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Outline of Topics
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* Nonstructural Components Background

* Seismic Certification Process
— System Seismic Resiliency Elements
— Pre-project Planning
— Design Phase
— Procurement Phase

— Construction Phase
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Structural & Nonstructural Components are Important

“system”, both structural elements and non-structural
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What Are Nonstructural Components

Nonstructural elements can be divided into three broad categories
according to their service and function, namely:

1. Architectural elements, such as infill and partition walls, curtain walls,
— = Ceiling.systems,and.architecturalornamentations, . o o o e o e e e e e e

. : : ) )
{2. Mechanical, electrical, and plumbing elements for example pumps, i
: chillers, fans, air-handling units, motor control centers, electrical cabinets, 1
1 distribution panels, transformers, and piping; Focus of this presentation |

37 "EUrniture, fixtures and equipment, and contents such as shelving and
bookcases, industrial storage racks, medical records, computer and
desktop equipment, wall- and ceiling-mounted TVs and monitors,
industrial chemicals and hazardous substances, historical and cultural

objects [FEMA E-74 in Zito et al., 2022].




How Nonstructural Com
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Reducing the Risks of
Nonstructural Earthquake
Damage — A Practical Guide
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(Source: FEMA E-74)

“Nonstructural element
damage may result in
human losses and

casualties, costly property

damage to buildings and
their contents, and
functioning disruptions.”
(Zito et al, 2022)

Inertial forces “or shaking

effects cause sliding,

rocking, or overturning”

Story Drift

Breakage of glass
or partitions

% Horizontal

§ Earthquake 2
4 force deforms .
4 the structure

3. Building separation “or pounding between | \[—: / /
separate structures damage nonstructural | +——}—

components crossing between them”

ponents are Damaged

Overturning of
slender objects

Ground motion

Building deformations “damage
interconnected nonstructural components”

Deformed shape Breakage of piping or ducts may occur at
of building seismic joints due to differential
displacements ( separation and pounding)
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Example of Nonstructural Component Damage

”
. cause damage
Reducing the Risks of
Nonstructural Earthquake
Damage — A Practical Guide
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(Source: FEMA E-74)

“During the 1994 Northridge Earthquake,
nonstructural damage caused temporary closure,
evacuation, or patient transfer at ten essential
hospital facilities. These hospitals generally had
little or no structural damage were rendered

temporarily inoperable, primarily because of
water damage”

Interaction “between adjacent nonstructural components... [can]

Broken sprinkler pipe at Olive View Hospital in Sylmar, California as a result of the
199t Northridge Earthquake (Source: FEMA E-74)




Overall Process for Seismic Certification
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Pre-Project Planning
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Pre-Project Planning

Policy Decisions: _ .
, Establish Level of Service Goals
* Level of service goals

Level of Service Goals followed Oregon Resilience Plan

— |nC|Uding dO yOou Wa Nt Guidance (for Backbone Systems)
it be designed like an _ deich LI L Performance
7 . ST T - el SO Goals

essential facility” (e.g. T T

like a hospital and
have it be operable
after the earthquake is
done)

Reservoirs 80 — 90% 0 — 24 hours

Pressure
Integrity
Raw Water 25% 24 hours
Facilities 48 hours Operational
= ). Performance

Willamette Water Suf...,

Willamette Water Supply




Pre-Project Planning

Policy Decisions:

e Design earthquake

1. Per code use 2/3 of MCE,
maximum considered
earthquake (~500 yr. EQ), or

‘---------------\

§

<,
— \ 60'0%
Juan de Fuca /6
Plate (o)

Il 2. Use full MCE due to ]
i criticality of infrastructure to | \ 2 amdoruca \
[ the community it serves : x
'\ (~2,500 yr. EQ) ]

~--------------_l

Approach adopted by WWSP and endorsed by its leadership

Source: Oregon Office of Emergency Management __




Pre-Project Planning

Decisions around procurement and project execution:

* Design consultant (DC) — considerations include:
Qualifications based selection

ldentify key tasks in scope (helping owner to identify facility design
classification, e.g. Risk Category |V, seismic importance factor)

Plan for seismic workshops
Require DC to identify critical equipment
ldentify seismic task lead

This all has to go in the scope for the DC before you start the design consultant selection process




Pre-Project Planning

Decisions around procurement and project execution:
 CM/GC Alternative Delivery Utilized — considerations include:

Qualifications based selection
Complexity of work supports selection of alternate delivery

