spectra
(SSRS). This spectrum was determined specifically for the New Acute Care Hospital by the
geotechnical engineers (Treadwell & Rollo), and therefore will result in a demand curve that is
lower than that produced by code. For the purpose of comparison, two site specific demand
spectra’s were used.

The first is the Maximum Considered Earthquake (MCE) which refers to a seismic event having a
Moment Magnitude of 7.9 located at a distance of 12.7 km from the building site. This equates
to an event that has only a 2% probability of exceedance in 50 years.

The second spectrum plotted is for a Design Level Earthquake (DE). This corresponds to an
event that is 2/3 of the MCE, therefore resulting in even lower values. However, since the goal
of this design is determine a design to resist all yielding, the MCE will be used for the duration of
the analysis. A plot of both spectrums, along with the IBC 2006 MCE and DE spectrums can be
seen in Figure 18 below.

T o
DE
: BC 2006 - MCE
! 1BC 2006 - DE

2.0

@
|

|

i

=
[=]

o
o

SPECTRAL ACCELERATION (g's)

I--""'*-.._

oo L . _ | _
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0

PERIOD (seconds)

CHINESE HOSPITAL

Damping Ratio = 5% San Francisco, California

Notes: 1. MCE is 150 percent of the median deterministic (M = 7.9, D = 12.7 km)
2. DE is two-thirds of the MCE RECOMMENDED SPECTRA
3. Response spectra include directivity

Date 021307 | ProjectNo. 4513.01 | Figure G-10

Treadweli&Rollo

FIGURE 18: RESPONSE SPECTRUM DEVELOPED BY TREADWELL&ROLLO

The pushover curve previously developed was then converted into a plot of spectral
acceleration vs displacement for the purpose of comparison with the SSRS. The point of
intersection between the capacity curve and the MCE demand curve is known as the
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performance point. This point is an indication of how the structure will behave as a whole, and

can be used to convert the structural properties to a SDOF system.

i Pushover Curve [Z]@

File
Static Monlinear Caze Flat Type Uit
PUSH ~| | FEM&, 440 E quivalent Linearization ~ | kpinF x]
Spectral Displacement Current Plot Farameters
a = ; . = [MCE =l
Add New Parameters. . |
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-9
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IR ko B [0.050,1.0007
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FIGURE 19: PUSHOVER CURVE SHOWING PERFORMACE POINT

As can be seen in Figure 19 above, the performance point can be taken as 278.514kips for base

shear, and 3.695 in for maximum displacement. These values can then be used to determine

frame strength and stiffness. The frame strength is simply the 278.514 kips. The stiffness would
be 278.514kips/3.695in. This results in stiffness of 75.376 k/in. The secondary frame stiffness is

20% of the primary stiffness.

The frame weight was determined as being equivalent to the seismic weight, which is specified

to be the total factored dead loads and live loads carried by each frame. For a SDOF system, this

weight is assumed to be lumped at the top of the frame.
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NONLIN SDOF ANALYSIS

In a nonlinear analysis, a time history model of a specific seismic event is used to test how a
structure will behave given the velocity, acceleration, and ground movement of a real
earthquake. Ideally speaking, the time-history selected should be taken from a location with
similar distance, soil conditions, etc as the location of the building. Since this data was not
available for the New Acute Care Hospital, data was taken from recorded time-histories of the
Northridge earthquake. According to NEHRP Provisions §15.3.1.2, if at least seven time histories
are used, then the average values of forces, displacements, and velocities may be used.
However, if less than seven time histories are used, then the maximum values of the time
histories must be used. In the case of this analysis, the values taken from the Arleta and
Nordhoff Fire Station were used.

The Northridge Earthquake, which occurred January 17", 1994, caused widespread damage to
the Los Angeles area of CA. Although the magnitude of this earthquake was only a 6.7, the
ground acceleration is known as being one of the highest recorded in North America. Due to the
extensive amount of damage cause by the earthquake, the Northridge earthquake can be taken
as a conservative ground motion for the San Francisco Bay area.

NONLIN32, which was used for the nonlinear analysis, is a program developed by Finley Charney
at Virginia Tech for the dynamic analysis of SDOF structures. Although this program is typically
used for academic purposes, it may be used in professional practice to determine the principals
of how a structure will behave.

The nonlinear analysis was performed by inputting the SDOF properties of each frame into
NONLIN. The earthquake was then run several different times, with various degrees of damping
between 5% critical, which is assumed to be inherent to the structure, and 35% critical, which is
the maximum allowed by NEHRP Provisions 15.2.4.2. In each run, the number of yield events
incurred by the structure was determined. The point at which 0 yielding events occur was taken
as the optimal amount of damping. For most of the frames, a percentage of damping in the high
teens or low twenties was required to accomplish this. Error! Reference source not found.
shows how regardless of frame strength (V), the optimal damping always ended up being
around the same point.

The structure was then analyzed to determine if the members could be reduced in size, and
therefore frame strength could be reduced as more of the load is absorbed by the damping.
Beam and Column sizes were lowered in each frame. It was insured that the Demand to
Capacity ratios were below 1 and that deflection and serviceability criteria were met.

See Appendix D: Beam and Column Design for the complete set of calculations.
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TABLE 10: ITERATIVE DAMPER ANALYSIS FOR FRAME E

Frame E NONLIN Damper Analysis - Maximum Considered Earihguake
Performance e Optimai | Optimai
L . Equivaient Frame Froperiies ~ . _ .
iteration Point info Damping | Percent
Vikj | D{in} |Stiffnessi{k/in}jstiffness2(k/in)j Strength{k] | 5% | 10% | 5% | 20% | 25% | 30% | 35% | Force (k] |Damping
Original Design | 433.049 | 3.417 126.734 25.347 433.049 4 2 1 1 0 0 0 25232 24
Smaller 1 413767 | 3.386 172480 74.43 413267 i1 1 iri1rai10i1a0 253.57 JA]
Smaller? 4044251 2.436 117.702 23.540 404,435 [ 2 1 1 0 0 0 246,00 24
Smaller 3 390,408 1 3.508 111.291 22.258 390,408 3 3 1 1 0 0 0 23429 23
Smallerd 383,584 1 2.499 109.627 21.925 323,58 3 £l 1 1 0 0 0 232.80 23
Smaller 3 372.695 ] 3.506 106.302 21.250 372.695 6l 21111101010 223.05 2
Smallers 364,527 | 3.485 104.599 20.920 364,527 [ 2 1 1 0 0 0 228,06 23

This became an iterative process of reducing the frame strength, and determining the amount of

damping needed to prevent yielding. If the frame strength is plotted vs. the damping force

required (see Figure 21), several interesting observations can be made.

First, as the frame strength is reduced, the damping force required is also reduced. This is

because a reduction in frame strength also results in an increase in frame ductility. For the

purposes of resisting seismic loads, extra ductility is a good thing.

Secondly, as frame strength is reduced, a point is eventually reached in which the damping force

required begins to increase again. This is the point at which the frame has become overly

ductile to the degree that extra damping is needed to prevent yielding.

Damping (Frame E)

i

Percent Critical Damping

-4
[
()]
g \
- 4
o \\
> 3
[T
o
g 2
Q0
£
3 1
0
1 0% 10% 20% 30% 40%

Number of Yield Events vs Percent Critical

e=@==(riginal Design

==\ = 412.267 k

V =404.425k

==\ = 372.695 k

FIGURE 20: NUMBER OF YEILD EVENTS VS PERCENT DAMPING FOR FRAME E
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Frame Strength vs Damping Force (Frame E)
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FIGURE 21: FRAME STRENTH VS DAMPING FORCE FOR FRAME E

A summary of the required amount of damping for each frame can be found in below. The set
of calculations and figures can be found in Appendix E: Nonlinear Analysis

TABLE 11: DAMPING FORCE SUMMARY

Damping Force Summary
Damping Force Percent Critical
Frame ] ) ) i

Required (kips]) | Damping Required

1 133.003 18

7 120.726 24

A 172.404 21

E 223.054 22
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DESIGN OF DAMPING DEVICES

The total amount of damping in each frame was then distributed throughout the frames.
According to NEHRP Provisions §15.2.4.2, “in the direction of interest, the damping system has
at least two damping devices in each story, configured to resist torsion...” This means that since
a total of four frames (two in each direction) are being redesigned to include dampers, each
frame must have at least one damper.

The fundamental equation used to describe the behavior of the dampers is
F=Cve

where: F is the damper force required for each individual device
Cis the damping coefficient
V is the velocity across the damper
a is a velocity coefficient

With this in mind, the amount of damping force that each damper must carry is simply the total
damping force needed by the frame (as determined by NONLIN) divided by eight stories.

The velocity across each damper device can be found using the response spectrum for the
earthquake used in the analysis. Values for displacement, velocity, and acceleration are plotted
against period on a tripartite graph (see Figure 22 below.) If the first mode period of the
structure, 2.08 seconds, is drawn to the intersection of the 22% damped line, and then carried
over to the Pseudo Velocity axis, then a value of 11in/sec can be read for the velocity across the
dampers for the x direction (frames A and E). A similar process can be conducted for the z
direction (frames 1 and 7) with a period of 1.93 seconds and resulting in a velocity of 11.5
in/sec.

Ariosto Page |38



Response Damping
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Pseudo Velocity, in/s I 5.00 %
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0.01 0.10 1.00 10.00
Period, Seconds

FIGURE 22: EARTHQUAKE RESPONSE SPECTRUM FOR NORTHRIDGE 1994

The velocity coefficient, a, can vary from 0.3-1.0. A value of 1.0 implies that the damper is
acting completely linearly. A more economical design can be achieved by varying a. For the
purposes of this initial design, o will be assumed to be 1.0. Itis important to note that a
constant exponent lower than 1.0 would result in larger requirements for the Damping
Coefficient.

As can be seen above, the only variable that has not yet been determined is C, the damping
coefficient. The damping coefficient is a product of the specific properties of the fluid within the
damper. The required coefficient can be solved for using the remaining known factors of F, V,
and a. A summary of the required damping coefficients is found in Table 12 below.

