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7.8 Mag. Turkey Earthquake
Antakya, Turkey. February 20, 2023
Photo credit: Reuters
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Cascadia Subduction Zone

e 700-mile fault
e 70-100 miles off the Pacific coast shoreline
* 37% chance that an earthquake of 7.1+ magnitude in
this fault zone will occur in the next 50 years
* Nisqually (2001) = 6.8 magnitude

L\
Juan de Fuca
Plate

Feb. 28, 2001
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Source: https://komonews.com/news/local/gallery/seattle-earthquake-
nisqually-quake-anniversary-pacific-north West—fault—anniversary—preparin*
and-remembering-nisqually-quake-risk-the-big-one ?photo=3 DOWL

Source: https://www.oregon.gov/oem/hazardsprep/pages/cascadia-
subduction-zone.aspx



Seismic Risks - Bridges
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Source: https://thatoregonlife.com/2024/12/cascadia-subduction-zone-
earthquake-the-big-one-oregon-highways-knocked-out/
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Seismic Risks - Bridges U ¢ !'
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Source: https://www.exponent.com/article/modeling- Source: https://www.sdsu.edu/news/2023/05/sdsu-professor-among- r
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earthquake-bridge-damage first-assess-structural-damage-bridges-following-turkey-earthquake



Seismic Risks - Bridges
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Source: https://www.oregon.gov/oem/documents/oregon_resilience_plan_final.pdf
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Seismic Risks - Waterlines

Source: https://ebaa.com/files/pdf/connections
/Connections.FT-05.pdf




Seismic Risks - Waterlines







Performance Targets - Bridges
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2000 to 2016 — Several reports and studies relating to
resiliency

2021 ODOT Seismic Implementation: Policies and Design

Guidelines
» Sets goals and criteria for transportation system
hardening

* Guidelines for replace or retrofit

Retrofit and rehab. versus
replace considerations

Ratio Retro+Rehab Costs / Replacement (R.)

R.<0.35 0.35< Rc <0.65 R.>0.65
NA <16 Replace Replace Replace
<50 16 < RSL <30 Add'l Analysis Add'l Analysis Replace
<50 > 30 Retro+Rehab Add'l Analysis Replace
> 50 16 < RSL =30 Add'l Analysis Replace Replace
> 50 >30 Add'l Analysis Add'l Analysis Replace

Source:https://www.oregon.gov/odot/Bridge/Docs_Seismic/OD
OT%20Seismic%20Implementation%20-%20April%202021.pdf < DOWL



Frontier utility
conduit bank, by
Oihers -

Performance Targets - Bridges

fr—

T6" dia. sanitary
line, see Sht.
UT13 for details

Ltility hanger, see
She. UT1S for details

Feh 22, 2023 at 9:22:07 AW

NE Thraa Mila Li

) Q— QA

MaMinnvilla OR ¢
Unitad Statas

12" dia. water line, see
Sht. UT13 for details

Existing ground =
finish ground

Lk
\PF241075

steel pile, typ.

|

]

| !

i 220" square
)

400"

nf‘.o.
|

ELEVATION - BENT 3 (BENT 4 SIMILAR)

Scate: 52" = 10"

PL1: Life Safety

PL2: Operational

PL3: Fully Operational

Significant damage is sustained
during an earthquake and
service is significantly disrupted,
but the potential for collapse is
minimized. The bridge may need
to be replaced after a large
earthquake.

Damage sustained is minimal
and access for emergency
vehicles is available after
inspection and clearance of
debris. The bridge should be
reparable with or without
restrictions on traffic flow.

No damage (or very minor
damage that does not require
immediate attention) is
sustained and full service is
available for all vehicles
immediately after the
earthquake.

Source: ODOT BDM
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Performance Targets - Bridges

ODOT BDM Tbl 1.17.2.3-2

Case No Engineering Design PL1: PL2: PL3: Fully
" | Parameters Life Safety Operational | Operational
S tructure-to-abut t
1 Hperstrictire-to-abutmen No Limits < 6 inches < 1inch
sermanent vertical offset
Superstructure-to-abutment o _ )
i Mo Limits < 6 inches < 1inch
permanent horizontal offset
Approach fill settlement limit of
3 approach slab (longitudinal <1/20 < 1/50 < 1/250
differential settlement)
4 AFprcra-:h fil settlement < 12 inches < 6 inches < 1inch
without an approach slab
5 Lateral soil movement < 36 inches < 12 inches < 6 inches
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Performance Targets - Waterlines

