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Foreword

This manual has been prepared to provide Washington State Department of Transportation
(WSDOT) bridge design engineers with a guide to the design criteria, analysis methods, and
detailing procedures for the preparation of highway bridge and structure construction plans,
specifications, and estimates.

It is not intended to be a textbook on structural engineering. It is a guide to acceptable
WSDOT practice. This manual does not cover all conceivable problems that may arise,

but is intended to be sufficiently comprehensive to, along with sound engineering judgment,
provide a safe guide for bridge engineering.

A thorough knowledge of the contents of this manual is essential for a high degree of
efficiency in the engineering of WSDOT highway structures.

This loose leaf form of this manual facilitates modifications and additions. New provisions
and revisions will be issued from time to time to keep this guide current. Suggestions for
improvement and updating the manual are always welcome.

All manual modifications must be approved by the Bridge Design Engineer.

The electronic version of this document is available at:
www.wsdot.wa.gov/Publications/Manuals/M23-50.htm

/s/ Jugesh Kapur

Jugesh Kapur, PE., S.E.
Bridge and Structures Engineer
Washington State Department of Transportation
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Chapter 1 General Information

1.1 Manual Description

1.1.1 Purpose

The Bridge Design Manual (BDM) M 23-50 is a guide for those who design bridges for the Washington
State Department of Transportation (WSDOT). This manual supplements the AASHTO LRFD
Specifications. It explains differences where it deviates from the AASHTO LRFD Specifications. It
contains standardized design details and methods, which are based on years of experience.

The Bridge Design Manual is a dynamic document, which constantly changes because of the creativity
and innovative skills of our bridge designers and structural detailers. It is not intended for the design of
unusual structures or to inhibit the designer in the exercise of engineering judgment. There is no substitute
for experience, good judgment, and common sense.

1.1.2 Specifications

This manual and the following AASHTO Specifications are the basic documents used to design highway
bridges and structures in Washington State:

* AASHTO LRFD Bridge Design Specifications (AASHTO LRFD)
* AASHTO Guide Specifications for LRFD Seismic Bridge Design (AASHTO SEISMIC)

The Bridge Design Manual is not intended to duplicate the AASHTO Specifications. This manual
supplements the AASHTO Specifications by providing additional direction, design aides, examples, and
information on office practice. The Bridge Design Manual takes precedence where conflict exists with the
AASHTO Specifications. The WSDOT Bridge Design Engineer will provide guidance as necessary.

References are listed at the end of each chapter.

1.1.3 Format

A. General — The Bridge Design Manual consists of one volume with each chapter organized as follows:
Criteria or other information (printed on white paper)
Appendix A (printed on yellow paper) Design Aids
Appendix B (printed on salmon paper) Design Examples

B. Chapters
1. General Information

Preliminary Design

Loads

Seismic Design and Retrofit

Concrete Structures

Steel Design

Substructure

Walls and Buried Structures

o 0 N kWD

Bearings and Expansion Joints
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General Information Chapter 1

10. Traffic Barriers, Sign Structures, Approach Slabs, Utility Supports

11. Detailing Practice

12. Quantities, Construction Costs, and Specifications

13. Bridge Rating

C. Numbering System

1.

The numbering system for the criteria consists of a set of numbers followed by letters as required
to designate individual subjects.

Example:
Chapter 5 Concrete Structures (Chapter)
5.3 Reinforced Concrete Box Girder Bridges (Section)
5.3.2 Reinforcement (Subsection)
A. Top Slab Reinforcement
1. Near Center of Span
a. Transverse Reinforcement

Numbering of Sheets — Each section starts a new page numbering sequence. The page numbers
are located in the lower outside corners and begin with the chapter number, followed by the
section number, then a sequential page number.

Example: 5-1, 5-2, etc.

Appendices — Appendices are included to provide the designer with design aids (Appendix A)
and examples (Appendix B). Design aids are generally standard in nature, whereas examples are
modified to meet specific job requirements.

An appendix is numbered using the chapter followed by section number and then a hyphen and
the letter of the appendix followed by consecutive numbers.

Example: 5.3-A1 (Box Girder Bridges) designates a design aid required or useful to accomplish
the work described in Chapter 5, Section 3.

Numbering of Tables and Figures — Tables and figures shall be numbered using the chapter,
section, subsection in which they are located, and then a hyphen followed by consecutive
numbers.

Example: Figure 5.3.2-1 is the first figure found in Chapter 5, section 3, subsection 2.
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1.1.4 Revisions

Revisions to this manual are related to emerging concepts, new state or federal legislation, and
comments forwarded to the Bridge Design Office. Some revisions are simple spot changes, while others
are major chapter rewrites. The current version of the manual is available online at: www.wsdot.wa.gov/
publications/manuals/m23-50.htm.

All pages include a revision number and publication date. When a page is revised, the revision number
and publication date are revised. Revisions shall be clearly indicated in the text.

The process outlined below is followed for Bridge Design Manual revisions:
1. Revisions are prepared, checked and coordinated with chapter authors.

2. Revisions are submitted to the Bridge Design Engineer for approval. However, comments related to
grammar and clarity can be sent directly to the BDM Coordinator without Bridge Design Engineer
approval.

3. After approval from the Bridge Design Engineer, the BDM Coordinator works with WSDOT
Engineering Publications to revise the manual.

4. Revised pages from Engineering Publications are checked for accuracy and corrected if necessary.

5. A Publication Transmittal is prepared by Engineering Publications. Publication Transmittals include
remarks and instructions for updating the manual. After the Publications Transmittal has been signed
by the State Bridge and Structures Engineer, Engineering Publications will post the complete manual
and revision at: www.wsdot.wa.gov/publications/manuals/m23-50.htm.

6. Engineering Publications will coordinate electronic and hard copy distributions.

A Revision QA/QC Worksheet (see Appendix 1.1-A1) shall be prepared to document and track the
revision process.
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1.2 Bridge and Structures Office Organization

1.2.1 General
The responsibilities of the Bridge and Structures Office are:

Provides structural engineering services for WSDOT. Provides technical advice and assistance to other
governmental agencies on such matters.

The WSDOT Design Manual M 22-01 states the following:

Bridge design is the responsibility of the Bridge and Structures Office in Olympia. Any design authorized
at the Region level is subject to review and approval by the Bridge and Structures Office.

1.2.2 Organizational Elements of the Bridge Office

A. Bridge and Structures Engineer — The Bridge and Structures Engineer is responsible for structural
engineering services for the department and manages staff and programs for structural design,
contract plan preparation, inspections and assessments of existing bridges.

B. Bridge Design Engineer — The Bridge Design Engineer is directly responsible to the Bridge and
Structures Engineer for structural design and review, and advises other divisions and agencies on
such matters.

1. Structural Design Units — The Structural Design Units are responsible for the final design
of bridges and other structures. Final design includes preparation of contract plans. The units
provide special design studies, develop design criteria, check shop plans, and review designs
submitted by consultants. Frequently, the Bridge Projects Engineer assigns the units the
responsibility for preparing preliminary bridge plans and other unscheduled work.

The Bridge Engineer Supervisor (Unit Supervisor) provides day-to-day leadership, project
workforce planning, mentoring, and supervision for the design unit. Organization and job
assignments within the unit are flexible and depend on projects underway at any particular time as
well as the qualifications and experience level of individuals. The primary objective of the design
units is to produce contract plans for bridges and structures within scope, schedule and budget.
This involves designing, checking, reviewing, and detailing in an efficient and timely manner.

A bridge specialist is assigned to each design unit. Each specialist has a particular area of
expertise. The four major areas are: concrete, steel, seismic design, and retrofit and expansion
joints and bearings. The specialists act as a resource for the bridge office in their specialty and
are responsible for keeping up-to-date on current AASHTO criteria, new design concepts and
products, technical publications, construction and maintenance issues, and are the primary points
of contact for industry representatives.

The design units are also responsible for the design and preparation of contract plans for
modifications to bridges in service. These include bridge rail replacement, deck repair, seismic
retrofits, emergency repairs when bridges are damaged by vehicle or ship collision or natural
phenomenon, and expansion joint and drainage retrofits. They review proposed plans of utility
attachments to existing bridges.

2. Bridge Projects Unit — The Bridge Projects Engineer directs preliminary design work,
specification and cost estimates preparation, falsework review, project scoping, coordinates
scheduling of bridge design projects and unscheduled work assignments with the Region Project
Development Engineers, Bridge Design Engineer, and the Unit Supervisors.

The Preliminary Plan Engineers are responsible for bridge project planning from initial scoping
to design type, size, and location (TSL) studies and reports. They are responsible for preliminary
plan preparation of bridge and walls including assembly and analysis of site data, preliminary
structural analysis, cost analysis, determination of structure type, and drawing preparation.
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They also check preliminary plans prepared by others, review highway project environmental
documents and design reports, and prepare U. S. Coast Guard Permits.

The Specifications and Estimate (S&E) Engineers develop and maintain construction
specifications and cost estimates for bridge projects. They also develop specifications and cost
estimates for bridge contracts prepared by consultants and other government agencies, which
are administered by WSDOT. They assemble and review the completed bridge PS&E before
submittal to the Regions. They also coordinate the PS&E preparation with the Regions and
maintain bridge construction cost records.

The Construction Support Unit Engineers are responsible for checking the contractor’s falsework,
shoring, and forming plans. Shop plan review and approval are coordinated with the design units.
Actual check of the shop plans is done in the design unit. Field requests for plan changes come
through this office for a recommendation as to approval.

The Bridge Plans Engineer processes as-built plans in this unit. Region Project Engineers are
responsible for preparing and submitting as-built plans at the completion of a contract.

The Scheduling Engineer monitors the design work schedule for the Bridge and Structures Office,
updates the Bridge Design Schedule (BDS) and maintains records of bridge contract costs.

Other duties include coordinating progress reports to Regions by the Unit Supervisors and S&E
Engineers through the Project Delivery Information System (PDIS).

The Bridge Projects Unit dedicates one position to providing technical assistance for the design
and detailing of expansion joint, bridge bearing and barrier/rail projects.

In addition, the unit is responsible for updating the Bridge Design Manual M 23-50. The unit
coordinates changes to the WSDOT Standard Specifications and facilitates updates or revisions to
WSDOT Bridge Office design standards.

Mega Project Bridge Manager — The Mega Project Bridge Manager provides leadership,
guidance and project management responsibilities for various complex, unique and monumental
bridge design and construction projects. Mega Bridge Projects are defined as suspension, cable-
stayed, movable, segmental or a complex group of interchange/corridor bridges and include
conventional and design-build project delivery methods. The Mega Project Bridge Manager
represents the Bridge and Structures Office in Cost Estimate Validation Process activities, Value
Engineering Studies and Research Projects regarding major bridge projects.

C. Bridge Preservation Engineer — The Bridge Preservation Engineer directs activities and develops
programs to assure the structural and functional integrity of all state bridges in service. The Bridge
Preservation Engineer directs emergency response activities when bridges are damaged.

1.

Bridge Preservation Office (BPO) — The Bridge Preservation Office is responsible for planning
and implementing an inspection program for the more than 3,200 fixed and movable state
highway bridges. In addition, BPO provides inspection services on some local agency bridges
and on the state’s ferry terminals. All inspections are conducted in accordance with the National
Bridge Inspection Standards (NBIS).

BPO maintains the computerized Washington State Bridge Inventory System (WSBIS) of current
information on more than 7,300 state, county, and city bridges in accordance with the NBIS. This
includes load ratings for all bridges. BPO prepares a Bridge List of the state’s bridges, which is
published every two years, maintains the intranet-based Bridge Engineering Information System
(BEIST), and prepares the annual Recommended Bridge Repair List (RBRL) based on the latest
inspection reports.

BPO is responsible for the bridge load rating and risk reduction (SCOUR) programs. It provides
damage assessments and emergency response services when bridges are damaged because of
vehicle or ship collision or natural phenomenon such as: floods, wind, or earthquakes.
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D. Bridge Management Engineer — The Bridge Management Unit is responsible for the program
development, planning and monitoring of all statewide bridge program activities. These include
P2 funded bridge replacements and rehabilitation, bridge deck protection, major bridge repair, and
bridge painting.

In addition, the Bridge Management Unit manages the bridge deck protection, deck testing and

the bridge research programs. It is responsible for the planning, development, coordination, and
implementation of new programs (e.g., Seismic Retrofit and Preventative Maintenance), experimental
feature projects, new product evaluation, and technology transfer.

The Bridge Management Engineer is the Bridge and Structures Office’s official Public Disclosure
contact. (See Section 1.3.9 Public Disclosure Policy Regarding Bridge Plans).

E. Computer Support Unit — The Computer Support Unit is responsible for computer resource
planning and implementation, computer user support, liaison with Management Information Systems
(MIS), computer aided engineer operation support, and software development activities. In addition,
the unit works closely with the Bridge Projects Unit in updating this manual and Standard Plans.

F. Consultant Liaison Engineer — The Consultant Liaison Engineer prepares bridge consultant
agreements and coordinates consultant PS&E development activities with those of the Bridge Office.
The Consultant Liaison Engineer negotiates bridge design contracts with consultants.

G. State Bridge and Structures Architect — The State Bridge and Structures Architect is responsible for
reviewing and approving bridge preliminary plans, retaining walls, preparing renderings, coordinating
aesthetic activities with Regions (i.e. suggesting corridor themes and approving public art), and
other duties to improve the aesthetics of our bridges and structures. The State Bridge and Structures
Architect works closely with bridge office and region staff. During the design phase, designers
should get the Architect’s approval for any changes to architectural details shown on the approved
preliminary plan.

H. Staff Support Unit — The Staff Support Unit is responsible for many support functions, such as:
typing, timekeeping, payroll, receptionist, vehicle management, mail, inventory management, and
other duties requested by the Bridge and Structures Engineer. Other duties include: filing field data,
plans for bridges under contract or constructed, and design calculations. This unit also maintains
office supplies and provides other services.

I. Office Administrator — The Office Administrator is responsible for coordinating personnel
actions, updating the organizational chart, ordering technical materials, and other duties requested
by the Bridge and Structures Engineer. Staff development and training are coordinated through the
Office Administrator. The Office Administrator also handles logistical support, office and building
maintenance issues.
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1.2.3 Design Unit Responsibilities and Expertise

The following is an updated summary of the structural design, review and plan preparation
responsibilities/expertise within the Bridge Design Section. Contact the Unit Supervisor for the name
of the appropriate staff expert for the needed specialty.

Unit Supervisor Responsibility/Expertise

Mark Anderson Seismic Design Technical Support
Emergency Slide Repairs
Retaining Walls (including Structural Earth, Soldier Pile and
Tie-Back, Geosynthetic, and Soil Nail)
Pre-Approval of Retaining Wall Systems
Noise Barrier Walls

Richard Stoddard Bridge Traffic Barriers and Rail Retrofits
Concrete Design Technical Support

Ron Lewis Coast Guard Permits
Special Provisions and Cost Estimates
Preliminary Design
Falsework, Forming and Temporary Structures
Bridge Design Manual M 23-50
Bridge Projects Scheduling

Richard Zeldenrust Overhead and Bridge-Mounted Sign Structures
Light Standard & Traffic Signal Supports
Repairs to Damaged Bridges
Structural Steel Technical Support

Patrick Clarke Floating Bridges
Bearings and Expansion Joints Technical Support
Special Structures

DeWayne Wilson Bridge Preservation Program (P2 Funds) — Establish
needs and priorities (including Seismic, Scour, Deck
Overlay, Special Repairs, Painting, Replacement, Misc
Structures Programs)
Bridge Management System
Bridge Engineering Software and CAD
Consultant Liaison

Tim Moore Mega Projects Manager
Paul Kinderman Bridge Architect
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1.3 Quality Control/Quality Assurance (QC/QA) Procedure

1.3.1 General

A. The purpose of the QC/QA procedure is to improve the quality of the structural designs and plans.
The key element to the success of this process is effective communication between all parties. The
goals of the QC/QA procedure are:

* Designed structures that improve public safety and meet state regulations.

* Designed structures which meet the requirements of the WSDOT Bridge Design Manual
M 23-50, AASHTO LRFD Bridge Design Specifications, current structural engineering practices,
and geometric criteria provided by the Region.

* Designed structures that are aesthetically pleasing, constructible, durable, economical,
inspectable, and require little maintenance.

* Design contract documents that meet the customer’s needs, schedule, budget, and construction
staging requirements.

* Structural design costs are minimized.

* An organized and indexed set of design calculations are produced. Design criteria and
assumptions are included in the front after the index.

* Plan quality is maximized.

* The QA/QC procedure allows for change, innovation, and continuous improvement.

The goals are listed in order of importance. If there is a conflict between goals, the more important
goal takes precedence.

The Unit Supervisor determines project assignments and the QC/QA process to be used in preparation
of the structural design. The intent of the QC/QA process is to facilitate plan production efficiency
and cost-effectiveness while assuring the structural integrity of the design and maximizing the quality
of the structural contract documents.

B. The Bridge and Structures Office QC/QA procedure is a component of the general WSDOT template
for project management process. Included as part of the current WSDOT project management process
are project reviews at specific milestones along the project timeline. The expected content of the
documents being reviewed at each specific milestone are described in the Deliverable Expectations
Matrix developed and implemented by the WSDOT Design Office in May 2006. This matrix can be
viewed via the link www.wsdot.wa.gov/projects/projectmgmt/online_guide/delivery expectation
matrix/de_matrix.pdf.

The overall matrix is generic for WSDOT design, but there is a line in the matrix that outlines the
specific content expectations for structures (bridges retaining walls, noise barrier walls, overhead
sign structures, etc.). This “structures specific” matrix line includes a link to a separate matrix. This
structures matrix can be viewed via the link www.wsdot.wa.gov/projects/projectmgmt/online guide/
delivery expectation_matrix/bridge.pdf.

The Bridge Preliminary Plan as described in Chapter 2 is equivalent to the Geometric Review
milestone of the generic WSDOT matrix and the Permitting Submittal Review milestone of the
structure specific matrix.

Intermediate stage constructability reviews conducted for certain projects by Region Design

PE Offices or Local Agencies are equivalent to the General Plans Review milestone of the
generic WSDOT matrix and the Intermediate PS&E Submittal Review milestone of the structure
specific matrix.
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The Bridge Plans turn-in as described in Section 12.4.3 is equivalent to the Preliminary Contract
Review milestone of the generic WSDOT matrix and the PS&E Pre-submittal Review milestone of
the structure specific matrix.

The Bridge PS&E turn-in as described in Section 12.4.3 is equivalent to the Final Contract Review
milestone of the generic WSDOT matrix and the Final PS&E Submittal Review milestone of the
structure specific matrix.

1.3.2 Design/Check Procedures
A. PS&E Prepared by WSDOT Bridge and Structures Office

1.

Design Team — The design team usually consists of the Designer(s), Checker(s), Structural
Detailer(s), and a Specification and Estimate Engineer, who are responsible for preparing a set
of contract documents on or before the scheduled due date(s) and within the budget allocated
for the project. On large projects, the Unit Supervisor may designate a designer to be a Project
Coordinator with additional duties, such as: assisting the supervisor in communicating with the
Region, coordinating and communicating with the Geotechnical Branch, and monitoring the
activities of the design team.

The QC/QA procedures may vary depending on the type and complexity of the structure being
designed, and the experience level of the design team members. More supervision, review, and
checking may be required when the design team members are less experienced. In general, it
is a good practice to have some experienced designers on every design team. All design team
members should have the opportunity to provide input to maximize the quality of the design
plans.

Designer Responsibility — The designer is responsible for the content of the contract plan sheets,
including structural analysis, completeness and correctness. A good set of example plans, which
is representative of the bridge type, is indispensable as an aid to less experienced designers and
detailers.

During the design phase of a project, the designer will need to communicate frequently with the
Unit Supervisor and other stakeholders. This includes acquiring, finalizing or revising roadway
geometrics, soil reports, hydraulics recommendations, and utility requirements. Constructability
issues may also require that the designer communicate with the Region or Construction Office.
The designer may have to organize face-to-face meetings to resolve constructability issues early
in the design phase. The bridge plans must be coordinated with the PS&E packages produced
concurrently by the Region.

The designer shall advise the Unit Supervisor as soon as possible of any scope and project cost
increases and the reasons for the increases. The Unit Supervisor will then notify the Region
project office if the delivery schedule will have to be changed. If Region concurs with a change
in the delivery date, the Unit Supervisor will notify the Bridge Projects Engineer or the Bridge
Scheduling Engineer of the revised delivery dates.

The designer or Project Coordinator is responsible for project planning which involves
the following:

a. Determines scope of work, identifies tasks and plans order of work.

b. Prepare design criteria that are included in the front of the design calculations.
Compares tasks with BDM office practice and AASHTO bridge design specifications.

(1)  Insures that design guidelines are sufficient?

(2)  Justification for deviation from Bridge Design Manual/ AASHTO?

Page 1.3-2 WSDOT Bridge Design Manual M 23-50.06

July 2011


http://www.wsdot.wa.gov/Publications/Manuals/M23-50.htm

Chapter 1 General Information

(3)  Justification for design approach?
(4)  Justification for deviation from office practices regarding design and details?
(5) Other differences.

c. Meet with the Region design staff and other project stakeholders early in the design process
to resolve as many issues as possible before proceeding with final design and detailing.

d. Identify coordination needs with other designers, units, and offices.

e. Early in the project, the bridge sheet numbering system should be coordinated with the
Region design staff. For projects with multiple bridges, each set of bridge sheets should have
a unique set of bridge sheet numbers.

f. At least monthly or as directed by the design Unit Supervisor:

(1)  Update Project Schedule and List of Sheets.

(2)  Estimate percent complete.

(3) Estimate time to complete.

(4)  Work with Unit Supervisor to adjust resources, if necessary.
g. Develop preliminary quantities for all cost estimates after the Preliminary Plan stage.
h. Near end of project:

(1)  Develop quantities, Not Included in Bridge Quantity List, and Special Provisions
Checklist that are to be turned in with the plans. (See Section 12.4.4).

(2)  Prepare the Bar List.

(3) Coordinate all final changes, including review comments received from the Bridge
Specifications and Estimates Engineer. Refer to Section 12.4.3 (B).

(4) Meet with Region design staff and other project stakeholders at the constructabality
review/round table review meetings to address final project coordination issues.

The designer should inform the Unit Supervisor of any areas of the design, which
should receive special attention during checking and review.

(5) Prepare the QA/QC Checklist, and obtain signatures/initials as required. This applies
to all projects regardless of type or importance (bridges, walls, sign structures, overlay,
traffic barrier, etc.). Refer to Appendix 1.5-A3-1.

The design calculations are prepared by the designer and become a very important record
document. Design calculations will be a reference document during the construction of the
structure and throughout the life of the structure. It is critical that the design calculations be
user friendly. The design calculations shall be well organized, clear, properly referenced,

and include numbered pages along with a table of contents. The design calculations shall be
archived. Computer files should be archived for use during construction, in the event that
changed conditions arise. Archive-ready design and check calculations shall be bound and
submitted to the Unit Supervisor concurrently with the turn-in of the Bridge PS&E submittal.
Calculations shall be stored in the design unit until completion of construction. After
construction, they shall be sent to archives. (See Section 1.3.8 Archiving Design Calculations,
Design Files, and S&E Files).

The designer or another assigned individual is also responsible for resolving construction
problems referred to the Bridge Office during the life of the contract. These issues will
generally be referred through the Bridge Technical Advisor, the Unit Supervisor, the
Construction Support Unit, or the HQ Construction-Bridge.
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3. Checker Responsibility — The checker is responsible to the Unit Supervisor for “quality
assurance” of the structural design, which includes checking the design, plans and specifications
to assure accuracy and constructability. The Unit Supervisor works with the checker to establish
the level of checking required. The checking procedure for assuring the quality of the design will
vary from project to project. Following are some general checking guidelines:

a.

Design Calculations — may be checked by either of two methods:

(1

2)

)

Design calculations may be checked with a line-by-line review and initialing by
the checker. If it is more efficient, the checker may choose to perform his/her own
independent calculations.

Iterative design methods may be best checked by review of the designer’s calculations,
while standard and straight-forward designs may be most efficiently checked with
independent calculations. All the designer and checker calculations shall be placed in
one design set.

Revision of design calculations, if required, is the responsibility of the designer.

Structural Plans

(1)

2)

3)

The checker’s plan review comments are recorded on a copy of the structural plans,
including details and bar lists, and returned to the designer for consideration. These
check prints are a vital part of the checking process, and shall be preserved. If the
checker’s comments are not incorporated, the designer should provide justification for
not doing so. If there is a difference of opinion that cannot be resolved between the
designer and checker, the Unit Supervisor shall resolve any issues. Check prints shall
be submitted to the Unit Supervisor at the time of 100% PS&E turn-in.

If assigned by the Unit Supervisor, a structural detailer shall perform a complete check
of the geometry using CADD or hand calculations.

Revision of plans, if required, is the responsibility of the designer.

Quantities and Barlist

(1)

2)

The checker shall provide an independent set of quantity calculations. These together
with the designer’s quantity calculations shall be placed in the job file.

Resolution of differences between the designer and checker shall be completed before
the Bridge PS&E submittal. The checker shall also check the barlist.

4. Structural Detailer Responsibility — The structural detailer is responsible for the quality and
consistency of the contract plan sheets. The structural detailer shall ensure that the Bridge Office
drafting standards as explained in Chapter 11 of this manual are upheld.

Refer to Chapter 11, for detailing practices.

b. Provide necessary and adequate information to ensure the contract plans are accurate,
complete, and readable.
Detail plan sheets in a consistent manner and follow accepted detailing practices.
d. Check plans for geometry, reinforcing steel congestion, consistency, and verify control
dimensions.
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e. Check for proper grammar and spelling.

f.  On multiple bridge contracts, work with the Designer/Project Coordinator to ensure that
the structural detailing of all bridges within the contract shall be coordinated to maximize
consistency of detailing from bridge to bridge. Extra effort will be required to ensure
uniformity of details, particularly if multiple design units and/or consultants are involved
in preparing bridge plans.

g. Maintain an ongoing understanding of bridge construction techniques and practices.