Demonstration of some level of understanding of Owner’s goals and
objectives for seismic resiliency

Looking for someone who can be a good team player with the Owner
because some of this you have to “figure out as you go”

Owv Rebiahle Wtew
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Designer Completes Spec Requirements

* Determine site specific ground motion data

Approx. 1+ g requirement (varies by site)

* Approval paths per ASCE 7-16 (Chapter 13) S I Dadhon Do

Buildings and Other Structures

Shake Table Tests
Analysis

“Ruggedness”




DC Establishes Seismic Testing Requirements

* Based on Site Specific Site Data: -
— Sps is the design spectral response =~~~ - Efcimgdedgpm

acceleration parameter at short .

periods. It is the acceleration « [ wwmm g
value derived for the site used to Z o8 s

go into the AC156 equations that 3

establish the shake table test &0 [lf-------

motions (along with other 0 02
installation specific

characteristics)

=
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NP R T T T T Y O A e
0.0 1.0 2.0 3.0 4.0 5.0
Period, T, seconds

Raw Water Facilities Seismic Site Data, Sps=1.29 g




- Chemical process
Primary role: break down complex organics
Taste and odor

Ozonation

Water Treatment Plant | %= e

- Physical-chemical process
- Turbidity/particle removal
- Algal toxins
- when contained in intact cells

Ballasted Flocculation

Cutlet

Filtration

Coagulation

Ozonated waterinlet

Filtering media _

Classified as “Critical”
Systems (seismic
certification required)

- Physical and biological process

- Turbidity/particle removal

- Simple organics removal (biofiltration)

- Complex organics removal (activated carbon)

- Emerging contaminants (pharmaceuticals)
Liquid Oxygen Tank

0200050005 atas

UV Disinfection

- Secondary role: disinfection (cyst-type organisms)

Classified as
“Semi-Critical”
Systems
(impractical to
get seismic
certification/not
needed for
primary water
guality needs)

- Physical process

- Giardia and Cryptosporidium inactivation

- Emerging contaminant destruction when combined
with hydrogen peroxide




Designer Needs to “Work with the Industry”

Some of their work includes: WWSP Seismic Certification Checklist:

* Figuring out what’s currently
available from the industry e

Project Name: Date:

(Provide detailed description)

Equipment Description

related to seismic certification e

Equipment designation (Critical/Non-Critical Equipment)

Program accepted by:

Required Required Importance Factor:
e Required Additional Loading: Strategy version no.: Date strategy accepted:
[ ) i l I n E ; l l r e t e m a n l l a Ct l l re rs (Provide description/supporting information)
+ Maintaining itive bidding envi 2 (Y/N)
1. Shake Table Testing [ « Procurement considerations:
. 2. Finite Element Analysis (] > Number of approved/qualified vendors is reasonable? (Y/N) Number.
3. Experience Data (proof of “Ruggedness”) [J = AIS/WIFIA - time to obtain waiver (if required) is adequate? (Y/N)
4. Existing Seismic Certification (attach test information) - time required:
[Certified at full operating condition? (¥/N) If no, what condition: ] = Need for “sole source” procurement? (Y/N)
= Common equipment between facilities? (Y/N) What other facility?

Date: s Schedule to implement does not negatively impact project schedule? (Y/N)

Location «  Namels) of approved vendors/equipment.

L]
e r e I re m e n S B
t u t i ibe any potential modi desired/required for tested equipment:

Y/N)

None available [

n

. e o . ”
° Atte N d in g S eismic WO r ks h 0O p S 7 e ot et

Require 1,2, or 3 in Section 2 [
Base or Vibration Isolation (may be combined with 3 if Experience Data exists for lower
acceleration installations) [

L]
Acceptable downtime determined (includes repair plan/procedures, required spare parts,
Wi e Owner team to ta
Implement 1 or 2 on parts of the equipment (1

Require greater 5.F. on key elements (e.g. bearings on pumps) [

Accept potential failure of equipment and plan for future replacement 1
Owner purchase and test [

Other (describe):

August 6, 2018 Page 1 Seismic Qualifications Checklist August 6, 2018 Page 2 Seismic Qualifications Checklist
and Mitigation Strategies-version 1.0 and Mitigation Strategies-version 1.0