The Oregon Resilience Plan 2013 Oregon Resilience Plan

Reducing Risk and Improving Recovery
for the Next Cascadia Earthquake and Tsunami

2012 Resilient Washington State Framework

Report to the
77" Legislative Assembly

from
Oregon Seismic Safety Policy
Advisory Commission (OSSPAC)

e Set goals for:

Resilient Washington State e Critical and Essential Buildings
A Framework for Minimizing Loss ° Tra nSpO rtation

and Improving Statewide Recovery
after an liaNMm‘V l‘\vL ° Wate ran d Wa Ste Wate r
* Energy

e Communications

Salem, Oregon
February 2013
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Performance Targets - Waterlines

TARGET STATES OF RECOVERY: WATER & WASTEWATER SECTOR (VALLEY)

2

6
0-24 1-3 3-7 1-2 weeks— 1-3 3-6 months 1-3 3+
hours | days days weeks 1 months | months years years

month ~1year

Domestic Water
Supply

Paotable water

available at supply
source (WTE, wells, KEY TO THE TABLE
impoundment)

Main transmission TaARGET TIMEFRAME FOR RECOVERY:

facilities, pipes,
pump stations, and

F:SE;:'J;” ) Desired time to restore component to 50-60% operational
ackbone

operational Desired time to restore component to 20—-30% operational
ater supply to
critical facilities Y X Current state (90% operational)

available

Water for fire
suppression—at key X
supply points

Water for fire
suppression—at fire ¥ X
hydrants

Water available at
community
distribution
centers/points

Desired time to restore component to 80-590% operational

Source:

Distribution system https://www.oregon.gov/oem/documents/or

operational egon_resilience_plan_final.pdf ¢
DOWL




Performance Targets - Waterlines

Resiliency Checklist

Failure Analysis and Resiliency Mitigation Checklist

90%
Operational
within

24 hours -
means “Fully
Functional”

Level of
- Service Goals

da Y
self-sufficient

Subtask 4.4.9 Resiliency, Reliability, Redundancy, and Recovery
Failure Analysis and Resiliency Mitigation Checklist

Name: Overstress: Connection Failure Between the Walls and Floor
Category |e.g., Feature, System, Sub-System)
Storage Tanks - Site and Facllity Access Electrical f [&C
Pipelines and Valves Sive and Facllity Securlty o Operations o
Process Mech / HVAL _ Structural/Archivectural Other _
Hazard
Cyber Attack _ Permanent Ground Deformation Extended Power Outage -

Terrorist Attack Loss of Access to Site

Chemical Spill Ground Shaking - Loss of Communications
Loss of Internet / WiFi

Vandalism Water Quality Issue Failure of Other Infrastructure

Looting Fire I
Description of Failure Consequence of Failure Probability
During ground shaking, the tank walls slide ‘Wall-to-slab connection has a water stop and High

laterally relative to the underlying faillure constitutes structural damage
foundation slab; if overstressed, the wall-to- resulting in leakage, loss of storage, and loss
slab connection could fall. of operation.

Analysis Yes | No | Remarks

1% there a redundancy requirement prescribed by the current SGMDR?

15 there a risk of fallure identified?

Does it aftect the pertormance objective?
15 mitigation of the risk already addressed by the curvent design criteria?

Are new ar additlonal mitigation strategies needed to address the rlsk?

15 eftort required to access the equipment after failure? Post-Ef) inspection

Description of Proposed Mitigations What are Labor / Cost/ Material Building

Connection fallure between the walls and foundatlon Requirements for Mitigation? Inspection

slah will be mitigated by installing more selsmic Structural inspection invelved. aor Other

cables as part of the enhanced design required per skill Set is

SGMDF. Needed

S0P Perform post-seismic inspection. {¥/N)?
Y
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Performance Targets - Waterlines

Waterlines in Buildings >> ASCE 7

Chpt 13 — Nonstructural Components

» Default Target is to reduce risk of:
 components falling
* blocking exits

 Major damage sustained

* Likely loss of functionally (ASCE 7-16 C13.1.3)

| Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

PROVISIONS

2010 New Zealand Earthquake — University of Canterbury

Graphic Citation: https.//www.chronicle.com/article/2-universities-in-new-zealand-

cope-with-earthquake-damage/ ¢
DOWL



Performance Targets - Waterlines

ASCE 7 Enhanced Performance Target EARTHQUAKE PERFORMANCE LEVEL

Opglzltliinal Operational  Life Safety Near Collapse
Increase the Important ace Factor (ASCE 7-16 C13.1.3)
* 1.0 — (typical utilities)
) Frequent
* major damage (43 years) Unacceptable