Specific product information on potential dampers which may be used for this application was
obtained through the consultation of Craig Winters at Taylor Devices, Inc. Based on the
required damping force per damper, each of the dampers fall under the 55 kip model category.
(See Figure 23). As this figure shows, each device is approximately 28 inches when fully
compressed, and 34 inches when fully extended. The maximum diameter of this device is 8
inches. The device uses inert silicone as the operating fluid.
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FIGURE 23: TAYLOR DEVICES 55 KIP FLUID VISCOUS DAMPER
TABLE 12: REQUIRED DAMPING COEFFICENT
Damping Coefficent F=CV"
Frame |Indiviual | Damper | Veloci Dampin
) P ty Constant p £
Damping | Damper | Force Across Exoonent Coefficent | Number
Force Force F Used Damper V P c=F/v* |Required
) ) ] ) o
(kips) | (kips) | (kips) (in/s) (k-sec/in)
Frame A 172.40 21.55 25.00 12 1.0 4.38 8
Frame E 223.05 27.88 55.00 12 1.0 4.58 8
Frame 1 133.00 22.17 25.00 11 1.0 5.00 5]
Frame 7 120.73 20.12 55.00 11 1.0 5.00 6
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ARCHITECTURAL IMPACT

The current structural system of the New Acute Care Hospital is made of moment frames, which
offer a considerable amount of freedom for the architecture. Since braces will be added to the
exterior moment frames, there will be an impact to the facade of the structure for framesE, 1, 7
(See Figure 24, Figure 25 and Figure 26). In these figures, the damper locations are indicated by
the red lines, whereas the blue rectangles indicate windows which will be affected by the
dampers. In addition, the inclusion of dampers into the structure will have an impact on the
spaces on the interior of the structure.

The impact of the dampers on the exterior frames (E, 1, 7) can be solved fairly simply. In most
cases, the use of chevron braced dampers eliminated any impact. See Figure 29. Although
there were still isolated cases of braces blocking windows, the added performance of the
damper warrants this disruption.

It should also be noted that no dampers were placed between the ground floor line and the 2™
floor line of grids 1 and 7 due to the regions on frame 1 which must remain open. The removal
of these dampers has already been accounted for in Table 12 above.

The impact of the dampers on interior frame A is much more difficult to reconcile. Since the
architectural layout is so tight in the current design, there are few places in which a diagonal
brace can be placed which would not have a negative impact on the interior spaces. As Figure
27 shows, two of the bays on frame A are used as entrances to elevators (indicated by the
orange line.) Of the three remaining bays, the two closest to the exterior of the structure would
be easiest, as a door could be fit in the space underneath the top portion of the diagonal,
whereas there is virtually no diagonal configuration that would be acceptable between columns
3A and 4A. However, these locations would be more likely to violate NEHRPs prescription of
dampers being configured to resist torsion.

The other problem created by this design is that a dynamic soft story is created on the ground
and first floor levels due to lack of dampers in those locations. This structural irregularity was
resolved by closing off the last bay of the loggia and placing chevron braces in this location. See
Figure 29.

The best solution is to place the dampers in between grids 3A and 4A as is shown in Figure 28.
The diagonals of the dampers leave just enough room to fit a 7.5’ doorway shown in Figure 27.

The results of this analysis show several things. In the case of the rehabilitation of an existing
structure, it is possible to incorporate FVDs into moment frames without major disruption.
However, it is very difficult to remove all disruption to an existing design. Therefore, FVD’s
should be incorporated into the design process as early as possible.
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CoST IMPACT

When the design of a structure for performance engineering is undertaken, it is always
important to determine if the increase in performance warrants the increase in cost. In the case
of this structure, there are several areas in which the cost can be assessed. Among these is the
reduction in member sizes of the existing lateral system, cost of the damper devices themselves,
the cost of potential structural repairs that can be avoided, and lastly any potential reduction in
useable space due to the presence of the dampers.

The dampers, which were priced at $3600 per device, resulted in an increase in cost of
$100,800. If the installation cost is estimated at 15% of the device cost ($540), then the total
device cost will be $115920. This equates to an increase of less than 1% of the $160 million

building cost.
TABLE 13: DAMPER COST SUMMARY
Damping Device Cost Summary
D -
Constant amping MNumber Unit Cost
Coefficent . _ Total Cost ($)
Exponent o ~ Required (3)
C=F/V" (k-
Frame A 0.5 6.22 8 3600 28800
Frame E 0.5 8.05 8 3600 28800
Frame 1 0.5 6.68 5] 3600 21600
Frame 7 0.5 6.07 5] 3600 21600
Total 28 100800

The inclusion of Fluid Viscous Dampers allowed the members in the structural system to be
reduced. This reduction in size was most evident in both the columns and beams. Unit costs for
steel were gathered from Cost Works and include both overhead and profit. See Table 14 below
for a complete breakdown of savings due to weight. For a complete breakdown of the changes
to the steel used in the lateral system, see Appendix D: Beam and Column Design.

TABLE 14: WEIGHT REDUCTION AND COSTS SAVINGS

Member Reductions
Columns . . .
Frame (Kips] Cost (S) | Beams (kips) Cost (S) Savings [5)
ips)

Frame 1 2.35 7.52
Frame 7 18.95 0.11
Frame A 3.91 0.00
Frame E 18.71 28.30
Totals 43.93 7939.89 41.99 11875.16 19815.05

Ariosto

The total cost of the addition of the dampers can be found by subtracting the cost savings of the
steel reduction by the costs of the dampers. This results in a net increase of $96,095.
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In addition to the immediate costs associated with the inclusion of the Fluid Viscous Dampers,
there are also long term considerations to take into account. The real savings afforded by the
dampers will not be evident until a major seismic event inevitable strikes the San Francisco Bay.
In this situation, major repair and rehabilitation costs would be avoided. In addition, lives would
be saved, both in terms of those in the hospital at the time of the earthquake, and those who
are treated there afterwards. Due to the relatively low cost of the damper device
implementation, it is clearly obvious that incorporation is worthwhile.
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CONCLUSIONS

An investigation was undertaken into the design methodology and procedures for the
implementation of Fluid Viscous Dampers into the structural system of the New Acute Care
Hospital and Skilled Nursing Facility. It was found that this technology is useful for the
prevention of plastic hinge formation in special steel moment frames.

The design of systems using FVDs involves several different types of analysis. The lateral system
was first designed to remain elastic for static loading conditions. Next, the amount of damping
required by each frame to resist yielding in a major seismic event was determined using a
nonlinear analysis. This total amount of damping was then used to determine the number and
capacity of FVDs needed.

In addition to the design of the dampers themselves, an investigation was also undertaken into
the effects that of their use on the existing architectural layout, as well as the cost and schedule
implications of their use. It was determined that while FVD’s could be incorporated into current
design without major problems, a better practice would be to incorporate their use from the
initial stages of design. In terms of cost, it was found that Fluid Viscous Dampers have marginal
additional cost in comparison to the rest of the overall structure.
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APPENDIX A: LOAD CALCULATIONS
Wind Loads
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SEISMIC LOADS
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Both Directions T 1.516728745
Vg 771.4919935
k 1T<5 0.5
1.508364373 .5 <T <2.5
2 T=2.5 2.5
Story Story
Force Shear
Eloor h h W th f“'x = \ F =9,V W fZF By 5%By Ax M, A, MA,
(ft) (ft) (kips) (wyh, )/ (Zwihi’) (kips) | (kips) (ft) (ft) (ft-k) (ft-k)

7 15 111.5 1945.12 | 2382226 0.279121049 215.34 0.00 135 6.75 1.0 1453.54 1.0 1453.54

6 13.5 96.5 1839.94| 1812149 0.212326243 163.81 215.34 135 6.75 1.0 13268.45 1.0 13268.45

5 13.5 83 1850.11] 1451666 0.170089025 131.22 379.15 135 6.75 1.0 10625.01 1.0 10629.01

4 13.5 69.5 1840.6| 1104953 0.129465302 99.88 510.37 135 6.75 1.0 8090.40 1.0 8090.40

3 13.5 56 1865.87| 808697.2 0.094753582 73.10 610.25 135 6.75 1.0 5921.23 1.0 5921.23

2 12.5 42.5 1907.14| 545238.4 0.0638845594 49.29 683.35 135 6.75 1.0 39592.20 1.0 3992.20

1 15 30 1881.67| 318112.4 0.037272649 28.76 732.64 135 6.75 1.0 2329.20 1.0 2329.20
Ground 15 15 1879.64| 111698.9 0.013087556 10.10 761.40 135 6.75 1.0 817.85 1.0 817.85
Basement 0 0 0 0 0 0.00 771.49 135 6.75 1.0 0.00 1.0 0.00

8534740 556.15234 45048.34 3754.02829
k-ftt k-in
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APPENDIX B: CENTER OF RIGIDITY DETERMINATION

Ariosto

Relative Stiffnesses of Lateral Elements - Basement
. k .
Moment Frame  |DTITt per 1 load (&) k=p/n, (kfin.)
{in}

Grid Line 1 0.00341 293.26
Grid Line 2 0.00492 203.25
Grid Line 6 0.011 90.91
Grid Line 7 0.00512 195.31
Grid Line A 0.00338 295.86
Grid Line E 0.0035 283.29
Basement - long 4.46E-06 224064.5
Basement - short 6.44E-06 155231.3
Center of Rigidity - Basement

