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> WSDOT
Precast Concrete Culvert Standards for

WSDOT Fish Passage Projects

Presentation Outline:

1. Introduction to WSDOT Fish Passage Program and Culvert Replacement
ABC Consideration for Fish Passage Structures Reconstruction

Standard Drawings for Precast Concrete Thr8aled and FouSided Culverts
Buried Structures Design Requirements

Delivery, fabrication and installation

Standard Plan Precast Concrete Buried Structures Development
Example of projects
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WSDOT Fish Passage Program

A Over 3,600 of fish bearing HWY Crossing
A About 2,000 fish barriers statewide
o0 1,523 of these barriers block a significant salmon, trout, and steelhead habitat.

o About 1000 barriersubject to the Federal Injunction to be completed by 2030
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Excessive Water Surface Drop Shallow Water Depth High Velocity

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
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WSDOT Fish Passage Program
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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
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Challenges with Fish Passage Projects

A Requiring Highway Detours

A Suitable Alignment and Availability of R/W
A Stream Bed Geometry; Scour, Migration
A Rerouting Stream, Hydraulic Challenges

A Soil Properties and Foundation Challenges
A Unstable and Soft Soil Conditions FISH

A Deep Streams and Deep Fill Situations PASSAGE
RESTORATION

PROGRAM

A Seismic Requirements and Liquefaction ‘
) ¥
A Simple and CosEffective Structures ABC
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Structures for Fish Passage projects vrWSboT

Bridges:

A Shallow streams

A Unstable stream geometry

A Limited fish window-Allowing
construction outside of stream banks

A Rock or Debris moving in stream

A Longer Spans Large Opening Width

A Stage construction

O B

Buried Structures:

A Deep buried streams

A Can be coseffective

A Can be installed quickly

A Box culverts require no foundation
A Work well for shallow burial

A Work well in softer soils
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Steps Taken Towards WSDOT Buried
Structure Standardization

A Work with local Precasters to determine their forming limitations. Eﬁfj";‘nsgig‘ﬂfeegg'sr;dus”y
A Match WSDOT buried structure shapes to the Precasters forming| Concrete Pipe Nw
capabilities, to avoid Change Orders and/ordesigns while under [gncor Normest
Contract. Granite Precast
A Document buried structure analysis and design procedures that aNehwes: precas
acceptable to WSDOT such as: g:]%c;\estcl:eoncrete
o Beam on elastic foundation for boundary conditions. Wilbert Precast
o Adopting Racking Analysis for an apprOX|mate/3|mpI|f|ed seisn,Sympian Precast, inc.
des|gn O
A Determine the best parameters for Standardization: ..
0 span lengths, NG J/
0 heights, L sewomem
0 cover depths, 7 =
0 soil properties. I— —‘ / e
A Include wingwalls or Headwalls e 2R R R .
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Standardization of Buried Structure

WSDOTOGs current Buried Str
on Bridge Standard Drawing for the following structure

types:
A Concrete Split Boxes

A Concr eStded Sffubtures e

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 thaismmes
should be considered wh =g
geometry.

Standard drawings for-3ided Varied Slope Top: with
span lengths ranging up to 60 ft
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BDM Buried Structures Standard Drawings

Example of BDM 3
Sided Precast Culver
Series FC20, FC40.

SB20, SB40
Standard drawings could be I
modified for each project per e L R

site specific conditions, :
design requirements, and ¢
Producers capabilities.

FC30, FC35, FC40
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BDM Buried Structures Standard Drawmgs

Example of BDM 3Sided Precast 2 |
Culvert Section and Design Table L - e S
Standard drawings could be & R - s | |\ | N
modified for each project per site |
specific conditions, design o
requirements, and Producers e n o

~ Split Box-Flat Top: Span < 25 ft
r— '
~3-Sided-Flat Top: Span < 25 ft
[reser | sswer | Fc NGTH |
. +-3-Sided Fixed Slope Top: Span < 40 ft

——3-sided Varied Slope _Top: _Spah < 60 ft

k]
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Standard Plans for 3-Sided and Split Box Buried Structures

Assembly Detalls
Buried Structures
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Materials for Buried Structures

Concrete
0 Precast concrete Class 5000 through 7000.
0 SeltConsolidating Concrete (SCC) may be used.

0 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
2%2 inches for HMA overlay.

Reinforcing Steel
0 Yield strength for reinforcement is limited to 80 ksi.

0 Yield strength of welded wire reinforcement is limited to 75
KsI.

o0 Welded wire reinforcement is considered to speed the
fabrication and construction of buried structuréABC
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Buried Structures Design Requirements

The design of Buried Structures are in accordance with the
requirements of BDM & GDMLRFD BDS and LRFDSGS.

Buried Structure types consist of Box, split box, and Three  EEESESE————
sided structures are assembled inside an excavation receivinC—————_gg— ="
support from the surrounding soil through sestructure '
Interaction (SSI).

