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Addition of Quantitative Reliability Targets for Individual Members and
Essential Facilities

= Section 1.1.1 of 2020 NEHRP ek Cotennnt | o obability of Collapse
Provisions adds individual I e B -
member/connection reliability I 10% 1%
. . 111 5% less than 1%
targets to previously available - X v—T
building collapse reliability targets.
= SeCtiOn 215 Of 2020 NEHRP Conditional Probaliti‘lity of:failure for Member or
. . .onnection
PrO VISIONS StateS: Risk Category’ Given DE Shaking Given MCERr Shaking
“A desired target reliability for Risk . — -
Category IV buildings and il 5% 15%
nonbuilding structures is for there al = a
to be a 10% probability of loss of From FEMA P-2082-1

essential function given the Design
Earthquake ground motion.”



A 5> b Claal G463

Vet DY O’é’

60 ydos Blual H-Yo

A0 p) e A Cewga el 0 dly Sl Cod e pleisle S5l g0 Sles CBlaal
g oo 4285

el 3 Shee mhan ) s mlan 3y 0 cawgte coeal b slaloas b 55l (Y
s Led l.r'-"]-‘ ) ooy aliwl o Slae mhows oz mhass 35 Sl

dgaza > 0 Shoe mha oV jlas mhaw A5 )0 b j Coenl b slaplaislo 55l (F
Aiplas el | 2game ilor sl 0 Sl o ¥ jlas- o 0

Cobld 5 Shes mhaw ) s mlaw 3315 50 b LS coenl b slalezslu 55l (F
aigles el 1) gl eyl 8 Shee gl ¥ oz o 4o g addy o eolazu




m 2
P Y nts;

Resilience features by NIAC

Event hits and
restoration is End of
initiated restoration

100

Resilience
Triangle

Quality of Infrastructure (%)

50 f-------------m-mm--- '
2
- : ’
0 T, j
Time
State-of-the-art review on power system Recoved on 21 Hach 22
resilience and assessment techniques Aceepted on 278 October 202

E-First on 12th January 2021
doi: 10.1049/et-gtd 2020.0531
www.ietdl.org

Suhail Afzal'-2, Hazlie Mokhlis' =, Hazlee Azil lllias!, Nurulafigah Nadzirah Mansor!, Hussain Shareef?

+ Continue to work or stand up to natural disasters

il b s  Withstand low-probability but high-consequence events
e Effective disaster management when emerging
Resourcefulness e Identify options, prioritize what needs to be done to
control and reduce damage
: » (et everything back to normal after a disaster
Rapid recovery . .
¢ Possible plans and emergency operations
¢ Leam new lessons from a disaster
Adaptaility ¢ Introduce new tools and technologies to increase

robustness, resourcefulness and recovery capabilities
before the next crisis
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SISTANT DESIGN

e Consequences

OPTIONS
Design
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Consequences Under Major Earthquake

Major EQ
10% chonce
in S0 years

Moderate EQ
20% chonce
in 50 years

Initial Building
Cost

Expected Building
Downtime

Chance of
Post-EQ Placard

Casualty Risks

Carbon Impacts
of Repairs

Unretrofitted

icos affect the

Design choices coffect the

ced ond charac
=t 1he amount and

saries depending

Ecrthquoke domage
] fure and of!

£ 5

r nchon:
stricted entry)., or
[unsale, no entry).

ond other bulldings with enhanced selsmic resistance fectures

o
ofifted buildings can experence much less damage

** Somer

b oo oo doys IE
man ‘, 2 !__} g L v, A] C .
o Protective e cro ro :
= System
=]
(==
z doys 1o weeks Y
. 7 ) .#.
Enhanced F ]§.> : I
Code*
weeks 10 months Il E
‘ ) ee
Basic Code ~ /\ !. I!
months to o yeor .‘
- -
Basic Retrofit** ; [+] , t
e 0= L é
g
o
%=
3 .d.
g ‘ -~ Q yeor or more ..
o /- | _ n . t

More resillent buildings typically cost

but result in
& repair costs

recuire
e. The

¢
carbon re-
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Fooed

Foor 1

Time (Day3)
(Awighted Average of Reakzasons 162 304 63)

A

Event occurrence

System performance

Servers/Netw____ Cabinets, 1% Bookcases, Roof
ork, 7% e l 1% Equipment,
. 1%
_— Cladding, 2%
Computers, — _
6% 4
_Partitions,
27%
Elevators,
21%
Moment
Frame, 2%
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2020 MEHRP Provisions Design Examples

Table 2-1. Examples of Voluntary Design for Functional Recovery

Project

181 Fremont
(Almufti et al., 2016)

Beaverton, Oregon
schools

(SEFT, 2015)

UCSF Mission Hall
(Bade, 2014)

Casa Adelante
(Mar, 2021)

85 Bluxome
(Moore, 2021}

UCSF Center for Vision
MNeuroscience

(Berkowitz, 2021)

Oregon Treasury
(Zimmerman, 2021)

Stanford Biomedical
Innovations

(Lizundia, 2021)

Allenby Building
(Westermeyer, 2021}

2020 NEHRF Provisions Design Examples

Operational performance
after 84th percentile

Hayward event

Building Functional Recovery Recovery-hased Design
Use Objective or Expectation Features or Criteria

Within weeks after design

Office high-  earthquake. (Also, designed using ARUP's
rise immediate reoccupancy REDi criteria

aiter fesien earthauake) Within one day after 475-

. Risk Category IV . _
Cohmgis | Performancetoserveas = CUESM erferia year event, no tenant

schools post-earthquake shelter pfierator

Reinforced concrete core,

relocation
Universit Operational performance phanced Risk Categop
, ¥ after 84th percentile riteria, concrete séear
offices
Hayward event walls
. Within one day after 475- 1 '
ﬁzﬂgr:g year event, no tenant Rocking walls, dampers W |t h 1 E D da}rE EﬁEF M _I'lr

relocation

S5an Andreas event

Office mid- Within “days to weeks” after Zero lot lines, SidePlate
rise “major earthquake” g fre

ossarch | sanAndreas svent W Within 26 days after 475-
year event

Government . Base isolation, minimized
. Within zero days after MCEr
offices nonstructural syste

University Within 26 days after 475- Teria, element-specific R

research | yearevent values, fp = 1.5 Within zero days after 475-
Governmentl] Within zero days after 475- }’EEIF E'l.-’EI'It

offices year event

= lied demand, post-
earthquake recovery plan
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Buckled
Brace

Wall

Partially unbonded
tendons

Energy dissipator

-

(a) Rocking wall system. {b) Beam-column joint in a rocking frame system. Bmce wun

Figure 6.1. Rocking hybrid frame or wall system (after fib, 2003). Fermaﬂﬂﬂt

Self-cenvering | Energy dissiparion J e'°ngatlon Energy

et

thondcd Post Tensioned Mild Sieel or

(AL AALALL]
i3
Energy Dustipation Devices

'F__J

SECT. Y=Y

AL

.
- ———s 4 =
}..0..:"1‘
P10 B
|
(3
(4

L AWAK

e e
S

Unbonded post-tensioned

Cable (self-centering)
Mildsteel  AH

(dissipation) .02

Monolithic comnection
(plastic hinge region)

a

&\ AR R RN '.‘{\ Al c}
s’ 002
MONOLITHIC SYSTEM HYBRID SYSTEM OR WITH

CONTROLLED ROCKING
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