* No significant falling hazards
« 1.5— (Risk IV, toxic, fire sprinklers and egress)

performance
(for new constructions)

2
m
—
.. Z :
* Limited damage (O Occasional
I o (72 years)
* Remain in place M
a
0.4a,S,.- W Z g Rare
. DS
E, = . g (1 + 2—) D (475 years)
p R h o
iy 1 o)
I >
b 2
y Very Rare
17 oL e . . (970years)
C13.2.4 - “In many cases, flexibility is more important than
strength in the performance of a distributed systems, such
as piping or ductwork. A good understanding of the Graphic Citation: Saouma, V.E., Hariri-Ardebili, M.A. (2021). Performance Based
. . Earthquake Engineering. In: Aging, Shaking, and Cracking of Infrastructures. Springer,
displacement demand on the system, as well as its Cham. https //doi.org/10.1007/978-3-030-57434-5_21

displacement capacity is required.” *DDWL



Performance Targets - Waterlines "

What about waterlines on Bridges?

Bridge Code > AASHTO LRFD Bridge Design Specifications

2.5.2.5—Ultilities

Where required, provisions shall be made to support and
maintain the conveyance for utilities.

ODOT > Bridge Design Manual 1.12.6.2

Provide transverse supports near each
coupling for lines and line thrust blocks as LRFD BRIDGE DESIGN
SPECIFICATIONS

required.

WSDOT > Bridge Design Manual 18.8.2.F

10.8.2.F Water Lines

Transverse support or bracing shall be provided for all water lines to carry Strength and
Extreme Event Lateral Loading. Fire control EiEinE is a sEeciaI case where unusual care
must be taken to handle the inertial loads and associated deflections. The Utility Engineer
shall be involved in the design of supports resisting dynamic action loads and deflections.

' DOWL
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2-1g”

2-1g*

Deck

3" dia. structural concrare
refnforcing,

inserts @ JO0-0" max. See
Deck Plan Notes, She. JLOF, tvp. iyp.

o

75" dia. threaded

associate

rods x length
reguired, typ. .‘ see dara
75" dia. structural concrete
fAsert at pipe su, it ar
expans ,-Difﬂ int gﬁ; T4" Anvil 171 adfustable pipe
support or eguivalent at each
-, fhanger location. Single nut
A d:" tional SUZP::”:’“E and washer top and bottom
arm aSSGCf:]'fE’ araware at
expansion joint only. See of each roll support, typ.
Sht. RO4 for expansion "
Jfoint brace location J-l:;:‘ ;‘l G;E'Ed‘f a. O.
Notes:
See Sht. RO
PIPE SUPPORT ALONG DECK See Sht. JL:
Scale: ¥;"=1"-0" Con Che on

Source: https://ebaa.com/files/pdf/connections/Connections.FT-05.pdf

a
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Seismic Risk Mitigations

Minimum Design Loads and

Seismic Bracing Design

Which code??

* Engineer to meet the performance target
selected.

*  May be a mix of codes

Sefsmic Mapped Hazard Values Design Hazard Values )
* ASCE 7 — Chapter 13 performance | Earthquake ; T cass : P e R
© AASHTO - ife Safety | 1O00-YEAr | g 293 | 0630 | 0247 | £ | 0475|0940 | 0757 D
* Use period of bridge, distribute T G
. . tional | Subduction | @795 | 0380 | 0./9% E 0245 | 0478 | 0477 C
seismic mass Zone
*  Model bracing in bridge model 1.00 DESIGN RESPONSE SPECTRA
. L. 090 H—1
- DIPRAA — pipe stress limits S 00l ~
§070 ! \\ - — — 1000 Year Event
%3:_?3 | —— CSZF Fvent
3 0.40 !f \\‘\x\ =
- S 030y s
1ora —
arg
.0

4.00 0.50 100 150 200 250 3.00 350 4.00

Ductile Iron Pipe
Pariod (seconds)

Research Association

DOWL



Seismic Risk Mitigations

Seismic Bracing

. o 6-9" P b
¢ Girder A" € Girder '8 sidewalk rail
i ! 1}5&1
] | See Detail ‘6" See Detail 5" __ ! 60" n
=t /_ F shoulder
LA | | R —

—
Medified sidewalk mou
I L combination bridge rail wi
‘ architectural treatment,
3- 4" dia. GRC conduit Sht. 17
o
| Waterline

1l
1

- SL=1.5%
. .
) £=-)
—— 0] 04
See Detail 7" i See Detail 8" | TN Uity support
i . 3 see Shts. J14
6-8 | =8 and J15

DOWL



Seismic Risk Mitigations

Seismic Bracing

APPROVED %" DIA. EXPANSION
ANCHOR SIMPSON'S WEDGE-ALL
(Pur = 10.0%) OR EQUAL WITH %"
DIA. THREADED ROD

6"NOM. DIA. D.I.
PIPE (6.90" 0.D.)

