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WSDOT Fish Passage Program

ÁOver 3,600 of  fish bearing HWY Crossing 

ÁAbout 2,000 fish barriers statewide 

o 1,523 of  these barriers block a significant salmon, trout, and steelhead habitat. 

o About 1000 barriers subject to the Federal Injunction to be completed by 2030

Shallow Water DepthExcessive Water Surface Drop High Velocity
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WSDOT is committed to replace the deficient fish barrier culverts with new structures to avoid future 
Excessive Water Surface Drop, Shallow Water Depth, High Velocity, and other fish passage obstacles

WSDOT considering ABC options to meet the 2030 fish barrier correction delivery commitment



WSDOT Fish Passage Program
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USA

Washington State

Western Washington

Acronyms:
WSDOT: Washington State Department of  Transportation

BDM: Bridge Design Manual

GDM: Geotechnical Design Manual

BDS: AASHTO LRFD Bridge Design Specifications

SGS: LRFD Seismic Guide Specification



ÅRequiring Highway Detours

ÅSuitable Alignment and Availability of  R/W

ÅStream Bed Geometry; Scour, Migration

ÅRerouting Stream, Hydraulic Challenges

ÅSoil Properties and Foundation Challenges

ÅUnstable and Soft Soil Conditions

ÅDeep Streams and Deep Fill Situations

ÅSeismic Requirements and Liquefaction

ÅSimple and Cost-Effective Structures - ABC

Challenges with Fish Passage Projects
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6
SR 203 Loutsis Creek



7SR 203 Loutsis Creek
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SR 203 Loutsis Creek
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SR 532 Church Creek
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SR 532 Church Creek
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SR 532 Church Creek



12

US 101 Coffee Creek
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US 101 Coffee Creek



14What these projects all have in common: ABC



Structures for Fish Passage projects
Bridges:
ÅShallow streams

ÅUnstable stream geometry

ÅLimited fish window -Allowing 

construction outside of  stream banks 

ÅRock or Debris moving in stream

ÅLonger Spans - Large Opening Width

ÅStage construction

Buried Structures:
Å Deep buried streams

Å Can be cost-effective

Å Can be installed quickly

Å Box culverts require no foundation

ÅWork well for shallow burial 

ÅWork well in softer soils  
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ÅWork with local Precasters to determine their forming limitations. 

ÅMatch WSDOT buried structure shapes to the Precasters forming 

capabilities, to avoid Change Orders and/or re-designs while under 

Contract.

Å Document buried structure analysis and design procedures that are 

acceptable to WSDOT such as:

o Beam on elastic foundation for boundary conditions.

o Adopting Racking Analysis for an approximate/simplified seismic 

design.

Å Determine the best parameters for Standardization: 

o span lengths, 

o heights, 

o cover depths, 

o soil properties. 

Å Include wingwalls or Headwalls

Steps Taken Towards WSDOT Buried 

Structure Standardization
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Precast Culvert Industry
Columbia Precast
Concrete Pipe NW
Contech.
EnCon Northwest
Granite Precast
H2 Precast
Northwest Precast
Oldcastle
Shope Concrete
Wilbert Precast
Olympian Precast, Inc.



WSDOTõs current Buried Structure series is summarized 

on Bridge Standard Drawing for the following structure 

types: 

Å Concrete Split Boxes

Å Concrete Three-Sided Structures

Precast Geometric Limitations

Formwork used in the precast industry for rigid three-

sided frame structures with span lengths ranging from 8.0 

feet up to 35.0 feet, contain geometric limitations that 

should be considered when establishing a structureõs 

geometry. 

Standard drawings for 3-sided Varied Slope Top: with

span lengths ranging up to 60 ft

Standardization of  Buried Structure
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Example of  BDM 3-

Sided Precast Culvert -

Series FC20, FC40. 

