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Seismic Design of Waterlines on Bridges



the pictures that had been 
broadcast did not prepare me 
for the devastating reality of 
the situation.
Andy Clarke
Cheshire Fire and Rescue Service
Gaziantep, Turkey
February 2023



7.8 Mag. Turkey Earthquake

Antakya, Turkey. February 20, 2023
Photo credit: Reuters
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Seismic Risks



Seismic Risks

Cascadia Subduction Zone

• 700-mile fault
• 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

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

subduction-zone.aspx

Source: https://komonews.com/news/local/gallery/seattle-earthquake-
nisqually-quake-anniversary-pacific-northwest-fault-anniversary-preparing-
and-remembering-nisqually-quake-risk-the-big-one?photo=3



Seismic Risks - Bridges

Source: https://thatoregonlife.com/2024/12/cascadia-subduction-zone-

earthquake-the-big-one-oregon-highways-knocked-out/



Seismic Risks - Bridges

Source: https://www.sdsu.edu/news/2023/05/sdsu-professor-among-

first-assess-structural-damage-bridges-following-turkey-earthquake

Source: https://www.exponent.com/article/modeling-

earthquake-bridge-damage



Seismic Risks - Bridges

Source: https://www.oregon.gov/oem/documents/oregon_resilience_plan_final.pdf



Seismic Risks - Waterlines

Source: https://ebaa.com/files/pdf/connections 

/Connections.FT-05.pdf



Seismic Risks - Waterlines



Performance Targets



Performance Targets - Bridges

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

Source:https://www.oregon.gov/odot/Bridge/Docs_Seismic/OD

OT%20Seismic%20Implementation%20-%20April%202021.pdf



Performance Targets - Bridges

Source: ODOT BDM



Performance Targets - Bridges

ODOT BDM Tbl 1.17.2.3-2



Performance Targets - Waterlines

2013 Oregon Resilience Plan

2012 Resilient Washington State Framework

• Set goals for:
• Critical and Essential Buildings
• Transportation
• Water and Waste Water
• Energy
• Communications



Performance Targets - Waterlines

Source: 

https://www.oregon.gov/oem/documents/or
egon_resilience_plan_final.pdf



Performance Targets - Waterlines

Resiliency Checklist

Failure Analysis and Resiliency Mitigation Checklist



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)

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

2010 New Zealand Earthquake – University of Canterbury



Performance Targets - Waterlines

Graphic Citation: Saouma, V.E., Hariri-Ardebili, M.A. (2021). Performance Based 
Earthquake Engineering. In: Aging, Shaking, and Cracking of Infrastructures. Springer, 
Cham. https://doi.org/10.1007/978-3-030-57434-5_21

ASCE 7 Enhanced Performance Target

Increase the Important ace Factor (ASCE 7-16 C13.1.3)
• 1.0 – (typical utilities)

• major damage
• No significant falling hazards

• 1.5 –  (Risk IV, toxic, fire sprinklers and egress)
• Limited damage
• Remain in place

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 
displacement demand on the system, as well as its 
displacement capacity is required.” 



Performance Targets - Waterlines

What about waterlines on Bridges?

Bridge Code > AASHTO LRFD Bridge Design Specifications 

ODOT > Bridge Design Manual 1.12.6.2

WSDOT > Bridge Design Manual 18.8.2.F



Seismic Risk Mitigations



Seismic Risk Mitigations

Seismic Bracing

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



Seismic Risk Mitigations

Seismic Bracing Design

Which code?? 
• Engineer to meet the performance target 

selected.
• May be a mix of codes

• ASCE 7 – Chapter 13
• AASHTO – 

• Use period of bridge, distribute 
seismic mass

• Model bracing in bridge model
• DIPRAA – pipe stress limits



Seismic Risk Mitigations

Seismic Bracing



Seismic Risk Mitigations

Seismic Bracing



Seismic Risk Mitigations

Seismic Bracing



Seismic Risk Mitigations

Seismic Bracing



Seismic Risk Mitigations

Flexible Joints

Source: https://www.uspipe.com/ductile-iron-pipe/seismic-

earthquake-resistant-ductile-iron-pipe-erdip/

Source: https://ebaa.com/files/pdf/brochures/Brochure.FLEX-

TEND%20Force%20Balanced.pdf



Seismic Risk Mitigations

Flexible Joints

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 displacement demand 
on the system, as well as its displacement capacity 
is required.” 



Seismic Risk Mitigations

Flexible Joint



Seismic Risk Mitigations

Flexible Joints



Seismic Risk Mitigations

Flexible Joints

Force 
Balanced

Non-Force 
Balanced

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



Seismic Risk Mitigations

Buried spools

Source: https://www.uspipe.com/wp-

content/uploads/Seismic_Pipe_Submittal_2024_digital.pdf



Seismic Risk Mitigations

Buried spools



Roles



Roles

Bridge Owner

• Selects seismic performance target 
for bridge

• Negotiates “accommodation”

Bridge Engineer

Bridge Owner

Waterline Engineer

Waterline Owner

Bridge Engineer

• Designs bridge for performance 
target

• Incorporates agreed upon 
“accommodation”

• Communicates bridge seismic 
behavior to waterline engineer



Roles

Waterline Owner

• Select seismic performance target 
for waterline

• Negotiates “accommodation”

Bridge Engineer

Bridge Owner

Waterline Engineer

Waterline Owner

Waterline Engineer

• Designs waterline bracing for 
performance targets

• Designs waterline flexibility for 
bridge deformations

• Remains within agreed upon 
“accommodation”



Roles

Bridge Engineer

Bridge Owner

Waterline Engineer

Waterline Owner



Take-aways



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



Thank you

Questions?
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