X Direction [k 1) X5 inl LS e

MF A 295.86 122] 36094.675

MFE 283.29 1113| 315297.45

W 224064.53 0 0

W 224004.53) 1141.25( 255713646

SUM 448708.21 2560605038

x = Zk;, %/ Zks, (in} 570.67

¥ Direction (ks ki) X: il LS e

MF 1 293.26| 1550.75| 454765.4

MF 2 203.25 1336| 271544.72

MFo 90.91 244.5( 22227.273

MFT 195.31 27| 5273.4375

W, 155231.29 1583.5( 245808755

W, 155231.29 0 0

SUM 311245.32 246562566

y =Tk, %z, (in) 792.18
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Direct Force - Basement
o ki .
Moment Frame k=p/a,  (kfin.) (Basement) Fo=(ke 2k )Py
Grid Line 1 293.26 0.000942815
Grid Line 6 90.91 0.000292273
Grid Line 7 195.31 311042 0.00062793
Grid Line 2 203.25 0.000653455
Basement - short (2) 155231.29 0.499068491
Grid Line A 295.86 0.000659355
Grid Line E 283.29 AARTOR 0.000631337
Basement - long (2) 224064.53 0.499354654
Force due to eccentricity - Basement
- 2 P
Moment Frame k_p"{ﬂ_:' d kid e Zkd Ft=gkdF’.!fej,E],fEk:I:i2
(kfin.) (Basement) (Basement] -
Grid Line 1 293.26 652.50( 124855205.28 0.027178576
Grid Line 2 203.25 437.50 38903709.35 0.012630295
Grid Line 6 90.91 654.25 38913005.68 0.008447955
T 104 7286845941
Grid Line 7 195.31 871.50| 148342236.33 0.024176754
Basement - short high 295.86 685.00 138823964.50 0.028785543
Basement - short low 295.86 898.5| 238846819.53 0.037757387
Grid Line A 295.86 511.25 77330343.93 0
Grid Line E 283.29 479.75 65201150.8 0
0 102450752932
Basement - long west| 155231.29 633.25| 62248612620.3 0
Basement - long east 155231.29 508.00( 40059608817.1 0
Fi=F;srect T Fitorsion Basement
Moment Frame Figirect Firarsion F % Load | Check
Grid Line 1 0.0009 -0.0272 | -0.0262 | -2.6236
Grid Line 2 0.0003 -0.0126 | -0.0123 | -1.2338
Grid Line 6 0.0006 0.0084 0.0091 0.9076 100.24
Grid Line 7 0.0007 0.0242 0.0248 2.4830 ’
Basement - short high | 0.4991 -0.0288 0.4703 47.0283
Basement - short low | 0.4591 0.0378 0.5368 | 53.6826
Grid Line A 0.0007 0.0000 0.0007 0.0659
Grid Line E 0.0006 0.0000 0.0006 0.0631 100.00
Basement - long west| 0.49394 0.0000 0.4994 | 49,9355 ’
Basement- long east | 0.4994 0.0000 0.4934 | 49.9355

Ariosto
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Ariosto

Relative Stiffnesses of Lateral Elements -Ground - 3rd

- k \
. k=P/a,
Moment Erame Drift perl .Icnad () _J'" v
{in) (k/in.)
Grid Line 1 0.01437 69.59
Grid Line 2 0.0133 75.19
Grid Line 6 0.0355 28.17
Grid Line 7 0.01507 66.36
Grid Line A 0.00959 104.28
Grid Line E 0.0094 106.84
Basement - long
Basement - short
Center of Rigidity - Floors Ground -3
X Direction |k, ¥: il ks k)
MF A 104.28 122| 12721.58
MFE 106.84 1113( 118910.3
sSUmM 211.11 131631.8
% = Ik, % 2k, (in) 623.51
¥ Direction | Ky, ki) ¥: il ks k)
MF 1 69.59 1550.75( 107915.8
MF 2 75.19 1336( 100451.1
MF& 28.17 244.5| 6B87.324
MF7 66.36 27| 1791.639
sSUmM 239.30 217045.9
y = Zk; x/2k;, (in) 906.99
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Direct Force Floors Ground-3
X Eki
Moment Frame k=p/n, (kfin.) (Floors 1.3)) Fiy=lke, 2k 1P,
Grid Line 1 69.59 0.2908
Grid Line 6 28.17 0.1177
e 239.30

Grid Line 7 86.36 0.2773

Grid Line 2 75.19 0.3142

Grid Line A 104.28 211,11 0.4939

Grid Line E 106.84 0.5061
Force due to eccentricity - Floors Ground-3

=| 2 2
Moment Frame k=P/, d: ke = Zhdi FeelkdPye,)/skd’
{kfin.) (Floors 1-3)) (Floors 1-3}} -
Grid Line 1 69.59 652.50 29628132 0.0460
Grid Line 6 28.17 654.25 12057551 0.0187
—— 107.75 106476084.8

Grid Line 7 66.36 871.50 50398935 0.0585
Grid Line 2 75.19 437.50 14391447 0.0333
Grid Line A 104.28 511.25 27255116 62.50 51844866.3 0.0643
Grid Line E 106.84 479.75 24589750 0.0618

F=F:grect T Fitarsion Ground Floor - 3rd Floor

Moment Frame Fifirect Frorsion F; % Load Check

Grid Line 1 0.2908 0.0460 0.3368 | 33.6750

Grid Line & 0.1177 -0.0187 | 0.0991 9.9062 100.21

Grid Line 7 0.2773 -0.0585 | 0.2188 | 21.8770 ’

Grid Line 2 0.3142 0.0333 0.3475 34.7483

Grid Line A 0.4339 0.0643 0.5582 | 55.8199 100.95

Grid Line E 0.5061 -0.0618 | 0.4443 ([ 44.4279 '
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Ariosto

Relative stiffnesses of Lateral Elements - Floors 4 - Roof

Voment Frame Drift per 1% load (4,) k=p/4,
(in} (kfin.)
Grid Line 1 0.02121 32.04
Grid Line 6 0.0841 11.89
Grid Line 7 0.03539 28.26
Grid Line A 0.02289 43.69
Grid Line E 0.0217 45,04
Center of Rigidity - Floors 4 - Roof
X Direction (ks in) X iml Kay i kg
MF A 43.69 122| 5329.83836
MFE 46.04 1113 51243.0939
SUM 89.73 26572.9323
% = Ik x/Zk;, (in) 530.50
Y Direction |k iy | Xifin) Kay % kg
MF 1 32.04| 1550.75| 49687.0001
MFB 11.89 244.5( 2907.25327
MF7 28.26 27| 762927381
SUM 72.15 53357.7808
y = Ik %/ Tk, (in) 739.15
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Direct Force Floors 4-Roof

Moment Frame k=p/a, (kfin.) ki (4-Roof) Fry=(Ky/ Tk ) Py
Grid Line 1 32.04 0.4439
Grid Line 6 11.89 72.19 0.1647
Grid Line 7 28.26 0.3914
Grid Line A 43.69 89.73 0.4869
Grid Line E 46.04 0.5131
Force due to eccentricity - Floors 4-Roof
— 2 2
Moment Frame k_p’l{ﬂ.:' d kid e Zkd Fo=(kdP,e,)/Zhd]
(kfin.) {Floors 4-7)) (Floors 4-7)) _
Grid Line 1 3745 652.50 15945927 0.01875
Grid Line 6 11.89 654.25 5089692 35.00 45615303.0 0.005397
Grid Line 7 32.36 871.50 24579684 0.02164
Grid Line A 54.95 511.25 14361350 1.5 98061353.3 0.08133
Grid Line E 59.52 479.75 13700004 0.08268
Fi:Fidire-ct + Fitarsian ath Floor - Roof
Moment Frame Figirect Figreion F % Load Check
Grid Line 1 0.4433 0.0188 0.4626 | 46.2605
Grid Line 6 0.1647 -0.0060 0.1587 | 15.8748 99.11
Grid Line 7 0.3914 -0.0216 | 0.3698 | 36.9789
Grid Line A 0.4869 0.0813 0.5682 | 56.8221 99,7
Grid Line E 0.5131 -0.0827 | 0.4304 | 43.0430 '
Ariosto Page | 66



Grid 1 Moment Frames

Floor | F=C,V F% Fias =
(kips)

7 215.34 46% 99.617

i 163.81 AR 75,778

3 131.22 46% 60.704

a 99.88 46% 46.206

3 73.10 34% 24.617

2 49.29 34% 16.597

1 28.76 34% 9.683
Ground 10.10 34% 3.400
Basement| 0.00 -3% 0.000

Grid 2 Moment Frames

Grid 7 Moment Frames

Floor | F=C,V F% Fias =
(kips)

7 215.34 37% 79.630

i 163.81 37% 60.574

3 131.22 37% 48.525

a 99.88 37% 36.935

3 73.10 22% 15.992

2 49.29 22% 10.782

1 28.76 22% 6.291
Ground 10.10 22% 2.209
Basement| 0.00 2% 0.000

Grid A Moment Frames

Floor | F=C,V F% Fiapp N

(kips)

7 215.34 0% 0.000

i 163.81 0% 0.000

3 131.22 0% 0.000

4 39.88 0% 0.000

3 73.10 35% 25.402

2 49.29 35% 17.126

1 28.76 35% 9.992

Ground 10.10 35% 3.309

Basement| 0.00 -1% 0.000
Grid 8 Moment Frames

Floor | F=C,V F%a Fiappies

(kips]

7 215.34 16% 34,185

i 163.81 16% 26.004

3 131.22 16% 20,831

a 99.88 16% 15.856

3 73.10 10% 7.242

2 49.29 10% 4,882

1 28.76 10% 2.849

Ground 10.10 10% 1.000

Basement| 0.00 1% 0.000

Ariosto

Floor | F=C,V F% Fiapp N
(kips)
7 215.34 57% 122.361
i 163.81 57% 93.079
3 131.22 57% 74.563
a 99.88 57% 26.755
3 73.10 56% 40.805
2 49.29 56% 27.512
1 28.76 56% 16.051
Ground 10.10 56% 5.636
Basement| 0.00 0% 0.000
Grid E Moment Frames
Floor | F=C,V F%a Fiappies
(kips]
7 215.34 43% 92.689
i 163.81 43% 70.508
3 131.22 43% 2b6.482
a 99.88 43% 42,992
3 73.10 ay | 32478
2 49.29 44% 21.897
1 28.76 44% 12,775
Ground 10.10 44% 4,486
Basement| 0.00 0% 0.000
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APPENDIX C: COMPUTER MODELING
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APPENDIX D: BEAM AND COLUMN DESIGN