SB20, SB40

BDM Buried Structures Standard Drawings 

Standard drawings could be 

modified for each project per 

site specific conditions, 

design requirements, and 

Producers capabilities. 
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BDM Buried Structures Standard Drawings 
Å Example of  BDM 3-Sided Precast 

Culvert Section and Design Table

Å Standard drawings could be 

modified for each project per site 

specific conditions, design 

requirements, and Producers 

capabilities. 
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Split Box-Flat Top: Span < 25 ft

3-Sided-Flat Top: Span < 25 ft

3-Sided Fixed Slope Top: Span < 40 ft

3-sided Varied Slope Top: Span < 60 ft



Assembly Details -

Buried Structures 

Standard Plans for 3-Sided and Split Box Buried Structures 
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Materials for Buried Structures
Concrete 

o Precast concrete Class 5000 through 7000. 

o Self-Consolidating Concrete (SCC) may be used. 

o Concrete cover to the face of  any reinforcing steel: 2.0 inch 

minimum at all faces, 3.0" at the bottom of  precast buried 

structures or wingwall footings. 

o The minimum concrete cover is 2.0 inches for concrete deck and 

2½ inches for HMA overlay. 

Reinforcing Steel 

o Yield strength for reinforcement is limited to 80 ksi. 

o Yield strength of  welded wire reinforcement is limited to 75 

ksi. 

o Welded wire reinforcement is considered to speed the 

fabrication and construction of  buried structures ðABC
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The design of  Buried Structures are in accordance with the 

requirements of  BDM & GDM, LRFD BDS and LRFD SGS. 

Buried Structure types consist of  Box, split box, and Three-

sided structures are assembled inside an excavation receiving its 

support from the surrounding soil through soil-structure 

interaction (SSI). 

Buried Structure Wingwall, and Headwall Design 

Å Headwalls, wingwalls, and railings are designed for vehicular 

collision and pedestrian, or worker fall protection forces. 

Å The bottom of  wingwall foundations is located a minimum 

of  2.0 feet below the 500 year scour elevation. 

Å Portions of  wingwalls below the 100 year mean water 

surface shall have a reinforced concrete fascia. 

Buried Structures Design Requirements
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Two Classes of  Buried Structures are considered:

ÅClass 1: Clear Span Less than 20.0 feet 

ÅClass 2 : Clear Span 20.0 feet and greater 

o All Class 2 Buried Structures are designed for seismic effects in 

accordance with the LRFD Road Tunnel Design Specs. 

ÅThe structures are designed for the 975-year return period 

Safety Evaluation Earthquake (SEE) consistent with the seismic 

design requirements for Ordinary Bridges.. 

ÅLiquefaction and lateral spread are not considered. 

ÅRacking analysis, with Transient Ground Displacement (TGD), 

using pseudo-static or dynamic SSI analysis is required. 

ÅGround Motion Attenuation with Depth could be considered.

ÅThe effect of  vertical seismic motions will be accounted for by 

applying a vertical pseudo-static loading for combinations of  

seismic effects shall be 1.0 EQH+0.3 EQV and 0.3 EQH+1.0 EQV

Buried Structure Seismic Design Requirements
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o When the top of  a concrete Buried Structure is directly exposed to vehicular traffic, bridge 

approach slabs shall be provided. 

o Bridge approaches typically experience two types of  settlement, global and local. 

o Global settlement is consolidation of  the deeper natural foundation soils. 

o Local settlement is mainly compression of  fill materials directly beneath the approach 

pavement due to construction. 

o The approach slab significantly reduces local settlement and will provide a transition to the long-

term roadway differential settlements. 

o Approach slab may be eliminated in some cases per GDM and Geotechnical Engineerõs approval.

o Precast approach slab are considered for ABC applications

Buried Structures Approach Slab Requirement
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Buried structures with <2 ft from Roadway Surface

For concrete structures where the top slab is less than two feet from the Roadway surface 

one of  the following shall be considered: 

Å Provide a structural connection between adjacent units capable of transferring the 

imposed shear and equalizing deflections. The structural connection shall include cast-

in-place reinforced concrete closures or UHPC. 

