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The Seismic Isolation Standard for
Continual Functionality
specifies criteria for 1solator

properties that limit seismic damage
to less than 2%, 4%, or 8% of
facility replacement cost.
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RED1 Rating System: Resilience Based Earthquake Design Initiative

RED1™ Resilience Objectives

Platinum

Silver

Downtime:
Immediate Re-Occupancy (Green Tag expected)
and
Functional Recovery = 72 hours

Direct Finaneial Loss:
Seenario Expected Loss < 2.5%

Ocenpant Safety:
Physicalinjury due to failure of building components unlikely

Downtime:
Imnediate Re-Osoupancy (Green Tag sxpected)
and

Funetionz] Recovery < 1 momth!
Direct Finaneial Loss:
Scenario Expected Loss < 5%

Oceupant Safety:
Physicalinjury due to failure of building components unlikely

Downtitme:
Re-Oceupancy < & months (Vellow Tag possible]
and

Functional Recovery < & menths!

Direct Finaneial Loss:
Seenario Expected Loss < 10%

Ocoupant Safety:
Physical injury tmay oconr feom falling components (but not structural collapse), fatalities
are unllikely

The REDi™ roadmap to resilience will allow
owners to resume business operations and provide
livable conditions quickly after an earthquake.

Building Reslience

Raliakle damage control tackmol ogles such as base isolation and ensrgy-
dizdpating systemszhave becom e well established mrar

the past 15 years. At the same time, developments n compiter Smilation
Lased upon improved knowledge of stuchural behavior now enskle
mgineers to realisicaly predict the behavior of

huildings. These agficant advancesmake it possible to design realient
buil dings that will suffer litfle damage m major earthquakes, protectng
owners assets inaddibon to providing Ife safety.

Above: The San Frareisoo General Hespital ermployed base- ko bdion 5
e preatect the strocture and ren-strictural cormpanents fram sufieing darmage in
a rmapr earthiuake. Since the base-koktors redused the seirmic fores, the
suparstructure Wilzed kss steal fannage, which

rrare than offsat the cost of the baze Boltars and fldble sornections required
annass the boktion phane.

Ambient Resilience

The lesson from past earthquakes is to be aware of your avromdings and
understand extermna hezards. Thisis espectally true of buldmgs m dense
urban erveir cemn ents, where arramding sruchires can collapse or ched debris
ontoroads o even onto the buillding, Site sccessis animportant congderaton
for minimizing dowrtim e.

In additiony, other earthquake-induced hazards like tanamis or Bquefaction
canhave a devastating effect o the time it takes the local communtty ta
recover. This couldjeopardize the recovery of even the most struchirally
reslient buldngs.

Organizational Resilience

The fime to ackieve fimetional recovery iz not just the time ittakes

to eomplete repairs caused by earthquale damage. Delays due to

‘impeding factors’ (see box tothe right) can contribute a Sgnificant am mut
tothe time it takes torecover. In addifion, disnpton to utilities must be
canadered to maintain livable conditions and all ow business to resune after
an sarthquake. Pre- earthquake contingeney plaming 1= key to reduce these
potertial nsks

Avoid CEF Edge effects...

The fime to pepair abuilding is essentally proportions] to

the amaimt of damage it suffers, If the bl dng suffers little damags,
then the repair tim e m ay be minimal. But as the dam age increases, the
tim erequired to ackieve funrtional recovery may increase
expanertially. Thisis due to ‘impeding factors’ that delay the tubiation
of repairs. These include the time it takesta

complete post-earthquake buildinginsp ection, secure finsneing for
repairs, mobilize engineenng services, re-degign damaged components,
obtain permithng, mobilize a contracter and necessary equipm ent, and
for the contractor to crder and receive the requived conpmernts
including ‘long-lead fime’ items

What 15 a Loss Assesstnent?