Frame 1: Beam Design

Frame 1 Beams
Floor | L(in) | Original | Weight | ool oeiny | matio | se | o Weight | 5 | potio | W ! Bnax -
Size {Ibs/ft) Design | (lbs/ft) | (in®) (&/in) | (in%) (in) (in)

286 W36 150 504 17072 0.678 510 W36 135 439 0.778 0.158 6260 0.015 0.715

1 286 W36 150 504 12807 0.509 382 W36 135 439 0.583 0.158 6260 0.015 0.715
205 W24 207 331 12033 0.453 359 W24 192 491 0.450 0.158 6260 0.004 0.513
214 W24 207 531 15477 0.583 462 W24 192 491 0.158 6260 0.005 0.535

2
286 W24 207 331 10583 0.399 316 W24 176 450 0.470 0.158 5680 0.017 0.715
286 W24 207 531 8940 0.337 267 w24 176 450 0.397 0.158 5680 0.017 0.715

3 205 W24 207 531 9443 0.356 282 W24 176 450 0.420 0.158 5680 0.004 0.513
214 W24 207 331 11058 0.417 330 W24 176 450 0.491 0.158 5680 0.005 0.535
286 W24 162 414 7596 0.367 227 W24 146 370 0.411 0.158 4580 0.021 0.715
286 W24 162 414 6803 0.329 203 w24 146 370 0.368 0.158 4580 0.021 0.715

4 205 W24 162 414 7025 0.340 210 W24 146 370 0.380 0.158 4580 0.005 0.513
214 W24 162 414 7841 0.379 234 W24 146 370 0.424 0.158 4580 0.006 0.535
286 W24 146 371 6136 0.331 183 W24 131 329 0.373 0.158 4020 0.024 0.715

5 286 W24 146 371 5354 0.289 160 W24 131 329 0.325 0.158 4020 0.024 0.715
205 W24 146 371 5301 0.286 158 w24 131 329 0.322 0.158 4020 0.006 0.513
214 W24 146 371 6170 0.333 184 W24 131 329 0.375 0.158 4020 0.007 0.535
286 W24 131 328 3436 0.331 162 W24 117 291 0.374 0.158 3540 0.027 0.715

5 286 W24 131 328 4833 0.295 144 W24 117 291 0.332 0.158 3540 0.027 0.715
205 W24 131 328 4694 0.286 140 w24 117 291 0.323 0.158 3540 0.007 0.513
214 W24 131 328 3390 0.328 161 W24 117 291 0.370 0.158 3540 0.003 0.535
286 W24 104 257 3893 0.303 116 W24 104 258 0.302 0.158 3100 0.031 0.715
286 W24 104 257 3690 0.287 110 W24 104 258 0.286 0.158 3100 0.031 0.715

7 205 W24 104 257 3369 0.262 101 W24 104 258 0.261 0.158 3100 0.003 0.513
214 W24 104 257 2503 0.195 75 W24 104 258 0.194 0.158 3100 0.010 0.535
286 W24 104 257 2503 0.195 75 W24 104 258 0.154 0.158 3100 0.031 0.715

8 286 W24 104 257 2660 0.207 79 W24 104 258 0.206 0.158 3100 0.031 0.715
205 W24 104 257 2133 0.166 64 W24 104 258 0.166 0.158 3100 0.008 0.513
214 W24 104 257 2144 0.167 64 w24 104 258 0.166 0.158 3100 0.010 0.535

Total Weight (kips) 84.90 [Total wWeight (kips) 77.39
Weight Reduction (kips) -7.52
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Frame 1: Column Design

Frame 1 Columns
Floor | h(fr) |Original | Weight | ¢ st 0z Iy icin | puik) | Ratio | See | oo | WEBTE o) | A gin? | Ratio
Size | (Ibs/ft) Design | (Ibs/ft)
w14 455 756 134 3496 479 | 0271 | 409 wi4 455 756 134 | 0.271
w14 455 756 124 13338 432 | 0377 | s70 wWi4 455 756 124 | 0377
1 15 w14 455 756 134 12441 247 | 0353 | =33 wi4 455 756 134 | 0353
w14 455 756 134 12147 306 | 0.337 | 509 wi4 455 756 134 | 0337
w14 455 756 134 8745 542 | 0.252 | 381 Wi4 455 756 134 | 0.252
w14 455 756 134 7576 352 | 0.212 | 320 wi4 455 756 134 | 0212
w14 455 756 134 10793 353 | 0.301 | 456 wi4 455 756 134 | 0301
2 12.5 w14 455 756 134 10143 374 | 0.284 | 430 wi4 455 756 134 | 0.284
w14 455 756 134 10103 246 | 0.277 | 420 wi4 455 756 134 | 0277
w14 455 756 134 6733 398 | 0.189 | 286 Wi4 455 756 134 | 0.189
| wert | __ass |
| wrr | _ass— |
w14 426 706 125 8091 352 | 0.243 | 243 wi4 426 706 125 | 0.243
w14 455 757 134 11207 353 | 0.313 | 473 wi4 426 706 125 | 0.336
3.2 8.5 w14 455 757 134 10952 374 | 0.307 | 464 | wi4 426 706 125 | 0.330
w14 455 757 134 11221 246 | 0.308 | 466 wi4 426 706 125 | 0331
w14 426 706 125 8285 398 | 0.251 | 354 | wia 426 706 125 | 0.251
w14 426 706 125 3937 263 | 0.116 | 164 | wi4 426 706 125 | 0.116
w14 455 757 124 5980 288 | 0.165 | 250 wWi4 426 706 125 | 0.178
4 13.5 w14 455 757 134 6074 297 | 0168 | 254 | wi4 426 706 125 | 0.81
w14 455 757 134 6704 189 | 0.182 | 276 wi4 426 706 125 | 0.196
w14 426 706 125 4117 289 | 0.122 | 173 Wi4 426 706 125 | 0.122
w14 426 706 125 3658 194 | 0.107 | 151 wi4 426 706 125 | 0.107
w14 455 757 134 5173 230 | 0142 | 214 | w4 426 706 125 | 0.152
5.1 5 w14 455 757 134 5616 147 | 0152 | 230 wi4 426 706 125 | 0.163
w14 455 757 134 5600 152 | 0.151 | 229 wi4 426 706 125 | 0.163
w14 426 706 125 3725 206 | 0.109 | 154 | wia 426 706 125 | 0.109
w14 311 506 91.4 3256 194 | 0.134 | 136 wi4 311 506 | 914 | 0134
w14 311 506 91.4 4404 230 | 0.a83 | 185 wWi4 311 506 | 91.4 | o.as83
5.2 8.5 w14 311 506 91.4 4752 147 | 0134 | 196 wi4 311 506 | 914 | 0194
w14 311 506 91.4 4731 152 | 0.193 | 196 wi4 311 506 | 914 | 0.93
w14 311 506 91.4 3286 206 | 0.136 | 138 Wi4 311 506 | 91.4 | 0.136
w14 311 506 91.4 3162 162 | 0.129 | 131 wi4 311 506 | 914 | 0.30
w14 311 506 91.4 4177 162 | 0171 | 173 wi4 311 506 | 914 | 0171
6 13.5 w14 311 506 91.4 4487 115 | 0182 | 184 | wi4 311 506 | 91.4 | o.us2
w14 311 506 91.4 4429 116 | 0179 | 182 | wi4 311 506 | 91.4 | 0.80
w14 311 506 91.4 3152 139 | 0.128 | 130 Wi4 311 506 | 91.4 | 0.29
w14 311 506 91.4 2274 80 0.091 93 wi4 311 506 | 91.4 | 0.091
w14 311 506 91.4 3063 110 | 0.124 | 126 wWi4 311 506 | 91.4 | 0124
7.1 5 w14 311 506 91.4 3355 81 0135 | 137 | wia 311 506 | 914 | 0135
w14 311 506 91.4 3271 79 0.131 | 133 wi4 311 506 | 914 | 0a32
w14 311 506 91.4 2238 79 0.090 91 Wi4 311 506 | 91.4 | 0.090
w14 283 459 83.3 2895 80 0.129 | 118 wi4 283 459 | 83.3 | 0129
w14 283 459 83.3 3501 110 | 0157 | 144 | wi4 283 459 | 83.3 | 0157
7.2 10 w14 283 459 83.3 3777 81 0.168 | 154 | wia 283 459 | 83.3 | 0.168
w14 283 459 83.3 3673 79 0.163 | 150 wi4 283 459 | 83.3 | 0.163
w14 283 459 83.3 2838 79 0.126 | 116 Wi4 283 459 | 83.3 | 0.126
w14 283 459 83.3 2465 35 0.108 93 wi4 283 459 | 83.3 | 0.108
w14 283 459 83.3 2545 56 0112 | 103 wWi4 283 459 | 83.3 | oa12
g 15 w14 283 459 83.3 2982 43 0131 | 121 wi4 283 459 | 83.3 | 0131
w14 283 459 83.3 2581 40 0114 | 104 | wia 283 459 | 83.3 | 0114
w14 283 459 83.3 2144 33 0.094 86 Wi4 283 459 | 83.3 | 0.094
Total Weight (kips)| 199.7815 Total Weight (kipy 197.4325
Weight Reduction (kips) -2.349
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Frame 7: Beam Design