5. Specialist Responsibility — There are currently four specialist positions in the Bridge and
Structures Office. The four specialty areas in the Design Section are bearings and expansion
joints, concrete (including prestressed concrete), seismic retrofit and design, and structural steel.

The primary responsibility of the specialist is to act as a knowledge resource for the Bridge and
Structures Office. The Specialists maintain an active knowledge of their specialty area along
with a current file of products and design procedures. The Specialists maintain industry contacts.
Specialists also provide training in their area of specialty.

Specialists are expected to remain engaged with the design efforts being carried out in the office
related to their specialty. At the discretion of the Design Unit Supervisor, the Specialists may be
requested to review, comment on and initial plans in their area of expertise prepared by other
designers.

Specialists also assist the Bridge and Structures Engineer in reviewing and voting on amendments
to AASHTO specifications. In addition they are responsible for keeping their respective chapters
of the Bridge Design Manual M 23-50 up to date.

A secondary responsibility of the Specialist is to serve as Unit Supervisor when the supervisor
is absent.

6. Specification and Estimating Engineer Responsibilities — The S&E Engineer is responsible
for compiling the PS&E package for bridge and/or related highway structural components. This
PS&E package includes Special Provisions (Bridge Special Provisions or BSPs and General
Special Provisions or GSPs as appropriate), construction cost estimate, construction working day
schedule, test hole boring logs and other appendices as appropriate, and the design plan package.
The S&E Engineer is also responsible for soliciting, receiving, compiling and turning over to
the designer all review comments received after the Bridge Plans turn-in. It is imperative that all
review comments are channeled through the S&E Engineer to ensure consistency between the
final bridge plans, specifications and estimate.

For a detailed description of the S&E Engineer’s responsibilities, see Section 12.4.
7. Design Unit Supervisor Responsibility

a. The Unit Supervisor is responsible to the Bridge Design Engineer for the timely completion
and quality of the bridge plans.

b. The Unit Supervisor works closely with the Project Coordinator and the design team
(designer, checker, and structural detailer) during the design and plan preparation phases
to help avoid major changes late in the design process. Activities during the course of
design include:

(1)  Evaluate the complexity of the project and the designer’s skill and classification level
to deliver the project in a timely manner. Determine both the degree of supervision
necessary for the designer and the amount of checking required by the checker.

(2)  Assist the design team in defining the scope of work, identifying the tasks to be
accomplished and developing a project work plan.
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(3) Make suitable staffing assignments and develop a design team time estimate to ensure
that the project can be completed on time and within budget.

(4) Review and approve design criteria before start of design.

(5) Help lead designer conduct face-to-face project meetings, such as: project “kick-off”
and “wrap-up” meetings with Region, geotechnical staff, bridge construction, and
consultants to resolve outstanding issues.

(6) Participate in coordinating, scheduling, and communicating with stakeholders,
customers, and outside agencies relating to major structural design issues.

(7)  Facilitate resolution of major project design issues.

(8)  Assist the design team with planning, anticipating possible problems, collectively
identifying solutions, and facilitating timely delivery of needed information, such as
geometrics, hydraulics, foundation information, etc.

(9) Interact with design team regularly to discuss progress, problems, schedule and budget,
analysis techniques, constructability and design issues. Always encourage forward
thinking, innovative ideas and suggestions for quality improvement.

(10) Arrange for and provide the necessary resources, time and tools for the design team
to do the job right the first time. Offer assistance to help resolve questions or problems.

(11) Help document and disseminate information on special features and lessons learned
for the benefit of others and future projects.

(12) Mentor and train designers and detailers through the assignment of a variety of
structure types.

c. The Unit Supervisor works closely with the design team during the plan review phase.
Review efforts should concentrate on reviewing the completed plan details and design
calculations for completeness and for agreement with office criteria and office practices.
Review the following periodically and at the end of the project:

(1)  Design Criteria
* Seismic design methodology, acceleration coefficient (“a” value), and any seismic
analysis assumptions.
* Foundation report recommendations, selection of alternates.
* Deviations from AASHTO, this manual, and proper consideration of any applicable
Design Memorandums.

(2) Design Time and Budget

d. Estimate time to complete the project. Plan resource allocation for completing the project to
meet the scheduled Ad Date and budget. Monitor monthly time spent on the project.

At the end of each month, estimate time remaining to complete project, percent completed,
and whether project is on or behind schedule.

Plan and assign workforce to ensure a timely delivery of the project within the estimated time
and budget. At monthly supervisors’ scheduling meetings, notify the Bridge Projects Engineer
if a project is behind schedule.

e. Advise Region of any project scope creep and construction cost increases. As a minimum,
use quarterly status reports to update Region on project progress.
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1.

Use appropriate computer scheduling software or other means to monitor time usage,
to allocate resources, and to plan projects.

Review constructability issues. Are there any problems unique to the project?
Review the final plans for the following:

(1)  Scan the job file for unusual items relating to geometrics, hydraulics, geotechnical,
environmental, etc.

(2)  Overall review of sheet #1, the bridge layout for:
* Consistency — especially for multiple bridge project
* Missing information

(3) Review footing layout for conformance to Bridge Plan and for adequacy of information
given. Generally, the field personnel shall be given enough information to “layout”
the footings in the field without referring to any other sheets. Plan details shall be
clear, precise, and dimensions tied to base references, such as: a survey line or defined
centerline of bridge.

(4) Review the sequence of the plan sheets. The plan sheets should adhere to the following
order: layout, footing layout, substructures, superstructures, miscellaneous details,
barriers, and barlist. Also check for appropriateness of the titles.

(5) Review overall dimensions and elevations, spot check for compatibility.
For example, check compatibility between superstructures and substructure.
Also spot check bar marks.

(6) Use common sense and experience to review structural dimensions and reinforcement
for structural adequacy. When in doubt, question the designer and checker.

Stamp and sign the plans in blue ink.

8. Bridge Design Engineer’s Responsibilities — The Bridge Design Engineer is the coach, mentor,
and facilitator for the WSDOT QC/QA Bridge Design Procedure. The leadership and support
provided by this position is a major influence in assuring bridge design quality for structural
designs performed by both WSDOT and consultants. The following summarizes the key
responsibilities of the Bridge Design Engineer related to QC/QA:

a. Prior to the Bridge Design Engineer stamping and signing any plans, he/she shall perform
a structural/constructability review of the plans. This is a quality assurance (QA) function
as well as meeting the “responsible charge” requirements of state laws relating to Professional
Engineers.

b. Review and approve the Preliminary Bridge Plans. The primary focus for this responsibility
is to assure that the most cost-effective and appropriate structure type is selected for a
particular bridge site.

c. Review unique project special provisions and Standard Specification modifications relating
to structures.

d. Facilitate partnerships between WSDOT, consultants, and the construction industry
stakeholders to facilitate and improve design quality.

e. Encourage designer creativity and innovation through forward thinking.

f. Exercise leadership and direction for maintaining a progressive and up to date Bridge Design
Manual M 23-50.
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g. Create an open and supportive office environment in which Design Section staft are
empowered to do high quality structural design work.

h. Create professional growth opportunities through an office culture where learning is
emphasized.

i.  Encourage continuing professional development through training opportunities, attendance
at seminars and conferences, formal education opportunities, and technical writing.

9. General Bridge Plan Stamping and Signature Policy — The stamping and signing of bridge

plans is the final step in the Bridge QC/QA procedure. It signifies a review of the plans and details
by those in responsible charge for the bridge plans. At least one Licensed Structural Engineer
shall stamp and sign each contract plan sheet (except the bar list).

For contract plans prepared by a licensed Civil or Licensed Structural Engineer, the Unit Manager
and the licensed Civil or Licensed Structural Engineer co-seal and sign the plans, except the
bridge layout sheet. The bridge layout sheet is sealed and signed by the State Bridge and
Structures Engineer or, in the absence of the State Bridge and Structures Engineer, the Bridge
Design Engineer.

For contract plans not prepared by a licensed Civil or Licensed Structural Engineer, the Unit
Manager and the Bridge Design Engineer co-seal and sign the plans except the bridge layout
sheet. The bridge layout sheet is sealed and signed by the State Bridge and Structures Engineer
or, in the absence of the State Bridge and Structures Engineer, the Bridge Design Engineer.

For Non-Standard Retaining Walls and Noise Barrier Walls, Sign Structures, Seismic Retrofits,
Expansion Joint and Bearing Modifications, Traffic Barrier and Rail Retrofits, and other special
projects, the Unit Manager with either the licensed designer or the Bridge Design Engineer

(if the designer is not licensed) co-seal and sign the plans except for the layout sheet. The layout
sheets for these plans are sealed and signed by the State Bridge and Structures Engineer, or in the
absence of the State Bridge and Structures Engineer, the Bridge Design Engineer.

B. Consultant PS&E — Projects on WSDOT Right of Way — PS&E prepared by consultants will
follow a similar QC/QA procedure as that shown above for WSDOT prepared PS&E’s and, as a
minimum, shall include the following elements:

1.

WSDOT Consultant Liaison Engineer’s Responsibilities
a. Review scope of work.
b. Negotiate contract and consultant’s Task Assignments.

c. Coordinate/Negotiate Changes to Scope of Work.

2. Bridge Scheduling Engineer Responsibilities
Add review to the bridge schedule.
b. Assign review to a bridge unit supervisor.
c. Make 2 copies of the review plans and specifications — 1 for the design reviewer and 1 for
the Specifications Engineer Reviewer
d. Make a copy of the Layout for the Bridge Inventory Engineer.
3. WSDOT Design Reviewer’s or Coordinator’s Responsibilities
a. Early in the project, review consultant’s design criteria, and standard details for consistency
with WSDOT practices and other bridge designs in project.
b. Review the job file as prepared by the Preliminary Plan Engineer.
c. Identify resources needed to complete work.
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d. Initiate a project start-up meeting with the Consultant to discuss design criteria,
submittal schedule and expectations, and also to familiarize himself/herself with the
Consultant’s designers.

e. Reach agreement early in the design process regarding structural concepts and design
methods to be used.

f. Identify who is responsible for what and when all intermediate constructability, Bridge Plans,
and Bridge PS&E review submittals are to be made.

g.  Monitor progress.
h. Facilitate communication, including face-to-face meetings.

i.  Verify that the Consultant’s design has been checked by the Consultant’s checker at the 100%
submittal. The checker’s calculations should be included in the designer’s calculation set.

j. Review consultant’s design calculations and plans for completeness and conformance to
Bridge Office design practice. The plans shall be checked for constructability, consistency,
clarity and compliance. Also, selectively check dimensions and elevations.

k. Resolve differences.

4. WSDOT Design Unit Supervisor’s Responsibilities
a. Encourage and facilitate communication.
b. Early involvement to assure that design concepts are appropriate.
c. Empower Design Reviewer or Coordinator.
d. Facilitate resolution of issues beyond authority of WSDOT Reviewer or Coordinator.
e. Facilitate face-to-face meetings.

5. WSDOT S&E Engineer’s Responsibilities — See Section 12.4.8.

6. WSDOT Bridge Design Engineer’s Responsibilities
a. Cursory review of design plans.
b. Signature approval of S&E bridge contract package.

C. Consultant PS&E — Projects on County and City Right of Way

Counties and cities frequently hire Consultants to design bridges. WSDOT Highways and Local
Programs Office determine which projects are to be reviewed by the Bridge and Structures Office.

WSDOT Highways and Local Programs send the PS&E to the Bridge Projects Engineer for
assignment when a review is required. The Bridge and Structures Office’s Consultant Liaison
Engineer is not involved.

A WSDOT Design Reviewer or Coordinator will be assigned to the project and will review the
project as outlined for Consultant PS&E — Projects on WSDOT Right of Way (see Section 1.3.2.B).

Two sets of plans with the reviewers’ comments marked in red should be returned to the Bridge
Projects Unit. One set of plans will be returned to Highways and Local Programs. The Bridge
Scheduling Engineer will file the other set in the Bridge Projects Unit.

The first review should be made of the Preliminary Plan followed later by review of the PS&E

and design calculations. Comments are treated as advisory, although major structural issues must

be addressed and corrected. An engineer from the county, city, or consultant may contact the reviewer
to discuss the comments.
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1.3.3 Design/Check Calculation File

A. File of Calculations — The Bridge and Structures Office maintains a file of all pertinent design/
check calculations for documentation and future reference. (See Section 1.3.8 Archiving Design
Calculations, Design Files, and S&E Files).

B. Procedures — After an assigned project is completed and the bridge is built, the designer shall turn
in a bound file containing the design/check calculations for archiving. The front cover should have a
label (See Figure 1.3.8-1).

C. File Inclusions — The following items should be included in the file:

1.

Index Sheets — Number all calculation sheets and prepare an index by subject with the
corresponding sheet numbers.

List the name of the project, SR Number, designer/checker initials, date (month, day, and year),
and Unit Supervisor’s initials.

Design Calculations — The design calculations should include design criteria, design
assumptions, loadings, structural analysis, one set of moment and shear diagrams and pertinent
computer input and output data (reduced to 872" by 11" sheet size).

The design criteria, design assumptions, and special design features should follow in that order
behind the index.

Computer-generated design calculations may be used instead of longhand calculations. The
calculation sheets shall be formatted similar to WSDOT standard calculation sheets (WSDOT
Form 232-007) for longhand designs. The header for electronic calculation sheets shall carry
WSDOT logo along with project name, S.R. number, designer and checker’s name, date,
supervising engineer, and sheet numbers.

All computer-generated or longhand design calculations shall be initialed by the designer and
checker. Checker’s initial may not be necessary if separate check calculations are provided.

Output from commercial software shall be integrated into design calculations with a cover sheet
that includes the WSDOT logo along with project name, S.R. number, designer and checker's
name, date, supervising engineer, and sheet numbers.

Consultant submitted design calculations shall comply with the above requirements.

Design calculations prepared by the Bridge Design Office or Consultants need not be sealed and
signed. Design calculations are considered part of the process that develops contract plans which
are the final documents.

See Appendix 1.5-A4-1 for examples of Excel template for computer-generated design
calculations. Code and other references used in developing calculations shall be specified. In
general, when using Excel spreadsheet, enough information and equations shall be provided/
shown in the spreadsheet so that an independent checker can follow the calculations.

Special Design Features — Brief narrative of major design decisions or revisions and the reasons
for them.

Construction Problems or Revisions — Not all construction problems can be anticipated during
the design of the structure; therefore, construction problems arise during construction, which will
require revisions. Calculations for revisions made during construction should be included in the
design/check calculation file when construction is completed.
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D. File Exclusions — The following items should not be included in the file:
1. Geometric calculations.
Irrelevant computer information.
Prints of Office Standard Sheets.
Irrelevant sketches.
Voided sheets.
Preliminary design calculations and drawings unless used in the final design.

Test hole logs.

S A T

Quantity calculations.

1.3.4 PS&E Review Period
See Section 12.4.10 for PS&E Review Period and Turn-in for AD Copy activities.

1.3.5 Addenda

Plan or specification revisions during the advertising period require an addendum. The Specifications and
Estimate Engineer will evaluate the need for the addendum after consultation with the HQ Construction
— Bridge, Region, and the HQ or Region Plans Branch. The Bridge Design Engineer or the Unit
Supervisor must initial all addenda.

For addenda to contract plans, obtain the original drawing from the Bridge Projects Unit. Use shading

to mark all changes (except deletions) and place a revision note at the bottom of the sheet (Region and
HQ Plans Branch jointly determine addendum date) and a description of the change. Return the 11" by
17" signed original and copy to the Specifications and Estimate Engineer who will submit the copy to the
HQ Plans Branch for processing. See Chapter 12 for additional information.

For changes to specifications, submit a copy of the page with the change to the Specifications and
Estimate Engineer for processing.

1.3.6 Shop Plans and Permanent Structure Construction Procedures

This section pertains to fabrication shop plans, weld procedures, electrical and mechanical items,
geotechnical procedures, such as: drilled shafts and tieback walls, and other miscellaneous items related
to permanent construction.

The following is a guide for checking shop plans and permanent structure construction procedures.
A. Bridge Shop Plans and Procedures

1. Mark one copy of each sheet with the following, near the title block, in red pen or with a rubber
stamp:

Office Copy

Contract (number)

(Checker’s initials) (Date)

Approval Status (A, AAN, RFC or Structurally Acceptable)

2. On the Bridge Office copy, mark with red pen any errors or corrections. Yellow shall be used
for highlighting the checked items. The red pen marks will be copied onto the other copies and
returned to the Region Project Engineer. Comments made with red pen, especially for 84" by 11”
or 11" by 17" size sheets, shall be clear, neat, and conducive to being reproduced by Xerox. These
comments should be “bubbled” so they stand out on a black and white Xerox copy. Use of large
sheets should be discouraged because these require extra staff assistance and time to make these
copies by hand.
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3. Items to be checked are typically as follows: Check against Contract Plans and Addenda, Special
Provisions, Previously Approved Changes and Standard Specifications.

Material specifications (ASTM specifications, hardness, alloy and temper, etc.).

ISEI

Size of member and fasteners.

Length dimensions, if shown on the Contract Plans.

o o

Finish (surface finish, galvanizing, anodizing, painting, etc.).
Weld size and type and welding procedure if required.
Strand or rebar placement, jacking procedure, stress calculations, elongations, etc.

Fabrication — reaming, drilling, and assembly procedures.

= w0

Adequacy of details.

—

Erection procedures.

For prestressed girders and post-tensioning shop plan review see Sections 5.6.3A and 5.8.6C
respectively.

4. Items Not Requiring Check
a. Quantities in bill of materials.

b. Length dimensions not shown on Contract Plans except for spot checking and is emphasized
by stamping the plans: Geometry Not Reviewed by the Bridge and Structures Olffice.

5. Project Engineer’s Copy

Do not use the Project Engineer’s copy (comments or corrections are in green) as the office copy.
Transfer the Project Engineer’s corrections, if pertinent, to the office copy using red pen. The
Project Engineer’s comments may also be received by e-mail.

6. Marking Copies
When finished, mark the office copy with one of five categories in red pen, lower right corner.
a. “A”
Approved, No Corrections required.
b. “AAN”

Approved As Noted — minor corrections only. Do not place written questions on an
approved as noted sheet.

c. “RFC”

Returned for Correction — major corrections are required which requires a complete
resubmittal.

d. “Structurally Acceptable”

This is appropriate for items that are not required to be “Approved” per the contract, such as:
work platforms, submittals from various local agencies or developers, and other items that are
reviewed as a courtesy.
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e. “Structurally Acceptable But Does Not Conform to the Contract Requirements”

This is appropriate when a deviation from the contract is found but is determined to be
structurally acceptable.

If in doubt between AAN and RFC, check with the Unit Supervisor or Construction Support
Engineer. An acceptable detail may be shown in red. Mark the plans Approved As Noted provided
that the detail is clearly noted Suggested Correction — Otherwise Revise and Resubmit.

Do not mark the other copies. The Construction Support Unit will do this.

Notify the Construction Support Engineer if there are any structurally acceptable deviations to the
contract plans. The Construction Support Engineer will notify both the Region Project Engineer
and HQ Construction-Bridge, who may have to approve a change order and provide justification
for the change order.

Notify the Unit Supervisor and the Construction Support Engineer if problems are encountered
which may cause a delay in the checking of the shop plans or completion of the contract.
Typically, WSDOT administered contracts require reviews to be completed within 30 days. The
review time starts when the Project Engineer first receives the submittal from the Contractor and
ends when the Contractor has received the submittal back from the Project Engineer. The Bridge
Office does not have the entire 30-day review period to complete the review. Therefore, designers
should give construction reviews high priority and complete reviews in a timely manner so costly
construction delays are avoided. Time is also required for marking, mailing and other processing.
It is the goal of the Bridge and Structures Office to return reviewed submittals back to the Project
Engineer within 7 to 14 days of their receipt by the Bridge Construction Support Unit.

Return all shop drawings and Contract Plans to the Construction Support Unit when checking is
completed. Include a list of any deviations from the Contract Plans that are allowed and a list of
any disagreements with the Project Engineer’s comments (regardless of how minor they may be).

If deviations from the Contract Plans are to be allowed, a Change Order may be required. Alert
the Construction Support Unit so that their transmittal letter may inform the Region and the HQ
Construction - Bridge.

Under no circumstances should the reviewer mark on the shop plans that a change order
is required or notify the Project Engineer that a change order is required. The authority for
determining whether a change order is required rests with HQ Construction - Bridge.

B. Sign Structure, Signal, and Illumination Shop Plans — In addition to the instructions described
under Section 1.3.6A Bridge Shop Plans and Procedures, the following instructions apply:

L.

Review the shop plans to ensure that the pole sizes conform to the Contract Plans. Determine if
the fabricator has supplied plans for each pole or type of pole called for in the contract.

The Project Engineer’s copy may show shaft lengths where not shown on Contract Plans or
whether a change from Contract Plans is required. Manufacturer’s details may vary slightly from
contract plan requirements, but must be structurally adequate to be acceptable.

C. Geotechnical Submittals — The Bridge Office and the Geotechnical Services Branch concurrently
review these submittals which may include special design proprietary retaining walls, drilled shafts,
ground anchors, and soldier piles. HQ Construction Office - Bridge is included for the review of drill
shaft installation plans. The Construction Support Unit combines these comments and prepares a
unified reply that is returned to the Project Engineer
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1.3.7 Contract Plan Changes (Change Orders and As-Builts)

A. Request for Changes — The following is intended as a guide for processing changes to the design
plans after a project has been awarded.

For projects which have been assigned a Bridge Technical Advisor (BTA), structural design change
orders can be approved at the Project Engineer’s level provided the instructions outlined in the
Construction Manual M 41-01 are followed.

For all other projects, all changes are to be forwarded through the Construction Support Unit, which
will inform the HQ Construction Engineer - Bridge. Responses to inquiries should be handled as
follows:

1. Request by Contractor or Supplier — A designer, BTA, or Unit Supervisor contacted directly by
a contractor/supplier may discuss a proposed change with the contractor/supplier, but shall clearly
tell the contractor/supplier to formally submit the proposed change though the Project Engineer
and that the discussion in no way implies approval of the proposed change. Designers are to
inform their Unit Supervisor if they are contacted.

2. Request From the Region Project Engineer — Requests for changes directly from the Project
Engineer to designer or the Unit Supervisor should be discouraged. The Project Engineer should
contact HQ Construction - Bridge, who in turn will contact the designer or Unit Supervisor if
clarification is needed regarding changes. The Construction Support Unit should be informed of
any changes.

3. Request From the Region Construction Engineer — Requests from the Region Construction
Engineer are to be handled like requests from the Region Project Engineer.

4. Request From the HQ Construction - Bridge — Requests for changes from HQ Construction
- Bridge are usually made through the Construction Support Unit and not directly to the
Design Unit. However, sometimes, it is necessary to work directly with the Design Unit. The
Construction Support Unit should be informed of any decisions made involving changes to the
Contract Plans.

5. Request From the Design Unit — Request for changes from the Design Unit due to plan errors or
omissions shall be discussed with the Bridge Design Engineer prior to revising and issuing new
plan sheets.

B. Processing Contract Revisions — Changes to the Contract Plans or Specifications subsequent to the
award of the contract may require a contract plan revision. Revised or additional plan sheets, which
clearly identify the change on the plans, may be needed. When a revision or an additional drawing
is necessary, request the original plan sheets from the Construction Support Unit’s Bridge Plans
Engineer and prepare revised or new original plan sheets.

Sign, date, and send the new plan sheets to the Bridge Plans Engineer. Send two paper copies to

HQ Construction-Bridge. The Construction Support Unit requires one paper copy. The Design Unit
requires one or more paper copies. One paper print, stamped “As Constructed Plans”, shall be sent

to the Project Engineer, who shall use it to mark construction changes and forward them as “As-Built
Plans” to the Bridge Plans Engineer upon project completion. The Designer is responsible for making
the prints and distributing them.

This process applies to all contracts including HQ Ad and Award, Region Ad and Award, or Local
Agency Ad and Award.
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Whenever new plan sheets are required as part of a contract revision, the information in the title
blocks of these sheets must be identical to the title blocks of the contract they are for (e.g., Job
Number, Contract No., Fed. Aid Proj. No., Approved by, and the Project Name). These title blocks
shall also be initialed by the Bridge Design Engineer, Unit Supervisor, designer, and reviewer before
they are distributed. If the changes are modifications made to an existing sheet, the sheet number will
remain the same. A new sheet shall be assigned the same number as the one in the originals that it
most closely resembles and shall be given a letter after the number (e.g., if the new sheet applies to
the original sheet 25 of 53, then it will have number 25A of 53). The Bridge Plans Engineer in the
Construction Support Unit shall store the 11" by 17" original revision sheets.

Every revision will be assigned a number, which shall be enclosed inside a triangle. The assigned
number shall be located both at the location of the change on the sheet and in the revision block of the
plan sheet along with an explanation of the change.

Any revised sheets shall be sent to HQ Construction-Bridge with a written explanation describing
the changes to the contract, justification for the changes, and a list of material quantity additions or
deletions.

C. As-Built Plan Process — For more information on the as-built plan process for bridges, see the As-
Built Plans Manual, prepared by the Bridge and Structures Office, dated August 2003. Copies are
available from the Bridge Plans Engineer.

1.3.8 Archiving Design Calculations, Design Files, and S&E Files

A. Upon Award — The Bridge Plans Engineer will collect the Design File (Job File), S&E File and
Design Calculations. Files will be placed in a temporary storage space marked as “Design Unit
Document Temporary Storage”. These cabinets will be locked, and only the Bridge Plans Engineer,
the Scheduling Engineer, and the Office Administrator will have keys to them. The Design Files, S&E
Files, and Design Calculations are stored under the contract number.

A Bridge and Structures staff member may access the Design Files, S&E Files, or Design
Calculations by requesting the files from the Bridge Plans Engineer or the Scheduling Engineer,

who will check out the files and note the date and person’s name. If a person other than a Bridge and
Structures Office staff member requests these documents, the approval of the Bridge Design Engineer
or Bridge Projects Engineer will be required for release of the documents.

B. Upon Contract Completion — The designer will place a job file cover label on the file folder
(see Figure 1-3.8-1) and update the file with any contract plan changes that have occurred during
construction.