We nuze a FELA bazed tool to quartify earthquake risk i terms
of financid lozses and time to achieve re-ormpaney, funeti onal
recovery, ot full recovery. The expected earthquake demands on the
bilding from a computer smulation are provided to a BIM-type model
which includes the quantity and location of
all bulding components and corterts. The consequences of the danage
caused by the demands are reparted in terms of repar
tim e annd divect fmancial losses due to repairs. Any corresponding
Simwiadine fartros’ and aetim ated it dimamb on bim e ave alan
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Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

PROVISIONS

ASCE 7-16

The Seismic Isolation Standard
for Continued Functionality 1s

based on ASCE 7 design loads
and analysis requirements, and

specifies performance criteria
for 1solator properties that
satisfy ASCE 7 Chapter 1
requirements for Functionality
after earthquakes.




Seismic Performance
Assessment of Buildings

Volume 2 — Implementation Guide

FEMA P-58-2 / September 2012
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FEMA P58

The Seismic Isolation
Standard specifies
resiliency criteria that
limit seismic damage,
using the FEMA 58
methodology to
calculate expected
seismic damage to
buildings.




FEMA P695

The Seismic Isolation
Standard specifies the
required 1solator shear
strength and

displacement capacity,
based on FEMA P695

Quantification of Building collapse probability

Seismic Performance calculations, to satisfy

Factors ASCE 7 Target
Reliabilities for
structural stability.

FEMA P695 / June 2009

& FEMA ""




Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

PROVISIONS

ASCE 7-16 Chapter 1

requires that 1solator design loads
be less than the isolator capacities
as specified by a materials and
fabrication standard for 1solators.

An 1solator standard must always
be specified.
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Manufacturer Responsibilities
Isolator properties to limit damage

Isolator capacities to satisty structural safety

Qualification, Capacity, Dynamic Property,
and Quality Control tests for isolators.




Structure Design
Criteria Applicable
Under ASCE 7-16
Base Criteria for the
Design Earthquake

Target Limit
for Building
Architectural
& Structural
Damage

Average
Floor Spectra
Acceleration

Limit

Average of
Peak Story
Drifts
Limit

Maximum
Peak
Story Drift
Limit

Maximum
Peak
Residual
Story Drift
Limat

SISCF Category IV

2%

03¢

0.20%

0.30%

0.00%

SISCF Category 111

4%

0.4¢g

0.30%

0.43%

0.00%

SISCF Category II

8%

0.6g

0.67%

1.00%

0.00%

Chapter 17 no SISCF

30%

1.0g

1.33%

2.00%

0.00%

Fixed Base DE

60%

1.3¢

2.00%

3.00%

2.00%

Fixed Base MCE

100%

1.5¢

4.00%

5.00%

4.00%

Table C.3-1 Resiliency Criteria Limits for Structure Design Categories
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T I The suite of relationships presemted in this fignre are
intended to be wsed to estimate seismic shaking
damage as a percentage of construction cost based
on varicns earthquake demand parameters.

Architectnral component damage is estimated by
snming the contribution from the average spectral
acceleration from 0.05-3 sec for all floors, average
peak drift ratio for all floors, and the maxinmm peak
drift ratio for any one floor. Structural component
damage is estimated by summing the contribution
from average residual drift ratio for all flocrs and
maximmum residual drift ratio for any one floor.

Enpeched Peroertags Cmag & (%)

Agerage 0 DE-3sec Saig)

Figure C.3-2: Building Seismic Shaking Damage Estimate
used for selecting Isolator Properties, Structure Type, and
Story Stiffness.




Christchurch City Center
Three days after the Magnitude 6.3 Earthquake, 2011




Three years after the Magnitude 6.3 Earthquake, 2011.

70% of buildings demolished. After 5 years, only 15% have
been rebuilt. Median loss of property use 15 years.




Replacement Olive Hospital, World’s Strongest Building
1.2g Lateral Shear Capacity, R=1 for MCE

No structural damage during the 1994 magnitude 6.7 earthquake.
Severe architectural damage causes the hospital to be evacuated the day of the
carthquake, and remained closed for three months. The hospital could not
attend to the people injured by the earthquake.
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Train System Control Center closed after the Chile Earthquake
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Court Closed After Chile Earthquake




Commercial Building Closed After Chile Earthquake




Inside Commercial Building




Inside Commercial Building




Inside Commercial Building




Non-Structural Building Damage
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Non-Structural Building Damage