Frame 7 Beams
Floor | L{in}) Original | Weight 5 (in®) [Mpa(k-in}| Ratio Sren Ne_w Ul s (in") | Ratio v._a. : A Astonves
Size | [Ibs/ft) Design | (lbs/ft) {kfin) | {(in) {in) (in)
286 W24 176 451 10919 0.484 326 w24 176 450 0.485 0.158 5680 0.0167 0.715
1 205 W24 176 451 9284 0.412 277 w24 176 450 0.413 0.158 5680 0.0044 0.513
214 W24 176 451 11738 0.521 350 waa 176 450 0.522 0.158 5680 0.0052 0.535
286 W24 176 451 8278 0.367 247 wa4 162 414 0.400 0.158 5170 0.0184 0.715
2 205 W24 176 451 7339 0.326 219 w24 162 414 0.355 0.158 5170 0.0048 0.513
214 W24 176 451 8680 0.385 259 waa 162 414 0.419 0.158 5170 0.0058 0.535
286 W24 176 451 7665 0.340 229 w24 146 371 0.413 0.158 A580 0.0207 0.715
3 205 W24 176 451 6562 0.291 196 w24 146 371 0.354 0.158 4580 0.0055 0.513
214 W24 176 451 7844 0.348 234 w24 146 371 0.423 0.158 4580 0.0065 0.535
286 W24 176 451 7550 0.335 235 w24 146 371 0.407 0.158 A580 0.0207 0.715
4 205 W24 176 451 6391 0.284 191 w24 146 371 0.345 0.158 4580 0.0055 0.513
214 W24 176 451 7636 0.339 228 wa4 146 371 0.412 0.158 A580 0.0065 0.535
286 W24 162 414 6461 0.312 193 w24 146 371 0.348 0.158 A580 0.0207 0.715
5 205 w24 162 414 5318 0.257 159 wa4 146 371 0.287 0.158 4580 0.0055 0.513
214 W24 162 414 6390 0.309 191 w24 146 371 0.345 0.158 A580 0.0065 0.535
286 W24 131 328 5519 0.336 165 w24 117 291 0.379 0.158 3540 0.0268 0.715
i 205 W24 131 328 4654 0.284 139 w24 117 291 0.320 0.158 3540 0.0071 0.513
214 W24 131 328 5381 0.328 161 w24 117 291 0.370 0.158 3540 0.0084 0.535
286 W24 104 257 4015 0.312 120 w24 104 258 0.311 0.158 3100 0.0306 0.715
7 205 W24 104 257 3400 0.264 101 w24 104 258 0.264 0.158 3100 0.0081 0.513
214 W24 104 257 3705 0.288 111 w24 104 258 0.287 0.158 3100 0.0096 0.535
286 W24 104 257 2595 0.202 77 w24 104 258 0.201 0.158 3100 0.0306 0.715
8 205 W24 104 257 2218 0.172 66 w24 104 258 0.172 0.158 3100 0.0081 0.513
214 W24 104 257 2181 0.170 65 w24 104 258 0.169 0.158 3100 0.0096 0.535
Total Weight (kips) 70.7938 Total Weight (kips) 64.68375
Weight Reduction (kips) -6.11
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Frame 7: Column Design

Frame 7 Columns

Floor | h(ft) Ors'i'gal :T;s'f:; s(in’) | A(in%) :TT:] P, (k) | Ratio | S.. D:;‘;n ‘3’:;;"';; s(in) | a(in®) | Ratio
Wid 426 706 125 9648 499 0.297 419 Wid4 370 607 109 0.350
1 15 Wid 426 706 125 11649 473 0.357 504 Wid4 370 607 109 0.420
Wid 426 706 125 12054 343 0.361 510 Wil 370 607 109 0.424
Wid 426 706 125 9978 572 0.311 439 Wil 370 607 109 0.367
Wid 426 706 125 4538 409 0.138 194 Wil 370 607 109 0.162
. Wid 426 706 125 6893 407 0.209 295 Wil 370 607 109 0.245
2 123 Wid 426 706 125 7393 291 0.220 310 Wil 370 607 109 0.257
Wid 426 706 125 4836 458 0.148 209 Wil 370 607 109 0.174
Wid 426 706 125 3741 336 0.112 158 Wil 370 607 109 0.131
. Wid 426 706 125 5352 342 0.160 226 Wil 370 607 109 0.188
1 ° Wid 426 706 125 5689 246 0.168 237 Wil 370 607 109 0.196
Wid 426 706 125 3845 369 0.116 163 Wil 370 607 109 0.136
Wid 398 656 117 4019 336 0.130 171 Wil 342 558 101 0.154
Wid 398 656 117 5617 342 0.182 239 Wil 342 558 101 0.216
2 82 Wid 398 656 117 5925 246 0.189 247 Wil 342 558 101 0.223
Wid 398 656 117 4129 369 0.134 176 Wil 342 558 101 0.160
Wid 398 656 117 3763 267 0.120 158 Wil 342 558 101 0.142
. Wid 398 656 117 5770 189 0.182 239 Wil 342 558 101 0.215
4 123 Wid 398 656 117 5755 188 0.181 238 Wil 342 558 101 0.214
Wid 398 656 117 3833 288 0.123 161 Wil 342 558 101 0.146
Wid 398 656 117 3787 199 0.120 157 Wil 342 558 101 0.141
51 5 Wid 398 656 117 5552 157 0.174 228 Wil 342 558 101 0.205
Wid 398 656 117 5518 153 0.173 227 Wil 342 558 101 0.204
Wid 398 656 117 3803 208 0.120 158 Wil 342 558 101 0.142
Wid 311 506 91.4 3415 199 0.141 143 Wil 283 459 83.3 0.156
Wid 311 506 91.4 4888 157 0.200 202 Wil 283 459 83.3 0.221
=2 82 Wid 311 506 91.4 4829 153 0.197 200 Wil 283 459 83.3 0.218
Wid 311 506 91.4 3397 208 0.141 142 Wil 283 459 83.3 0.156
Wid 311 506 91.4 3161 138 0.129 130 Wil 283 459 83.3 0.142
. Wid 311 506 91.4 4481 120 0.182 184 Wil 283 459 83.3 0.201
b 123 Wid 311 506 91.4 4395 117 0.178 180 Wil 283 459 83.3 0.197
W14 311 506 91.4 3100 140 0.126 128 Wil4 283 459 83.3 0.140
Wid 311 506 91.4 2358 82 0.095 96 Wil 283 459 83.3 0.105
. W14 311 506 91.4 3415 83 0.137 139 Wil4 283 459 83.3 0.152
1 ° Wid 311 506 91.4 3333 80 0.134 136 Wil 283 459 83.3 0.148
W14 311 506 91.4 2281 79 0.092 93 Wil4 283 459 83.3 0.101
Wid 283 460 83.3 2929 82 0.130 120 Wil 257 415 75.6 0.144
. W14 283 460 83.3 3779 83 0.168 154 Wil4 257 415 75.6 0.186
2 10 Wid 283 460 83.3 3700 80 0.164 151 Wil 257 415 75.6 0.182
Wid 283 460 83.3 2838 79 0.126 116 Wil 257 415 75.6 0.140
Wid 283 460 83.3 2595 37 0.114 105 Wil 257 415 75.6 0.126
. Wid 283 460 83.3 3026 44 0.133 122 Wil 257 415 75.6 0.148
5 B Wid 283 460 83.3 2668 40 0.117 108 Wil 257 415 75.6 0.130
Wild 283 460 83.3 2181 33 0.096 88 Wil 257 415 75.6 0.106

Total Weight (k) | 160.252 Total Weight (k) [ 141.3

Weight Reduction (kips) -18.952
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Frame A: Beam Design

Weight Reduction (kips)

Ariosto

Frame A Beams
.| Original | weight ) o i Mew Weight . i W 1 A,
Floor | L{in) S?ze (Ibsfﬂ} S (In%) | Mmas(kein} | Ratio Sreq Design (Ibsfﬂ} s(in%) | Ratio [k/in) (in®) tin!]x
340.5 W24 1952 491 10905 0.444 326 W24 192 491 0.444 0.107 6260 0.021 0.851
276 W30 148 435 10108 0.465 302 Wao 148 435 0.465 0.107 6680 0.008 0.690
1 306 w24 192 491 9188 0.374 274 W24 192 491 0.374 0.107 6260 0.013 0.765
252 W30 148 435 10626 0.488 317 W3an 148 435 0.488 0.107 6680 0.006 0.630
349.5 W24 192 491 9310 0.379 278 Wad 192 491 0.379 0.107 6260 0.023 0.874
340.5 W24 1952 491 7856 0.320 234 W24 192 491 0.320 0.107 6260 0.021 0.851
276 W30 148 435 7582 0.348 226 W30 148 435 0.348 0.107 6680 0.008 0.690
2 306 W24 192 491 7027 0.286 210 W24 192 491 0.286 0.107 6260 0.013 0.765
252 W30 148 435 7770 0.357 232 W30 148 435 0.357 0.107 6680 0.006 0.630
349.5 waa 1952 491 7488 0.305 224 W24 192 491 0.305 0.107 6260 0.023 0.874
340.5 w24 1952 491 7370 0.300 220 W24 192 491 0.300 0.107 6260 0.021 0.851
276 W30 148 435 6937 0.319 207 W30 148 435 0.319 0.107 6680 0.008 0.690
3 306 W24 192 491 6557 0.267 196 Wad 192 491 0.267 0.107 6260 0.013 0.765
252 W30 148 A35 7124 0.327 213 Wao 148 A35 0.327 0.107 6680 0.006 0.630
349.5 W24 192 491 6639 0.270 198 W24 192 491 0.270 0.107 6260 0.023 0.874
340.5 w24 162 414 6449 0.312 193 W24 162 414 0.312 0.107 5170 0.025 0.851
276 W30 148 435 6973 0.320 208 W3 148 435 0.320 0.107 6680 0.008 0.690
4 306 W24 162 414 5687 0.275 170 W24 162 414 0.275 0.107 5170 0.016 0.765
252 W30 148 435 70594 0.326 212 W30 148 435 0.326 0.107 6680 0.006 0.630
349.5 W24 162 414 5960 0.288 178 W24 162 414 0.288 0.107 5170 0.028 0.874
340.5 W24 162 414 6160 0.298 184 W24 162 414 0.298 0.107 5170 0.025 0.851
276 W30 124 355 5726 0.323 171 Wao 124 355 0.323 0.107 5360 0.010 0.690
5 306 w24 162 414 5620 0.272 168 W24 162 414 0.272 0.107 5170 0.016 0.765
252 W30 124 355 5875 0.331 175 W3an 124 355 0.331 0.107 5360 0.007 0.630
349.5 W24 162 414 3443 0.263 162 Wad 162 414 0.263 0.107 5170 0.028 0.874
340.5 W24 117 291 5689 0.391 170 W24 117 291 0.391 0.107 3540 0.036 0.851
276 W30 99 269 5689 0.423 170 W30 99 269 0.423 0.107 3990 0.014 0.690
6 306 w24 117 291 5131 0.352 153 W24 117 291 0.352 0.107 3540 0.024 0.765
252 W30 99 269 5842 0.435 174 W3 99 269 0.435 0.107 3990 0.010 0.630
349.5 W24 117 291 5014 0.344 150 W24 117 291 0.344 0.107 3540 0.040 0.874
340.5 w24 104 257 2578 0.200 77 Wad 104 257 0.200 0.107 3100 0.042 0.851
276 W30 99 269 2381 0.177 71 W30 99 269 0.177 0.107 3990 0.014 0.690
7 306 W24 104 257 2348 0.183 70 W24 104 257 0.183 0.107 3100 0.027 0.765
252 W30 99 269 2256 0.168 67 Wao 99 269 0.168 0.107 3990 0.010 0.630
349.5 w24 104 257 2533 0.197 76 W24 104 257 0.197 0.107 3100 0.046 0.874
340.5 w24 104 257 2332 0.181 70 W24 104 257 0.181 0.107 3100 0.042 0.851
276 W30 99 269 2086 0.155 62 W3 99 269 0.155 0.107 3990 0.014 0.690
8 306 W24 104 257 2152 0.167 64 W24 104 257 0.167 0.107 3100 0.027 0.765
252 W30 99 269 2056 0.153 61 W30 99 269 0.153 0.107 3990 0.010 0.630
349.5 W24 104 257 2353 0.183 70 W24 104 257 0.183 0.107 3100 0.046 0.874
Total Weight (kips) 146.247 Total Weight (kips) 146.247
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Frame A: Column Design