Design

At the end of design, everybody
gets it:

e Designh Consultant
e CM/GC Contractor
* Vendors

* Internal Staff




Procurement
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Procurement

Contractor Outreach (RWF Example):
* Extensive outreach effort
— Direct bidder contact
— Focus on critical packages
— Pre-bid outreach workshop
— Pre-bid workshop and site tour
* Bidder questions addressed
e Best value utilized
— WWSP developed evaluation criteria
— Prequalification required (in cases)
e WWSP administered key procurement
activities
* No bid protest occurred
* Open book approach utilized




Construction
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Construction

e Communications between
mr bolt multiple subcontractors/
calculations vendors/manufacturers is
complicated:

Seismic calculations for anchor
bolts is not what we mean for
“seismic certification”




Baseline Equipment
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Shake Table Testing

Testing Standard AC156,

“Acceptance Criteria for Seismic
Certification by Shake-Table Testing
of Nonstructural Components”

 Resonance frequency test in X-Y-Z
directions

Horizontal RRS 5% Damping

- : @
S AL,10 : . i
Vertical RRS!

/

:AREH

/

:AMGM

e Seismic simulation test using
project Sy values

* Can be tested for z/H = 0 (ground)
or z/H = 1 (roof) locations

8.3 33.3

o
o
—_
(]

Spectral Response :f_«cceleratm A(g’'s)
Lp
= L

Frequency, f (HZ)

Required Response Spectrum, Normalized for the Component
(Source: AC156)







The Things that Make You Ask, “Really?”




k — Bracing Calculat
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Re: Willamette Water Supply

eatMent RlantRess s e g

To Whom It May Concern,

‘With regards to the durability of our products and the potential impacts from a seismic event, this letter b v < r .

confirms that our products are buitt for commercial and industrial applications with durability asa critical Y i . ! - sefy

design element. Our products do not contain moving parts or fragile components such as mirrors or glass. The — o W d €]

light source for our products are LED, which unlike traditional light bulbs, can not easily be damaged or break. || | -
Our products are currently installed in all types of environments (schools, offices, hospitals, retail, etc. ) across ' ) ; -
with USA with the west coast being key markets for our products. . y e

We are committed to providing quality products that are built to withstand the potentially harsh conditions
they are instalied within.

Should you require additional darification on this matter please feel free to contact me at . ' S h a |<e ta b | e te St I n g’@ |
2 - 4 : =3 >
s . . ey o

l

onathanr @umenwerx.com or at 514-225-4304.
Best regards, “ a
SN

4 3 -

Jonathan Rich, CFO & EVP Dperations

; B
)



Transformers Can be Challenging

Transformer Fragility Functions
T T

1

— =

- —
_'_.-l-‘
o -
.

Some of the Challenges: 06 S
 Different types of transformers os| all
that vary in size & complexity 07} |
* Have elements that can be 2 06 P T Low Votage Anchored
] % 7/ / _—— M_edium Voitage, Anchored
very vulnerable to high ground 208 A 2= LowVatage Unanchored
- : i N Votaas s
motions Bo4r I e
_f‘
* Ongoing Work by Others: 031 !
— |EEE 693 Recommended Practice o2r
for Seismic Design of Substations 0.1+
— QOregon State University Research 0 = c;fz e e T

AFARR Oregon State University

\ iy College of Engine:cing




Transformers Can be Challenging

BPA Solutions Can Involve Base Isolation

A
= . 4 L - : Jacking
' ' 3 =g P Assembly
(Source: BPA Presentation “Cascadia Substation Zone Lifeline Resiliency” May 8, 2023) \

Isolators

Base -
Footing

(Source: BPA Transformer and Reactor Base Isolation STD-DS-000061)




Water Treatment Plant

* Large generator switchgear:

— Held up by a supply chain issue
with a fourth-tier sub/supplier

Start the process as early
as you can. Besides the
long process to get seismic
and other submittals
completed so the
equipment can be released
for fabrication, other issues
can impact delivery
schedules



Seismic Certification Conclusions

* At the end of the day, you just hit
the “easy” button, right?
* No, it takes a lot of work:

— Owners to establish project goals

— Designers to set up the documents
properly and work with the
manufacturers to understand what’s
possible

— Contractor to communicate with
subcontractors and vendors regarding
what’s expected and then follow-
through during construction




Questions

Mike Britch, P.E., MPA

Engineering and Construction Manager
Willamette Water Supply Program
mike.britch@tvwd.org

Jared Wagoner
Sundt Construction Project Manager
WWSP Water Treatment Plant

jbwagoner@sundt.com

info@ourreliablewater.org

www.ourreliablewater.org



mailto:info@ourreliablewater.org
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