Two years after physical completion of the contract, the Bridge Plans Engineer will box and send the
documents to the Office of Secretary of State for archive storage, except as otherwise approved by the
Bridge Design Engineer.

The Bridge Plans Engineer will maintain a record of the documents location and archive status.
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SR # County CS#
Bridge Name
Bridge # Contract #
Contents
Designed by Checked by
Archive Box # Vol. #
Cover Label

Figure 1.3.8-1

1.3.9 Public Disclosure Policy Regarding Bridge Plans

The Bridge Management Engineer is the Bridge and Structures Office’s official Public Disclosure contact
and shall be contacted for clarification and/or direction.

Executive Order, E1023.0 Public Disclosure, which replaced Directive D 72-21 Release of Public
Records, provides a specific procedure to follow when there is a request for public records.
(See wwwi.wsdot.wa.gov/Publications/Policies/default.htm.)

The Bridge and Structures Office is the “owner” of only two types of “official” records: (1) Design
Calculations (until they are turned over to the State Archives Office) and (2) Bridge Inspection
Documents.

No records will be disclosed without a written request. This request is to be specific.

As-built plans available on the Bridge and Structures website are not “official” as-built plans. The
Regions are the owners of the “official” as-built plans and the procedure for providing requested copies of
these plans is similar to the procedure outlined above with the following modifications:

* If you receive a written or verbal request for a set of plans from a person indirectly working for
WSDOT (i.e. contractor, consultant), advise them to contact and request the plans from the WSDOT
Project Engineer.

* If the request comes from a person directly working on a Bridge Office project as an on-call
consultant, have them contact and request the plans from the Bridge and Structures Office’s
Consultant Liaison Engineer.

* If the request comes from a person not working for WSDOT, they must submit their written request to
the person and address noted below and it will be forwarded to the appropriate Region to provide the
requested documents.

Written requests must be sent to:

Records and Information Service Office
Washington State Department of Transportation
310 Maple Park Avenue

P. O. Box 47410

Olympia, WA 98504-7410

Attn: Ms. Cathy Downs
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1.3.10 Use of Computer Software

A. Protection of Intellectual Property — Many of the software tools used by the Bridge and Structures
Office are licensed from commercial software vendors. WSDOT is committed to using these tools
only as allowed by law and as permitted by software license. WSDOT employees shall comply with
the terms and conditions of all licensing agreements and provisions of the Copyright Act and other
applicable laws.

Before using any software tools WSDOT employees shall read and understand Instructional Letter
4032.00 Computer Software Piracy Prevention, and the Protection of Intellectual Property.!

B. Policy on Open Source Software — It is the policy of the Bridge and Structures Office to license its
own engineering software as open source, and to prefer and promote the use of open source software,
within the bridge engineering community.

To support this policy on open source bridge engineering software, the Bridge and Structures Office
is a founding and participating member of the Alternate Route Project. The purpose of the Alternate
Route Project is to serve as a focal point for the collaborative and cooperative development of open
source bridge engineering software tools.

C. Approved Software Tools — A list of approved software tools available for use by WSDOT bridge
design engineers is available at wwwi.wsdot.wa.gov/eesc/bridge/software. Note that this list is only
available on the WSDOT intranet. WSDOT does not require consulting engineers to use any specific
software tools, so long as the use of the tools are in accordance with sound engineering practice, and
does not violate software licensing agreements and Copyright law.

When using personal design tools created by others, such as a spreadsheet or MathCAD document,
the designer is responsible for thoroughly checking the tool to ensure the integrity of the structural
analysis and design.
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1.4 Coordination With Other Divisions and Agencies

During the various phases of design, it is necessary to coordinate the elements of the bridge design
function with the requirements of other divisions and agencies. E-mail messages, telephone calls, and
other direct communication with other offices are necessary and appropriate. Adequate communications
are essential but organizational format and lines of responsibility must be recognized. However, a written
request sent through proper channels is required before work can be done or design changes made on
projects.

1.4.1 Preliminary Planning Phase

See Chapter 2.1 of this manual for coordination required at the preliminary planning phase.

1.4.2 Final Design Phase

A. Coordination With Region — Final coordination of the bridge design with Region requirements
must be accomplished during the final design phase. This is normally done with the Region Project
Engineer, Region Design Engineer, or Region Plans Engineer. Details such as division of quantity
items between the Region PS&E and bridge PS&E are very important to a final contract plan set. The
Region PS&E and bridge PS&E are combined by the Region Plans Branch. However, coordination
should be accomplished before this time.

During the design of a project for a Region level contract, the Region shall provide a copy of the
proposed structural plans (such as retaining walls, barrier, large culverts, etc.) to the Bridge and
Structures Office. The Bridge and Structures Office will review these plans and indicate any required
changes and then send them back to the Region.

The Region shall incorporate the changes prior to contract advertisement.

After contract advertisement, the Region shall return the original plan sheets to Bridge and
Structures Office. These sheets shall be held in temporary storage until the Region completes the
“As Constructed Plans” for them.

The Region shall then transmit the “As Constructed Plans” to Bridge and Structures Office where
they will be transferred to the original plans for permanent storage. Upon request, the Region will
be provided copies of these plans by the Bridge and Structures Office.

B. Technical Design Matters — Technical coordination must be done with the HQ Materials
Laboratory Foundation Engineer and with the HQ Hydraulic Engineer for matters pertaining to their
responsibilities. A portion of the criteria for a project design may be derived from this coordination;
otherwise it shall be developed by the designer and approved by the Bridge Design Engineer.

The designer should ensure uniformity of structural details, bid items, specifications, and other items
when two or more structures are to be advertised under the same contract.
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1.5 Bridge Design Scheduling
1.5.1 General

The Bridge Projects Engineer is responsible for workforce projections, scheduling, and monitoring
progress of projects. The Bridge Design Schedule (BDS) is used to track the progress of a project and is
updated monthly by the Bridge Scheduling Engineer. A typical project would involve the following steps:

A. Regions advise Bridge and Structures Office of an upcoming project.

B. The Bridge Projects Unit determines the scope of work, estimates design time and cost to prepare
preliminary plans, design, and S&E (see Section 1.5.2). The Unit Supervisor may also do this and
notify the Bridge Projects Engineer.

C. The project is entered into the BDS with start and due dates for site data preliminary plan, project
design, PS&E, and the Ad Date.

Bridge site data received.
Preliminary design started.

Final Design Started — Designer estimates time required for final plans (see Section 1.5.3).

6O m @O

Monthly Schedule Update — Each Unit Supervisor is responsible for maintaining a workforce
projection, monitoring monthly progress for assigned projects, and reporting progress or any changes
to the scope of work or schedule to the Bridge Projects Engineer.

H. Project turned in to S&E unit.

1.5.2 Preliminary Design Schedule

The preliminary design estimate done by the Bridge Projects Unit is based on historical records from past
projects taking into consideration the unique features of each project, the efficiencies of designing similar
and multiple bridges on the same project, designer’s experience, and other appropriate factors.

1.5.3 Final Design Schedule

A. Breakdown of Project Man-Hours Required — Using a spreadsheet, list each item of work required
to complete the project and the man-hours required to accomplish them. Certain items of work may
have been partially completed during the preliminary design, and this partial completion should be
reflected in the columns “% Completed” and “Date Completed.” See Appendix 1.5-A1 and 1.5-A2.

The designer or design team leader should research several sources when making the final design time
estimate. The following are possible sources that may be used:

The “Bridge Design Summary” contains records of design time and costs for past projects. This
summary is kept in the Bridge Projects Unit. The times given include preliminary plan, design, check,
drafting, and supervision.

The Bridge Projects Unit has “Bridge Construction Cost Summary” books. These are grouped
according to bridge types and have records of design time, number of drawings, and bridge cost.

B. Estimate Design Time Required — The designer or design team leader shall determine an estimate of
design time required to complete the project. The use of a spreadsheet, or other means is encouraged
to ensure timely completion and adherence to the schedule. Use 150 hours for one man month.
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The following percentages should be used for the following activities:

Activity No. Percentage
1 40
2 20
3 20
4 5
5 5
6 5
7 5
Total 100%

The individual activities include the specific items as follows under each major activity.
Activity No. 1  Design — See Section 1.3.2.A.2 — Includes:
1. Project coordination and maintaining the Design File.
2.  Geometric computations.
3. Design calculations.
4. Complete check of all plan sheets by the designer.
5. Compute quantities and prepare barlist.
6. Preparing special provisions checklist.
7. Assemble backup data covering any unusual feature in the Design File.
Activity No. 2 Design Check — See Section 1.3.2.A.3 — Includes:
1. Checking design at maximum stress locations.
2. Checking major items on the drawings, including geometrics.
3. Additional checking required.
Activity No. 3  Drawings — See Section 1.3.2.A.4 — Includes:
1. Preparation of all drawings.
Activity No. 4 Revisions — Includes:
1. Revisions resulting from the checker’s check.
2. Revisions resulting from the Unit Supervisor’s review.
3. Revisions from S&E Engineer’s review.
4. Revisions from Region’s review.
Activity No. 5 Quantities — Includes:
1. Compute quantities including barlist.
2. Check quantities and barlist.
Activity No. 6 S&E — See Section 12.4 — Includes:
1. Prepare S&E.
2. Prepare working day schedule.
Activity No. 7 Project Review — Includes:

1. Unit Supervisor and Specialist’s review.
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C. Monthly Project Progress Report — The designer or design team leader is responsible for
determining monthly project progress and reporting the results to the Unit Supervisor. The Unit
Supervisor is responsible for monthly progress reports using information from the designer or design
team leader. Any discrepancies between actual progress and the project schedule must be addressed.
Report any revisions to the workforce assigned to the project, hours assigned to activities, or project
schedule revisions to the Bridge Projects Engineer and Region.

The designer may use a computer spreadsheet, to track the progress of the project and as an aid in
evaluating the percent complete. Other tools include using an Excel spreadsheet listing bridge sheet
plans by title, bridge sheet number, percent design complete, percent design check, percent plan
details completed, and percent plan details checked. This data allows the designer or design team
leader to rapidly determine percent of project completion and where resources need to be allocated to
complete the project on schedule.

WSDOT Bridge Design Manual M 23-50.06 Page 1.5-3
July 2011



General Information Chapter 1

Page 1.5-4 WSDOT Bridge Design Manual M 23-50.06
July 2011



Chapter 1 General Information

1.6 Guidelines for Bridge Site Visits

The following guidelines are established to help all staff in determining the need for visiting bridge sites
prior to final design. These guidelines should apply to consultants as well as to our own staff. In all cases,
the Region project engineer should be made aware of the site visit so they may have the opportunity to
participate. Region participation is very useful prior to preparing the preliminary bridge plans.

1.6.1 Bridge Rehabilitation Projects

This section pertains to major bridge rehabilitation projects and excludes rail and minor expansion joint
rehabilitation projects. It is critical that the design team know as much as possible about the bridge
which is to be rehabilitated. Recent bridge inspection reports, prepared by inspectors from the Bridge
Preservation Office (BPO), contain useful information on the condition of existing bridges. The bridge
inspection reports, as well as as-built plans, are available on the Intranet through Bridge Engineering
Information System (BEIST). BPO maintains BEIST.

As-built drawings and contract documents are also helpful, but may not necessarily be accurate. At least
one bridge site visit is necessary for this type of project. In some cases, an in-depth inspection with
experienced BPO inspectors is appropriate. The decision to perform an in-depth inspection should include
the Unit Supervisor, Region, the Bridge Design Engineer, and the Bridge Preservation Engineer.

It may be necessary to use BPO’s Under Bridge Inspection Truck (UBIT) if there is a need to access
details and obtain measurements during the field visit. Advance planning and coordination with BPO will
be necessary if UBIT equipment is required because of BPO’s heavy workload and the need to provide
traffic control well in advance of the site visit.

1.6.2 Bridge Widening and Seismic Retrofits

For this type of bridge project, it is important that the design team is familiar with the features and
condition of the existing bridge. There is good information regarding the condition of existing bridges on
BEIST and at the Bridge Preservation Office. As-built drawings and contract documents are also helpful,
but may not necessarily be accurate. A site visit is recommended for this type of project if the bridge to
be widened has unique features or is other than a standard prestressed girder bridge with elastomeric
bearings.

1.6.3 Rail and Minor Expansion Joint Retrofits

Generally, photographs and site information from the Region along with as-built plans and condition
survey information are adequate for most of these types of projects. However, if there is any doubt about
the adequacy of the available information or concern about accelerated deterioration of the structural
elements to be retrofitted, a site visit is recommended.

1.6.4 New Bridges

Generally, photographs and site data from the Region are adequate for most new bridge designs. However,
if the new bridge is a replacement for an existing bridge, a site visit is recommended, particularly if the
project requires staged removal of the existing bridge and/or staged construction of the new bridge.

1.6.5 Bridge Demolition

If bridge demolition is required as part of a project, a site visit would help the design team determine if
there are unique site restrictions that could affect the demolition. If unique site restrictions are observed,
they should be documented, included in the job file, and noted on the special provisions checklist.

Before making a site visit, the Bridge Preservation Office and the Region should be contacted to
determine if there are any unique site conditions or safety hazards. Proper safety equipment and
procedures should always be followed during any site visit.
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When making a site visit, it is important to obtain as much information as possible. Digital photographs,
video records with spoken commentary, field measurements, and field notes are appropriate forms of
field information. A written or pictorial record should be made of any observed problems with an existing
bridge or obvious site problems. The site visit data would then be incorporated into the job file. This
information will be a valuable asset in preparing constructible and cost-effective structural designs.

It is important to include site visits as part of the consultant’s scope of work when negotiating for
structural design work.

1.6.6 Proximity of Railroads Adjacent to the Bridge Site

During the site visit, it should be noted if there are railroad tracks or railroad structures adjacent to the
proposed bridge site. If there are, this will require that a Railroad Shoring Plan be included in the bridge
plans for any foundation excavation adjacent to the railroad. The reason for including the Railroad
Shoring Plan is to obtain advance approval of the shoring plan from the railroad so that waiting for the
railroad’s approval will not cause a delay during construction. The contractor will have to resubmit a
revised Railroad Shoring Plan to the railroad for approval if the contractor wishes to change any details
of the approved Railroad Shoring Plan during construction.

At the PS&E submittal phase, the Specifications and Estimates Engineer will send copies of the Railroad
Shoring Plan to the WSDOT Railroad Liaison Engineer so it can be sent to the railroad for approval.

Page 1.6-2 WSDOT Bridge Design Manual M 23-50.06
July 2011



Chapter 1 General Information
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2.1 Preliminary Studies
2.1.1 Interdisciplinary Design Studies

Region may set up an Interdisciplinary Design Team (IDT) to review the various design alternatives for
major projects. The IDT is composed of members from Regions, HQ, outside agencies, and consulting
firms. The members have different areas of expertise, contribute ideas, and participate in the selection
of design alternatives. This work will often culminate in the publication of an Environmental Impact
Statement (EIS).

Bridge designers may be asked to participate either as a support resource or as a member of the IDT.

2.1.2 Value Engineering Studies

Value Engineering (VE) is a review process and analysis of a design project. The VE team seeks to
define the most cost-effective means of satisfying the basic function(s) of the project. Usually a VE study
takes place before or during the time that the region is working on the design. Occasionally, a VE study
examines a project with a completed PS&E. VE studies are normally required for projects with cost
overruns.

The VE team is headed by a facilitator and is composed of members with different areas of expertise from
Regions, HQ, outside agencies, and consulting firms. The Team Facilitator will lead the team through

the VE process. The team will review Region’s project as defined by the project’s design personnel.

The VE team will determine the basic function(s) that are served by the project, brainstorm all possible
alternatives to serve the same function(s), evaluate the alternatives for their effectiveness to meet the
project’s basic functions, determine costs, and prioritize and recommend alternatives. The VE team will
prepare a report and present their findings to the region. The Region is then required to investigate and
address the VE team’s findings in the final design.

Bridge designers may be asked to participate either as a support resource or as a member of the VE team.
VE studies usually take place over a three to five day period.

Engineers participating in VE studies and Cost-Risk Assessment meetings shall call the S&E Engineers
and double check all costs when providing cost estimates at VE studies and CRA meetings.

2.1.3 Preliminary Recommendations for Bridge Rehabilitation Projects

When the Region starts a bridge rehabilitation project, they will submit a written memo requesting that
the Bridge and Structures Office make preliminary project recommendations.

The Bridge and Structures Office will review the as-built plans, load ratings, existing inspection and
condition reports prepared by the Bridge Preservation Office (BPO), and schedule a site visit with Region
and other stakeholders. Special inspection of certain portions of the structure may be included in the site
visit or scheduled later with Region and BPO. The purpose of the inspections is to obtain more detailed
information as to the bridge’s condition, to obtain dimensions and take photographs of details needed for
the project recommendations.

Following the site visit, the next steps are:
* Determine the load capacity of the existing bridge.

» Determine what type of rehabilitation work is needed and time frame required to accomplish
the work.
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» Determine any special construction staging requirements. Can the bridge be totally shut down for the
rehabilitation period? How many lanes will need to be open? Can the work be accomplished during
night closures or weekend closures?

» Develop various alternatives and cost estimates for comparison, ranging from “do nothing” to “new
replacement”.

» Determine what the remaining life expectancies are for the various rehabilitation alternatives.

* Determine the cost of a new replacement bridge.

Note: The FHWA will not participate in funding the bridge rehabilitation project if the rehabilitation costs
exceed 50% of the cost for a new bridge replacement.

The Bridge and Structures Office will provide Region with a written report with background information.
The Region will be given an opportunity to review the draft report and to provide input prior to
finalization.

The Bridge Projects Engineer and Specifications & Estimates Engineers provide bridge scoping cost
estimates to Regions for their use in determining budgets during Region's project definition phase.
The S&E Engineers will check the Bridge Project Engineer's estimate as well as check each other.

2.1.4 Preliminary Recommendations for New Bridge Projects

The Region will seek assistance from the Bridge and Structures Office when they are preparing a design
project requiring new bridges. Similar to the procedures outlined above for rehabilitation projects.

The Region will submit a written memo requesting that the bridge office make preliminary project
recommendations. The Bridge and Structures Office will provide scope of work, cost estimate(s), and

a summary of the preferred alternatives with recommendations. Face to face meetings with the Region
project staff are recommended prior to sending a written memo.

The Bridge Projects Engineer and Specifications & Estimates Engineers provide bridge scoping cost
estimates to Regions for their use in determining budgets during Region's project definition phase. The
S&E Engineers will check the Bridge Project Engineer's estimate as well as check each other.

2.1.5 Type, Size, and Location (TS&L) Reports

The Federal Highway Administration (FHWA) requires that major or unusual bridges must have a Type,
Size, and Location (TS&L) report prepared. The report will describe the project, proposed structure(s),
cost estimates, other design alternatives considered, and recommendations. The report provides
justification for the selection of the preferred alternative. Approval by FHWA of the TS&L study is the
basis for advancing the project to the design stage.

The FHWA should be contacted as early as possible in the Project Development stage because the FHWA
requires a TS&L study for tunnels, movable bridges, unusual structures, and major structures. Smaller
bridges that are unusual or bridge projects for Local Agencies may also require a TS&L study. Other
projects, such as long viaducts, may not. Check with the Bridge Projects Engineer to see if a TS&L report
is necessary.

The preparation of the TS&L report is the responsibility of the Bridge and Structures Office. The TS&L
cannot be submitted to FHWA until after the environmental documents have been submitted. However,
TS&L preparation need not wait for environmental document approval, but may begin as soon as the
bridge site data is available. See the WSDOT Design Manual M 22-01 for the type of information
required for a bridge site data submittal.
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A.

TS&L General — The designer should first review the project history in order to become familiar
with the project. The environmental and design reports should be reviewed. The bridge site data
should be checked so that additional data, maps, or drawings can be requested. A meeting with
Region and a site visit should be arranged after reviewing the history of the project.

The Materials Laboratory Geotechnical Services Branch must be contacted early in the TS&L process
in order to have foundation information. Specific recommendations on the foundation type must be
included in the TS&L report. The Materials Laboratory Geotechnical Services Branch will submit a
detailed foundation report for inclusion as an appendix to the TS&L report.

To determine the preferred structural alternative, the designer should:

1. Develop a list of all feasible alternatives. At this stage, the range of alternatives should be kept
wide open. Brainstorming with supervisors and other engineers can provide new and innovative
solutions.

2. Eliminate the least desirable alternatives by applying the constraints of the project. Question and
document the assumptions of any restrictions and constraints. There should be no more than four
alternatives at the end of this step.

3. Perform preliminary design calculations for unusual or unique structural problems to verify that
the remaining alternatives are feasible.

4. Compare the advantages, disadvantages, and costs of the remaining alternatives to determine the
preferred alternative(s).

5. Visit the project site with the Region, Materials Laboratory Geotechnical Services Branch, and
HQ Hydraulics staff.

FHWA expects specific information on scour and backwater elevations for the permanent bridge piers,
as well as, for any temporary falsework bents placed in the waterway opening.

After the piers have been located, a memo requesting a Hydraulics Report should be sent to the HQ
Hydraulics Unit. The HQ Hydraulics Unit will submit a report for inclusion as an appendix to the
TS&L report.

The State Bridge and Structures Architect should be consulted early in the TS&L study period. “Notes
to the File” should be made documenting the aesthetic requirements and recommendations of the
State Bridge and Structures Architect.

Cost backup data is needed for any costs used in the TS&L study. FHWA expects TS&L costs to be
based on estimated quantities. This cost data is to be included in an appendix to the TS&L report. The
quantities should be compatible with the S&E Engineer’s cost breakdown method. The Specifications
& Estimates Engineers will check the designer's estimated costs included in TS&L reports. In the
case of consultant prepared TS&L reports, the designer shall have the S&E Engineers check the
construction costs.

. TS&L Outline — The TS&L report should describe the project, the proposed structure, and give

reasons why the bridge type, size, and location were selected.

1. Cover, Title Sheet, and Index — These should identify the project, owner, location and the
contents of the TS&L.

2. Photographs — There should be enough color photographs to provide the look and feel of the
bridge site. The prints should be numbered and labeled and the location indicated on a diagram.

3. Imntroduction — The introduction describes the report, references, and other reports used to
prepare the TS&L study. The following reports should be listed, if used.
» Design Reports and Supplements
* Environmental Reports
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* Architectural Visual Assessment or Corridor Theme Reports
* Hydraulic Report
* Geotechnical Reports

4. Project Description — The TS&L report clearly defines the project. A vicinity map should be
shown. Care should be taken to describe the project adequately but briefly. The project description
summarizes the preferred alternative for the project design.

5. Design Criteria — The design criteria identify the AASHTO LRFD Bridge Design Specifications
and AASHTO guide specifications that will be used in the bridge design. Sometimes other design
criteria or special loadings are used. These criteria should be listed in the TS&L. Some examples
in this category might be the temperature loading used for segmental bridges or areas defined
as wetlands.

6. Structural Studies — The structural studies section documents how the proposed structure Type,
Size, and Location were determined. The following considerations should be addressed.

* Aesthetics

* Cost estimates

* Geometric constraints

* Project staging and stage construction requirements
* Foundations

* Hydraulics

* Feasibility of construction

¢ Structural constraints

e Maintenance

This section should describe how each of these factors leads to the preferred alternative. Show
how each constraint eliminated or supported the preferred alternatives. Here are some examples.
“Prestressed concrete girders could not be used because environmental restrictions required

that no permanent piers could be placed in the river. This requires a 230-foot clear span.”
“Restrictions on falsework placement forced the use of self supporting precast concrete or steel
girders.”

7. Executive Summary — The executive summary should be able to “stand alone” as a separate
document. The project and structure descriptions should be given. Show the recommended
alternative(s) with costs and include a summary of considerations used to select preferred
alternatives or to eliminate other alternatives.

8. Drawings — Preliminary plan drawings of the recommended alternative are included in an
appendix. The drawings show the plan, elevation, and typical section. For projects where
alternative designs are specified as recommended alternatives, preliminary plan drawings for
each of the different structure types shall be included. Supplemental drawings showing special
features, such as complex piers, are often included to clearly define the project.

C. Reviews and Submittals — While writing the TS&L report, all major decisions should be discussed
with the unit supervisor, who can decide if the Bridge Design Engineer needs to be consulted. A peer
review meeting with the Bridge Design Engineer should be scheduled at the 50% completion stage. If
applicable, the FHWA Bridge Engineer should be invited to provide input.

The final report must be reviewed, approved, and the Preliminary Plan drawings signed by the State
Bridge and Structures Architect, the Bridge Projects Engineer, the Bridge Design Engineer, and the
Bridge and Structures Engineer. The TS&L study is submitted with a cover letter to FHWA signed by
the Bridge and Structures Engineer.
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2.1.6 Alternate Bridge Designs

Bridge site conditions or current market conditions may justify the creation of alternate bridge designs.
WSDOT has successfully used alternate bridge designs in the past to obtain best-value bridge design
and construction solutions for specific locations. Alternate bridge designs may be considered when the
following conditions can be satisfied:

Construction cost estimates for the alternate designs should be comparable (within 10%). Cost
estimates should include anticipated life-cycle costs (painting, maintenance, inspection). Periods
of market uncertainty, with associated structure cost fluctuations, can provide further justification
for alternate bridge designs.

Region staff must approve the design expenditures for the preparation of alternate bridge designs,
including preliminary plans, final bridge plans, specifications and construction cost estimates.
WSDOT Bridge Office staffing levels and design schedules have to allow for the preparation

of alternate bridge designs.

Variations in pier location may be required in order to optimize superstructure design for different
alternates. Environmental constraints, geotechnical, hydraulic and scour conditions all need to allow
for variations in pier location.

Construction staging and traffic control must be determined for the alternates.

Alternate bridge design concepts must be reviewed and approved by the Bridge and
Structures Architect.
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2.2 Preliminary Plan

The Preliminary Plan preparation stage is the most important phase of bridge design because it is the
basis for the final design. The Preliminary Plan should completely define the bridge geometry so the
final roadway design by the regions and the structural design by the bridge office can take place with
minimal revisions.

During the Region’s preparation of the highway design, they also begin work on the bridge site data.
Region submits the bridge site data to the Bridge and Structures Office, which initiates the start of
the Preliminary Plan stage. Information that must be included as part of the bridge site data submittal
is described in WSDOT Design Manual M 22-01 and Appendices 2.2-A1, 2.2-A2, and 2.2-A3.