Frame A Columns
Floor h Original Size iz _Si_ _A. M”E’_ P“_ Ratio Sreq New Design WIS _Si_ _A._ Ratio
{ft) {Ibs/ft) {in®) {in%) (k-in) (K) {lbs/ft} | (in®) {in%)
wia 455 756 134 10713 396 0.301 435 Wid 455 756 134 0.301
Wid 455 756 134 13177 390 0.370 560 Wid 455 756 134 0.370
1 15 wia 455 756 134 13162 359 0.368 556 Wid 455 756 134 0.368
wi4 455 756 134 13234 385 0.371 562 wild 455 756 134 0.371
Wil4 455 756 134 13072 453 0.371 561 Wid 455 756 134 0.371
W14 (w) 455 304 134 5731 373 0.399 243 W14 (w) 455 304 134 0.399
Wil4 455 756 134 4336 321 0.120 182 Wid 455 756 134 0.120
wia 455 756 134 7075 336 0.137 298 Wid 455 756 134 0.137
Wid 455 756 134 7156 308 0.188 300 Wid 455 756 134 0.158
2 123 wid 455 756 134 7218 326 0.201 303 Wid 455 756 134 0.201
wi4 435 736 134 7011 382 0.157 257 Wwild 455 756 134 0.157
W14 (w) 455 304 134 4243 305 0.293 178 Wi4 (w) 455 304 134 0.293
wi4 455 736 134 3519 262 0.097 146 wild 455 756 134 0.097
Wil4 455 756 134 5342 285 0.148 223 Wid 455 756 134 0.148
. wia 455 756 134 3479 262 0.151 228 Wid 455 756 134 0.151
3.1 3 Wid 455 756 134 5436 275 0.151 229 Wid 455 756 134 0.151
wid 455 756 134 5314 322 0.148 223 Wid 455 756 134 0.148
W14 {w) 455 304 134 3238 248 0.221 135 W14 (w) 455 304 134 0.221
wia 455 756 134 4073 262 0.112 170 Wid 426 706 134 0.120
wi4 455 756 134 5973 283 0.165 230 wild 426 706 134 0.177
Wi4 455 756 134 6097 262 0.168 254 Wid 426 706 134 0.180
32 B3 w14 455 756 134 6111 275 0.169 235 Wi4 426 706 134 0.181
Wid 455 756 134 5879 322 0.163 247 Wid 426 706 134 0.175
W14 (w) 426 283 134 3461 248 0.254 144 Wi4 (w) 426 283 134 0.254
Wid 455 756 134 3313 206 0.050 137 Wid 426 706 134 0.087
wid 455 756 134 5763 162 0.156 236 Wid 426 706 134 0.167
1 135 wi4 435 736 134 5560 217 0.152 230 Wwild 426 706 134 0.163
Wi4 455 756 134 5562 226 0.152 230 Wid 426 706 134 0.163
w14 455 756 134 5354 263 0.147 223 Wi4 426 706 134 0.158
W14 {w) 426 283 134 3178 195 0.231 131 W4 (w) 426 283 134 0.231
w14 455 756 134 3137 155 0.085 128 Wi4 426 706 134 0.091
Wid 455 756 134 5350 137 0.144 218 Wid 426 706 134 0.155
. wid 455 756 134 6097 262 0.168 254 Wid 426 706 134 0.180
1 3 wia 455 756 134 6111 275 0.169 235 Wid 426 706 134 0.181
Wid 455 756 134 5879 322 0.163 247 Wid 426 706 134 0.175
W14 (w) 426 283 134 2876 147 0.208 113 Wi4 (w) 426 283 134 0.208
Wid 398 656 117 3097 155 0.087 127 Wid 398 656 117 0.087
wid 398 656 117 4870 137 0.152 139 Wid 398 656 117 0.152
50 8.5 wia 398 656 117 4715 166 0.148 134 Wid 398 656 117 0.148
Wid 398 656 117 4336 114 0.153 201 Wid 398 656 117 0.153
wid 398 656 117 4879 114 0.152 139 Wid 398 656 117 0.152
W14 {w) 311 199 91.4 2646 147 0.275 109 W14 (w) 311 199 91.4 0.275
wid 398 656 117 3063 105 0.095 125 Wid 398 656 117 0.095
wia 398 656 117 4358 104 0.151 198 Wid 398 656 117 0.151
Wid 398 656 117 4707 124 0.147 152 Wid 398 656 117 0.147
8 13.3 wid 398 656 117 4350 88 0.153 201 Wid 398 656 117 0.153
wi4 398 636 117 4837 S0 0.150 157 Wwild 398 656 117 0.150
W14 (w) 311 199 91.4 2646 147 0.275 109 W14 (w) 311 199 51.4 0.275
wia 398 656 117 3996 38 0.123 161 Wid 398 656 117 0.123
Wid 398 656 117 5432 74 0.168 220 Wid 398 656 117 0.168
. wid 398 656 117 5327 71 0.164 216 Wid 398 656 117 0.164
1 3 wi4 398 636 117 5457 65 0.168 221 Wwild 398 656 117 0.168
Wid 398 656 117 5431 69 0.168 220 Wid 398 656 117 0.168
W14 (w) 311 199 91.4 2490 57 0.253 101 Wi (w) 311 199 514 0.253
Wid 311 506 91.4 2303 58 0.082 93 Wid 311 506 51.4 0.052
wid 311 506 91.4 3056 74 0.123 124 Wid 311 506 914 0.123
72 10 wi4 311 500 51.4 2939 78 0.121 122 Wwild 311 506 514 0.121
Wid 311 506 91.4 3096 65 0.124 126 Wid 311 506 51.4 0.124
wia 311 506 91.4 3066 69 0.123 125 Wid 311 506 914 0.123
W14 (w) 283 179 83.3 1275 57 0.144 52 W14 (w) 283 179 83.3 0.144
wia 311 506 91.4 2313 28 0.092 93 Wid 311 506 914 0.092
wild 311 500 51.4 2732 38 0.109 110 Wwild 311 506 514 0.109
8 15 Wi4 311 506 91.4 2566 36 0.102 103 Wid 311 506 514 0.102
wia 311 506 91.4 2767 33 0.110 111 Wid 311 506 914 0.110
wi4 311 506 51.4 2930 35 0.117 118 wild 311 506 514 0.117
W14 (w) 283 179 83.3 2154 28 0.247 38 wi4 (w) 283 179 83.3 0.247
Tatal Weight (k) 269.729 Total Weight (k) 265.814
Weight Reduction (kips) -3.915
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Frame E: Beam Design