Inside Hospital, California




Inside Hospital, California




Indonesia Hospital Patients in Street, 2018




Indonesia Patients on the Street in the Dark, 2018
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Mex1co Hospltal Patlents In Street, 2017
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Mexico Hospital Patients In Street, 2017
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Mexico Hospital Patients In Street, 2017
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Mexico Hospital_ Patients In Tents', 2017




F i
c-' frt= i'_

Mexico Patients on the Street in the D




Hospital de Bahia de Caraques
Evacuated on the day of the earthquake. No hospital care available for
those injured 1n this city. Cost of repair 40%. Loss of use as a
municipal building will be 3+ years. Total earthquake loss equal to
56% of original construction cost. Once municipal funds are available,
a new hospital will be constructed at a different site. The new hospital
will be designed and built for Continued Functionality.




Pinas Del Oro Hospital, Ecuador
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Loma Linda Hospital, San Bernadino CA




San Francisco General Hospital




Stanford University Hospital




Mills Peninsula Hospital, California




Washington Hospital, California




Basaksehir Hospital Facility, Turkey
1 Million square meters




Adana Hospital, Turkey
550,000 square meters




Lutfi Kirdar Hospital, Turkey
300,000 square meters




250,000 square meters
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Goztepe Hospital, Turkey
200,000 square meters
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Okemedani1 Hospital, Turkey
200,000 square meters




Safe Hospitals in Emergencies
and Disasters

Structural, Non-structural and Functional Indicators

Save Lives!

Make Hospitals Safe in Emergencies.

XY World Health
(£8/)Y Organization
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The World Health
Organization “WHQO”
Safe Hospitals directive
specifies that new
hospitals be designed and
constructed to maintain
maximum functionality
after earthquakes.

The governments of 194
countries, including New
Zealand, Japan, and the
USA, have committed to
do their best to comply
with this WHO Directive.
Structural codes and
practices need to be
consistent with this
commitment to the WHO.




POLITICA NACIONAL DE
HOSPITALES SEGUROS FRENTE
A LOS DESASTRES
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Peru law requires
hospitals to be
designed to maintain
their maximum

capacity to function
after an earthquake,
using seismic
1solators.




HGEA
Saryed

Medicina Deportiva del Callao




Hospital General de Puno




Apple California Corporate Headquarters

400,000 Square Meters, 98% reliability of limiting
seismic damage to less than 2%




The 1solators for this Ecuador bridge were designed according to the Continued
Functionality criteria in the Isolator Standard. The bridge maintained full
functionality during the 2016 magnitude 7.8 earthquake. The isolators
experienced seismic loading demand 2 times the code MCE spectra. The Ecuador
Army Corps of Engineers reported this bridge maintained functionality during
and after the earthquake, with 15,000 vehicles crossing the bridge during the first
24 hours, evacuating the injured persons from the devastated City of Bahia. The
Ecuador Army Corps of Engineers has adopted the Seismic Isolation Standard for
Continued Functionality as mandatory for all their isolated projects.




Wellington Town Hall Seismic Isolation Retrofit

SINGLE PENDULUM
LEAD RUBBER




Fletcher Construction paid NZ $ 30 million to repair earthquake
damage to the Christchurch Women’s Hospital constructed
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with rigid Lead Rubber Isolators

“Performance Analysis of Base Isolation System” ..g FI etCher

UC CF 1297: “the lead-rubber isolators did not
displace during the earthquakes and the hospital The leading contractor in

. o . New Zealand and the South
responded essentially as if it was fixed base Pacific.




Wellington Children's Hospital Isolator Comparisons
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TRIPLE PENDULUM LEAD RUBBER SINGLE PENDULUM

SHEAR FORCE SHEAR FORCE SHEAR FORCE
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| / / |
1500 mm
DISPLACEMENT

FORCE DISPLACEMENT LOOP FORCE DISPLACEMENT LOOP FORCE DISPLACEMENT LOOP




[solators are Dumb

Engineers need to be smart

The Seismic Isolation Standard
for Continued Functionality
should be specified as the product
standard for all 1solators.




Thank You

for helping to build a resilient
and sustainable society.