Buried Structure Wingwall, and Headwall Design

A Headwalls, wingwalls, and railings are designed for VGhICU"”
collision and pedestrian, or workéall protectionforces. e :

A The bottom of wingwall foundations is located a minimunm S
of 2.0 feet below the 500 year scour elevation

A Portions of wingwalls below the 100 year mean water
surface shall have a reinforced concrete fascia.
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Buried Structure Seismic Design Requirements

Two Classes of Buried Structures are considered:

A Class 1: Clear Span Less than 20.0 feet S e
A Class 2 : Clear Span 20.0 feet and greater Class 1 Less than 20.0 feet

] . ] ] . Class 2 20.0 feet and greater
0 All Class 2 Buried Structures are designed for seismic effects iii
accordance with the LRFD Road Tunnel Design Specs.
Horizontal Shear Deformation, A (ft)

A The structures-are designed for the Q%ar.return period | i e — .
Safety Evaluation Earthquake (SEE) consistent with the sei:
design requirements for Ordinary Bridges..

A Liquefaction and lateral spread are not considered.

A Racking analysis, with Transient Ground Displacement (TG © |- -----mrmmmeeeeeee- L
using pseudsestatic or dynamic SSI analysis is required.

A Ground Motion Attenuation with Depth could be considered.

o
1
1
1
50 | -
1
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Alree-field As

__________________________

100 |-

Depth Below Surface (it)
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Soil Deformation Profile Racking Deformation of a
Box Structure

A The effect of vertical seismic motions will be accounted for by oot ] S Croum otonat e
. . . . . . Buried Structure (feet) at Ground Surface
applying a vertical pseudstatic loading for combinations of Ez 035100
seismic effects shall be 1.0 F@.3 EQ, and 0.3 EQ+1.0 EQ, S “om
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Buried Structures Approach Slab Requirement

o When the top of a concrete Buried Structure is directly exposed to vehicular traffic, bridge
approach slabs shall be provided.

0 Bridge approaches typically experience two types of settlement, global and local.
0 Global settlement is consolidation of the deeper natural foundation soils.

0 Local settlement is mainly compression of fill materials directly beneath the approach
pavement due to construction.

o0 The approach slab significantly reduces local settlement and will provide a transition to the long
term roadway differential settlements.

oApproach sl ab may be eli minated I n some <ca

0 Precast approach slab are considered for ABC applications ——
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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 surfa
one of the following shall be considered:

A Provide a structur al connection betw
Imposed shear and equalizing deflections. The structural connection shall include cas
In-place reinforced concrete closures or UHPC.

A P r o%Gingremingmum composite cash-place concrete slab.

When the Fill Depth of the Buried Structure is less than 2.0 feet, all reinforcement in the
top slab shall beorrosion resistant, except when &.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 toprestressing in the direction of that Structural Clear Span in order to control
cracking.
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Differential Settlements (SE)
Transverse Differential Settlements

A The transverse differential settlements will be considered for
Service Limit State only (crack control in reinforced concrete
members).

A The structure shall be designed to tolerate minim@ainch per
1 O difberential displacements.

Longitudinal Differential Settlements

A The differential settlements causirajlowable joint opening
between precast units will be calculated for a range of culver
configurations. Bl

A Joint opening will be calculated by using the formula
3Y = Knax -W. R, where W and R are length and heightg
of the precast culvert units.
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Structural Analysis and Modeling

U-shape U-shape
Three-sided structures L - o
A The precast Utop element will be modeled a: ooing |
rigid frame with a hinge connection at the , , wal &
top of side walls or footings. e
Split Box Structures
A The structure will be modeled as a 2
dimensional plane frame, with thmttom o
corners restrained by a pin and a roller. T
A The weight of concrete and loading applied t e Hg b
the top slab will be uniformly distributed over | T
the entire bottom slab. - Ustape O
v y ¥ )z

A 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.




7 WSDOT
Common Fabrication & Construction Challenges

Fabrication

0 Precast Form Limitations

o Corner/ Edge Spalling During Stripping
0 Mated Joint Offset from Wall Taper

0 Progressive Prditted Shop Assembly
Handling

o Improper Lifting Anchors & Clutches

o Corner/ Edge Spalls
o Impact Damage
Installation Challenges

0 Importance of Sequence
o Pulling Segments Together

0 Maintaining Compression — swecoe~/  ~SE Aol
0 Loose Bedding Material in Joints
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Common Fabrication & Construction Challenges

o Bedding Preparation The quality of the bedding has th®ggest impact on
the installation andquality of the final product .

o0 Bedding must be as flat on the proper grade. High points in the bedding will
cause gapdn the joints at the top of segments.

o Combinations ofhigh and low points can cause sections to lean to one side
and steps in the slabs.
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Precast Segment Erection Adjustments

Leveling Adjustments

A By making adjustments to the bedding materiall,
ensuringuniform bearing across the segment(s).