Frame E Beams
i i " 1 -
216.5| w30 148 436 7791 0.357 233 W30 148 436 0.357 0.158 6680  [0.1963545 0.541
259| W30 148 436 7084 0.325 211 W30 1438 436 0.325 0.158 6680 [0.2555071 0.648
1 288 W36 150 504 10934 0.434 326 W30 148 436 0.502 0.158 6680 0.4376316 0.720
288] W36 150 504 9326 0.370 326 W3ao 148 436 0.428 0.158 6680  [0.4159438 0.720
259 W30 148 436 9370 0.430 280 W30 1438 436 0.430 0.158 6680 0.3379964 0.648
216.5| W30 148 436 7099 0.326 212 W30 148 436 0.326 0.158 6680 0.1789146 0.541
216.5| WI18 175 345 4348 0.281 145 W18 143 282 0.344 0.158 2750 0.296825 0.541
259| Wi18 175 345 4169 0.242 124 Wwis 143 282 0.296 0.158 2750 [0.3852527 0.648
2 288 W36 150 504 7358 0.292 220 W30 132 380 0.387 0.158 5770 0.379949 0.720
288] W36 150 504 6506 0.258 327 W3ao 132 380 0.342 0.158 5770 | 0.3359579 0.720
259| W30 148 435 6893 0.317 206 W30 132 380 0.363 0.158 5770 |0.2878281 0.648
216.5| W24 192 491 5208 0.212 155 W24 131 329 0.317 0.158 4020 0.2181262 0.541
259 W24 192 491 5089 0.206 151 Wwaa 131 329 0.308 0.158 4020 | 0.3038378 0.648
5 288 w24 192 491 3006 0.204 143 W24 131 329 0.304 0.158 4020 0.3710234 0.720
288 w24 192 491 5125 0.209 328 W24 131 329 0.312 0.158 4020 0.379854 0.720
259 W24 192 491 4935 0.201 147 W24 131 329 0.300 0.158 4020 | 0.2957775 0.648
216.5| W24 192 491 4959 0.202 148 w24 131 329 0.301 0.158 4020 0.2077014 0.541
216.5| W24 162 414 4691 0.227 140 W24 117 291 0.322 0.158 3540 0.223101 0.541
259 W24 162 414 4587 0.222 137 W24 117 291 0.315 0.158 3540 [0.3122222 0.648
2 288 w24 162 414 4548 0.220 136 W24 117 291 0.313 0.158 3540 0.382774 0.720
288 w24 162 414 4642 0.224 329 W24 117 291 0.319 0.158 3540 0.3906741 0.720
259 W24 162 414 4468 0.216 133 Wwaa 117 291 0.307 0.158 3540 [0.3041238 0.648
216.5| W24 162 414 4638 0.224 138 w24 117 291 0.319 0.158 3540 0.2205864 0.541
216.5| W24 131 328 3672 0.224 110 W24 94 222 0.331 0.158 2700 0.2289431 0.541
259 W24 131 323 4038 0.246 121 W24 94 222 0.364 0.158 2700 [0.3603189 0.648
5 288 w24 131 328 4034 0.246 120 W24 94 222 0.363 0.158 2700 0.4451602 0.720
288 w24 131 328 4107 0.250 330 W24 94 222 0.370 0.158 2700 0.4531925 0.720
259| W24 131 328 3948 0.241 118 W24 94 222 0.356 0.158 2700 [0.3523574 0.648
216.5| W24 131 328 3706 0.226 111 W24 94 222 0.334 0.158 2700 0.2311215 0.541
216.5| W24 104 257 3107 0.242 93 W24 84 136 0.317 0.158 2370 0.2207149 0.541
259 W24 104 257 3512 0.273 105 W24 84 156 0.358 0.158 2370 [0.3570329 0.648
288 w24 104 257 3551 0.276 106 W24 84 136 0.362 0.158 2370 0.4464386 0.720
8 288] w24 104 257 3606 0.280 331 Wwaa 84 196 0.368 0.158 2370 0.453354 0.720
259 w24 104 257 3444 0.268 103 w24 84 196 0.351 0.158 2370 0.3501684 0.648
216.5] w24 104 257 3141 0.244 94 W24 84 196 0.321 0.158 2370 [0.2231298 0.541
216.5| w24 104 257 2361 0.184 70 Wwaa 84 196 0.241 0.158 2370 [0.1677231 0.541
259 w24 104 257 2745 0.213 82 W24 84 136 0.280 0.158 2370 0.2791062 0.648
7 288] w24 104 257 2826 0.220 34 W4 84 136 0.288 0.158 2370 [0.3552005 0.720
288| wWa4 104 257 2830 0.224 332 W24 84 196 0.294 0.158 2370 [0.3620508 0.720
259 w24 104 257 2680 0.208 80 W24 84 136 0.273 0.158 2370 0.2724793 0.648
216.5| w24 104 257 2392 0.186 71 W24 84 196 0.244 0.158 2370 [0.1699557 0.541
216.5| W24 104 257 1427 0.111 43 W24 84 196 0.146 0.158 2370 [0.1014049 0.541
259 w24 104 257 2013 0.156 60 W24 84 136 0.205 0.158 2370 0.2046185 0.648
8 288] w24 104 257 2110 0.164 63 Wwaa 84 196 0.215 0.158 2370 [0.2651948 0.720
288 w24 104 257 2165 0.168 333 w24 84 196 0.221 0.158 2370 0.2721339 0.720
259] W24 104 257 1950 0.152 58 Waa 84 136 0.199 0.158 2370 0.198279 0.648
216.5| W24 104 257 1434 0.115 44 W24 84 136 0.151 0.158 2370 0.1054352 0.541
Total Weight (kips) 134.25 Total Weight (kips) 105.8909

Weight Reduction (kips) -28.3591
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Frame E: Column Design

Frame E Columns
h Original | Weight 5 A 1% — P, i MNew Weight g A .
Floor . ) Ratio Srea ) Ratio
(ft) Size (los/ft) | (in®} | (in®} | (k-in) | (K) = | Design | (lbs/ft) | (in®) | (in?
W14 (w) 455 304 134 4748 408 0.333 202 | W14 (w) 370 241 109 0.426
Wid 426 706 125 9622 420 0.292 | 413 Wid 398 656 117 0.316
Wi4 426 706 125 10135 | 424 0.209 | 436 Wi4 398 656 117 0.234
1 15 Wia 426 706 125 8392 476 0.257 363 Wia 398 656 117 0.278
Wil4 426 706 125 TT776 470 0.238 336 Wia 398 656 117 0.258
Wi4 426 706 1325 9863 358 0.296 | 415 W14 398 656 117 0.320
W14 (w) 426 283 125 4893 343 0.366 207 | wWid (w) 455 304 134 0.339
W14 (w) 455 304 134 3043 324 0.210 128 | wWid (w) 370 241 109 0.268
Wi4 426 706 125 3901 354 0.117 | 165 Wi4 398 656 117 0.127
Wi4 426 706 125 5367 361 0.161 228 Wi4 398 656 117 0.174
2 12.5 Wil4 426 706 125 5650 386 0.171 241 Wia 398 656 117 0.184
Wi4 426 706 1325 5182 387 0.156 221 W14 398 656 117 0.169
Wid 426 706 125 4414 305 0.131 186 Wid 398 656 117 0.142
W14 (w) 426 283 125 1600 268 0.118 67 | wWid (w) 455 304 134 0.110
W14 (w) 455 304 134 1967 367 0.137 83 | wWid (w) 370 241 109 0.175
Wi4 426 706 125 2864 243 0.084 | 119 Wi4 398 656 117 0.091
Wil4 426 706 125 3878 333 0.116 164 Wia 398 656 117 0.125
3.1 5 Wi4 426 706 1325 5190 334 0.155 219 W14 398 656 117 0.168
Wid 426 706 125 5169 300 0.154 | 217 Wid 398 656 117 0.166
Wi4 426 706 125 2478 239 0.073 103 Wi4 398 656 117 0.079
W14 (w) 426 283 125 319 268 0.024 13 | wid (w) 455 304 134 0.022
W14 (w) 426 283 125 2693 267 0.199 113 | wWid (w) 342 221 101 0.257
Wil4 426 706 125 4454 243 0.131 185 Wia 370 607 109 0.154
Widg 426 706 125 4870 333 0.146 206 Wia 370 607 109 0.171
3.2 8.5 Wid 426 706 125 4146 334 0.124 | 175 Wid 370 607 109 0.146
Wid 426 706 125 4319 300 0.129 181 Wid 370 607 109 0.151
Wi4 426 706 125 4461 239 0.131 186 Wi4 370 607 109 0.1534
W14 (w) 398 262 117 2398 268 0.192 101 | wid (w) 426 283 125 0.177
W14 (w) 426 283 125 2515 207 0.184 104 | wid (w) 342 221 101 0.237
Wil4 426 706 125 3781 207 0.111 156 Wia 370 607 109 0.130
Wi4 426 706 1325 3530 245 0.104 | 147 W14 370 607 109 0.122
4 13.5 Wid 426 706 125 3369 278 0.100 141 Wid 370 607 109 0.117
Wi4 426 706 125 3533 251 0.104 | 147 Wi4 370 607 109 0.122
Wi4 426 706 125 3750 203 0.110 155 Wi4 370 607 109 0.128
W14 (w) 398 262 117 2561 209 0.203 106 | w14 (w) 426 283 125 0.187
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Frame E: Column Design (Continued)

W14 (w) 426 283 125 2221 152 | 0.161 91 | wid(w) 342 221 101 0.207

Wil4 426 706 125 3540 171 0.103 | 146 W14 370 607 109 0.120
Wil4 426 706 125 3327 198 0.097 | 137 Wil4 370 607 109 0.114
5.1 5 Wild 426 706 125 3173 222 | 0.093 | 132 Wild 370 607 109 0.109
Wil4 426 706 125 3334 202 | 0.098 | 138 W14 370 607 109 0.114
Wil4 426 706 125 3524 167 | 0.103 | 145 Wil4 370 607 109 0.120

W14 (w) 398 262 117 2182 153 0.171 50 | wWid(w) 426 283 125 0.158
W14 (w) 311 199 | 91.4 | 1946 152 | 0.202 B0 | Wid (w) 283 179 83.3 0.226

Wild 398 656 117 3282 171 0.103 | 135 Wild 342 558 101 0.122
Wl4 398 656 117 3111 198 0.098 | 129 W14 342 238 101 0.116
5.2 8.5 Wil4 398 656 117 2953 222 | 0.094 | 123 Wil4 342 558 101 0.111
Wil4 398 656 117 3117 202 | 0.098 | 129 Wil4 342 558 101 0.116
Wil4 398 656 117 3272 167 | 0.103 | 135 W14 342 558 101 0.121

W14 (w) 311 199 | 51.4 | 1957 153 | 0.204 81 | wid(w) 311 159 83.3 0.204
W14 (w) 311 199 | 91.4 | 1728 104 | 0.178 71 | Wid (w) 311 179 83.3 0.198

Wil4 398 656 117 2926 131 0.091 | 120 Wil4 398 558 101 0.108
Wild 398 656 117 2781 149 0.087 | 114 Wild 398 558 101 0.103
6 13.5 Wil4 398 656 117 2607 166 0.082 | 107 W14 398 358 101 0.097
Wil4 398 656 117 2783 152 | 0.087 | 114 Wil4 398 558 101 0.103
Wil4 398 656 117 2918 128 0.091 | 119 W14 398 558 101 0.107

W14 (w) 311 199 | 91.4 | 1749 105 0.180 72 | Wid (w) 311 199 83.3 0.180
W14 (w) 311 199 | 91.4 | 1379 61 0.140 56 | Wid (w) 311 179 83.3 0.156

