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BUILDING STATISTICS

Courtesy of Jacobs-Carter
Burgess

Courtesy of Google Maps

INTRODUCTION

Location: 845 Jackson Street
San Francisco, CA

Size: 92000 SF
Height: 96.5 to Top of Roof
Dates of Construction: 2010-2013

Project Delivery Method: Integrated Project
Delivery (IPD)




CHINESE HOSPITAL — NEW ACUTE CARE

AND SKILLED NURSING FACILITY
|
Introduction

19Z 2 THINESEIRIOSPITAL INTRODUCTION

Addition to The Chi Hospital
Existing Structural System IS 1 HIS SIS (s

Problem Statement Replaces the Original Structure, Built in 1925

Proposed Solution Designed to Maintain Floor-to-Floor Relationships

Lateral System Design Design Highlights:
Architectural Impact 76 Additional Beds
Damper Implementation Additional Surgical Space

Cost and Schedule Impact A Cardiopulmonary Unit

Conclusion
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Introduction

Existing Structural System
° Y Owner: Chinese Hospital

Problem Statement
Architects: Jacobs Carter Burgess

FLojpiesd Selbitn Structural Engineer: ARUP North America

Lateral System Desi
ateral System Design Mechanical Engineer: Mazzetti & Associates

Architectural Impact Electrical Engineer: FW Associates, Inc.

Damper Implementation . q
amper Implementatio Construction : DPR Construction, Inc.

Cost and Schedule Impact

Conclusion

Courtesy of Google Maps
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Introduction
Foundation

Existing Structural System
36” Mat Slab

Problem Statement

Proposed Solution 3’-0” x 3’-0” Concrete Pedestals

Underpinning to maintain existing foundations

Lateral System Design

Architectural Impact

Damper Implementation

Cost and Schedule Impact

Conclusion
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T Varying Bay Sizes from 18’-0"x17°-0”
Problem Statement 1 ?:H;- = : ' to 237.10"x24'-0"
lozesae Selbic =& i - Composite Beam Used
Lateral System Design s r_ﬁ=—< z
—am=—= F Floor System
Architectural Impact i = ]
2 3" Verco W3 Formlock Deck
Damper Implementation = T
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MOMENT FRAMES
I ———

T

EXISTING STRUCTURAL SYSTEM

Special Steel Moment Frames
4 Perimeter Frames

2 Interior

Column Sizes

W14x455 to W14x283

Beam Sizes

W24x192 to W30x99
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Introduction

Existing Structural System San Francisco in Area of High Seismicity “Hospital buildings that house patients who have
Problem Statement less than the capacity of normally healthy persons
. Structural Deformation Occurs During Major to protect themselves...must be reasonably

Proposed Solution Seismic Event o . .

eismic Events capable of providing services to the public after a
Lateral System Design disaster.”
Architectural Impact Essential” Facilities are Required to Meet Strict Seismic Safety Act of 1983

Standards

Damper Implementation
Cost and Schedule Impact

Conclusion
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FLUID VISCOUS DAMPERS

CourtbercoCdumiesyRsfvicesidnat al.

PROPOSED SOLUTION

Performance Based Engineering Alternative Solution
Incorporate Fluid Viscous Dampers into Structure

Design Goals

Prevent Yielding in MCE event
Minimal Impact to Architecture
Low Cost of Implementation
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DESIGN STRATEGY

]
i
e d T

PROPOSED SOLUTION

Distribute Lateral Loads to Frames Proportionately

Redesign Lateral System
For Strength Using R=8
To Meet .01Hx Drift Ratio

Convert Frame Properties to a SDOF System

Perform Nonlinear Analysis to Determine Required
Damping

Distribute Required Damping Throughout Frame

10
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Introduction

Existing Structural System
Lateral Forces Summary
Problem Statement L LA+ F) aoee Shar] OVETEUMTINE
2 L0+ F4 )+ LAE + #)+ 0L, or S o ) (ing) | Moment
. (ft-kips)
Proposed Solution 3, L2D 4 LEL, or Sex i) +{L et D3I EEEonE - o
Lateral System Design ALDTLEW L 0Ny o FuX) SEEm e E -
: m+ m.‘ L“m xmd NS 152 26,828
. ind EW 106 18, 632
Architectural Impact B 09D 3 L6W + 169
7. 080+ 10E + 16K

Damper Implementation
Cost and Schedule Impact

Conclusion
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DESIGN FORCES

Story Forces
REZCEEE a5 o

Qe rEn
Qe

IR

Bk

Story Shear

£ 2EEn

—3masn

—swsen

@Ees ST
@

e 155
QEsvs0
S gz
e

QEse T

_rsm —

s

W3

£—6125%

£—emsh

e L

14k

TRaSE

LATERAL SYSTEM DESIGN

23k

y fo; R

188k——

;B

P

T EN

= i

T e | E

N = = KIS
r e

o T I £
H6Bk A%k

12



ClrlINESIE [FORIFAL = NEW ~CUITE CalE DEMAND-TO-CAPACITY RATIO LATERAL SYSTEM DESIGN

AND SKILLED NURSING FACILITY
—x  —__— __________________________________________________

Introduction

L] ] 1 ¥ ] 3 i

Existing Structural System
Problem Statement D = Hasiingm Memeet
0.152 0.097 - —Sﬁaw-ﬁ}
Proposed Solution
Lateral System Design 0179 0.172 0.174
ne = Pemrgpen. fiernpvl,
Architectural Impact 0.128 0.133
Damper Implementation L ;.. ] ] 5 - ]
Cost and Schedule Impact H H H £ LI
& oy -3 & s dir Fad