2.2.1 Development of the Preliminary Plan

A. Responsibilities — In general, the responsibilities of the designer, checker, detailer, and unit
supervisor are described in Section 1.2.2. The Preliminary Plan Design Engineer or the assigned
designer is responsible for developing a preliminary plan for the bridge. The preliminary plan must
be compatible with the geometric, aesthetic, staging, geotechnical, hydraulic, financial, structural
requirements and conditions at the bridge site.

Upon receipt of the bridge site data from the Region, the designer shall review it for completeness and
verify that what the project calls for is realistic and structurally feasible. Any omissions or corrections
are to be immediately brought to the Region’s attention so that revised site date, if required, can be
resubmitted to avoid jeopardizing the bridge design schedule.

The Unit Supervisor shall be kept informed of progress on the preliminary plan so that the schedule
can be monitored. If problems develop, the Unit Supervisor can request adjustments to the schedule
or allocate additional manpower to meet the schedule. The designer must keep the job file up-to-
date by documenting all conversations, meetings, requests, questions, and approvals concerning the
project. Notes-to-the-designer, and details not shown in the preliminary plan shall be documented in
the job file.

The checker shall provide an independent review of the plan, verifying that it is in compliance with
the site data as provided by the region and as corrected in the job file. The plan shall be compared
against the Preliminary Plan checklist (see Appendix 2.2-A4) to ensure that all necessary information
is shown. The checker is to review the plan for consistency with office design practice, detailing
practice, and for constructibility.

The preliminary plan shall be drawn using current office CAD equipment and software
by the designer or detailer.

B. Site Reconnaissance — The site data submitted by the Region will include photographs and a video of
the site. Even for minor projects, this may not be enough information for the designer to work from to
develop a preliminary plan. For most bridge projects, site visits are necessary.

Site visits with Region project staff and other project stakeholders, such as, Materials Laboratory
Geotechnical Services Branch, HQ Hydraulics, and Region Design should be arranged with the
knowledge and approval of the Bridge Projects Engineer.

C. Coordination — The designer is responsible for coordinating the design and review process
throughout the project. This includes seeking input from various WSDOT units and outside
agencies. The designer should consult with Materials Laboratory Geotechnical Services Branch, HQ
Hydraulics, Bridge Preservation Office, and Region design and maintenance, and other resources for
their input.
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D. Consideration of Alternatives — In the process of developing the Preliminary Plan, the designer
should brainstorm, develop, and evaluate various design alternatives. See Section 2.2.3 General
Factors for Consideration and how they apply to a particular site. See also Section 2.1.5A.
Preliminary design calculations shall be done to verify feasibility of girder span and spacing,
falsework span capacity, geometry issues, and construction clearances. Generally, the number of
alternatives will usually be limited to only a few for most projects. For some smaller projects and
most major projects, design alternatives merit development and close evaluation. The job file should
contain reasons for considering and rejecting design alternatives. This provides documentation for the
preferred alternative.

E. Designer Recommendation — The designer should be able to make a recommendation for the
preferred alternative after a thorough analysis of the needs and limitations of the site, studying all
information, and developing and evaluating the design alternatives for the project. At this stage, the
designer should discuss the recommendation with the Bridge Projects Engineer.

F. Concept Approval — For some projects, the presentation, in “E” above, to the Bridge Projects
Engineer will satisfy the need for concept approval. Large complex projects, projects of unique
design, or projects where two or more alternatives appear viable, should be presented to the Bridge
Design Engineer for his/her concurrence before plan development is completed. For unique or
complex projects a presentation to the Region Project Engineer, and Bridge and Structures Office Peer
Review Committee may be appropriate.

2.2.2 Documentation

A. Job File — An official job file is created by the Bridge Scheduling Engineer when a memo
transmitting site data from the region is received by the Bridge and Structures Office. This job file
serves as a depository for all communications and resource information for the job. Scheduling
and time estimates are kept in this file, as well as cost estimates, preliminary quantities, and
documentation of all approvals. Records of important telephone conversations and copies of e-mails
approving decisions are also kept in the job file.

After completing the Preliminary Plan, the job file continues to serve as a depository for useful
communications and documentation for all pertinent project related information and decisions during
the design process through and including preparation of the Final Bridge PS&E.

B. Bridge Site Data — All Preliminary Plans are developed from site data submitted by the Region.
This submittal will consist of a memorandum intra-departmental communication, and appropriate
attachments as specified by the WSDOT Design Manual M 22-01. When this information is received,
it should be reviewed for completeness so that missing or incomplete information can be noted and
requested.

C. Request for Preliminary Foundation Data — A request for preliminary foundation data is sent to
the Geotechnical Services Branch to solicit any foundation data that is available at the preliminary
bridge design stage. See Appendix 2.2-A5. The Materials Laboratory Geotechnical Services Branch
is provided with approximate dimensions for the overall structure length and width, approximate
number of intermediate piers (if applicable), and approximate stations for beginning and end of
structure on the alignment.

Based on test holes from previous construction in the area, geological maps, and soil surveys. The
Materials Laboratory Geotechnical Services Branch responds by memo and a report with an analysis
of what foundation conditions are likely to be encountered and what foundation types are best suited
for the bridge site.
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D.

G.

Request for Preliminary Hydraulics Data — A Request for preliminary hydraulics data is sent to
the Hydraulics Branch to document hydraulic requirements that must be considered in the structure
design. The Hydraulics Branch is provided a contour plan and other bridge site data.

The Hydraulics Branch will send a memo providing the following data: seal vent elevations,
normal water, 100-year and 500-year flood elevations and flows (Q), pier configuration, scour
depth and minimum footing cover required, ice pressure, minimum waterway channel width, riprap
requirements, and minimum clearance required to the 100-year flood elevation.

Design Report or Design Summary and Value Engineering Studies — Some bridge construction
projects have a Design File Report or Design Summary prepared by the region. This is a document,
which includes design considerations and conclusions reached in the development of the project. It
defines the scope of work for the project. It serves to document the design standards and applicable
deviations for the roadway alignment and geometry. It is also an excellent reference for project
history, safety and traffic data, environmental concerns, and other information. If a VE study

was done on the bridge, the report will identify alternatives that have been studied and why the
recommended alternative was chosen.

Other Resources — For some projects, preliminary studies or reports will have been prepared. These
resources can provide additional background for the development of the Preliminary Plan.

Notes — Notes of meetings with Regions and other project stakeholders shall be included in the
job file.

2.2.3 General Factors for Consideration

Many factors must be considered in preliminary bridge design. Some of the more common of these are
listed in general categories below. These factors will be discussed in appropriate detail in subsequent
portions of this manual.

A.

Site Requirements

Topography

Alignment (tangent, curved, skewed)
Vertical profile and superelevation
Highway Class and design speed
Proposed or existing utilities

Safety — Feasibility of falsework (impaired clearance and sight distance, depth requirements,
see Section 2.3.10)

Density and speed of traffic

Detours or possible elimination of detours by construction staging

Sight distance

Horizontal clearance to piers

Hazards to pedestrians, bicyclists

Economic

Funding classification (federal and state funds, state funds only, local developer funds)
Funding level
Bridge preliminary cost estimate

Structural

Limitation on structure depth
Requirements for future widening
Foundation and groundwater conditions
Anticipated settlement

Stage construction

Falsework limitations
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E. Environmental

Site conditions (wetlands, environmentally sensitive areas)
EIS requirements

Mitigating measures

Construction access

F. Aesthetic

General appearance
Compeatibility with surroundings and adjacent structures
Visual exposure and experience for public

G. Construction

Ease of construction

Falsework clearances and requirements
Erection problems

Hauling difficulties and access to site
Construction season

Time limit for construction

H. Hydraulic

Bridge deck drainage

Stream flow conditions and drift

Passage of flood debris

Scour, effect of pier as an obstruction (shape, width, skew, number of columns)
Bank and pier protection

Consideration of a culvert as an alternate solution

Permit requirements for navigation and stream work limitations

I. Maintenance

Concrete vs. Steel

Expansion joints

Bearings

Deck protective systems

Inspection and Maintenance Access (UBIT clearances) (see Figure 2.3.11-1)

J. Other — Prior commitments made to other agency officials and individuals of the community
Recommendations resulting from preliminary studies

2.2.4 Permits

A. Coast Guard — As outlined in the WSDOT Design Manual M 22-01, Additional Data for Waterway
Crossings, the Bridge and Structures Office is responsible for coordinating and applying for Coast
Guard permits for bridges over waterways. The Coast Guard Liaison Engineer in the Bridge Projects
Unit of the Bridge and Structures Office handles this.

A determination of whether a bridge project requires a Coast Guard permit is typically determined by
Region Environmental during the early scoping phase. This scoping is done before the bridge site data
is sent to the Bridge and Structures Design Office/Unit.

The Region Design Engineer should request that the Environmental Coordinator consult with the
Coast Guard Liaison Engineer prior to sending the bridge site data if possible.

Generally, tidal-influenced waterways and waterways used for commercial navigation will require
Coast Guard permits. See the WSDOT Design Manual M 22-01, chapter covering Environmental
Permits and Approvals, or the WSDOT Environmental Procedure Manual M 31-11, Chapter 520.04
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Section 9 Permit — Bridge Work in Navigable Waters, or Chapter 500 Environmental Permitting and
PS&E, Table 500-1 for additional information or permit needs and procedures.

For all waterway crossings, the Coast Guard Liaison Engineer is required to initial the Preliminary
Plan as to whether a Coast Guard permit or exemption is required. This box regarding Coast Guard
permit status is located in the center left margin of the plan. If a permit is required, the permit target
date will also be noted. The reduced print, signed by the Coast Guard Liaison Engineer, shall be
placed in the job file.

The work on developing the permit application should be started before the bridge site data is
complete so that it is ready to be sent to the Coast Guard at least eight months prior to the project ad
date. The Coast Guard Liaison Engineer should be given a copy of the preliminary plans from which
to develop the Coast Guard Application plan sheets, which become part of the permit.

B. Other — All other permits will be the responsibility of the Region (see the WSDOT Design Manual
M 22-01). The Bridge and Structures Office may be asked to provide information to the Region to
assist them in making applications for these permits.

2.2.5 Preliminary Cost Estimate

A preliminary cost estimate should be developed when the bridge type, foundation type, deck area and
adjacent retaining walls are determined. At the preliminary stage the cost estimate is based on square-
foot costs taken from the Chapter 12 and adjusted for structure specifics. Consult with a Specifications
and Estimates Engineer. The preliminary cost estimate is based on recent bidding history on similar
structures, degree of difficulty of construction, inflation trends, and length of time until Ad Date, and

time for completion of construction. It is considered accurate to within 15%, but is should be accurate
enough to preclude a surprise increase at the time of the Engineer’s estimate, which is based on completed
design quantities. The preliminary cost estimate shall be updated frequently as changes are made to the
preliminary plan or new data influences the costs.

After a Preliminary Plan has been developed, but before sending to the Bridge Design Engineer for
signature, the Preliminary Plan and cost estimate shall be submitted to one of the Bridge Specifications
and Estimates Engineers for review and comment for the structures in the Preliminary Plan. The
information presented to the S&E Engineer shall include the complete Preliminary Plan and all backup
data previously prepared on costs for the structures (such as preliminary quantity calculations, preliminary
foundation type selection, etc,). The S&E Engineer will review the Preliminary Plan, prepare, sign, and
date a cost estimate summary sheet, and return the package to the designer. When the Preliminary Plan is
presented to the Bridge Design Engineer, the submittal shall include the summary sheet prepared by the
S&E Engineer. The summary sheet and backup data will then be placed in the job file. Do not send the
summary sheet to the Region.

After submittal of the Preliminary Plan to the Region, the Region shall be notified immediately of any
increases in the preliminary cost estimate during the structural design.

2.2.6 Approvals

A. State Bridge and Structures Architect/Specialists — For all preliminary plans, the State Bridge and
Structures Architect and appropriate specialists should be aware and involved when the designer is
first developing the plan. The State Bridge and Structures Architect and specialists should be given a
print of the plan by the designer. This is done prior to checking the preliminary plan. The State Bridge
and Structures Architect and specialist will review, approve, sign and date the print. This signed
print is placed in the job file. If there are any revisions, which affect the aesthetics of the approved
preliminary plan, the State Bridge and Structures Architect should be asked to review and approve, by
signature, a print showing the revisions, which change elements of aesthetic significance.

For large, multiple bridge projects, the State Bridge and Structures Architect should be contacted for
development of a coordinated architectural concept for the project corridor.

WSDOT Bridge Design Manual M 23-50.06 Page 2.2-5
July 2011


http://http://www.wsdot.wa.gov/publications/manuals/fulltext/M31-11/epm.pdf
http://http://www.wsdot.wa.gov/publications/manuals/fulltext/M31-11/epm.pdf
http://http://www.wsdot.wa.gov/publications/manuals/fulltext/M31-11/epm.pdf
http://http://www.wsdot.wa.gov/publications/manuals/fulltext/M31-11/epm.pdf
http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm

Preliminary Design Chapter 2

The architectural concept for a project corridor is generally developed in draft form and reviewed
with the project stakeholders prior to finalizing. When finalized, it should be signed by the Region
Administrator or his/her designee.

Approval from the State Bridge and Structures Architect is required on all retaining walls and noise
wall aesthetics including finishes and materials, and configuration.

In order to achieve superstructure type optimization and detailing consistency, the following
guidelines shall be used for the preparation of all future Preliminary Plans:

* Preliminary Plans for all steel bridges and structures shall be reviewed by the Steel Specialist.

* Preliminary Plans for all concrete bridges and structures shall be reviewed by the Concrete
Specialist.

* Detailing of all Preliminary Plans shall be reviewed by the Preliminary Plans Detailing Specialist.

These individuals shall signify their approval by signing the preliminary plan in the Architect/
Specialist block on the first plan sheet, together with the State Bridge and Structures Architect.

B. Bridge Design — The Bridge Projects Engineer signs the preliminary plan after it has been checked
and approved by the Architect/Specialists. At this point, it is ready for review, approval, and signing
by the Bridge Design Engineer and the Bridge and Structures Engineer.

After the Bridge and Structures Engineer has signed the preliminary plan, it is returned to the
designer. The designer places the original signed preliminary plan in the job file and enters the names
of the signers in the signature block. This preliminary plan will be sent to region for their review and
approval.

The transmittal memo includes the preliminary plan and the WSDOT Form 230-038 Not Included
in Bridge Quantities List and a brief explanation of the preliminary cost estimate. It is addressed to
the Region Administrator/Project Development Engineer from the Bridge and Structures Engineer/
Bridge Design Engineer. The memo is reviewed by the Bridge Projects Engineer and is initialed by
the Bridge Design Engineer.

The following should be included in the cc distribution list with attachments: FHWA Washington
Division Bridge Engineer (when project has Federal Funding), Region Project Engineer, Bridge
Projects Engineer, Bridge Design Unit Supervisor, State Geotechnical Engineer, HQ Hydraulics
Engineer (when it is a water crossing), Bridge Management Engineer (when it is a replacement),
Bridge Preservation Engineer, HQ RR Liaison Engineer (when a railroad is invloved), and Region
Traffic Engineer (when ITS is required). The Bridge Scheduling Engineer and the Region and HQ
Program Management Engineers should receive a copy of the preliminary plan distribution memo
without the attachments.

C. Region — Prior to the completion of the preliminary plan, the designer should meet with the Region to
discuss the concept, review the list of items to be included in the “Not Included in Bridge Quantities
List” and get their input. (This is a list of non-bridge items that appear on the bridge preliminary plan
and eventually on the design plans.)

The Region will review the preliminary plan for compliance and agreement with the original site data.
They will work to answer any “Notes to the Region” that have been listed on the plan. When this
review is complete, the Regional Administrator, or his/her designee, will sign the plan. The Region
will send back a print of the signed plan with any comments noted in red (additions) and green
(deletions) along with responses to the questions raised in the “Notes to the Region.”
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D. Railroad — When a railroad is involved with a structure on a Preliminary Plan, the HQ RR Liaison
Engineer of the Design Office must be involved during the plan preparation process. A copy of
the Preliminary Plan is sent to the HQ RR Liaison Engineer, who then sends a copy to the railroad
involved for their comments and approval.

The railroad will respond with approval by letter to the HQ RR Liaison Engineer. A copy of this letter
is then routed to the Bridge and Structures Office and then placed in the job file.

For design plans prepared within the Bridge and Structures Office, the Unit Supervisor or lead
designer will be responsible for coordinating and providing shoring plans for structures adjacent to
railroads. It is recommended that the Construction Support Unit design, prepare, stamp, and sign
shoring plans. However, the design unit may elect to design, prepare, stamp, and sign shoring plans.

For consultant prepared design plans, the Unit Supervisor or lead reviewer will be responsible for
coordinating and having the consultant design shoring plans for structures adjacent to railroads. The
Construction Support Unit has design criteria and sample plan details which can be used by the design
units and consultants.

A Construction Support engineer is available to attend design project kick-off meetings if there is a
need for railroad shoring plans or other constructability issues associated with the project. Regardless
of who prepares the bridge plans, all shoring plans should be reviewed by the Construction Support
Unit before they are submitted for railroad review and approval at the 50% Final PS&E stage.

For completed shelf projects, the S&E Engineer will contact the Region Project Engineer and inform
the Unit Supervisor or lead reviewer on the need for shoring plans for structures adjacent to railroads.
If shoring plans are required, the unit supervisor or lead designer may ask the Construction Support
Unit to prepare shoring plans.

At the 50% PS&E plan completion stage or sooner if possible, especially for seismic retrofit project,
the S&E Engineer will send four (4) copies of the layout, foundation plan, temporary shoring plans,
and appropriate special provision section for structures adjacent to railroads to the HQ RR Liaison
Engineer, who will submit this package to the appropriate railroad for review and approval. The
shoring plans shall show the pressure loading diagram and calculations to expedite the railroad’s
review and approval.
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2.3 Preliminary Plan Criteria

2.3.1 Highway Crossings

A. General — A highway crossing is defined as a grade separation between two intersecting roadways.
Naming convention varies slightly between mainline highway crossings and ramp highway crossings,
but essentially, all bridges carry one highway, road, or street over the intersecting highway, road,
or street.

1. Mainline Highway Crossings — Names for mainline highway crossings are defined by the route
designation or name of state highway, county road, or city street being carried over another
highway, road, or street.

For example, a bridge included as part of an interchange involving I-205 and SR 14 and
providing for passage of traffic on [-205 under SR 14 would be named SR 14 Over 1-205
(followed by the bridge number).

2. Ramp Highway Crossings — Names for ramp highway crossings are defined by the state
highway route numbers being connected, the directions of travel being connected, and the
designation or name of the highway, road, or street being bridged.

For example, a bridge in the Hewitt Avenue Interchange connecting traffic from westbound
US 2 to northbound I-5 and passing over Everett Street would be named 2W-5N Ramp Over
Everett Street (followed by the bridge number). A bridge connecting traffic from northbound
I-5 to westbound SR 518 and passing over northbound 1-405 and a ramp connecting
southbound 1-405 to northbound I-5 would be named 5N-518W Over 405N, 405S-5N
(followed by the bridge number).

B. Bridge Width — The bridge roadway channelization (configuration of lanes and shoulders) is
provided by the region with the Bridge Site Data. For state highways, the roadway geometrics are
controlled by the WSDOT Design Manual. M 22-01 For city and county arterials, the roadway
geometrics are controlled by Chapter IV of the WSDOT Local Agency Guidelines M 36-63.

C. Horizontal Clearances — Safety dictates that fixed objects be placed as far from the edge of the
roadway as is economically feasible. Criteria for minimum horizontal clearances to bridge piers and
retaining walls are outlined in the WSDOT Design Manual M 22-01. The WSDOT Design Manual M
22-01 outlines clear zone and recovery area requirements for horizontal clearances without guardrail
or barrier being required.

Actual horizontal clearances shall be shown in the plan view of the Preliminary Plan (to the nearest
0.1 foot). Minimum horizontal clearances to inclined columns or wall surfaces should be provided
at the roadway surface and for a vertical distance of 6’ above the edge of pavement. When bridge
end slopes fall within the recovery area, the minimum horizontal clearance should be provided

for a vertical distance of 6’ above the fill surface. See Figure 2.3.1-1.

Bridge piers and abutments ideally should be placed such that the minimum clearances can

be satisfied. However, if for structural or economic reasons, the best span arrangement requires
a pier to be within clear zone or recovery area, and then guardrail or barrier can be used to
mitigate the hazard.

There are instances where it may not be possible to provide the minimum horizontal clearance

even with guardrail or barrier. An example would be placement of a bridge pier in a narrow

median. The required column size may be such that it would infringe on the shoulder of the
roadway. In such cases, the barrier safety shape would be incorporated into the shape of the column.
Barrier or guardrail would need to taper into the pier at a flare rate satisfying the criteria in the
WSDOT Design Manual M 22-01. See Figure 2.3.1-2. The reduced clearance to the pier would
need to be approved by the Region. Horizontal clearances, reduced temporarily for construction,
are covered in Section 2.3.9.

WSDOT Bridge Design Manual M 23-50.06 Page 2.3-1
July 2011


http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
http://www.wsdot.wa.gov/publications/manuals/m36-63.htm
http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm
http://www.wsdot.wa.gov/Publications/Manuals/M22-01.htm

Preliminary Design Chapter 2

EDGE OF |, MINIMUM
OUTSIDE | HORIZONTAL
LANE CLEARANCE

Horizontal Clearance to Incline Piers
Figure 2.3.1-1

TAPER RATE PER
DESIGN MANUAL

3 | /

N N
- L .

STANDARD

SHOULDER BRIDGE FPIER IN MEDIAN EDGE OF LANE
MINIMUM
HORIZONTAL
CLEARANCE
EDGE OF |

Bridge Pier in Narrow Median
Figure 2.3.1-2

D. Vertical Clearances — The required minimum vertical clearances are established by the functional
classification of the highway and the construction classification of the project. For state highways,
this is as outlined in the WSDOT Design Manual M 22-01. For city and county arterials, this is as
outlined in Chapter IV of the WSDOT Local Agency Guidelines M 36-63.

Actual minimum vertical clearances are shown on the Preliminary Plan (to the nearest 0.1 foot). The
approximate location of the minimum vertical clearance is noted in the upper left margin of the plan.
For structures crossing divided highways, minimum vertical clearances for both directions are noted.

E. End Slopes — The type and rate of end slope used at bridge sites is dependent on several factors. Soil
conditions and stability, right of way availability, fill height or depth of cut, roadway alignment and
functional classification, and existing site conditions are important.

The region should have made a preliminary determination based on these factors during the
preparation of the bridge site data. The side slopes noted on the Roadway Section for the roadway
should indicate the type and rate of end slope.

The Materials Laboratory Geotechnical Services Branch will recommend the minimum rate of end
slope. This should be compared to the rate recommended in the Roadway Section and to existing site
conditions (if applicable). The types of end slopes and bridge slope protection are discussed in the
WSDOT Design Manual M 22-01. Examples of slope protection are shown in WSDOT Standard
Plans M 21-01 Section A.
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F. Determination of Bridge Length — Establishing the location of the end piers for a highway crossing
is a function of the profile grade of the overcrossing roadway, the superstructure depth, the minimum
vertical and horizontal clearances required for the structure, the profile grade and channelization
(including future widening) of the undercrossing roadway, and the type and rate of end slope used.

For the general case of bridges in cut or fill slopes, the control point is where the cut or fill slope plane
meets the bottom of roadside ditch or edge of shoulder as applicable. From this point, the fill or cut
slope plane is established at the recommended rate up to where the slope plane intersects the grade

of the roadway at the shoulder. Following the requirements of WSDOT Standard Plans M 21-01
Section A, the back of pavement seat, end of wing wall or end of retaining wall can be established at
3" behind the slope intersection. See Figure 2.3.1-3
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Determination of Bridge Length
Figure 2.3.1-3

For the general case of bridges on wall type abutments or “closed” abutments, the controlling factors
are the required horizontal clearance and the size of the abutment. This situation would most likely
occur in an urban setting or where right of way or span length is limited.

G. Pedestrian Crossings — Pedestrian crossings follow the same format as highway crossings.
Geometric criteria for bicycle and pedestrian facilities are established in the WSDOT Design Manual
M 22-01. Width and clearances would be as established there and as confirmed by region. Minimum
vertical clearance over a roadway is given in the WSDOT Design Manual M 22-01. Unique items
to be addressed with pedestrian facilities include ADA requirements, the railing to be used, handrail
requirements, overhead enclosure requirements, and profile grade requirements for ramps and stairs.

H. Bridge Redundancy — Design bridges to minimize the risk of catastrophic collapse by using
redundant supporting elements (columns and girders).

For substructure design use:

One column minimum for roadways 40’ wide and under. Two columns minimum for roadways over
40" to 60". Three columns minimum for roadways over 60’. Collision protection or design for collision
loads for piers with one or two columns.

For superstructure design use:

Three girders (webs) minimum for roadways 32’ and under. Four girders (webs) minimum for
roadways over 32'. See Appendix 2.3-A2-1 for details.

Note: Any deviation from the above guidelines shall have a written approval by the Bridge Design
Engineer.
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2.3.2 Railroad Crossings

A. General — A railroad crossing is defined as a grade separation between an intersecting highway and
a railroad. Names for railroad crossings are defined either as railroad over state highway or state
highway over railroad. For example, a bridge carrying BNSF railroad tracks over I-5 would be named
BNSF Over I-5 (followed by the bridge number) A bridge carrying I-90 over Union Pacific railroad
tracks would be named 1-90 Over UPRR (followed by the bridge number).

Requirements for highway/railway grade separations may involve negotiations with the railroad
company concerning clearances, geometrics, utilities, and maintenance roads. The railroad’s review
and approval will be based on the completed Preliminary Plan.

B. Criteria — The initial Preliminary Plan shall be prepared in accordance with the criteria of this section
to apply uniformly to all railroads. Variance from these criteria will be negotiated with the railroad,
when necessary, after a Preliminary Plan has been provided for their review.