HOT DIP GALVANIZED
ADJUSTABLE STEEL
YOKE PIPE ROLL, ANVIL
FIG. 181 OR EQUAL.
SUBMIT FOR APPROVAL

SEE DETAIL G/S002

1-8"

APPROVED %" DIA. EXPANSION
ANCHOR SIMPSON'S WEDGE-ALL
(PuLr = 15.5%) OR EQUAL WITH 7"
DIA. THREADED ROD

8%”
9"

\ HDPE NON-METALLIC 1

THICK PIPE CENTRALIZERS

@8-0" SPACING. SUBMIT
KFOR APPROVAL
12" NOM. DIA. X 0.330

STEEL CASING (GALV.)
(12.75° OD)

PIPE SUPPORT DETAIL - SPANS 2&3 /F

(SHOWN NORMAL TO ROAD CENTERLINE)

SCALE: 1 1/2°=1"0" \_g001

LUpper Strut, see
sht. R813 for details

M0 Hilti HDA-T

¢ existing girder e € waterline Undercut Anchor ¢ existing girder
! 47117 | or approved equal, |
I i w/ F436 washer for
. 4 3" dia. bolt, typ.
| 1 —
! .
% I Jf
. ——— s
- — — = —
—_—
Attachment
Bracket, see
36" dia. Class sht. RE1O
52 ductile iron for details
water pipe
Vertical Hanger,
see sht. RBIT
for details
Lateral Retainer, )
see sht. RBIT ﬁ;;;‘:f";;
for details ———— v v
etans see sht. RE14
for details
Pipe shield, k Pipe rofler
—— L " thick steel Lower Strut, see S

sht. RBI2 for details

TYPICAL WATERLINE HANGER ELEVATION

Scale: 1/2"=1-0"

DOWL



Seismic Risk Mitigations

Seismic Bracing

20'-0" out—out
|

17'-0" path

RIC LR - 1-0"

curt cu

6" - I B I

Install fence fabric on

Curb=mounted Type i /_ outside of posts, typ.
“B" protective fencing,
typ. See Dwgs. BR240,
BER241, ond B

MI‘Z\

'c’: g f;etng?uﬂ 'y S:mt 36
ot | moun
3-0" 12'-6" W ubing ing
. New 30" dia. SSFM —.] .$ m' _————HSS5 6 x 2 x Ha Up.
| Relocated existing A Existing 8" dic.
F| 12" dia. 55FM 4 . . communication |ine
\ Existing 20"
dia. SSFM
+
+
H
T + ®
in| Utiity brocket “E", Utility Bracket "G",
7| see Sheet 32 v See Sheet 34
v

and remount 6% dia. "
gas line. Utility clavis 14'-5
provided by others

T SRR DS SIS B3 it E i ",_.._-._.' ". e 2
Temporarily support s (1) Slab siab 1(c) sio (D) L sob (£

5- 30" std. prestressed
concrete slabs

*Field verify

NORTH APPROACH TYPI TH

Scale: %"=1'-0"




Seismic Risk Mitigations

Seismic Bracing

[==%
|
=
L HORIZONTAL BRACE SHOULD
hadl BE PLACED TOUCHING A %"
il X 3" X 3" PTFE OR TEFLON
_ﬂ ‘L'1 SHEET SNUG TO THE ToP oF | L1!|
_________ - EXISTING HANGER RODS. PIPE. FASTEN SHEET TO |||,
T e REPLACE BENT RODS AS BRACE 4
—————— 20 SHOWN AND DIRECTED I ._5.,
: e T =g = fow B 6.6 -
N =il e e T AN D ey e tatere
I _‘:_—-_—:_—_‘.—‘—’—‘—‘___‘“‘ill" e ==
| ’—_'”__\Ilf'_——'\h I N
| | l:l | L :ﬂ_ _illl l : :
' 1 ) il
| xe e 'f S i e P/ Nexic. 39" precast
| EXISTING Hgngeg oggof.s ot _/ | R 1 PRESTRESSED BOX
REPLACE B 5
| SHOWN AND DIRECTED e PRECIST
| = EXISTING STD. HANGER/ROLLER
| (7) ADD INCLINED BRACE. SIEN
I SEE THIS SHT. FOR
o S e | 1 EXISTING LATERAL PIPE DETAIL AND SPAN 3
| | | I BRACES. ADD MISSING LOCATIONS
| | BRACE AS SHOWN AND
| | DIRECTED. SEE SHT. S04
: : | | FOR BRACE DETAILS
L ] ! : TYPICAL SECTION — SPAN 3
L J
SCALE: 1/2"=1'-0"
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Source: https://ebaa.com/files/pdf/brochures/Brochure.FLEX- Source: https://www.uspipe.com/ductile-iron-pipe/seismic-
TEND%20Force%20Balanced.pdf earthauake-resistant-ductile-iron-nipe-erdin/