Å Provide a 5.0-inch minimum composite cast-in-place concrete slab. 

When the Fill Depth of  the Buried Structure is less than 2.0 feet, all reinforcement in the 

top slab shall be corrosion resistant, except when a 5.0-inch cast-in-place concrete 

topping is provided. 

For top slabs thinner than 1/20 of  the Structural Clear Span, consideration should be 

given to prestressing in the direction of  that Structural Clear Span in order to control 

cracking. 

25



Transverse Differential Settlements   

Å The transverse differential settlements will be considered for 

Service Limit State only (crack control in reinforced concrete 

members). 

Å The structure shall be designed to tolerate minimum 2-inch per 

100õ differential displacements.

Longitudinal Differential Settlements 

Å The differential settlements causing allowable joint opening 

between precast units will be calculated for a range of  culvert 

configurations.

Å Joint opening will be calculated by using the  formula: 

ɝY = Kmax .W. R, where W and R are length and height 

of  the precast culvert units.

Differential Settlements (SE)
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Three-sided structures  

Å The precast U-top element will be modeled as a 

rigid frame with a hinge connection at the 

top of  side walls or footings.

Split Box Structures  

Å The structure will be modeled as a 2-

dimensional plane frame, with the bottom 

corners restrained by a pin and a roller. 

Å The weight of  concrete and loading applied to 

the top slab will be uniformly distributed over 

the entire bottom slab. 

Å Split Box Structures with Top Slab, the upper 

slab unit of  the split box will be modeled as a 

beam with moment releases at the ends. 

Structural Analysis and Modeling    
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Fabrication

o Precast Form Limitations

o Corner / Edge Spalling During Stripping

o Mated Joint Offset from Wall Taper

o Progressive Pre-fitted Shop Assembly

Handling

o Improper Lifting Anchors & Clutches

o Corner / Edge Spalls

o Impact Damage

Installation Challenges

o Importance of  Sequence

o Pulling Segments Together

o Maintaining Compression

o Loose Bedding Material in Joints

Common Fabrication & Construction Challenges
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o Bedding Preparation - The quality of  the bedding has the biggest impact on 

the installation and quality of  the final product .

o Bedding must be as flat on the proper grade.  High points in the bedding will 

cause gaps in the joints at the top of  segments. 

o Combinations of  high and low points can cause sections to lean to one side 

and steps in the slabs.

Common Fabrication & Construction Challenges
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Leveling Adjustments

ÅBy making adjustments to the bedding material, 
ensuring uniform bearing across the segment(s).

ÅBy side to side movement of  the segment to encourage 
the culvert to sink into the bedding.

Alignment Adjustments

ÅBy jacking at the side of  the box, ensuring the jacking 
load is distributed over a large area to avoid damaging.

ÅBy pulling or pushing with an excavator.

Joints Tolerance

Å Typical Joints are Detailed as ĭó± Įó 

Common Jobsite inconsistencies:

Fabrication Tolerances, Uneven Bedding Material, Loose 
Material in Joints, Uneven Horizontal Joints, Corner 
Spalling
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Precast Segment Erection Adjustments
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WSDOT is developing Standard plans for three sided and split box precast 

concrete buried structure to expedite the construction of  Fish Passage - ABC

Standard plans for precast concrete buried structure are based on the following 

Design Specifications and References, in the order of  priority : 

ÅWSDOT BDM

ÅWSDOT GDM

ÅAASHTO LRFD Bridge Design Specification 

ÅAASHTO Technical Manual for Design and Construction of  Road Tunnels 

ÅWSDOT Standard Specifications Section 6-20 

ÅAASHTO LRFD Road Tunnel Design and Construction Guide Specifications 

ÅASTM C1786 Segmental Precast Concrete Box Culvert

ÅASTM C1504 Precast Reinforced Concrete Three-Sided Structures

Buried Structures Standard Plans Development 
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Standard Plans for Buried Structures