C. Bridge Width — For highway over railway grade separations the provisions of Section 2.3.1
pertaining to bridge width of highway crossings shall apply. Details for railway over highway grade
separations will depend on the specific project and the railroad involved.

D. Horizontal Clearances — For railway over highway grade separations, undercrossings, the provisions
of Section 2.3.1 pertaining to horizontal clearances for highway crossings shall apply. However,
because of the heavy live loading of railroad spans, it is advantageous to reduce the span lengths
as much as possible. For railroad undercrossings skewed to the roadway, piers may be placed up to
the outside edge of standard shoulders (or 8 minimum) if certain conditions are met (known future
roadway width requirements, structural requirements, satisfactory aesthetics, satisfactory sight
distance, barrier protection requirements, etc.).

For railroad overcrossings, minimum horizontal clearances are as noted below:

Railroad Alone
Fill Section 14’
Cut Section 16’

Horizontal clearance shall be measured from the center of the outside track to the face of pier. When
the track is on a curve, the minimum horizontal clearance shall be increased at the rate of 1%" for
each degree of curvature. An additional 8’ of clearance for off-track equipment shall only be provided
when specifically requested by the railroad.

The actual minimum horizontal clearances shall be shown in the Plan view of the Preliminary Plan
(to the nearest 0.1 foot).

E. Crash Walls — Crash walls, when required, shall be designed to conform to the criteria of the AREMA
Manual. To determine when crash walls are required, consult the following:

Union Pacific Railroad, “Guidelines for Design of Highway Separation Structures over Railroad
(Overhead Grade Separation)” AREMA Manual WSDOT Railroad Liaison Engineer the Railroad

F. Vertical Clearances — For railway over highway grade separations, the provisions of Section 2.3.1
pertaining to vertical clearances of highway crossings shall apply. For highway over railway
grade separations, the minimum vertical clearance shall satisfy the requirements of the
WSDOT Design Manual M 22-01.

The actual minimum vertical clearances shall be shown on the Preliminary Plan (to the nearest
0.1 foot). The approximate location of the minimum vertical clearance is noted in the upper left
margin of the plan.
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G. Determination of Bridge Length — For railway over highway grade separations, the provisions of
Section 2.3.1 pertaining to the determination of bridge length shall apply. For highway over railway
grade separations, the minimum bridge length shall satisfy the minimum horizontal clearance
requirements. The minimum bridge length shall generally satisfy the requirements of Figure 2.3.2-1.
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H. Special Considerations — For highway over railway grade separations, the top of footings for bridge
piers or retaining walls adjacent to railroad tracks shall be 2" or more below the elevation of the top
of tie and shall not have less than 2’ of cover from the finished ground. The footing face shall not
be closer than 10’ to the center of the track. Any cofferdams, footings, excavation, etc., encroaching
within 10" of the center of the track requires the approval of the railroad.

[.  Construction Openings — For railroad clearances, see WSDOT Design Manual M 22-01. The
minimum horizontal construction opening is 9’ to either side of the centerline of track. The minimum
vertical construction opening is 23'-6" above the top of rail at 6’ offset from the centerline of
track. Falsework openings shall be checked to verify that enough space is available for falsework
beams to span the required horizontal distances and still provide the minimum vertical falsework
clearance. Minimum vertical openings of less than 23'-6" shall be coordinated with the HQ Railroad
Liaison Engineer.

2.3.3 Water Crossings

A. Bridge Width — The provisions of Section 2.3.1 pertaining to bridge width for highway crossings
apply here.

B. Horizontal Clearances — Water crossings over navigable waters requiring clearance for navigation
channels shall satisfy the horizontal clearances required by the Coast Guard. Communication with the
Coast Guard will be handled through the Coast Guard Liaison Engineer. For bridges over navigable
waters, the centerline of the navigation channel and the horizontal clearances (to the nearest 0.1
foot) to the piers or the pier protection shall be shown on the Plan view of the Preliminary Plan. Pier
locations shall be reviewed by the HQ Hydraulics unit.

C. Vertical Clearances — Vertical clearances for water crossings must satisfy floodway clearance and,
where applicable, navigation clearance.

Bridges over navigable waters must satisfy the vertical clearances required by the Coast Guard.
Communication with the Coast Guard will be handled through the Coast Guard Liaison Engineer. The
actual minimum vertical clearance (to the nearest 0.1 foot) for the channel span shall be shown on the
Preliminary Plan. The approximate location of the minimum vertical clearance shall be noted in the
upper left margin of the plan. The clearance shall be shown to the water surface as required by the
Coast Guard criteria.
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Floodway vertical clearance will need to be discussed with the Hydraulics Branch. In accordance
with the flood history, nature of the site, character of drift, and other factors, they will determine a
minimum vertical clearance for the 100-year flood. The roadway profile and the bridge superstructure
depth must accommodate this. The actual minimum vertical clearance to the 100-year flood shall be
shown (to the nearest 0.1 foot) on the Preliminary Plan, and the approximate location of the minimum
vertical clearance shall be noted in the upper left margin of the plan.

D. End Slopes — The type and rate of end slopes for water crossings is similar to that for highway
crossings. Soil conditions and stability, fill height, location of toe of fill, existing channel conditions,
flood and scour potential, and environmental concerns are all important.

As with highway crossings, the Region, and Materials Laboratory Geotechnical Services Branch will
make preliminary recommendations as to the type and rate of end slope. The Hydraulics Branch will
also review the Region’s recommendation for slope protection.

E. Determination of Bridge Length — Determining the overall length of a water crossing is not as
simple and straightforward as for a highway crossing. Floodway requirements and environmental
factors have a significant impact on where piers and fill can be placed.

If a water crossing is required to satisfy floodway and environmental concerns, it will be known by
the time the Preliminary Plan has been started. Environmental studies and the Design Report prepared
by the region will document any restrictions on fill placement, pier arrangement, and overall floodway
clearance. The Hydraulics Branch will need to review the size, shape, and alignment of all bridge
piers in the floodway and the subsequent effect they will have on the base flood elevation. The overall
bridge length may need to be increased depending on the span arrangement selected and the change in
the flood backwater, or justification will need to be documented.

F. Scour — The Hydraulics Branch will indicate the anticipated depth of scour at the bridge piers. They
will recommend pier shapes to best streamline flow and reduce the scour forces. They will also
recommend measures to protect the piers from scour activity or accumulation of drift (use of deep
foundations, minimum cover to top of footing, riprap, pier alignment to stream flow, closure walls
between pier columns, etc.).

G. Pier Protection — For bridges over navigable channels, piers adjacent to the channel may require pier
protection such as fenders or pile dolphins. The Coast Guard will determine whether pier protection is
required. This determination is based on the horizontal clearance provided for the navigation channel
and the type of navigation traffic using the channel.

H. Construction Access and Time Restrictions — Water crossings will typically have some sort of
construction restrictions associated with them. These must be considered during preliminary plan
preparation.

The time period that the Contractor will be allowed to do work within the waterway may be restricted
by regulations administered by various agencies. Depending on the time limitations, a bridge with
fewer piers or faster pier construction may be more advantageous even if more expensive.

Contractor access to the water may also be restricted. Shore areas supporting certain plant species are
sometimes classified as wetlands. A work trestle may be necessary in order to work in or gain access
through such areas. Work trestles may also be necessary for bridge removal as well as new bridge
construction. Work trestle feasibility, location, staging, deck area and approximate number of piles,
and estimated cost need to be determined to inform the Region as part of the bridge preliminary plan.
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2.3.4 Bridge Widenings

A. Bridge Width — The provisions of Section 2.3.1 pertaining to bridge width for highway crossings
shall apply. In most cases, the width to be provided by the widening will be what is called for by the
design standards, unless a deviation is approved.

B. Traffic Restrictions — Bridge widenings involve traffic restrictions on the widened bridge and,
if applicable, on the lanes below the bridge. The bridge site data submitted by the region should
contain information regarding temporary lane widths and staging configurations. This information
should be checked to be certain that the existing bridge width, and the bridge roadway width during
the intermediate construction stages of the bridge are sufficient for the lane widths, shy distances,
temporary barriers, and construction room for the contractor. These temporary lane widths and shy
distances are noted on the Preliminary Plan. The temporary lane widths and shy distances on the
roadway beneath the bridge being widened should also be checked to ensure adequate clearance is
available for any substructure construction.

C. Construction Sequence — A construction sequence shall be developed using the traffic restriction
data in the bridge site data. The construction sequence shall take into account the necessary steps for
construction of the bridge widening including both the substructure and superstructure. Placement
of equipment is critical because of limited access and working space limitations. Space is required
for cranes to construct shafts and erect the girders. Consult the Construction Support Unit for crane
information, such as: boom angle, capacities, working loads, working radius, and crane footprint.
Construction work off of and adjacent to the structure and the requirements of traffic flow on and
below the structure shall be taken into account. Generally, cranes are not allowed to lift loads while
supported from the existing structure. Checks shall be made to be certain that girder spacing, closure
pours, and removal work are all compatible with the traffic arrangements.

Projects with several bridges being widened at the same time should have sequencing that is

compatible with the Region’s traffic plans during construction and that allow the Contractor room to
work. It is important to meet with the Region project staff to assure that the construction staging and
channelization of traffic during construction is feasible and minimizes impact to the traveling public.

2.3.5 Detour Structures

A. Bridge Width — The lane widths, shy distances, and overall roadway widths for detour structures are
determined by the Region. Review and approval of detour roadway widths is done by the HQ Traffic
Office.

B. Live Load — All detour structures shall be designed for 75% of HL-93 live load unless approved
otherwise by the Bridge Design Engineer. Construction requirements, such as a year long expected
use, and staging are sufficient reasons to justify designing for a higher live load of HL-93. Use of an
HL-93 live load shall be approved by the Bridge Design Engineer.

2.3.6 Retaining Walls and Noise Walls

The requirements for Preliminary Plans for retaining walls and noise walls are similar to the requirements
for bridges. The plan and elevation views define the overall limits and the geometry of the wall. The
section view will show general structural elements that are part of the wall and the surface finish of the
wall face.

The most common types of walls are outlined in Chapter 8 of this manual and the WSDOT
Design Manual M 22-01. The Bridge and Structures Office is responsible for Preliminary Plans
for all nonstandard walls (retaining walls and noise walls) as spelled out in the WSDOT Design
Manual M 22-01.
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2.3.7 Bridge Deck Drainage

The Hydraulics Branch provides a review of the Preliminary Plan with respect to the requirements for
bridge deck drainage. An 11"x17" print shall be provided to the Hydraulics Branch for their review as
soon as the Preliminary Plan has been developed. The length and width of the structure, profile grade,
superelevation diagram, and any other pertinent information (such as locations of drainage off the
structure) should be shown on the plan. For work with existing structures, the locations of any and all
bridge drains shall be noted.

The Hydraulics Branch or the Region Hydraulics staff will determine the type of drains necessary (if any),
the location, and spacing requirements. They will furnish any details or modifications required for special
drains or special situations.

If low points of sag vertical curves or superelevation crossovers occur within the limits of the bridge, the
region should be asked to revise their geometrics to place these features outside the limits of the bridge. If
such revisions cannot be made, the Hydraulics Branch will provide details to handle drainage with bridge
drains on the structure.

2.3.8 Bridge Deck Protection Systems

An appropriate Bridge Deck Protection System shall be selected for each bridge in accordance with
Section 5.7.4. The Preliminary Plan shall note in the lower left margin the type of Bridge Deck Protective

System to be utilized on the bridge.

2.3.9 Construction Clearances

Most projects involve construction in and around traffic. Both traffic and construction must be
accommodated. Construction clearances and working room must be reviewed at the preliminary plan
stage to verify bridge constructability.

For construction clearances for roadways, the Region shall supply the necessary traffic staging
information with the bridge site data. This includes temporary lane widths and shoulder or shy distances,
allowable or necessary alignment shifts, and any special minimum vertical clearances. With this
information, the designer can establish the falsework opening or construction opening.

The horizontal dimension of the falsework or construction opening shall be measured normal to

the alignment of the road which the falsework spans. The horizontal dimension of the falsework or
construction opening shall be the sum of the temporary traffic lane widths and shoulder or shy distances,
plus two 2" widths for the temporary concrete barriers, plus additional 2’ shy distances behind the
temporary barriers. For multi-span falsework openings, a minimum of 2', and preferably 4', shall be used
for the interior support width. This interior support shall also have 2’ shy on both sides to the two 2-foot
wide temporary concrete barriers that will flank the interior support.

The minimum vertical clearance of the construction opening shall normally be 16'-6" or as specified by
the Region. The vertical space available for the falsework must be deep to accommodate the falsework
stringers, camber strips, deck, and all deflections. If the necessary depth is greater than the space
available, either the minimum vertical clearance for the falsework shall be reduced or the horizontal
clearance and span for the falsework shall be reduced, or the profile grade of the structure shall be raised.
Any of these alternatives shall be approved by the Region.

Once the construction clearances have been determined the designer should meet with the region to
review the construction clearances to ensure compatibility with the construction staging. This review
should take place prior to finalizing the preliminary bridge plan.

For railroads, see Section 2.3.2H.
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2.3.10 Design Guides for Falsework Depth Requirements

Where falsework is required to support construction of cast-in-place superstructure or segmental
elements, the designer of the Preliminary Plan shall confirm with the Region the minimum construction
opening. See Section 2.3.9

The bridge designer shall consult with the Construction Support Engineer on falsework depth
requirements outlined below.

Bridge designers shall evaluate falsework depth requirements based on the following guidelines:

A. Falsework Spans <36’ and No Skews — No design is necessary. Provide for minimum vertical
clearance and a minimum falsework depth of 4’ to accommodate:

W36X  steel beam sections

%" camber strip

%&"plywood

4 x 4 joists

6" depth for segmental falsework release

B. Falsework Spans > 36’ or Spans with Skews or Limited Falsework Depth — While the falsework
or construction openings are measured normal to the alignment which the falsework spans, the
falsework span is measured parallel to the bridge alignment.

The Preliminary Plan designer shall perform preliminary design of the falsework sufficiently to
determine its geometric and structural feasibility. Shallow, heavy, close-spaced wide-flange steel
beams may be required to meet the span requirements within the available depth. The preliminary
design shall be based on design guides in the Standard Specifications 6-02.3(17). Beams shall be
designed parallel to the longitudinal axis of the bridge. The falsework span deflection shall be limited
according to the Standard Specifications 6-02.3(17)B: generally span/360 for a single concrete
placement, such as a slab, and span/500 for successive concrete placement forming a composite
structure. This limits the stresses in the new structure from the construction and concrete placement
sequences. Beam sizes shall be shown in the final plans (and in the Preliminary Plans as required)
with the Contractor having the option of submitting an alternate design. The designer shall verify
availability of the beam sizes shown in the plans.

C. Bridge Widenings — For bridge widenings where the available depth for the falsework is fixed,
designers shall design falsework using shallower and heavier steel beams to fit within the available
depth. Beam sizes and details shall be shown in the final plans (and in the Preliminary Plans as
required) with the Contractor having the option of using an alternate design. The designer shall verify
availability of the beam sizes shown in the plans.

In some cases it may be appropriate to consider a shallower superstructure widening, but with similar
stiffness, in order to accommodate the falsework and vertical clearance.

D. Bridge with Skews — Falsework beams shall be laid out and designed for spans parallel to the
bridge centerline or perpendicular to the main axis of bending. The centerline of falsework beams
shall be located within 2’ of the bridge girder stems and preferably directly under the stems or webs
in accordance with the WSDOT Standard Specifications M 41-10, Section 6-02.3(17)E. Falsework
beams placed normal to the skew or splayed complicate camber calculations and shall be avoided.
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2.3.11 Inspection and Maintenance Access

A. General - FHWA mandates that bridges be inspected every two years. The BPO inspectors are
required to access bridge components to within 3’ for visual inspection and to access bearings
close enough to measure movement. Maintenance personnel need to access damaged members
and locations that may collect debris. This is accomplished by using many methods. Safety cables,
ladders, bucket trucks, Under Bridge Inspection Truck (UBIT), (see Figure 2.3.11-1), and under
bridge travelers are just a few of the most common methods. Preliminary Plan designers need to
be aware of these requirements and prepare designs that allow access for bridge inspectors and
maintenance personnel throughout the Preliminary Plan and TS&L planning phases.

<XFACE OF CURB
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OR RAIL HEIGHTZ 10'-0" MAX.
!5 O

N \ R 10% MAX.

TT 71

7'-0" MIN. 45'-0" MAX.
BETWEEN
STRUCTURES

Limits of Under Bridge Inspection Truck
Figure 2.3.11-1

B. Safety Cables — Safety cables strung on steel plate girders or trusses allow for walking access. Care
must be given to the application and location. Built-up plate girder bridges are detailed with a safety
cable for inspectors walking the bottom flange. However, when the girders become more than &'
deep, the inspection of the top flange and top lateral connections becomes difficult to access. It is not
feasible for the inspectors to stand on the bottom flanges when the girders are less than 5’ deep. On
large trusses, large gusset plates (3’ or more wide) are difficult to circumvent. Tie-off cables are best
located on the interior side of the exterior girder of the bridge except at large gusset plates. At these
locations, cables or lanyard anchors should be placed on the inside face of the truss so inspectors can
utilize bottom lateral gusset plates to stand on while traversing around the main truss gusset plates.
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C. Travelers — Under bridge travelers, placed on rails that remain permanently on the bridge, can be
considered on large steel structures. This is an expensive option, but it should be evaluated for large
bridges with high ADT because access to the bridge would be limited by traffic windows that specify
when a lane can be closed. Some bridges are restricted to weekend UBIT inspection for this reason.

D. Abutment Slopes — Slopes in front of abutments shall provide enough overhead clearance to the
bottom of the superstructure to access bearings for inspection and possible replacement (usually
3" minimum).

E. Inspection Lighting and Access

1. Reinforced Concrete Box and Post-Tensioned Concrete Box

* For box girders with less than 4 feet inside clear height, inspection lighting, and access need
not be provided. Utilities and/or restrainers will not be permitted inside the girder cell.

* For box girders with 4 feet or more inside clear height, but less than 6.5 feet, inspection
lighting and access shall be provided only if utilities and/or restrainers are provided inside the
box girder.

 For box girders with 6.5 feet or more inside clear height, inspection lighting, and access shall
always be provided.
2. Prestessed Concrete Tub Girders
» Bridge inspection lighting, and access shall not be provided. Utilities and/or restrainers will
not be permitted inside the girder.
3. Composite Steel Box Girders
* All steel box or tub girders shall have inspection lighting and access.
* Inside clear height shall be 5 feet or greater to provide reasonable inspection access.
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2.4 Selection of Structure Type
2.4.1 Bridge Types

See Appendix 2.4-A1-1 for a bar graph comparing structure type, span range and cost range.

The required superstructure depth is determined during the preliminary plan development process. The
AASHTO LRFD Specifications in Section 2.5.2.6.3 show traditional minimum depths for constant depth
superstructures. WSDOT has developed superstructure depth-to-span ratios based on past experience.

The AASHTO LRFD Specifications, Section 2.5.2.6.1, states that it is optional to check deflection criteria,
except in a few specific cases. The WSDOT criteria is to check the live load deflection for all structures as
specified in AASHTO LRFD Specifications, Section 3.6.1.3.2 and 2.5.2.6.2.

The superstructure depth is used to establish the vertical clearance that is available below the
superstructure. For preliminary plans, the designer should use the more conservative depth determined
from either the AASHTO LRFD criteria or the WSDOT criteria outlined below. In either case, the
minimum depth includes the deck thickness. For both simple and continuous spans, the span length is the
horizontal distance between centerlines of bearings.

Refer to Section 2.3.11 for inspection and maintenance access requirements. Superstructure depth may be
influenced when inspection lighting and acees is required for certain bridge types.

The superstructure depth may be refined during the final design phase. It is assumed that any refinement
will result in a reduced superstructure depth so the vertical clearance is not reduced from that shown in the
preliminary plan. However, when profile grade limitations restrict superstructure depth, the preliminary
plan designer shall investigate and/or work with the structural designer to determine a superstructure type
and depth that will fit the requirements.

A. Reinforced Concrete Slab
1. Application — Used for simple and continuous spans up to 60'.

2. Characteristics — Design details and falsework relatively simple. Shortest construction time for
any cast-in-place structure. Correction for anticipated falsework settlement must be included in
the dead load camber curve because of the single concrete placement sequence.

3. Depth/Span Ratios
a. Constant Depth

Simple span Va2
Continuous spans Vas

b. Variable Depth — Adjust ratios to account for change in relative stiffness of positive and
negative moment sections.

B. Reinforced Concrete Tee-Beam

1. Application — This type of Super Structure is not recommended for new bridges. It could only be
used for bridge widening and bridges with tight curvature or unusual geometry.

Used for continuous spans 30’ to 60’. Has been used for longer spans with inclined leg piers.

2. Characteristics — Forming and falsework is more complicated than for a concrete slab.
Construction time is longer than for a concrete slab.
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3.

Depth/Span Ratios

a. Constant Depth
Simple spans 3
Continuous spans s

b. Variable Depth — Adjust ratios to account for change in relative stiffness of positive and
negative moment sections.

C. Reinforced Concrete Box Girder — WSDOT restricts the use of cast-in-place reinforced concrete
box girder for bridge superstructure. This type of superstructure may only be used for bridges with
tight curvatures or irregular geometry upon Bridge Design Engineer approval.

1.

3.

Application — This type of super structure is not recommended for new bridges. It could only be
used for bridge widening and bridges with tight curvature or unusual geometry.

Used for continuous spans 50" to 120'. Maximum simple span 100’ to limit excessive dead load
deflections.

Characteristics — Forming and falsework is somewhat complicated. Construction time is
approximately the same as for a tee-beam. High torsional resistance makes it desirable for curved
alignments.

Depth/Span Ratios*

a. Constant Depth
Simple spans s
Continuous spans Ya0

b. Variable Depth — Adjust ratios to account for change in relative stiffness of positive and
negative moment sections.

*If the configuration of the exterior web is sloped and curved, a larger depth/span ratio may
be necessary.

D. Post-tensioned Concrete Box Girder

1. Application — Normally used for continuous spans longer than 120’ or simple spans longer than
100". Should be considered for shorter spans if a shallower structure depth is needed.
2. Characteristics — Construction time is somewhat longer due to post-tensioning operations. High
torsional resistance makes it desirable for curved alignments.
3. Depth/Span Ratios*
a. Constant Depth
Simple spans Ya0.5
Continuous spans Vas
b. Variable Depth — Two span structures
At Center of span Vas
At Intermediate pier Y25
Multi-span structures
At Center of span V36
At Intermediate pier Yis
*If the configuration of the exterior web is sloped and curved, a larger depth/span ratio may
be necessary.
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E. Prestressed Concrete Sections

L.

Application — Local precast fabricators have several standard forms available for precast
concrete sections based on the WSDOT standard girder series. These are versatile enough to
cover a wide variety of span lengths.

WSDOT standard girders are:

a. WF100G, WF95G, WF83G, WF74G, WF58G, WF50G, WF42G, WF36G, W74G, W58G,
W50G, and W42G precast, prestressed concrete [-girders requiring a cast-in-place concrete
bridge deck used for spans less than 200". The number (eg. 95) specifies the girder depth
in inches.

WF95PTG, WF83PTG and WF74PTG post-tensioned, precast segmental [-girders with
cast-in-place concrete bridge deck use for simple span up to 230’, and continuous span up to
250" with continuous post-tensioning over the intermediate piers.

b. U**G* and UF**G* precast, prestressed concrete tub girders requiring a cast-in-place
concrete bridge deck are used for spans less than 140", “U” specifies webs without flanges,
“UF” specifies webs with flanges, ** specifies the girder depth in inches, and * specifies the
bottom flange width in feet. U**G* girders have been precast as shallow as 26",

Post-tensioned, precast, prestressed tub girders with cast-in-place concrete bridge deck are
used for simple span up to 160" and continuous span up to 200’.

c. W65DG, W53DG, W41DG, and W35DG precast, prestressed concrete decked bulb tee
girders requiring an HMA overlay roadway surface used for span less than 150’, with the
Average Daily Truck limitation of 30,000 or less.

d. W62BTG, W38BTG, and W32BTG precast, prestressed concrete bulb tee girders requiring
a cast-in-place concrete deck for simple spans up to 130"

e. 12-inch, 18-inch, 26-inch, 30-inch, and 36-inch precast, prestressed slabs requiring 5”
minimum cast-in-place slab used for spans less than 100’.

f.  26-inch precast, prestressed ribbed girder, deck double tee, used for span less than 60’, and
double tee members requiring an HMA overlay roadway surface used for span less than 40'.

Characteristics — Superstructure design is quick for pretensioned girders with proven user-
friendly software (PGSuper, PGSplice, and QConBridge)

Construction details and forming are fairly simple. Construction time is less than for a
cast-in-place bridge. Little or no falsework is required. Falsework over traffic is usually not
required; construction time over existing traffic is reduced.

Precast girders usually require that the bridge roadway superelevation transitions begin and end at
or near piers; location of piers should consider this. The Region may be requested to adjust these
transition points if possible.

Fully reinforced, composite 8 inch cast-in-place deck slabs continuous over interior piers
or reinforced 5 inch cast-in-place deck slabs continuous over interior piers have been used
with e. and f.
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F. Composite Steel Plate Girder

L.

Application — Used for simple spans up to 260" and for continuous spans from 120" to 400’.
Relatively low dead load when compared to a concrete superstructure makes this bridge type an
asset in areas where foundation materials are poor.

Characteristics — Construction details and forming are fairly simple Construction time

is comparatively short. Shipping and erecting of large sections must be reviewed. Cost of
maintenance is higher than for concrete bridges. Current cost information should be considered
because of changing steel market conditions.

Depth/Span Ratios

a. Constant Depth
Simple spans Vaz
Continuous spans Vas

b. Variable Depth

@ Center of span Vao
@ Intermediate pier Y0

G. Composite Steel Box Girder

1.

Use — Used for simple spans up to 260" and for continuous spans from 120’ to 400'. Relatively
low dead load when compared to a concrete superstructure makes this bridge type an asset in
areas where foundation materials are poor.

Inside clear height of less than 5 feet shall not be used because reasonable inspection access
cannot be provided.

