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Bolinas Wye Wetland Restoration Project
Site Challenges

¢

Nl High PGA (0.90g)
Liquefiable soils Competing interests between:
Fault Rupture Tsunami (force based design)
Tsunami Fault Rupture & Ground Motion (displacement based design)




Fault Rupture Hazard 7’L AT E

GEOTECHNICAL CONSULTANTS

Proposed Road and Bildge

Centarine of Bridge

Fairtax-Boinas Rd and
= Olema Bobnas Rd- to

Explanation
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T Fault Sowrce
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Figure 2-3. UCERF3 Fault Source Map. Figure 4-1. Site Location and Tectonic Setting. 2. Site map including segment distances relative to the SW bridge comer and the main trace of

3




Fault Rupture Study B L AT E

 Maximum Fault Rupture How do we design a
Displacement along San Andreas single span 60 ft long

Fault: bridge for that?

e 4,31 m

e 14’-2" Determined using Caltrans
Geotechnical Manual (2017) and

Guidelines for Evaluating the
Hazard of Surface Fault Rupture
(CGS, 2002).




Fault Rupture Study 7 L AT E

 Maximum Fault Rupture * Design Fault Rupture
Displacement along San Andreas Displacement at Bridge:

Fault: Manageable design
displacement

*4.31m

® 14)_2)’

Bridge is adjacent to a

Secondary Trace that
was assigned 10% of
the total displacement.




Tsunami Hazard
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Tsunami Hazard
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-~ Design Code: AASHTO Guide Specifications for Bridges Subject to Tsunami Effects

 (released 2022, previous design relied upon ASCE or mix of guidance)
* 7% Probability of Exceedance in 75

~ASHAID, years ~ 1000 — year recurrence
N

GUIDE SPECIFICATIONS FOR , ,

s e 5 < * Horizontal & Vertical Forces on

Bridge defined based upon height,
speed and bridge geometry

Table 5.2-1 — Load Cases
Load Flow Speed | Flow Depth Large
Case Debris
Umax 2/3 Nmax

2 0. 81"—fmax Hmax -
3 0. sumax 0. 5nma'x Fdr




NATURAL HAZARDS RISKS AND RESILIENCY

TS u na m i H a Za rd = - ReseArRCH CENTER (NHR3) \A/EB PORTAL

* Caltrans STP 2.6: Hydraulic Design for Structures over Waterways
* 2.6.2.5: Tsunami
* Tsunami Inundation Portal
» Alaska, California, Hawaii, Oregon, Washington

 Pacific Earthquake Engineering Research Center
* http://ec2-35-167-122-9.us-west-2.copute.amazonaws.com/tsunamis/new

% j‘_"‘f Pledile * Ground Elevation: ~13ft
“‘%% ._ y ’.p-. . n .
'0.0-.- "} LY & * 1000-Year Recurrence
:.” -_q o™ ."#'. * Flow Depth: ~16 ft
o ev iy * Max Flow Velocity: ~14 ft/s
s * Added 3.5 ft for Sea Level Rise per
o, % L Caltrans STP 2.6.2.5
o, "
N, o * Max Flow Elevation: ~33 ft
e * Bridge Deck Elevation: ~25 ft

FlowDe ptr; {m-)



Tsunami Hazard

Debris Load: AASHTO Guide Specifications for Bridges Subject to Tsunami Effects
ASCE 7-16: Minimum Design Loads For Building and Other Structures

* AASHTO provides guidelines on

— potential debris loads

F, =

(C5.5-1)

2gAt * Sensitive to anticipated duration of
impact/stiffness of debris — difficult
Wi to estimate
. = (C5.5-2)
gs * AASHTO provides crush load of
empty shipping container of 140 kips
By =13 jlm{L+c) (339« This was used as a conservative

upper bound




Tsunami Hazard

A ARCADIS

Tsunami Scour . | O 2] PlanView
Maximum LR o - P Floodplain
total scour Stagaa o1 e | e :
{feet) — _
e N, > Channel
1.0 29.27 -
44.42 ' | _ : Floodplain
48.76
52.83
Water Surface
Scour ranges from ~30 to 50 ft depending upon I S G N
assumed extent of flow constriction o N\dle—
@ 2] Profile View
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Designing For Fault Rupture

Caltrans Structure Technical Policy 20.22: Analysis of New Bridges in
Fault Rupture Zones

(ol
(o[l
(O]
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* Simplified Analysis: C
* Obtain static response due to fault
offset

* Obtain dynamic response due to
ground shaking

 Combine displacements to obtain

total displacement demand w

Fault




MARK THOMAS

Designing For Tsunami

Caltrans Memo To Designers 20-13: Mitigating Tsunami Hazards

* Force based analysis
* Recommended Design Features:

* Continuous Superstructure * Vents

* Deep Foundations e Open Barrier Rails
* Monolithic connections * Fenders

* Tie Dows




Original Base Design

60'-0" MEASURED ALONG "OB" LINE

CLASS 200 (Alt"X") -
ASSUMED, Typ

Abut 1

i DATUM Elev = 0.00

T
11400

10+45.09 BC

"oB”

CREEK § —,

i 114s5.00 88
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! Iy
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le=-"0B" LINE
<
3847
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* Single Span

ool /__//”"-/ « Simply Supported
e © S|ab Bridge
71495 .00 £8 o0t Bi;

e Seat Abutment

* Driven Battered Piles
* $1,300,000




Design For Tsunami & Fault

58 - 60'—0" MEASURED ALOMG "OB" L INE - EB

VERTICAL PIPE
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* Drilled Piles W/
Rock Socket
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* Seat Extensions
* $2.,000,000




Alternative Design: Tsunami & Fault Rupture
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Multi-Span Bridge
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(o . .
e Vertical Pipe Restrainer

$1,900,000
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ROCK LAYER
(SEE NOTE 3)

APPROX IMATE
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CIDH Pile & Rock Socket
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CIDH Pile & Rock Socket
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Design Details: CIDH Pile & Rock Socket
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Summary

* Tsunami
* Force Based Design
* Monolithic Connections and/or Tie Downs
* Account for Tsunami Scour and combine with Tsunami loading

* Fault Rupture
* Displacement Based
» Add Flexibility/Allow Displacement
» Fault Study may be able to significantly decrease design displacement

* Combined Design:

» Separate design aspects (Tsunami is not expected to occur with a fault
rupture event)




Resources

~ « Tsunami
~ « NHR3 Web Portal:
http://ec2-35-167-122-9.us-west-2.compute.amazonaws.com/tsunamis/new
* AASHTO Guide Specifications for Bridges Subject to Tsunami Effects
e Caltrans:
* Memo To Designers 20-13: Tsunami Hazard Guidelines
» Structure Technical Policy 2.6: Hydraulic Design for Structures over Waterways

¢ Fault Rupture

e Caltrans:
e Structure Technical Policy 20.22: Analysis of New Bridges in Fault Rupture Zones
* Memo To Designers 20-10: Fault Rupture




~ Questions?

hd MARK
»mm THOMAS

A ARCADIS

Courtney Johnson, PG, CEG, Slate Geotech = 4 L T E
Clohnson@SlateGeotech.com _ _) A

Marshall Moore, SE, Mark Thomas
mmoore@markthomas.com

John Atkinson, Ph.D., ARCADIS
John.Atkinson@arcadis.com
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