A By side to side movement of the segment to encoura
the culvert to sink into the bedding. - : 5
Alignment Adjustments

A By jacking at the side of the box, ensuring the jacking-
load is distributed over a large area to avoid damaging

A By pulling or pushing with an excavator.

Joints Tolerance
A Typical Joints are Detailed ds 6+ ] 0

Common Jobsite inconsistencies:
Fabrication Tolerances, Uneven Bedding Material, Loose . =

Material in Joints, Uneven Horizontal Joints, Corner oo
Spalling o £
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Buried Structures Standard Plans Development

WSDOT is developing Standard plans for three sided and split box precast
concrete buried structure to expedite the construction of Fish PassadiC

Standard plans for precast concrete buried structure are based on the following
Design Specifications and Refereneeshe order of priority

A WSDOT BDM

A WSDOT GDM

A AASHTO LRFD Bridge Design Specification

A AASHTO Technical Manual for Design and Construction of Road Tunnels
A WSDOT Standard Specifications Sectior26

A AASHTO LRFD Road Tunnel Design and Construction Guide Specifications
A ASTM C1786 Segmental Precast Concrete Box Culvert

A ASTM C1504 Precast Reinforced Concrete Thi®gled Structures



Standard Plans for Buried Structures

From Standard Drawings d to - Standard Plans

Benefits of Standard Plans for Buried Structures:
0 Expedited Project Delivery ABC
o Efficiencies in construction and costs

0 Increased quality through repetition and lessons
learned

0 Meet project schedule by prefabrication and
stockpiling

o Contractors' familiarity and equipment availability

o Field staff familiarity through repetition

o0 Reduced Workload on Agency StadfDesign/Plans
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Buried Structures Standard Plans Overview

Material Properties

A Precast concrete: Class 7000 f & @.0 ksi,Ec= 4795 ksi

A Castin-place concrete: Class 4500 f, & @.5 Kksi

A Reinforcing Steel: ASTM A706 or AASHTO M31 (ASTM A615) Grade 60
A Welded wire mesh (deformed)BC: AASHTO M336 (ASTM A1064),fy=75 Ksi
Geotechnical Properties

A Backfill shall be granular material per Standard Specifications

A Non-liquefiable soil

A Effective angle of internal friction for backfity = 34 degrees

A Drained internal angle of friction for subgrade under thrsided culvert3 sub =
30 degrees

A At-rest lateral earth pressure coefficient for culverts, Ko = 0.4450
A Back slope behind wingwalls 2H:1V
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Standard Plans Sizes/Configuration

Split box structure configurations Three-sided structure configurations
AUshape bottom with AQ&hwalk! $ opl wsth 1¢
flat top slab in-place (CIP) strip footings

AUshape bottom with AQ0&hwalk! $op!l wWsth 1¢
Ushape top with 56 walPktemwalls

AUshape bottom with AQ&hwalk! $ opl ws th 1¢
Ushape top with 100 werdwalk

T / ' N
N 2 I
) 12' TO 30°
L 12' TO 30' 1 J ) | 7 . ]

12'TO 30" < 12' TO 30’

OMN

N

10

15'OR 20

60' MAX
»<— 5'OR 10" —

15'OR 20'

—— 10'—
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Standard Plans Sizes/Configuration

AFor standard plans the headwal | h €
the roof unit.

A For the standard plans the height of the wingwall will vary from 5 to 15
feet with 2 feet increments.

A Two options of the backslope behind the wingwall will be considered: flat
and 2H:1V.

Headwall Wingwall L
0OR1 —_—

Tw Cv
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Buried Structures Project Delivery Options

WSDOT options for Fish Passage ABC project delivery includes:

A Design Bid Build (DBB): Using Bridge Office engineering staff or Consultant
engineering staff, promotes innovations in design, materials, construction

A Design Build (DB): Expedite project delivery and Increase Innovation Opportunities
d New materials and technologies

A Progressive Design Build (PDB): Facilitates involvement of the desigouild team
during the earliest stages of the owner's project development.

A Contractor Supplied Designs (CSD): For Buried Structures with spansss than
30.0 feewhile under contract.Needs approvdobr spansyreater than 30.0 feet.

A 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 @

A The existing crossing was plugge@quiring realigning
approximately2,038 ft (621 m) of Coffee Creek to flow
adjacent to US 101 via a constructed stream channel.

A A new culvert is a 36 ft (10.97 m) wide by 16.8 ft (5.12 m)
high concrete box culvert.

A Adult chum began using the new stream channel just days
after the project was completed.




Tributaries to California Creek

A The undersized culverts blocked passage of coho, steelhead, and
searun cutthroat trout on two tributaries to California Creek on
crossing I5.

A Two new structures installed under the NB and SB lanes-6f |
Both new structures are 18 ft (5.5 m) wide by 9.1 ft (2.78 m) high

concrete box culverts. .

5 WSDOT