Characteristics — Construction details and forming are more difficult than for a steel plate girder.
Shipping and erecting of large sections must be reviewed. Current cost information should be
considered because of changing steel market conditions.

3. Depth/Span Ratios

a. Constant Depth

Simple spans %53
Continuous spans Vas

b. Variable Depth

At Center of span Vio
At Intermediate pier 120

Note: Sloping webs are not used on box girders of variable depth.

H. Steel Truss

1.

Application — Used for simple spans up to 300" and for continuous spans up to 1,200’". Used
where vertical clearance requirements dictate a shallow superstructure and long spans or where
terrain dictates long spans and construction by cantilever method.

Characteristics — Construction details are numerous and can be complex. Cantilever construction
method can facilitate construction over inaccessible areas. Through trusses are discouraged
because of the resulting restricted horizontal and vertical clearances for the roadway.
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3.

Depth/Span Ratios
a. Simple spans Ys

b. Continuous spans

@ Center of span s
@ Intermediate pier %
I.  Segmental Concrete Box Girder

1. Application — Used for continuous spans from 200’ to 700’. Used where site dictates long spans
and construction by cantilever method.

2. Characteristics — Use of travelers for the form apparatus facilitates the cantilever construction
method enabling long-span construction without falsework. Precast concrete segments may be
used. Tight geometric control is required during construction to ensure proper alignment.

3. Depth/Span Ratios
Variable depth
At Center of span Y50
At Intermediate pier Y20

J.  Railroad Bridges

1. Use - For railway over highway grade separations, most railroad companies prefer simple span
steel construction. This is to simplify repair and reconstruction in the event of derailment or some
other damage to the structure.

2. Characteristics — The heavier loads of the railroad live load require deeper and stiffer members
than for highway bridges. Through girders can be used to reduce overall structure depth if the
railroad concurs. Piers should be normal to the railroad to eliminate skew loading effects.

3. Depth/Span Ratios
Constant depth
Simple spans 2
Continuous two span Y4
Continuous multi-span s

K. Timber

1. Use — Generally used for spans under 40". Usually used for detour bridges and other temporary
structures. Timber bridges are not recommend for WSDOT Bridges.

2. Characteristics — Excellent for short-term duration as for a detour. Simple design and details.

3. Depth/Span Ratios

Constant depth

Simple span — Timber beam Yo
Simple span — Glulam beam N2
Continuous spans 14

L. Other — Bridge types such as cable-stayed, suspension, arch, tied arch, and floating bridges have
special and limited applications. The use of these bridge types is generally dictated by site conditions.
Preliminary design studies will generally be done when these types of structures are considered.
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2.4.2 Wall Types

Retaining walls, wingwalls, curtain walls, and tall closed abutment walls may be used where required to
shorten spans or superstructure length or to reduce the width of approach fills. The process of selecting
a type of retaining wall should economically satisfy structural, functional, and aesthetic requirements
and other considerations relevant to a specific site. A detailed listing of the common wall types and their
characteristics can be found in Chapter 8.
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2.5 Aesthetic Considerations

2.5.1 General Visual Impact

Bridge, retaining walls and noise walls have a strong visual impact in any landscape. Steps must be taken
to assure that even the most basic structure will complement rather than detract from it's surroundings.
The EIS and bridge site data submitted by the Region should each contain a discussion on the aesthetic
importance of the project site. This commentary, together with submitted video and photographs, will help
the designer determine the appropriate structure type.

The State Bridge and Structures Architect should be contacted early in the preliminary bridge plan process
for input on aesthetics. Normally, a visit to the bridge site with the State Bridge and Structures Architect
and Region design personnel should be made.

Aesthetics is a very subjective element that must be factored into the design process in the otherwise very
quantitative field of structural engineering. Bridges that are structurally efficient using the least material
possible are generally visually well proportioned. However, the details such as pier walls, columns, and
crossbeams require special attention to ensure a structure that will enhance the general vicinity.

For large projects incorporating several to many bridges and retaining walls, an architectural theme

is frequently developed to bring consistency in structure type, details, and architectural appointments.
The preliminary plan designer shall work with the State Bridge and Structures Architect to implement
the theme.

2.5.2 End Piers

A. Wingwalls — The size and exposure of the wingwall at the end pier should balance, visually, with the
depth and type of superstructure used. For example, a prestressed girder structure fits best visually
with a 15’ wingwall (or curtain wall/retaining wall). However, there are instances where a 20’
wingwall (or curtain wall/retaining wall) may be used with a prestressed girder (maximizing a span in
a remote area, for example or with deep girders where they are proportionally better in appearance).
The use of a 20" wingwall shall be approved by the Bridge Design Engineer and the State Bridge and
Structures Architect.

It is less expensive for bridges of greater than 40’ of overall width to be designed with wingwalls (or
curtain wall/retaining wall) than to use a longer superstructure.

B. Retaining Walls — For structures at sites where profile, right of way, and alignment dictate the
use of high exposed wall-type abutments for the end piers, retaining walls that flank the approach
roadway can be used to retain the roadway fill and reduce the overall structure length. Stepped walls
are often used to break up the height, and allow for landscape planting. A curtain wall runs between
the bridge abutment and the heel of the abutment footing. In this way, the joint in the retaining wall
stem can coincide with the joint between the abutment footing and the retaining wall footing. This
simplifies design and provides a convenient breaking point between design responsibilities if the
retaining walls happen to be the responsibility of the Region. The length shown for the curtain wall
dimension is an estimated dimension based on experience and preliminary foundation assumptions.
It can be revised under design to satisfy the intent of having the wall joint coincide with the end of the
abutment footing.

C. Slope Protection — The Region is responsible for making initial recommendations regarding slope
protection. It should be compatible with the site and should match what has been used at other bridges
in the vicinity. The type selected shall be shown on the Preliminary Plan. It shall be noted on the “Not
Included in Bridge Quantities” list.

D. Noise Walls — Approval of the State Bridge and Structures Architect is required for the final selection
of noise wall appearance, finish, materials and configuration.
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2.5.3 Intermediate Piers

The size, shape, and spacing of the intermediate pier elements must satisfy two criteria. They must be
correctly sized and detailed to efficiently handle the structural loads required by the design and shaped to
enhance the aesthetics of the structure.

The primary view of the pier must be considered. For structures that cross over another roadway, the
primary view will be a section normal to the roadway. This may not always be the same view as shown on
the Preliminary Plan as with a skewed structure, for example. This primary view should be the focus of
the aesthetic review.

Tapers and flares on columns should be kept simple and structurally functional. Fabrication and
constructability of the formwork of the pier must be kept in mind. Crossbeam ends should be carefully
reviewed. Skewed bridges and bridges with steep profile grades or those in sharp vertical curves will
require special attention to detail.

Column spacing should not be so small as to create a cluttered look. Column spacing should be
proportioned to maintain a reasonable crossbeam span balance.

2.5.4 Barrier and Wall Surface Treatments

A. Plain Surface Finish — This finish will normally be used on structures that do not have a high degree
of visibility or where existing conditions warrant. A bridge in a remote area or a bridge among several
existing bridges all having a plain finish would be examples.

B. Formliner Finishes — These finish are the most common and an easy way to add a decorative texture
to a structure. Variations on this type of finish can be used for special cases. The specific areas to
receive this finish should be reviewed with the State Bridge and Structures Architect.

C. Pigmented Sealer — The use of a pigmented sealer is used to control graffiti and can also be an
aesthetic enhancement. Most commonly it is always used in urban areas. The selection should be
reviewed with the Bridge Architect and the Region.

D. Architectural Details — Rustication grooves, relief panels, pilasters, and decorative finishes may
visually improve appearance at transitions between different structure types such as cast-in-place
abutments to structural earth retaining walls. Contact the State Bridge and Structures Architect
for guidance.

In special circumstances custom designs may be provided. Designs rising to the level of art shall be
subject to the procedures outlined in the Desing Manual M 22-01
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2.5.5 Superstructure

The horizontal elements of the bridge are perhaps the strongest features. The sizing of the structure depth
based on the span/depth ratios in Section 2.4.1, will generally produce a balanced relationship.

Designs rising to the level of "Art" shall be subject to the procedures outlined in the WSDOT Design
Manual M 22-01.

Haunches or rounding of girders at the piers can enhance the structure’s appearance. The use of such
features should be kept within reason considering fabrication of materials and construction of formwork.
The amount of haunch should be carefully reviewed for overall balance from the primary viewing
perspective. Haunches are not limited to cast-in-place superstructures, but may be used in special cases
on precast, prestressed I girders. They require job-specific forms which increase cost, and standard design
software is not directly applicable.

The slab overhang dimension should approach that used for the structure depth. This dimension should
be balanced between what looks good for aesthetics and what is possible with a reasonable slab thickness
and reinforcement.

For box girders, the exterior webs can be sloped, but vertical webs are preferred. The amount of slope
should not exceed 12: | for structural reasons, and should be limited to 4:1 if sloped webs are desired.
Sloped webs should only be used in locations of high aesthetic impact.

When using precast, prestressed girders, all spans shall be the same series, unless approved otherwise by
the Bridge and Structures Engineer.
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2.6 Miscellaneous
2.6.1 Structure Costs

See Section 12.3 for preparing cost estimates for preliminary bridge design.

2.6.2 Handling and Shipping Precast Members and Steel Beams

Bridges utilizing precast concrete beams or steel beams need to have their access routes checked and sites
reviewed to be certain that the beams can be transported to the site. It must also be determined that they
can be erected once they reach the site.

Both the size and the weight of the beams must be checked. Likely routes to the site must be adequate to
handle the truck and trailer hauling the beams. Avoid narrow roads with sharp turns, steep grades, and/or
load-rated bridges, which may prevent the beams from reaching the site. The Bridge Preservation Office
should be consulted for limitations on hauling lengths and weights.

Generally 200 kips is the maximum weight of a girder that may be hauled by truck. When the weight of
a prestressed concrete girder cast in one piece exceeds 160 kips, it may be required to include a post-
tensioned 2 or 3-piece option detailed in the contract plans.

The site should be reviewed for adequate space for the contractor to set up the cranes and equipment
necessary to pick up and place the girders. The reach and boom angle should be checked and should
accommodate standard cranes.

2.6.3 Salvage of Materials

When a bridge is being replaced or widened, the material being removed should be reviewed for anything
that WSDOT may want to salvage. [tems such as aluminum rail, luminaire poles, sign structures, and
steel beams should be identified for possible salvage. The Region should be asked if such items are to be
salvaged since they will be responsible for storage and inventory of these items.
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2.7 WSDOT Standard Highway Bridge
2.7.1 Design Elements

The following are standard design elements for bridges carrying highway traffic. They are meant to
provide a generic base for consistent, clean looking bridges, and to reduce design and construction costs.
Modification of some elements may be required, depending on site conditions. This should be determined
on a case-by-case basis during the preliminary plan stage of the design process.

A. General — Fractured Fin Finish shall be used on the exterior face of the traffic barrier. All other
surfaces shall be Plain Surface Finish.

Exposed faces of wingwalls, columns, and abutments shall be vertical. The exterior face of the traffic
barrier and the end of the intermediate pier crossbeam and diaphragm shall have a 1:12 backslope.

B. Substructure — End piers use the following details:

15" wingwalls with prestressed girders up to 74" in depth or a combination of curtain wall/retaining
walls.

Stub abutment wall with vertical face. Footing elevation, pile type (if required), and setback
dimension are determined from recommendations in the Materials Laboratory Geotechnical Services
Branch Geotechnical Report.

Intermediate piers use the following details:

“Semi-raised” Crossbeams: The crossbeam below the girders is designed for the girder and slab dead
load, and construction loads. The crossbeam and the diaphragm together are designed for all live
loads and composite dead loads. The minimum depth of the crossbeam shall be 3'.

“Raised” Crossbeams: The crossbeam is at the same level as the girders are designed for all dead and
live loads. “Raised” crossbeams are only used in conjunction with Prestressed Concrete Tub Girders.

Round Columns: Columns shall be 3’ to 6’ in diameter. Dimensions are constant full height with no
tapers. Bridges with roadway widths of 40’ or less will generally be single column piers. Bridges with
roadway widths of greater the 40’ shall have two or more columns, following the criteria established
in Section 2.3.1.H. Oval or rectangular column may be used if required for structural performance or
bridge visual.

C. Superstructure — Concrete Slab: 72 inch minimum thickness, with the top and bottom mat being
epoxy coated steel reinforcing bars.

Prestressed Girders: Girder spacing will vary depending on roadway width and span length. The
slab overhang dimension is approximately half of the girder spacing. Girder spacing typically ranges
between 6’ and 12".

Intermediate Diaphragms: Locate at the midspan for girders up to 80’ long. Locate at third points for
girders between 80’ and 150’ long and at quarter points for spans over 150’

End Diaphragms: “End Wall on Girder” type.
Traffic Barrier: “F-shape” or Single-sloped barrier.

Fixed Diaphragm at Inter. Piers: Full or partial width of crossbeam between girders and outside of the
exterior girders.

Hinged Diaphragm at Inter. Piers: Partial width of crossbeam between girders. Sloped curtain panel
full width of crossbeam outside of exterior girders, fixed to ends of crossbeam.

BP Rail: 3'-6" overall height for pedestrian traffic. 4—6" overall height for bicycle traffic.
Sidewalk: 6-inch height at curb line. Transverse slope of -0.02 feet per foot towards the curb line.

Sidewalk barrier: Inside face is vertical. Outside face slopes 1:12 outward.
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The following table provides guidance regarding maximum bridge superstructure length beyond
which the use of either intermediate expansion joints or modular expansion joints at the ends
is required.

Maximum Length (Western WA) Maximum Length (Eastern WA)
Stub Abutment | L-Abutment Stub Abutment | L-Abutment
Concrete Superstructure

Superstructure Type

Prestressed Girders* 450’ 900’ 450' 900’
PT Spliced Girder ** 400' 700' *** 400' 700' ***
CIP-PT Box Girders ** 400' 400 400' 700" ***

Steel Superstructure

Steel Plate Girder

Steel Box Girder 300 1000' 300' 800'

*  Based upon 0.16" creep shortening per 100' of superstructure length, and 0.12" shrinkage shortening per
100’ of superstructure length

**  Based upon 0.31" creep shortening per 100' of superstructure length, and 0.19" shrinkage shortening per
100' of superstructure length

*** Can be increased to 800' if the joint opening at 64F at time of construction is specified in the expansion
joint table to be less than the minimum installation width of 1'4". This condition is acceptable if the gland
is already installed when steel shapes are installed in the blockout. Otherwise (staged construction for
example) the gland would need to be installed at temperatures less than 45°F.

D. Examples — Appendices 2.3-A2-1 and 2.7-A1-1 detail the standard design elements of a standard
highway bridge.

The following bridges are good examples of a standard highway bridge. However, they do have some
modifications to the standard.

SR 17 Undercrossing 395/110 Contract 3785
Mullenix Road Overcrossing 16/203E&W Contract 4143

2.7.2 Detailing the Preliminary Plan

The Bridge Preliminary Plan is used and reviewed by the Bridge and Structures Office or consultant
who will do the structural design, Region designers and managers, Geotechnical engineers, Hydraulics
engineers, Program managers, FHWA engineers and local agency designers and managers. It sometimes
is used in public presentation of projects. With such visibility it is important that it's detailing is clear,
complete, professional, and attractive. The designer, detailer, and checker shall strive for completeness
and consistency in information, layout, line style, and fonts. Appendix B contains examples of
Preliminary Plans following time-proven format that may be helpful. See also Chapter 11, Detailing
Practice.

Typical sheet layout is as follows:
1. Plan and Elevation views. (This sheet ultimately becomes the Layout sheet of the design plan set)
2. Typical Section including details of stage construction.

Superelevation diagrams, tables of existing elevations, Notes to Region, and other miscellaneous
details as required shall go on Sheet 2, 3, or 4, as many as are required. See also the Preliminary Plan
Checklist for details, dimensions, and notes typically required. The completed plan sheets shall be
reviewed for consistency by the Preliminary Plans Detailing Specialist.
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2.99 References

1.

Federal Highway Administration (FHWA) publication Federal Aid Highway Program Manual.

FHWA Order 5520.1 (dated December 24, 1990) contains the criteria pertaining to Type, Size, and
Location studies.

Volume 6, Chapter 6, Section 2, Subsection 1, Attachment 1 (Transmittal 425) contains the criteria
pertaining to railroad undercrossings and overcrossings.

2. Washington Utilities and Transportation Commission Clearance Rules and Regulations Governing
Common Carrier Railroads.

3. American Railway Engineering and Maintenance Association (AREMA) Manual for Railroad
Engineering. Note: This manual is used as the basic design and geometric criteria by all railroads.
Use these criteria unless superseded by FHWA or WSDOT criteria.

4. WSDOT Design Manual M 22-01.

5. WSDOT Local Agency Guidelines M 36-63.

6. American Association of State Highway and Transportation Officials AASHTO LRFD Bridge Design
Specification.

7. The Union Pacific Railroad “Guidelines for Design of Highway Separation Structures over Railroad
(Overhead Grade Separation)”
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Appendix 2.2-A1 Bridge Site Data General

Bridge Site Data
Washington State

A
" Department of Transportation General
Region Made By Date

Bridge Information

SR Bridge Name Control Section Project No.
Highway Section Section, Township & Range Datum

Structure width between curbs ? What are expected foundation conditions?

Will the structure be widened in a When can foundation drilling be accomplished?

contract subsequent to this contract ? OYes INo [CINA

Which side and amount ?

Is slope protection or riprap required for the bridge end slopes?
Will the roadway under the structure be widened in the future? OYes INo [CINA

COYes CINo [CINA Are sidewalks to be provided? COYes CINo [JNA

Stage construction requirements?
OYes [INo CINA If Yes, which side and width?

Should the additional clearance for off-track railroad maintenance —— - -

p : Will sidewalks carry bicycle traffic?
equipment be provided? ClYes CINo LCJNA
Can a pier be placed in the median? Will signs or illumination be attached to the structure?

OYes CONo [CINA OYes CONo [CINA

What are the required falsework or construction opening dimensions ? — - - - -
Will utility conduits be incorporated in the bridge?

[dYes [ONo [INA

What do the bridge barriers transition to?

Are there detour or shoofly bridge requirements?
(If Yes, attach drawings) OYes CONo CINA
Can the R/W be adjusted to accommodate toe of approach fills?
OYes CONo [NA
Furnish type and location of existing features within the limits of this

What is the required vertical clearance? project, such as retaining walls, sign support structures, utilities,
buildings, powerlines, etc.

What is the available depth for superstructure?

Are overlays planned for a contract subsequent to this contract?

[dYes [INo [IN/A

Can profile be revised to provide greater Any other data relative to selection of type, including your
or less clearance? ClYes CINo [LINA recommendations?
If Yes, which line and how much?
Will bridge be constructed before, with or after approach fill?
[ Before [JWith [ After CIN/A
Attachments

D Vicinity Map
D Bridge Site Contour Map

D Specific Roadway sections at bridge site and approved roadway sections

[ Vertical Profile Data

|:| Horizontal Curve Data

D Superelevation Transition Diagrams

D Tabulated field surveyed and measured stations, offsets, and elevations of existing roadways

D Photographs and video tape of structure site, adjacent existing structures and surrounding terrain

O
O

DOT Form 235-002 EF
Revised 1/2000
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Appendix 2.2-A2 Bridge Site Data Rehabilitation

A

Washington State . . - .
'7’ Department of Transportation Brldge Site Data Rehabilitation
Region Made By Date

Bridge Information

SR Bridge Name Control Section Project No.
Highway Section Section, Township & Range Vertical Datum
Existing roadway width, curb to curb Leftof G Right of G

Proposed roadway width, curb to curb Leftof G Right of @

Existing wearing surface (concrete, HMA, HMA w /membrane, MC, epoxy, other) Thickness

Existing drains to be plugged, modified, moved, other?

Proposed overlay (HMA, HMA w /membrame, MC, epoxy) Thickness

Is bridge rail to be modified? []Yes []No

Existing rail type

Proposed rail replacement type

Will terminal design “F” be required?  []Yes [ No
Will utilities be placed in the new barrier? O Yes ONo
Will the structure be overlayed with or after rail replacement?  [] With Rail Replacement [ ] After Rail Replacement

Condition of existing expansion joints

Existing expansion joints watertight? [ Yes [ No

@ curb line @ G roadway @ curb line
Measure width of existing expansion joint, normal to skew. Inch Inch Inch

Estimate structure temperature at time of expansion joint measurement

Type of existing expansion joint

Describe damage, if any, to existing expansion joints

Existing Vertical Clearance

Proposed Vertical Clearance (at curb lines of traffic barrier)

Attachments

[] Video tape of project

Sketch indicating points at which expansion joint width was measured.

Photographs of existing expansion joints.

o gl d

Existing deck chloride and delamination data.

[[] Roadway deck elevations at curb lines (10-foot spacing)

DOT Form 235-002A EF
Revised 5/05
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Appendix 2.2-A3 Bridge Site Data Stream Crossing

- Bridge Site Data
Washingt Stat. .
'7’ D::a:"t‘l?‘lg:t ofaT?ansportation Stream CI"OSSI“gS

Region Made By Date

Bridge Information

SR Bridge Name Control Section Project No.
Highway Section Section, Township & Range Datum

Name of Stream Tributary of

Elevation of W.S. Stream Velocity Depth of Flow

(@ date of survey) (fos @ date of survey) (@ date of survey)

Max Highwater Elevation @ Date

Normal Highwater Elevation @ Date

Normal Stage Elevation @ Date

Extreme Low Water Elevation @ Date

Amount and Character of Drift

Streambed Material

Datum (i.e., USC and GS, USGS, etc.)

Manning’s “N” Value (Est.)

Attachments
[ ] Site Contour Map (See Sect. 7.02.00 Highway Hydraulic Manual)

Highway Alignment and Profile (refer to map and profiles)

Streambed: Profile and Cross Sections (500 ft. upstream and downstream)

L]
L]
[ ] Photographs
L]

Character of Stream Banks (i.e., rock, silt, etc.) / Location of Solid Rock

[] Other Data Relative to Selection of Type and Design of Bridge, Including your Recommendations (i.e., requirements of riprap,
permission of piers in channel, etc.)

DOT Form 235-001 EF
Revised 3/97
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Appendix 2.2-A4

Preliminary Plan Checklist

Project SR Prelim. Planby  Check by Date
PLAN MISCELLANEOUS

___Survey Lines and Station Ticks ____ Structure Type

_ Survey Line Intersection Angles _ Live Loading

Survey Line Intersection Stations

Survey Line Bearings

Roadway and Median Widths

Lane and Shoulder Widths

Sidewalk Width

Connection/Widening for Guardrail/Barrier
Profile Grade and Pivot Point

Roadway Superelevation Rate (if constant)
Lane Taper and Channelization Data
Traffic Arrows

Mileage to Junctions along Mainline
Back to Back of Pavement Seats

Span Lengths

Lengths of Walls next to/part of Bridge
Pier Skew Angle

Bridge Drains, or Inlets off Bridge
Existing drainage structures

Existing utilities Type, Size, and Location
New utilities - Type, Size, and Location
Luminaires, Junction Boxes, Conduits
Bridge mounted Signs and Supports
Contours

Top of Cut, Toe of Fill

Bottom of Ditches

Test Holes (if available)

Riprap Limits

Stream Flow Arrow

R/W Lines and/or Easement Lines

Points of Minimum Vertical Clearance
Horizontal Clearance

Exist. Bridge No. (to be removed, widened)
Section, Township, Range

City or Town

North Arrow

SR Number

Bearing of Piers, or note if radial

Undercrossing Alignment Profiles/Elevs.
Superelevation Diagrams

Curve Data

Riprap Detail

Plan Approval Block

Notes to Region

Names and Signatures

Not Included in Bridge Quantities List

Inspection and Maintenance Access

ELEVATION

Full Length Reference Elevation Line

Existing Ground Line x ft. Rt of
Survey Line

End Slope Rate

Slope Protection

Pier Stations and Grade Elevations
Profile Grade Vertical Curves
BP/Pedestrian Rail

Barrier/Wall Face Treatment
Construction/Falsework Openings
Minimum Vertical Clearances

Water Surface Elevations and Flow Data
Riprap

Seal Vent Elevation

Datum

Grade elevations shown are equal to ...
For Embankment details at bridge ends...
Indicate F, H, or E at abutments and piers

WSDOT Bridge Design Manual M 23-50.06
July 2011

Page 2.2-A4-1



Preliminary Design

Chapter 2

TYPICAL SECTION

Bridge Roadway Width

Lane and Shoulder Widths

Profile Grade and Pivot Point
Superelevation Rate

Survey Line

Overlay Type and Depth

Barrier Face Treatment

Limits of Pigmented Sealer
BP/Pedestrian Rail dimensions

Stage Construction, Stage traffic
Locations of Temporary Concrete Barrier
Closure Pour

Structure Depth/Prestressed Girder Type
Conduits/Utilities in bridge

Substructure Dimensions

Bridge Inspection Lighting and Access

LEFT MARGIN

Job Number

Bridge (before/with/after) Approach Fills
Structure Depth/Prestressed Girder Type
Deck Protective System

Coast Guard Permit Status )
(Requirement for all water crossing)

Railroad Agreement Status
Points of Minimum Vertical Clearance

Cast-in-Place Concrete Strength

RIGHT MARGIN

Control Section
Project Number
Region

Highway Section
SR Number
Structure Name

Page 2.2-A4-2
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Request For Preliminary

Appendix 2.2-A5 Geotechnical Information

Request for Preliminary Bridge

Washington State . .
77’ Department of Transportation Geotechnical Information
Requested By: Date:

Geotechnical Information Provided By:

Project Name:

Project Location:

End Pier Stations: Intermediate Pier Stations:

Permissible Embankment Slope: Seismic Acceleration Coefficient:

End Pier(s) Recommendation:

Approximate Dead Load: Approximate Live Load:

Furnish information on anticipated foundation type, pile or shaft sizes, permanent vs. temporary casing, expected pile or
shaft lengths, special excavation, underground water table elevation and the need for seals/cofferdams:

Provide other Geotechnical information impacting bridge's preliminary cost estimate:

Interior Pier(s) Recommendation (See information requested for end piers):

Approximate Dead Load: Approximate Live Load:

Liquefaction Issues. Indicate potential for liquefaction at the piers, anticipated depth of liquefaction, potential for lateral
spread, and the need for soil remediation:

DOT Form 230-045 EF
5/2010
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Bridge Stage
Appendix 2.3-A1 Construction Comparison

12

1. NO LANES OFEN: RELATIVE CAST FACTOR (RCF) = 1.0

3. ONE LANE OFEN WITH NEW ALIGNMENT AND STAGE CONSTRUCTION: RCF = 1.2

4. ONE LANE OFEN WITH STAGE CONSTRUCTION: RCF = 1.2
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7. TWO LANES OFEN WITH DETOUR: RCF = 1.6

ASSUMFTIONS:

NEW BRIDGE, TWO SFAN PRESTRESSED GIRDER, 200 FEET LONG.