Wl4 398 656 117 2182 89 0.068 89 W14 398 238 101 0.080
Wil4 398 656 117 2057 101 0.064 84 Wil4 398 558 101 0.075
7.1 5 Wild 398 656 117 1913 111 0.059 78 Wild 398 558 101 0.070
Wil4 398 656 117 2059 102 | 0.064 84 W14 398 558 101 0.075
Wil4 398 656 117 2175 38 0.067 88 Wil4 398 558 101 0.079

W14 (w) 311 199 | 91.4 | 1393 62 0.142 56 | Wil4 {w) 311 199 83.3 0.142
W14 (w) 283 179 | 83.3 | 1482 61 0.168 60 | W14 (w) 257 161 75.6 0.187

Wild 311 506 | 914 | 2581 89 0.104 | 105 Wild 311 506 51.4 | 0.104
Wil4 311 206 | 914 | 2471 101 0.100 | 101 W14 311 206 91.4 | 0.100
7.2 10 Wil4 311 506 | 91.4 | 2351 111 0.095 56 Wil4 311 506 51.4 | 0.095
Wil4 311 506 | 91.4 | 2473 102 | 0.100 | 101 Wil4 311 506 51.4 | 0.100
Wil4 311 506 | 91.4 | 2575 38 0.104 | 105 Wil4 311 506 51.4 | 0.104

W14 (w) 283 175 | 83.3 | 1496 62 0.170 61 | Wid(w) 283 179 83.3 0.170
W14 (w) 283 179 | 83.3 | 1205 26 0.135 48 | Wi4 (w) 257 161 75.6 0.151

wid4 311 506 91.4 | 1306 47 0.072 73 Wid4 311 306 91.4 0.072

Wild 311 506 | 914 | 1799 51 0.072 73 Wild 311 506 51.4 | 0.072

8 15 Wil4 311 506 | 914 | 1626 35 0.063 66 W14 311 306 91.4 | 0.065
Wil4 311 506 | 51.4 | 1801 52 0.072 73 Wil4 311 506 51.4 | 0.072

Wil4 311 506 | 91.4 | 1733 46 0.072 72 W14 311 506 91.4 | 0.072

w14 (w) 283 179 83.3 1226 26 0.138 49 | w4 [w) 283 179 83.3 0.138

Total Weight (k) | 301.1645 Total Weight (k) | 282.4545
Weight Change (kips) -18.71
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APPENDIX E: NONLINEAR ANALYSIS

Frame A NONLIN Damper Analysis
Performance Point

. Equivalent Frame Properties Yield Events Based on Percent Damping Damping | Percent
Iteration Info N R
V(k] | D(in] |Stiffness 1 (k/in] |Stifiness 2 [kfin)] Strength (K) 5% 10% 15% 20% 25% 30% 255 | Force (k)| Damping
Original Design | 408.225 3.6 113.396 22.679 408.225 6 2 1 1 0 0 0 173.898 21
Smaller 1 403.317 3.59 112.345 22.469 403.317 6 2 2 1 0 0 o 172.404 21
Smaller 2 392.599 3.528 111.281 22.256 392.599 6 2 1 1 0 0 0 241.2 21

Frame A NONLIN Damper Analysis

Performance Point

. Equivalent Frame Properties Yield Events Based on Percent Damping Damping | Percent
Iteration Info N R
V(k] | D(in] |Stiffness 1 (k/in] |Stifiness 2 [kfin)] Strength (K) 5% 10% 15% 20% 25% 30% 255 | Force (k)| Damping
Original Design 272.035 2.402 113.254 22.651 272.035 13 6 3 2 1 1 1 169.736 21
Smaller 1 268.764 2.396 112.172 22.434 268.764 13 7 3 2 1 1 1 242.368 21
Smaller 2 261.616 2.354 111.137 22.227 261.616 13 7 3 2 2 1 1 241.01 21

Frame E NOMLIN Damper Analysis - Maximum Considered Earthquake

. PEFfFIFrTIEr‘ICE Equivalent Frame Properties Yield Events Based on Percent Damping Optin_wal Optimal

Iteration Point Info Damping | Percent

v (k) D (in) [|Stiffnass 1 (k/in)|Stiffness 2 (k/in)| Strength (k) 5% | 10% | 15% | 20% | 25% | 30% | 35% | Force (k) |Damping
Original Design | 433.043 | 3.417 126.734 25.347 433.049 4 2 1 1 0 0 0 252.32 24
Smaller 1 412.267 | 3.366 122.480 24.496 412.267 4 2 1 1 0 0 0 255.57 25
Smaller 2 404.425 | 3.436 117.702 23.540 404.425 [ 2 1 1 0 0 0 246.00 24
Smaller 3 350.408 | 3.508 111.291 22.258 350.408 5 3 1 1 0 0 0 234.29 23
Smallera 383.584 | 3.499 109.627 21.925 383.584 5 3 1 1 0 0 0 232.80 23
Smaller 5 372.695 | 3.506 106.302 21.260 372.695 1] 2 1 1 0 4] 0 223.05 22
Smaller 6 364.527 | 3.485 104.599 20.920 364.527 3] 2 1 1 0 0 0 228.06 23

Frame E NOMLIN Damper Analysis - Design Level Earthguake

Performance . . ) . Optimal | Optimal
) i Eguivalent Frame Properties Yield Events Based on Percent Damping P ) P
Iteration Point Info Damping Percent
W (k) D (in) |Stiffness 1 (k/in)|Stiffness 2 (k/in}| Strength (k) 5% | 10% | 15% | 20% | 25% | 30% | 35% | Force (k) |Damping
Original Design | 288.581 | 2.278 126.682 25.336 288.581 12 8 7 5 5 4 4 338.61 24
Smaller 1 274.739 | 2.241 122.597 24.519 274.739 3] 3] 5 2 2 2 2 233.22 25
Smaller2 269.502 | 2.288 117.789 23.558 269.502 8 6 5 2 2 2 2 230.47 24
Smaller 3 260.156 | 2.336 111.368 22.274 260.156 9 7 5 2 2 2 2 218.73 23
Smaller4 255.609 | 2.330 109.703 21.941 255.609 9 7 3 2 2 2 2 216.83 23
Smaller 5 248.355 | 2.335 106.362 21.272 248.355 9 7 6 2 Z 2 2 206.49 22
smaller 6 242.915 | 2.321 104.660 20.932 242.915 10 7 6 3 2 2 2 211.21 23
Frame 1 NONLIN Damper Analysis - Maximum Considered Earthquake
. performance Point Equivalent Frame Properties Yield Events Based on Percent Damping Damping | Percent
Iteration Info Force (k) | Damin,
v (k) D (in) [ Stiffness1(k/in) |Stiffness 2 (k/in) Strength (k) 5% 10% 15% 20% 25% 30% 35% ) ping
QOriginal Design 278.514 3.695 75.376 15.075 278.514 3 2 1 0 0 0 0 147.542 20
Smaller1 273.078 3.692 73.965 14.793 273.078 5 2 1 0 0 0 0 146.621 20
Smaller2 265.536 3.756 70.696 14.139 265.536 6 2 1 0 0 o o 133.003 18
Smaller 3 251.713 3.622 £69.436 13.899 251.713 6 2 1 0 0 0 0 142.262 20
Frame 1 NONLIN Damper Analysis - Design Level Earthquake
) performance Point Equivalent Frame Properties Yield Events Based on Percent Damping Damping | Percent
Iteration Info Farce (K) | Dampin
v (k) D (in} |Sstiffness1(k/in) |Stiffness 2 (k/in) Strength (k) 5% 10% 15% 20% 25% 30% 35% ) ping
Original Design 185.607 2.463 75.358 15.072 185.607 9 9 4 2 2 2 2 205.235 20
Smaller 1 181.984 2.461 73.947 14.789 181.984 9 7 4 2 2 2 2 136.609 20
Smaller 2 176.961 2.503 70.700 14.140 176.961 9 7 5 2 2 2 2 123.119 18
Smaller 3 167.741 2.414 69.487 13.8397 167.741 11 7 5 2 2 2 2 131.056 20
Frame 7 NONLIN Damper Analysis - Maximum Considered Earthquake
R Performance Paint Equivalent Frame Properties Yield Events Based on Percent Damping Damping | Percent
Iteration Info Force (K) | Dampin
V (k) D (in) |Stiffness 1 (k/in) | Stiffness 2 (k/in) Strength (k) 5% 10% 15% 20% 25% 30% 35% ) ping
Original Design 227.939 3.313 68.801 13.760 227.939 7 2 1 1 1 0 154.875 26
Smaller1 222.587 3.377 65.913 13.183 222.587 4 2 1 1 0 0 0 126.316 25
Smaller2 218.638 3.368 64.916 12.983 218.638 4 2 1 1 0 0 0 125.863 25
Smaller 3 209.516 3.451 60.712 12.142 209.516 4 2 1 1 o o o 120.726 24
Smaller4 201.846 3.403 59.314 11.863 201.846 4 2 1 1 0 0 0 122.713 25
Frame 7 NONLIN Damper Analysis - Design Level Earthquake
Performance Point Equivalent Frame Properties Yield Events Based on Percent Damping Damping | Percent
Iteration Info Force (k) | Damain,
V (k) D (in) | stiffness 1 (k/in) [ Stiffness 2 (k/in) Strength (k) 5% 10% 15% 20% 25% 30% 35% ) ping
Qriginal Design 151.905 2.208 68.798 13.760 151.905 10 7 4 3 2 2 2 124.824 26
Smaller 1 148.333 2.249 65.955 13.191 148.333 9 7 4 2 2 2 120.634 25
Smaller2 145.703 2.243 64.959 12.992 145.702 El 7 4 2 2 2 2 119.822 25
Smaller 3 139.617 2.296 60.809 12.162 139.617 6 6 5 2 2 2 2 114.308 24
Smaller4 134.511 2.267 59.334 11.867 134.511 6 6 5 2 2 2 2 115.821 25
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