Benefits of  Standard Plans for Buried Structures:

o Expedited Project Delivery - ABC

o Efficiencies in construction and costs

o Increased quality through repetition and lessons 

learned 

o Meet project schedule by prefabrication and 

stockpiling 

o Contractors' familiarity and equipment availability 

o Field staff  familiarity through repetition

o Reduced Workload on Agency Staff  ðDesign/Plans

From Standard Drawings ðto - Standard Plans
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Material Properties 

Å Precast concrete:  Class 7000  , fõc= 7.0 ksi, Ec = 4795 ksi

Å Cast-in-place concrete: Class 4500  , fõc= 4.5 ksi 

Å Reinforcing Steel: ASTM A706 or AASHTO M31 (ASTM A615) Grade 60

ÅWelded wire mesh (deformed)-ABC:   AASHTO M336 (ASTM A1064),  fy=75 ksi

Geotechnical Properties

Å Backfill shall be granular material per Standard Specifications

Å Non-liquefiable soil

Å Effective angle of  internal friction for backfill, ʒ= 34 degrees

Å Drained internal angle of  friction for subgrade under three-sided culvert, ʒsub = 

30 degrees

Å At-rest lateral earth pressure coefficient for culverts, Ko = 0.4450

Å Back slope behind wingwalls 2H:1V

Buried Structures Standard Plans Overview
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Three-sided structure configurations 

Á U-shape top with 10õ walls on cast-

in-place (CIP) strip footings

Á U-shape top with 10õ walls on 5õ tall 

CIP stem walls

Á U-shape top with 10õ walls on CIP 

stem walls

Standard Plans Sizes/Configuration 
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Split box structure configurations 

Á U-shape bottom with 10õ walls plus 

flat top slab

Á U-shape bottom with 10ô walls plus 

U-shape top with 5õ walls 

Á U-shape bottom with 10õ walls plus 

U-shape top with 10õ walls



ÅFor standard plans the headwall heights will be 0õ, 2õ and 4õ above the top of 

the roof  unit. 

ÅFor the standard plans the height of  the wingwall will vary from 5 to 15 

feet with 2 feet increments. 

ÅTwo options of  the backslope behind the wingwall will be considered: flat 

and 2H:1V. 

Standard Plans Sizes/Configuration 
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Buried Structures Project Delivery Options

WSDOT options for Fish Passage ABC project delivery includes:

Å Design Bid Build (DBB):  Using Bridge Office engineering staff  or Consultant 

engineering staff, promotes innovations in design, materials, construction 

Å Design Build (DB): Expedite project delivery and Increase Innovation Opportunities 

ðNew materials and technologies

Å Progressive Design Build (PDB): Facilitates involvement of  the design-build team 

during the earliest stages of  the owner's project development.

Å Contractor Supplied Designs (CSD):  For Buried Structures with spans less than 

30.0 feet while under contract. Needs approval for spans greater than 30.0 feet.

Å Project Bundling (PB): Allows efficiencies in design, construction, cost, engaging 

high quality project team and subject matter experts, expedite environmental and 

permitting process , increase quality through repetition and lessons learned
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Coffee Creek and Tributary
Å The existing crossing was plugged requiring realigning 

approximately 2,038 ft (621 m) of  Coffee Creek to flow 

adjacent to US 101 via a constructed stream channel. 

Å A new culvert is a 36 ft (10.97 m) wide by 16.8 ft (5.12 m) 

high concrete box culvert. 

Å Adult chum began using the new stream channel just days 

after the project was completed.
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Tributaries to California Creek
ÅThe undersized culverts blocked passage of  coho, steelhead, and 

sea-run cutthroat trout on two tributaries to California Creek on 

crossing I-5.  

ÅTwo new structures installed under the NB and SB lanes of  I-5. 

Both new structures are 18 ft (5.5 m) wide by 9.1 ft (2.78 m) high 

concrete box culverts. 