DETOUR BRIDGE, TWO SPAN STEEL GIRDER WITH TIMBER TRESTLES, 200 FEET LONG.
$50/FT2 WITH 20% PREMIUM WHEN STAGING CONSTRUCTION.

THIS CHART [S INTENDED TO SHOW SOME OF THE MANY OFTIONS AVAILABLE FOR
STAGING BRIDGE CONSTRUCTION. THE ACTUAL COST FACTORS FOR A SFPECIFIC
PROJECT ARE VERY SENSITIVE TO THE FACTORS OUTLINED IN SECTION 2.2.3.
ANY COMFARISON MADE FOR A FROJECT SHOULD BE UNDER THE GUIDANCE OF
THE FRELIMINARY DESIGN UNIT OF THE BRIDGE AND STRUCTURES OFFICE.
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Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Bridge Redundancy Criteria

l-gv¥-¢g'¢

SHEET

JoB NO.

UP TO 32'-0" ROADWAY WITH ROUND COLUMN

UP TO 40'-0" ROADWAY WITH OVAL OR RECTANGULAR COLUMN

1 COLUMN MINIMUM

PROVIDE COLLISION PROTECTION
OR DESIGN FOR COLLISION LOADS.

UP TO 60'-0" ROADWAY

1

2 COLUMNS MINIMUM
PROVIDE COLLISION PROTECTION
OR DESIGN FOR COLLISION LOADS,

OVER 60'-0" ROADWAY

3 COLUMNS MINIMUM

SUBSTRUCTURE DESIGN

32'-0" AND UNDER ROADWAY |

-

3 WEBS MINIMUM

OVER 52'-0" ROADWAY

-

4 WEBS MINIMUM

SUFPERSTRUCTURE DESIGN

DESIGN NOTES:

USE THE MINIMUM COLUMNS AND WEBS SHOWN TO
MEET REDUNDANCY CRITERIA FOR PREVENTING
CATASTROPHIC COLLAPSE OF BRIDGES.

N

DRAWINGS ARE SHOWN FOR CONCRETE BOX GIRDERS
BRIDGES, BUT THE COLUMN AND WEB REQUIREMENTS
ALSO APPLY TO OTHER BRIDGE TYFES,

* 8'-0" MAX. IS PREFFERED FOR EASE OF CONSTRUCTION.

BRIDGE REDUNDANCY CRITERIA

Bridge Design Engr.
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Detailed By JOB NUMBER STRUCTURES
Bridge Projects Engr.

Prelim. Plan By OFFICE
|Architect/Specialist DATE REVISION BY[ APPD
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Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Bridge Selection Guide

l-lY-v'2

SHEET

JOB NO.

STRUCTURE SPAN RANGE, | JULY 2006 SPAN RANGE, FT.
TyPES er COST RANGE
$ /1 FT2 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600 630 660 690+
1 Il Il Il Il Il Il 1 1 1 Il 1 Il Il Il Il 1 Il 1 1 1 Il Il
T T T T T T T T T T T T T T T T T T T T
o | PIPE 1-3 30 - 60t
S THIS CHART 1S INTENDED TO SHOW SOME OF THE MANY OPTIONS AVAILABLE FOR BRIDGE
2 F | CONCRETE CULVERT 3 - 20 100 - 120 |— CONSTRUCTION AND THE WIDE RANGE OF COSTS ASSOCIATED WITH THEM. THE ACTUAL
S2 COST TO BE USED IN ANY COMPARISON FOR A SPECIFIC PROJECT 15 VERY SENSITIVE TO
T & | PLATE ARCH 1z - 20 65 - 80 THE FACTORS OUTLINED IN SECTION 2.2.3. ANY COMFPARISON MADE FOR A PROJECT SHOULD
® BE DONE UNDER THE GUIDANCE OF THE PRELIMINARY DESIGN UNIT OF THE BRIDGE AND
STRUCTURES OFFICE.
REINF. CONCRETE SLAB 20 - 60 90 - 130
REINF. CONCRETE TEE BEAM 30 - 60 90 - 140
REINF. CONCRETE BOX GIRDER 50 - 120 180 - 250
m POST-TENSIONED CONC. BOX GIRDER 140 - 200 200 - 300
=z
S | SEGMENTAL P.T. BOX GIRDER 200 - 700 250 - 300
s
S PRESTRESSED CONC. SLAB 15 - 100 100 - 120
)
tj PRESTRESSED CONC. DECK BULB TEE 40 - 160 100 - 145
u
® PRESTRESSED CONC. GIRDER 50 - 180 130 - 190
-
% PRESTRESSED TRAFEZOIDAL TUB GIRDER 40 - 140 160 - 200
% PRESTRESSED CONCRETE SPLICED GIRDER 140 - 230 150 - 200
>
Z | STEEL ROLLED GIRDER 20 - 70 140 - 160
1§
¥ | STEEL PLATE GIRDER 60 - 400 150 - 220
w
o | 8TEEL BOX GIRDER 60 - 400 200 - 275
ul
"é STEEL TRUSS 300 - 1200 250 - 375 S
O
2 TIMBER 10 - 20 120 - 140
e
® | GLULAM TIMBER 14 - 40 120 - 140
<
3 CABLE STAY BRIDGE 600 - 1200 500 - 600 —8
)
o
© & | BUSPENSION BRIDGE 600 - 5000 | 850 - 1200 —S
W =
2 S | FLOATING BRIDGE 600 + 800 - 1000 —S
O
o :‘J ARCH BRIDGE 30 - 400 400 - 450
p}
==
S & | MOVEABLE SPAN BRIDGE 200 - 350 1500 - 2000
4
5 TUNNEL 30 + 1500 - 3000 S
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Appendix B BRIDGE DESIGN MANUAL
Standard
Preliminary Design AUGUST 2010 Superstructure Elements

FRACTURED FIN
FRACTURED FIN FINISH
ﬁﬂw%

(X7 J~ I 1 [ Z1 [ | 1
I ] [ )Ijl\ ]
ELEVATION ELEVATION
SINGLE SFPAN BRIDGE TWO SFAN BRIDGE

BRIDGE RAILING TYPE BP

TRAFFIC BARKIER - GIRDER SPACING @ &'-0" T0 12'-0" SIDEWALK
CAN BE EITHER SINGLE - Y
SLOPE OR F SHAPE BARRIER
2
= @J\ } FRACTURED FIN
/VW N -0.02'/FT. -0.02'/FT. e 0.02'/FT. FINISH
I
FRACTURED FIN /L
FINISH
PRESTRESSED
GIRDER —X
‘ \MEKMEDME DIAPHRAM
-
jm
w
o)
‘ STANDARD SUFPERSTRUCTURE ELEMENTS
g
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Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Prelminary Plan
Bridge Replacement

EXISTING DITCH
(TO BE MODIFIED)

BRIDGE APPROACH
SLAB (TYP.)

6'-0" CURTAIN WALL
(TYP. @ 4 CORNERS)

SEC. 14, T.9N., R.37E., W.M.

CITY OF WAITSBURG

68'-0" ¢ 10 & BRG.

RETAINING WALL A

L STA. 404+95.00 (18.0' RT)

RELOCATED LUMINAIRE

(TYP. @ 4 LOCATIONS) 1 ~ 4"g CONDUIT FOR FULL

RETAINING WALL B ~ MATCH FLOOD
WALL BY CORPS OF ENGINEERS

EXIST. UTILITY POLE
(TO BE RELOCATED
BY OTHERS)

us 12

«
EXIST. UTILITY
(TO REMAIN)

TOE OF FILL

E W/ TRAFFIC BARRIER | LENGTH OF BRIDGE BARRIER )
L STA. 404+10.00 P.0.T. = (152" TOTAL LENGTH) EXIST. LUMINAIRE
C DT STA. 17+11.24 P.O.T. (33.0' LT.,) (TO BE REPLACED)
S
= « #
z I N N U NN ] EXIST. BRIDGE LUMINAIRE
s o ey e———— (TO BE RELOCATED)
i8}
o - ** g '
T Sla 15'-5" RETAINING WALL
[ (TYP. @ PIER 2)
xSy o= 7 T
| —— =T P HJK
b PROFILE GRADE oveeneap rowee ve A |l T e T TR T T
’ EXIST. OVERHEAD POWER LINE —— THRIE BEAM GUARDRAIL X
> m & FIVOT FOINT Elw (10 BE RELOCATED BY OTHERS) 4 - CONNECTION TYPE "D" EXISTING GUARDRAIL
o < QO —— N _ CONREC g (TO BE REMOVED ~ TYP.)
5 HE als NS L& (SEE STD. PLAN C-5)
Y TO WALLA WALLA %g 4(?4 S|® s 4o|5 (TYP. AT 4 LOCATIONS) | | INE 0 DAYTON
- S
% 19.2 MILES :4 S t - /@/ N 1°55'567" W 10.0 MILES
|z = NS
Z[—fw Sl (o) % NS 4'-0" WIDEN. FOR GUARDRAIL
Ol ST ———— I E SE /! =3 T -~
33| B NN EXIST. EDGE OF FAV'T 3@ ~ # (TYF. @ 4 LOCATIONS)
<¥s (TO BE REMOVED ~ TYP.) 7 # \
S|
1) A -
g2 _/ /
BEN - -= =
EEs RIS
o|F
55|35 B
S|S|H
lalals | N
J— A — N AN Maaa‘\zvzw
_ DT _LINE 18 N
2 N 1°55'57" W / Z \ \ & < (
2o
£8 TOE OF FILL TOE OF FILL
oS o EXISTING FENCE OE 0 EXISTING BRIDGE DT STA. 1845817 AF. =
o e (TO BE REMOVED ’}fb gﬁfgﬂ/\ﬁm RETAINING WALL C ~ MATCH FLOOD L STA. 405+56.95 (33.0' RT,)
g L. AND REPLACED) ( £ =b) WALL BY CORPS OF ENGINEERS
£8F § 2 EXIST. UTILITY POLE PLAN
o N (TO BE RELOCATED =
s o 2~ 2" NDUIT FOR
o5y SR BY OTHERS) BEARING OF ALL PIERS ARE NORMAL TO L LINE Sl nggﬁk« o EE[IJDGE LEGEND
S JuE = NOTE: DETOUR BRIDGE NOT SHOWN BARRIER (TYP. BOTH SIDES)
e® o RETAINING WALLS AT PIER 2 TO BE IER (TYP. BOTH SIDES)
S3w 2512 % CONSTRUCTED AFTER REMOVAL OF NORMAL HIGH WATER - LIGHT POLE - EXISTING
i — DETOUR BRIDGE AND TEMP. SHORING E STILT . l
¢ 200 e [@;ig 4%?21550 W.5. ELEV. 1276.50 BRIDGE RAILING TYPE BP O UTILITY POLE - EXISTING
3 - ok Eioy. 1emr 1 (TYP. BOTH SIDES) ¢ BRG. PIER 2 e« POLE ANCHOR - EXISTING
c oR. ELEV. - 100 YR. MR.. ;
38 Q= 2000 CFS L oA 404*%50 —P— —P— —— OVERHEAD POWER - EXISTING
< NE FKOFILE = - ) GR. ELEV. 1286.57
> & L L/ W.S. ELEV. 1281.88 —0— —r— —0r— OVERHEAD TELEPHONE - EXISTING
= RETAINING WALL B —f— —f— —f— BURIED TELEPHONE - EXISTING
2 i H‘IIIHIIH!IHIIHIIIIHHIIHIIIHIHIIHI\/’IHHII\HIHl\II\HIIlHIIHl\H\HlIHIH!IHIHIIHIHHTI’I'I\W W —— - OVERHEAD CABLE TV - EXISTING
T -p— —p— —I2- 2 OVERHEAD UTILITIES - EXISTING

DATUM

NAVD 1988 EXISTING GROUND LINE

17.0" RIGHT OF L LINE

2:1 MAX. SLOPE

TIMBER LIGHT STD. - EXISTING
GUARDRAIL - EXISTING

1.95" MIN. VERT. CLR.

12/666 REPLACEMENT

~ PROJ. NO. XL1295 ~ SOUTH CENTRAL REGION ~ US 12 ~ MP 357.04 CITY OF WAITSBURG ~ COFFEI CREEK BRIDGE NO.

—
oy
u
£ | PLAN APPROVED BY: PRECAST PRESTRESSED
REFERENCE LINE ELEVATION NOTE: 500 YR MRI SLAB UNITS
BRIDGE AND STRUCTY ELEVATION 1270.0 GRADE ELEVATIONS SHOWN ARE FINISH GRADES AT TOP OF g = seso cro
: ! ! W.5. ELEV. 1286.21 . -
s | = S 3" ACP OVERLAY ON L LINE AND ARE EQUAL TO PROFILE GRADE. B LOADING: HL-93
S | v peverorERT FNemEs
« [Bridoe Design Engr. MABRIDGELIB\BDM\Chapter 2\window files\5281.wnd STATE | FED. AID PROT. NO. | . | dpys ST
S |supervisor
N |oesigned By 10 | wash. BRIDGE
' .
@ [Checked By AND Washington State —
N peeser JOB NUMBER STRUCTURES ’ Department of Transportation
—« & [Bridge Projects Engr.
Prelim. Plan By OFFICE -
|Architect/Specialist DATE REVISION BY| APPD [—

C.5. 3601
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Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Prelminary Plan
Bridge Replacement

CLR:

PT. OF MIN. VERT.

[cOAST GUARD LIAISON

g-d-¢

DT 8TA. 8+19.0 (9.5' LT)

[COAST GUARD PERMIT NOT REQ'D

IPERMIT TARGET DATE

SEC.

14, T.9N., R.37E., W.M.

BR. NO. 12/666
L STA. 404+10.00 P.O.T. = .
DT STA. 17+11.24 P.O.T. (35.0' LT.) (TO BE REFLACED) CITY OF WAITSBURG
=\ L/ s 12
. — CE
S P TN e e
EXIST. OVERHEAD POWER LINE _
(TO BE RELOCATED BY OTHERS) 4 )
\ﬂ L
—
404 05 L LINE
/«//“ N 1955'57" W
- N N PROFILE GRADE
//@ i — TEMP. SHORING & PIVOT POINT
TEMP. SHORING VERT. CLR
. ¢ T
Q1 y - \ /5\ ______
NG R/W /T less, \ N
5w Y
N
> 9 33 IR W o e ot <3 W W N el
70 WALLA WALLA 5l 5l g < 17 7 8 DT LINE TO DAYTON
19.2 MILES B2 s ‘ bl N 1°55'67" W 0.0 MILES
2 & 3 S
2 EXIST. UTILITY POLE = { DT STA. 1845817 AF. =
sl * (TO BE RELOCATED _ T \___,__ _____ CETAINING WALL C L S5TA. 405+56.95 (33.0' RT.)
NG BY OTHERS) (TO BE CONSTRUCTED
K) ® AFTER THE REMOVAL
h N - D OF THE DETOUR BRIDGE)
=N =)
EXISTING FENCE \ , \
(TO BE REMOVED \
AND REPLACED) TOP OF TEMP. FILL (TYP. @ 4 CORNERS)
18°
57'-2' EDGE TO EDGE OF DECK
-0.9209 % _-0.1040 % TEMP. CONC. BARRIER (TYP.)
g PLAN LEGEND
S - -t
S« BEARING OF € PIERS IS N 70°04'03" E
o 0= LIGHT POLE - EXISTING
‘,»§ O UTILITY POLE - EXISTING
K ol o o « POLE ANCHOR - EXISTING
=t ) | = ©
<qlm X g B :/O;Mﬁgi”f;:fg“ % |sy P T OVERHEAD POWER - EXISTING
) 5 w.s. ) 5 >
TEMP. CONC. BARKIER Cug (i & ‘& li & —— —r— —{1— OVERHEAD TELEPHONE - EXISTING
T A . =
% g S |< i —a— —g— —a— BURIED TELEPHONE - EXISTING
I w o o
DT LINE PROFILE § &&‘“M —— —— —v— OVERHEAD CABLE TV - EXISTING
| N FaNEO)
u e o —p— —l2- 2 OVERHEAD UTILITIES - EXISTING
| TIMBER LIGHT STD. - EXISTING
————— _i%_ b —— | T ——————— GUARDRAIL - EXISTING
_______ I i B
N i AN -
EXISTING GROUND LINE T PP
DATUM 12,00 RT. OF DETOUR LINE 11 MAX. SLOPE (TYP.) 1-0" (TYP.)

NAVD 1988

2.83' MIN. VERT. CLR.

STEEL STRINGER (W33X118)
WITH GLULAM TIMBER DECK
LOADING: HS-20

-
i
m REFERENCE LINE
5| PLAN APPROVED BY: ELEVATION 1265.0 ELEVATION
BRIDGE AND STRUCTURES ENGIVEER S GRADES AT T
‘ GRADE ELEVATIONS SHOWN ARE FINISH GRADES AT TOP OF
s | = S 0.15' ACP OVERLAY ON DT LINE AND ARE EQUAL TO PROFILE GRADE.
S | Frovecr veverors
« [Bridge Design Engr. M\BRIDGELIB\BDM\Chapter 2\window files\52B2.wnd | STATE | FED. AID PROT. NO. | oo | dere
S [supervisor BRIDGE
Designed By 10 'WASH.
Checked By AND
Detailed By JOB NUMBER STRUCTURES
% [Bridge Projects Engr. OFFICE

Prelim. Plan By

[Architect/Specialist DATE REVISION APPD

A
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Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Prelminary Plan

Bridge Replacement

LIMIT OF FIGMENTED SEALER (TYF.)

32'-11"

ROADWAY

[=— L LINE

SLAB WITH EPOXY

COATED REINFORCING

o -0.02'/FT

16-5%" 16-5%"
45" 120" 12'-0" 4'-5%"
SHLD. LANE LANE SHLD.
BRIDGE RAILING
— 5" MIN. CAST-IN-PLACE TYPE BF (TYF.)

FPROFILE GRADE . B
& PIVOT POINT 2"g CONDUIT

PIPES (TYP.)

-0.02/FT o

4"g CONDUIT

O[00[0Q]O0TO0

26" DEEP PRECAST
PRESTRESSED CONCRETE
SLAB UNIT (TYP.)

2 ~ 2 X 12 TIMBER (TYFP.)

2'-0"

2'-0"

16'-0" ROADWAY

(TYP.)

(TYP.)

2'-0" 12'-0" 2'-0"
SHY LANE SHY
50" 6-0"

PROFILE GRADE

& PIVOT POINT 56" GLULAM

TIMBER DECK PANEL
—0.15" MIN.
HMA OVERLAY

-0.02'/FT

+0.02'/FT
— P —

TEMP. CONC. BARRIER
TYPE 2 (TYP.)

W 33 x 118 (TYP.)
3-7%"
(TYF.)

PROVIDED BY
CONTRACTING AGENCY

Prelim. Plan By

|Architect/Specialist

DATE REVISION BY[ APPD

S TYPICAL SECTION
‘ BRIDGE NO. 12/666 & DETOUR BRIDGE
) SHOWN NEAR MID SPAN
B
« [Bridge Design Engr. M:\BRIDGELIB\BDM\Chapter 2\window files\522B1T.wnd_| STATE | FED. AID PROJ. NO. | “mi' | dore S
S risor
[P ? :;:gned By 10 | WASH, BRIDGE
\v)] Checked By AND Washington State =
| [Pemicany J0B NUVBER STRUCTURES W/ bepartment of Transportation
(N ¥ [Bridge Projects Engr. OFFICE o

sETs

Fri Sep 03 14:07:05 2010
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Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Prelminary Plan
Bridge Widening

VERT. CLR:

MIN.

BRIDGE WITH APPROACH FILLS

4'-3" DEEP CONCRETE BOX GIRDER SUPERSTRUCTURE
DECK PROTECTIVE SYSTEM 1 (EPOXY COATED REBARS)
CAST-IN-PLACE CONCRETE SHALL BE CLASS 4000

v-d-2

SHEET

8 NO.

SR

CURVE DATA
P.I. STATION A RADIUS | TANGENT | LENGTH | BK. TANGENT BRG.
L 347+80.00 |37°42'00" LT.| 4590.00' | 1567.03' |3020.17'| N 21°44'52" E
NOTE:

EXIST. STORM DRAIN PIPE, MANHOLES
AND CATCH BASINS, TO BE ABANDONED
UNLESS OTHERWISE NOTED.

134TH A STA. 10+00 =

EXISTING OVERHEAD

FOI

WER LINE (TO REMAIN) CATCH

SEE ST

EXISTING FENCE
(TO BE REMOVED)

(TYP. 4 LOCATIONS)

L-LINE STA. 362+76.18 (565.5' LT.)

BASIN TYPE 1
D. PLAN B-1

SEC. 26, T.5N., RIE., W.M.

134TH B STA. 10+00 =
L-LINE STA. 364+82.76 (82' RT.)

CLARK COUNTY

PT. OF MIN.
VERT. CLR.

TOP OF CUT

EXISTING FENCE
(TO BE REMOVED)

175'-3" BK. TO BK. OF PAV'T SEATS

RETAINING WALL #13

80'-0" 95'-3"

¢\

PT. OF MIN.
VERT. CLR.

EXISTING CURB
(TO BE REMOVED)

TOFP OF FILL EXIST. BR. NO. 5/23

(TO BE REMOVED)

SR 5

NE 129TH STA. 11+59.73 =
McD STA. 10+00

NE 129TH STA. 11+97.96 =
TRP STA. 10+00

#2 ~ 2"g CONDUITS IN BARRIER
FOR FULL LENGTH OF BRIDGE,
CURTAIN WALLS AND RETAINING

WALLS (TYF.)
5|8
PROFILE GRADE a|5 ®EXIST. STORM SEWER LINE
& PIVOT POINT \ (TO BE REMOVED)
\ R,
2'-0" WIDENING ~*— w 1, aa X
& FOR GUARDRAIL — s oy | EXIST. STORM SEWER LINE
- \ R 93 — S olf (TO REMAIN)
LR EEER {I/ o i gg 8
z o —_— INi
NE 129TH STA. 8+56.19 = & \ SKEW (TYF) S NS | (E);f;EW;ET/ngégF
NE 18TH STA. 10+00 & \ © ’
- THNO. 6UT — U o BN — e
Ey = *
= \ = SIS} EXIST. GAS LINE
= i B (TO BE REMOVED)
d
! 1 + g
\ & ) | S 8'0 GAS LINE
i B\ PROFILE GRADE o
NE 18TH STA. 10+42.54 P.C. y 3 | & PIVOT POINT 5 B exisT. TELEPHONE LINE
©

9 JUNCTION BOX
E{ (TYP. 2 LOCATIONS)

"o

<=

SR

S o8

|-

B

o N
+0.5357 % -5.8696 3 EXISTING GROUND

360" v.C

NE 129TH LINE

36'-3"

EXISTING PILE CAP
(TO BE REMOVED)

NE 129TH STA. 1

EXISTING GUARDRAIL

0+00.00 (P.O.T,) =

RETAINING
WALL #10

TYPE 1 GUARDRAIL
TRANSITION WITH
D CONNECTION

BK. OF PAV'T SEAT
PIER 1

NE 129TH STA. 9+20.00
GR. ELEV. 212.78

BRIDGE RAILING TYPE
CHAIN LINK FENCE

LINE
26.50" RT. OF NE 29TH LINE

L STA. 360+33.1

NO BE REMOVED ~ TYF.)
EXISTING FENCE

(TO BE REMOVED)

4 (P.OC.)

8'-0" CURTAIN WALL

(TYP. 4 LOCATIONS) TOP OF CUT

BEARING OF ALL PIERS
N 13°27'21" W

BK. OF PAV'T SEAT
FPIER 3

NE 129TH STA. 10+95.25
GR. ELEV. 209.43

L
NE 129TH STA. 10+00
GR. ELEV. 211.93

PIGMENTED SEALER

* %

FRACTURED FIN
FINISH W/PIGMENTED
SEALER (TYP.)

"
>

CONC. BARRIER TYPE 4
W/TRANSITION SECTION

(TO BE REMOVED)
**12'6 DUCTILE CAST

IRON WATER PIFPE
* EXIST. SANITARY SEWER
LINE TO BE RELOCATED

* EXIST. PILE CAP
(TO REMAIN)

*%
EXISTING FENCE
(TO BE REMOVED)

ppa 4 ~ 4"g TELEPHONE CONDUITS

##
BRIDGE-MOUNTED LIGHTED SIGN
(16' H X 10" V)

##% BRIDGE-MOUNTED LIGHTED SIGN
(20" H X 10' V)

FPRECAST POST-TENSIONED

CONCRETE BOX GIRDER

LOADING: HL-93

BRIDGE
‘SweET
o,

1

e

FPROFILE SEE STD. PLAN C-8a)
_— 1:2 MAX. SLOPE (TYP.) ( Z 2
CONC. BARRIER TYPE 4 Zzig MINT [T T[T TTT T 16.97' MIN. ’ .
VERT. CLR. — L LINE VERT. CLR CONC. BARRIER TYPE
PLAN APPROVED BY: REFERENCE LINE 7

J. A Weigel 04/01 DATUM ELEVATION 170.00
BRIDGE AND STRUCTUR = N.A.V.D. OF 1988 GRADE ELEVATIONS SHOWN ARE FINISH GRADES AT TOP OF
Mike Clark o101 ROADWAY SLAB ON NE 129TH LINE AND ARE EQUAL TO PROFILE GRADE.
PROJECT DEVELOPMENT ENGINEER SEE STD. PLAN H-9 FOR EMBANKMENT DETAILS AT SOUTHWEST END OF BRIDGE.
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g-d-¢

SHEET

JOB NO.