DOWL



! |
! i
! \
1
Seal gap between casing and pipe with | i
commercial grade concrete to a depth of 6° ﬂ\ i |
|
Casing and skids to continue into the back walf \\ i Bridge geck
\ B : /
A\ i
o LA Flexible double ball
i 1 lexible double ba
N 4 | - — expansion joint with
N | I | —_L Aanged joint each end
3 | .
5 : "

\\\ N \ - i B o i e, X Filt gap between casing

\\:, \\ DO e : - and back wall block-out

4 Fow . S S with concrete or grout  —-
-~

SIS - U - - E 4 2 A | ,’ B % 2 Bridge back wall ———___
| .iﬁ/_\ A.“» ‘(I}\_‘. K‘v!._;}“ - w

\ Restrained DY

joints on bridge

i

Steel girder \— Pipe support,
see shts. UTI4
and 133

\ Pile cap

SECTION A-A

vn. Bent G is stmifar. Scale: 1°=5'

DOWL
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FO rce Thrust Equation: T = PA

Balanced Where:
T = Thrust Force, Ibs.

P = Hydrostatic Test Pressure (PSl), in?
A = Area of Pipe, in?

Non-Force
Balanced

Source: https.//ebaa.com/files/pdf/connections/Connections.FT-05.pdf
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Seismic Risk Mitigations

Buried spools

+
|
|

L
B — —
2 x Tangent @)

Where

A= Angle of Deflection
L = Laying Length Nominal
R = Pipeline Curvature Radius

One stick can handle \

deflection, but passive earth
pressure over stresses pipe \ . \
p— T - — I

B e

Each joint can hcndle/

3 deg of deflections

Source: https://www.uspipe.com/wp- |
content/uploads/Seismic_Pipe_Submittal 2024 digital.pdf

DOWL



Seismic Risk Mitigations

Buried spools

See watering sheats for
continuation of pipe

i Bant Sae Shs, J08 & J14 for
3 joint ap. @ 3407 = #-07 15" [ 4 1uge waterlina supports on bndgs

Finlsh grace

Forced-balanced 8% warlerling with

. B . . . Al linaar axpansion restrained DI joints
B . Jairit wilh rechanical on bridge
R SRR, B joints &l Benl 1 only

v, min
-
L]

\

\Tm insulation, best fil Duclilis iron pipe

around flanges and rastranad rastramed joint, typ.
jainks (no alurinum jackel in
buriad partion)

arcund flanges, restrained
Joints and expansion joints

_— \ Mechanical jaints
.- \Emnﬁ:nj:lrriﬂll-' 2* pipe insulation, best it

4 pipe casing spacers,
evenly spacad

WATERLINE SUPPORT AT BENTS 1 AND 3

BCALE 547 = 10"

DOWL



Roles



S

a2

Bridge Owner

Bridge Engineer

Bridge Owner

* Selects seismic performance target

for bridge

* Negotiates “accommodation”

Bridge Engineer

* Designs bridge for performance
target

* Incorporates agreed upon
“accommodation”

 Communicates bridge seismic
behavior to waterline engineer

y N
DOWL



Waterline Owner

* Select seismic performance target
for waterline

S

/a\ * Negotiates “accommodation”
| )|

Waterline Owner

Waterline Engineer

* Designs waterline bracing for
performance targets

* Designs waterline flexibility for
bridge deformations

Waterline Engineer
* Remains within agreed upon

“accommodation”

DOWL
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Bridge Owner Waterline Owner

@-@

Bridge Engineer Waterline Engineer







Take-aways

* Seismic risk exist for both bridges and
waterlines

* Bridge and utilities owners both have
seismic performance goals (may be the
same or may be different)

* Mitigations include bracing, flexibility
and/or armoring

* More coordination between bridge
and waterline engineer the better

' DOWL



Thank you

P

Questions? |
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