Conclusion

13



CHINESE HOSPITAL — NEW ACUTE CARE

AND SKILLED NURSING FACILITY
[—

Introduction

Existing Structural System ’_I Ij_Lj

Problem Statement

T
Proposed Solution I— " erfomance Faint [V, D)

‘. (278514 3E95]
Lateral System Design !——5——5-— !'—'_ —'_!—'" - e

PUSHOVER ANALYSIS LATERAL SYSTEM DESIGN

]

-—-I-——-h— _—h——ﬂ'
Damper Implementation i
Cost and Schedule Impact [ 1 ! I
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Architectural Impact




CHINESE HOSPITAL — NEW ACUTE CARE

AND SKILLED NURSING FACILITY
[—

Introduction

Existing Structural System
Problem Statement
Proposed Solution

Lateral System Design
Architectural Impact
Damper Implementation
Cost and Schedule Impact

Conclusion

CONVERSION TO SDOF SYSTEM

LATERAL SYSTEM DESIGN

Properties from Actual Frame Converted into SDOF
System

Strength, Stiffness Taken from Pushover Analysis
Weight from Frame Tributary Area

Inherent Damping Assumed at 5% Critical

Earthquake Time-History Data Taken from 1994
Northridge Earthquake

15
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NONLIN ANALYSIS LATERAL SYSTEM DESIGN

SDOF Frame Subjected to Time-History Data for
Northridge Earthquake

Number of Yielding Events Recorded

Additional Damping Added to Achieve O Yielding
Events

Further Iterations to Reduce Strength and Stiffness of

Structure

16
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DAMPING TRENDS

Frame Strength vs Damping Force

——e

Eanping Foroe (k)

110

26000 25500 25000 24500 24000 13500 23000 23500 12000

Frame Strength (k)

LATERAL SYSTEM DESIGN

The Required Percent Critical Damping Always Falls
at the Same Point Regardless of Strength

Continued Decreases in Frame Strength Eventually
Result in an Increase in Required Damping
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PRELIMINARY CONCLUSIONS DAMPER IMPLEMENTATION

Additional Damping is an Effective Means of
Preventing Yielding During Earthquakes

Relatively Small Amount of Damping
Required
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DAMPER LAYOUT ARCHITECTURAL IMPACT

Dampers Cannot be placed in Loggia on Ground
and 1% Floor

19
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DAMPER LAYOUT ARCHITECTURAL IMPACT

T gt Dampers Cannot be placed in Loggia on Ground
and 1% Floor

Dynamic Soft Story Effect Requires Architectural
Modification

20
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DAMPER LAYOUT

Courtesy of Haskell et al.

ARCHITECTURAL IMPACT

Dampers Cannot be placed in Loggia on Ground
and 1% Floor

Dynamic Soft Story Effect Requires Architectural
Modification

Window Disruption Unavoidable Due to
Constrained Interior Layout

Possible Solutions
Use Different Brace Configurations
Incorporate FVD’s into Early Stage of
Design

21
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DISTRIBUTION OF DAMPING

Damping

peificent
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16
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15
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1788
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15

20.12

DAMPER IMPLEMENTATION

Damping Force Distributed Through Structure in Parallel

NEHRP Requirements

2 Dampers per Floor, Configured to Resist Torsion
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DAMPING PROPERTIES

L
Peaiod, Seonds

DAMPER IMPLEMENTATION

F - Based on Previous Requirements
C, a - Material Constants for Fluid

V - Max Velocity Found Using Response Spectrum

23
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Pelslein Sieianii o { Sz { il | 8” Taylor Devices, Inc. 55kip Capacity Fluid Viscous

DEVICE SELECTION DAMPER IMPLEMENTATION

up af- i " b Damper
Proposed Solution | . i

I ’ I
Lateral System Design s

Architectural Impact [la; J -

Damper Implementation Loed] t"“

Cost and Schedule Impact
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Dam

Frar

Member Reductions
Frame c?_"“'"_'" um._s_.J Henl'l)-:k!b!:l‘ cu,us,fl Savings (3]
cips)

! Total Cost = $210,585

Framet | 1671
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57600

Frame 7

[

607

16
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Factors Affecting Cost
Reduction in Lateral System
Cost of Damper Devices
Long Term Repair Costs

Schedule Impact

Dampers Can Be Quickly Installed with

Other Building Systems
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CONCLUSIONS

Fluid Viscous Dampers Found to be an Effective
Solution

Design Goals
Prevent Yielding in MCE Event \/

Minimal Impact to Architecture x\/

Low Cost of Implementation
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