SR

BRIDGE RAILING TYPE
CHAIN LINK FENCE (TYP)

2~2"0 CONDUIT
PIPES (TYP)

6'-6"

40" ROADWAY

14.76' MIN.

NE 129TH LINE ———

&'-0" |

12'-0"

12'-0"

6'-6" |

SDWK.

~
EYES
> .
q :/OO1/FT /(

SHLD.

LANE

FPROFOSED 8"2 GAS LINE

-0.02'/FT

LANE

FPROFILE GRADE
& PIVOT POINT

-0.02'/FT,

— 1

— 43"

SHLD.

SDWK. ‘

(

SECTION /B

L]

% J%’m

FRACTURED FIN ————
FINISH (TYP) ur
. @ 107
o (407
€9 (
yARIE
343"
- (TYP)
o)
™
®
#0
NF)

PROPOSED 12" DUCTILE
CAST IRON WATER FPIFE

—

FUTURE 8"#¢ RGS PIPE
(TYP. ONLY BLOCKOUTS
AND HANGER INSERTS
ARE PROVIDED

IN THIS CONTRACT)

TYPICAL SECTION

SHOWN NEAR FIER 2
SUBSTRUCTURE DIMENSIONS SHOWN ARE AFPPROXIMATE

/4~4@

TELEPHONE
CONDUITS

R TO 1'-0"

LE.

PIGMENTED SEA

BELOW FINISH GROUND

L-LINE (SYM. ABT.) ——

45'-4
2-0" 20"
L\ 12'-0" 12-0" Ll

LANE

|
LANE

A

TEMPORARY CONCRETE BARRIER (TYF‘}</

FALSEWORK OFENING

LIMIT OF PIGMENTED SEALER (TYF)

I
LTI

ES

NCLUDE ALL EXPOSED
ONCRETE SURFACE

(-

o
—Z

T (TYP)
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Appendix B
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BRIDGE DESIGN MANUAL

AUGUST 2010

Prelminary Plan
Bridge with Staging

OR DESIG

ARY ~ NOT
BE 4000 PSI

RMIT_NOT REQ'D

PE

CURVE DATA

BARS,

COATED R

POXY

P.l. STATION A RADIUS TANGENT LENGTH BK. TANGENT BRG.
T1 10+51.02 29°00'00" LT 800.00" 206.90" 404.92' N 20°33'04" E
BF2 146+85.44 101°25'40" LT. 125.00 152.71" 221.21 5 66°09'27" E
BFZ 147+99.54 07°43'32" LT. 200.00' 13.50 26.97" N 12°26'53" E
BF2 148+39.16 01°13'18" LT. 550.00 5.86' .75 N 04°43'22" E
TOE OF FILL

2 ~ 2"s CONDUIT FOR
LENGTH

FULL
OF BRIDGE BARRIER (TYP.)

SEC. 12, T.20N., R.2E.,

CITY OF TACOMA

W.M.

50"

10+19.45 F.0.C.

T1 5TA
EXIST

LUMINAIRE (TYP.)

GRASS

(TO REMAIN)

PT. OF MIN.

## - FOG LINE

B - CURB LINE

STRIF

PED PATH

SR 16

CONNECTION TO CONC. SINGLE
SLOFE BARRIER (TYF.)

EXISTING DRAINAGE
(TO BE REMOVED)

20'-0" WINGWALL VERT. CLR. FT. OF MIN.
EB VERT. CLR o N
w EXIST. EB BRIDGE PROFILE GRADE EXIST. CANT. SIGN
S \ NO. 16/20W & PIVOT POINT STRUCTURE
% & (TO BE WIDENED) (TO BE REMOVED)
<}
z
3
N _
Nm —_— EXISTING GRATE
SIS _ INLET (TO REMAIN)
<|S
ol 80+86.34 P.0.T.
o Y Spp— 146+19.863 P.O.T.
S =
il o — <> 5
Iy 75
o= I PN
olg - T = = TO SR 163 JCT.
NES R NSNS @/ 0 MILES
N \S <) § S
EXIST. BRIDGE APPROACH
SLAB (TO BE REMOVED) i SINGLE SLOPE MEDIAN BARRIER
5 JCT. EXIST. WB BR. NO. 16/20E EXISTING LUMINAIRE
~<—5 wmiLEs BRIDGE AFFROACH SLAB (TYFP.) (TO BE REMOVED ~ TYF.) BARRIER TRANSITION (TYP.)
136'-0%" 16'-0%" 17'-10%" 137'-10%"
MEASURED ALONG FROFILE GRADE LINE
511-9%" BK. TO BK. OF PAV'T SEATS S
FIELD MEASURED BEARINGS ?\E
FIER BEARING 3lg
1[N iz°0504 W FLAN ~ EB BRIDGE (16/20W) WIDENING s
2 N 13°12'10" W, LUMINAIRE (TYP) BK OF PAV'T SEAT =S
3 N 01°46'13" W <+ el PIER 5 BN
4 N 10°18'06" E & N A2Z STA. 81+18.09 oy
L2} N 10°25'00" E o 83 GR. ELEV. 346.16 = o
100 YR. M.R.I TS X
BK. OF PAV'T. SEAT W.5. ELEV. XXX.X X R ©
3 g LIER 1 o< : € PIER 3 M 66' X 16.5' MIN.
5 22 5 5062 <= 3 =iy .
\:“3 % ?f ’77/\/ 76+006.29 } %5 = AZZ GTA, 76+62.35 ge s CONST. OFENING
Fla & 5R. ELEV. 344.39 NORMAL HIGH WATER wl® w or Eliv. 34601 S
INEY © W.S. ELEV. XXX.X S w . o @< Q BFP2 LINE PROFILE
Sl - IR [—10.9' MIN.
NES 5 VERT. CLR ,
< ol@ S C : T
S te i T I l =" A
o - E
+0.6116 % | +0.3925 3 +0.3925 % | -1.2804 3 MATCH EXISTING [ : F //K
SLOPE 2:1 MAX. SLOPE ~
331.50" V.C. 550.00" v.C ~o _ C.LP. CONC. SLOPE PROTECTION
EXIST. GROUND LINE X — ——=
EB FPROFILE GRADE 1" LT. OF A2Z LINE T1 LINE BP2 LINE
LOADING : H5-25
ELEVATION ~ EB BRIDGE
PLAN APPROVED BY: erERENCE e P.C. GIRDERS (W74G) WIDENING OR
DATUM ELEVATION 290.0 NOTE: 500 YR MRI (76/20W) WIDENING TWO 24 K AXLES
_— 20 W.5. ELEV. XXX.X ] ——— — CONTINUOUS FOR LIVE LOAD
BRIDGE AND STRUCTURES ENGINEER NAVD 1988 SEE STD. PLAN A-50.20-01 FOR EMBANKMENT WIDENING AT BRIDGE ENDS. T ;
‘ GRADE ELEVATIONS SHOWN ARE FINISH GRADES 24'-0" LT. OF A22 LINE @ 4' CTR'S
GJECT DEVELOPMENT ENGINEER AND ARE EQUAL TO THE FPROFILE GRADE. R —
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BRIDGE DESIGN MANUAL

AUGUST 2010

Prelminary Plan
Bridge with Staging

LIMIT OF PIGMENTED SEALER

2 ~ 2'g CONDUIT PIPES (TYP.)

FRACTURED FIN FINISH

68'-0" ULTIMATE ROADWAY

V7)) HATCH AREA (TO BE REMOVED ~ TYP.)

NEW CURB LINE ——=

re——NEW CURB LINE

—

W74G P.C. GIRDER (TYP.)

15'-0"

MEASURED ALONG ¢ FIER

EASTBOUND BRIDGE NO. 16/20W

EXIST. SERIES 120 GIRDER (TYF.)

EXISTING COLUMN

8'-6"

15'-0"

MEASURED ALONG € FIE

EXISTING SHAFT

R

Z
1'-4%"

15" \(|
J\AOF COLUMN (TYP.)

10'-0" 12'-0" 12'-0" 12'-0" 12'-0" 10'-0"
SHLD LANE LANE LANE HOV LANE SHLD
APPROX. 12'-0" 40'-0" EXIST. ROADWAY APPROX. 16'-0"
WIDENING WIDENING
5-0" TEMPORARY ROADWAY (DURING CONSTRUCTION) 5'-0" le——A22 LINE
MIN. 26-0" MIN MIN.
EXIST. CURB LINE ——= [——EXIST. CURB LINE
20"
##
2-0" 13'-0" LANE 13'-0" LANE 2'-0" MIN. M.C. OVERLAY AT *%
SHY 17-0" MIN. 717-0" MIN. SHY EDGE OF EXIST. DECK LIMIT OF PIGMENTED SEALER
SCARIFYING EXISTING
DECK IS REQUIRED
2'-0" MIN. (TYP.)
CROWN FOINT o
PROFILE GRADE | 24'-0 SINGLE SLOPE TRAFFIC BARRIER (TYP.)
TEMP. CONC. R (TYP. ,
) EMP. CONC. BARRIER (TYF.) & PIVOT POINT o
CLOSURE ‘
P M.C. OVERLAY SAFETY NET
1.5" #
2.25"
WB BRIDGE
‘ APPROX.
-0.0218'/FT -0.01/FT. s
I

@ M.C. OVERLAY MAY REQUIRE
SLIGHT VARIATION FROM
FINISH PROFILE GRADE

Architect/Specialist

REVISION

BY

APPD

=

]

=

# TYPICAL SECTION ~ EB BRIDGE

SHOWN NEAR INTERMEDIATE PIER 3
SUBSTRUCTURE DIMENSIONS ARE APPROXIMATE

S HORIZONTAL DIMENSIONS MEASURED FERFPENDICULAR TO A22 LINE (UNLESS OTHERWISE NOTED)

zZ

) X MABRIDGELIB\BDM\Chapter 2\window files\62B&wnd T
N S [supervisor DU STATE | FED. AIDPROJ. NO. | o' | 102 BRIDGE 2
f Designed By -_ 2

10 'WASH.
T‘N koot AND Washington State ==
e Y OB NUMBER STRUCTURES " Department of Transportation
® g [rmromsts OFFICE “
Prelim. Plan By PRELIMINARY FLAN

o

Fri Sep 03 14:07:31 2010

16/20W WIDENING

~ SNAKE LAKE NORTH BRIDGE NO.

C.5. 2704 ~ PROJ. NO. XL1200 ~ OLYMFIC REGION ~ SR 16 ~ UNION AVE. TO PEARL ST.



Appendix B

Preliminary Design

BRIDGE DESIGN MANUAL

AUGUST 2010

Preliminary Plan
Bridge Replacement

6-d-¢

SHEET

JOB NO.

EXISTING EB BRIDGE ELEVATIONS

OFFSETS MEASURED IN FEET.

TYLER STREET ROADWAY ELEVATIONS

OFFSETS MEASURED IN FEET.

A22 STA. LT. OFFSET | ELEVATION LT. OFFSET | ELEVATION T1 STA. | LT. OFFSET | ELEVATION | RT. OFFSET | ELEVATION | LT, OFFSET | ELEVATION | RT. OFFSET | ELEVATION
75+98.05 57.64 345.56 9+10.00 27.07 315.03 27.08 315.02 4.93 315.50 4.63 315.54
76+00.00 57.85 343.57 9+20.00 27.06 314.98 27.09 314.96 4.94 31544 4.63 31548
76+07.79 17.65 344.40 9+30.00 27.05 514.93 27.10 314.90 4.94 315.57 4.65 315.42
76+10.00 17.85 344.41 57.87 343.64 9+40.00 27.05 514.88 27.12 314.66 4.94 315.53 4.65 315.36
76+20.00 17.66 344.45 57.89 343.70 9+50.00 27.05 314.83 2713 314.84 4.93 315.52 471 315.57
76+30.00 17.91 344.50 57.67 345.75 9+60.00 27.04 314.78 27.15 314.82 4.92 515.30 476 315.56
76+40.00 17.92 344.55 57.85 343.79 9+70.00 27.04 314.74 2716 314.79 4.91 315.29 4.62 515.35
76+50.00 17.91 344.61 57.63 545.84 9+80.00 27.04 514.69 27.18 314.77 4.90 315.27 4.88 315.54
76+60.00 17.89 344.66 57.84 343.90 9+90.00 27.04 314.65 27.20 314.75 4.90 315.26 4.93 315.33
76+70.00 17.869 344.72 57.85 343.96 9+95.864 27.01 314.52 - - -
76+80.00 17.90 344.77 57.87 344.02 9+97.75 27.01 314.49 - - -
76+90.00 17.90 344.62 57.85 544.08 10+00.00 2715 314.53 27.21 314.73 4.93 315.25 4.97 315.52
77100.00 17.90 34406 5764 544174 10+10.00 27.61 514.61 27.20 314.77 4.98 315.26 4.95 315.55
77+10.00 17.91 544.93 57.83 544.20 10+20.00 26.36 514.64 27.22 314.60 4.96 315.29 4.92 515.36
77+20.00 17.91 544.99 57.65 544.05 10+30.00 28.91 314.68 27.24 314.83 4.93 315.33 4.90 315.41
77+30.00 17.91 345.04 57.64 544.50 10+40.00 29.47 314.71 27.25 314.87 4.90 315.36 4.88 315.44
7744000 790 545.00 57.65 54455 10+50.00 30.02 314.74 27.27 314.90 4.88 315.40 4.85 315.46
R e e
77:60.00 1759 24519 o7z 24444 1oj50.ao B 314.66 27.25 515:24 452 51552 455 51559
77;;5:32 Z Zi 2:?2; Z;fg ‘;‘Z;i 10+90.00 52.22 514.91 27.20 51510 484 31557 4.85 51564
= 11+00.00 52.77 314.97 2717 315.15 4.865 315.62 4.62 315.69
77+90.00 17.69 54555 57.60 244.56 11+10.00 33.32 315.02 27.15 315.21 4.66 315.67 4.82 315.74
78+00.00 17.89 545.38 57.80 544.60 11+20.00 33.86 315.08 27.15 315.26 4.88 315.72 4.82 315.80
76+10.00 17.68 54542 57.61 54464 11+50.00 5441 51513 27.16 515.52 489 515.78 4.80 515.88
76+20.00 17.68 54547 57.62 544.69 11+40.00 54.94 515.18 2716 516.57 489 516,65 479 515.97
76+30.00 17.88 345.51 57.82 344.74
78+40.00 7.88 345.54 57.63 344.78
76+50.00 17.69 345.58 57.64 344.80
78+60.00 17.69 345.62 57.85 344.82
78+70.00 17.69 345.67 57.86 544.83 le—BP2 LINE
78+80.00 17.66 345.71 57.866 544.90
76+90.00 17.67 345.76 57.85 344.96 &'-0" 5'-0"
79+00.00 17.88 345.80 57.84 345.02
79+10.00 7.88 345.65 57.84 345.07 110"
79+20.00 7.9 545.90 57.84 54511 [+ 71 LINE MAX.
79+30.00 17.89 345.94 57.83 345.15 SLOPE
79+40.00 17.90 345.97 57.83 345.19
79+50.00 17.90 346.01 57.83 345.23 i
fe——EF
79+60.00 17.90 346.04 57.64 345.26 0.027FT
79+70.00 17.90 346.07 57.84 345.30
79+80.00 17.90 346.09 57.85 345.32
79+90.00 17.90 346.11 57.86 345.35 1o 80"
80+00.00 17.90 346.12 57.86 345.57 - SOWK
80+10.00 17.90 346.13 57.64 345.39 C-I-P CONC. SLOPE PROTECTION
80+20.00 17.90 346.14 57.82 345.41
80+30.00 17.91 34613 57.80 345.42
80+40.00 17.91 346.12 57.82 345.42
80+50.00 17.92 346.11 57.83 345.43 [—
80+60.00 17.92 346.11 57.85 34543 | e
80+70.00 17.91 346.13 57.85 345.42 |
80+80.00 17.90 346.14 57.64 345.41
80+90.00 17.90 346.14 57.64 345.40
81+00.00 17.90 346.13 57.62 545.36 RETAIN EXIST. CONC.
51+10.00 17.91 546.12 57.60 545.57 CURB AND GUTTER
81+17.04 17.91 346.11
81+20.00 57.78 345.36
81+23.91 57.77 345.56
BP2 LINE UNDER EB BRIDGE (16/20W)
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3.1 Scope
AASHTO Load and Resistance Factor Design (LRFD) Specifications shall be the minimum design
criteria used for all bridges except as modified herein.
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3.2 Definitions

The definitions in this section supplement those given in LRFD Section 3.

Permanent Loads — Loads and forces that are, or are assumed to be, either constant upon completion
of construction or varying only over a long time interval.

Transient Loads — Loads and forces that can vary over a short time interval relative to the lifetime of
the structure.
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3.3 Load Designations
Load designations follow LRFD Article 3.3.2 with the addition of:

PS = secondary forces from post-tensioning
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3.4 Limit States

The basic limit state equation is as follows:

Iny; Q< ¢R, (3.4-1)
Where:
n, = Limit State load modifier factor for ductility, redundancy, and importance of structure
y; = Load factor
Q;, = Load (i.e., dead load, live load, seismic load, etc.)
¢ = Resistance factor
R = Nominal or ultimate resistance

n

This equation states that the force effects are multiplied by factors to account for uncertainty of in
loading, structural ductility, operational importance, and redundancy, must be less than or equal to the
available resistance multiplied by factors to account for variability and uncertainty in the materials and
construction.

Use a value of 1.0 for n; except for the design of columns when a minimum value of vy, is appropriate.
In such a case, use 1, = 0.95. Columns in seismic designs are proportioned and detailed to ensure

the development of significant and visible inelastic deformations at the extreme event limit states
before failure.

Strength IV load combination shall not be used for foundation design.
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3.5 Load Factors and Load Combinations

The limit states load combinations, and load factors (y; used for structural design are in accordance
with the AASHTO LRFD Specifications, Table 3.4.1-1. For foundation design, loads are factored after
distribution through structural analysis or modeling.

The live load factor for Extreme Event-I Limit State load combination, y Fo 8 specified in the AASHTO
LRFD Specifications Table 3.4.1-1 for all WSDOT bridges shall be taken equal to 0.50. The Yeo factor
applies to the live load force effect obtained from the bridge live load analysis. Associated mass of live
load need not be included in the dynamic analysis.

The AASHTO LRFD Specifications allow the live load factor in Extreme Event-I load combination,

Vgp» be determined on a project specific basis. The commentary indicates that the possibility of partial

live load, i.e., vz, < 1.0, with earthquakes should be considered. The application of Turkstra’s rule for
combining uncorrelated loads indicates that Yo = 0.50 is reasonable for a wide range of values of average
daily truck traffic (ADTT). The NCHRP Report 489 recommends live load factor for Extreme Event-I
Limit State, y,, equal to 0.25 for all bridges. This factor shall be increased to v, equal to 0.50 for bridges
located in main state routes and congested roads.

Since the determination of live load factor, v, based on ADTT or based on bridges located in congested
roads could be confusing and questionable, it is decided that live load factor of YEo equal to 0.50 to be
used for all WSDOT bridges regardless the bridge location or congestion.

The base construction temperature may be taken as 64° F for the determination of Temperature Load.

The load factors y,; and v are to be determined on a project specific basis in accordance with
Articles 3.4.1 and 3.12 of the LRFD Specifications. Load Factors for Permanent Loads, v, are provided in
AASHTO LRFD Specifications Table 3.4.1-2.

The load factor for down drag loads shall be as specified in the AASHTO Specifications Table 3.4.1-2.
The Geotechnical Report will provide the down drag force (DD). The down drag force (DD) is a load
applied to the pile/shaft with the load factor specified in the Geotechnical Report. Generally, live loads
(LL) are less than the down drag force and should be omitted when considering down drag forces.

The Load Factors for Superimposed Deformations, y, are provided in Table 3.5-3.

PS CR, SH
Superstructure 1.0 1.0
Fixed (bottom) substructure 05 05
supporting Superstructure (using /,only) ’ )
All other substructure supporting 10 10
Superstructure (using I, or |z 1ie) ' '

Load Factors for Superimposed Deformations
Table 3.5-3
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3.5.1 Load Factors for Substructure

Table 3.5-4 provides general guidelines for when to use the maximum or minimum shaft/pile/column
permanent load factors for axial capacity, uplift, and lateral loading.

In general, substructure design should use unfactored loads to obtain force distribution in the structure,
and then factor the resulting moment and shear for final structural design. All forces and load factors are

as defined previously.

Axial Capacity Uplift Lateral Loading
D Cmax’ D Wmax DCmin’ D Wmin D Cmax' D Wmax
DC,... DW, ., for causing shear | DC,_ , DW,  for causing shear DC,,.,.. DW,,., causing shear
DC,,,, DW,_,. for resisting shear | DC,., DW, . for resisting shear DC,,,, DW, . resisting shear
DCmax’ DWmax DCmax’ DWmax DCmax’ DWmax
for causing moments for causing moments for causing moments
DC,,,, DW,,, for DbcC,,., bw, ., for DC,,.. DW, ..
resisting moments resisting moments for resisting moments
E Vmax EVmin E Vmax
DD = varies DD = varies DD = varies
EH, . EH_.,, if causes uplift EH, .,

Minimum/Maximum Substructure Load Factors for Strength Limit State

Table 3.5-4

In the table above “causing moment” and “causing shear” are taken to be the moment and shear causing
axial, uplift, and lateral loading respectively. “Resisting” is taking to mean those force effects that are
diminishing axial capacity, uplift, and lateral loading.
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3.6 Loads and Load Factors for Construction

Unless otherwise specified, the load factor for construction loads and for any associated dynamic effects
shall not be less than 1.5 in Strength I. The load factor for wind in Strength III shall not be less than 1.25.

When investigating Strength Load Combinations I, III, and V during construction, load factors for the
weight of the structure and appurtenances, DC and DWW, shall not be taken to be less than 1.25.

Where evaluation of construction deflections are required by the contract documents, Load Combination
Service I shall apply. Construction dead loads shall be considered as part of the permanent load and
construction transient loads considered part of the live load. The associated permitted deflections shall
be included in the contract documents.

For falsework and formwork design loads, see Standard Specifications 6-02.3(17)A.
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3.7 Load Factors for Post-tensioning

3.7.1 Post-tensioning Effects from Superstructure

When cast-in-place, post-tensioned superstructure is constructed monolithic with the piers, the
substructure design should take into account frame moments and shears caused by elastic shortening
and creep of the superstructure upon application of the axial post-tensioning force at the bridge ends.
Frame moments and shears thus obtained should be added algebraically to the values obtained from
the primary and secondary moment diagrams applied to the superstructure.

When cast-in-place, post-tensioned superstructure are supported on sliding bearings at some of the
piers, the design of those piers should include the longitudinal force from friction on the bearings
generated as the superstructure shortens during jacking. When post-tensioning is complete, the full
permanent reaction from this effect should be included in the governing AASHTO load combinations
for the pier under design.

3.7.2 Secondary Forces from Post-tensioning, PS

The application of post-tenstioning forces on a continuous structure produces reactions at the structure’s
support and internal forces that are collectively called secondary forces.

Secondary prestressing forces (i.e. secondary moments) are the force effects in continuous members, as

a result of continuous post-tensioning. In frame analysis software, the secondary moments are generally
obtained by subtracting the primary (P*e) from the total PS moments. Whether or not this is appropriate
when using linear-elastic analysis is debatable, but accepted for lack of a better method. A load factor, v g,
of 1.0 is appropriate for the superstructure. For fixed columns a 50% reduction in PS force effects could
be used given the elasto-plastic characteristics of the soil surrounding the foundation elements.
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3.8 Permanent Loads
The design unit weights of common permanent loads are provided in Table 3.8-1.
Item Load
Precast Pretensioned or Post-tensioned Spliced Girders 165 Ib/ft3
All Other Normal-Weight Reinforced Concrete 155 Ib/ft3
Concrete Overlay 150 Ib/ ft3
Stay-in-Place Form for Box Girder (applied to slab area less overhangs and webs) 5 Ib/ft2
Traffic Barrier (32" - F Shape) 460 Ib/ft
Traffic Barrier (42" - F Shape) 710 Ib/ft
Traffic Barrier (34" — Single Slope) 490 Ib/ft
Traffic Barrier (42" — Single Slope) 670 Ib/ft
Wearing Surface — Asphalt Concrete Pavement (ACP) 125 Ib/ft3
Wearing Surface — Hot Mix Asphalt (HMA) 140 Ib/ft3
Soil, Compact 125 Ib/ft3
Prestressed Concrete 165 Ib/ft3
Light Weight Aggregate Concrete 125 Ib/ft3

Permanent Loads
Table 3.8-1

3.8.1 Deck Overlay Requirement

Vehicular traffic will generate wear and rutting on a concrete bridge deck over the life of a bridge. One
option to correct excessive wear is to add a Hot Mix Asphalt (HMA) overlay on top of the existing
concrete deck. This type of overlay requires less construction time and is less expensive compared to
removing a portion of the deck and adding a modified concrete overlay. The initial bridge design needs to

incorporate the future overlay dead load.

Concrete bridge deck protection systems shall be in accordance with Section 5.7.4 for new bridge
construction and widening projects. To accommodate a future deck overlay, bridges shall be designed as

shown Table 3.8-2.
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Future
Concrete Overlay shown -
Superstructure Type . Design
Cover in the plan
Overlay
Deck Protection Systems 1 and 4:
* Precast concrete, steel | or box girder with cast-in-
place slab 2%," (Including
* Precast slabs with cast-in-place slab 2" wearing None 2" HMA
» Reinforced and post-tensioned box beams and surface)
slab bridges
* Mainline Bridges on State Routes
Deck Protection Systems 1 and 4: )
. . . ) . 272" (Including
» Undercrossing bridge that carries traffic from a city Y wearin None None
street or county road 2su rface)g
» Bridges with raised sidewalks
I?ecléolj]::c:teti:tg\:\eﬁg;;em 2: Varies Varies None
D.ec:'\;’;oéi(:r'; ;SSystem 3 Varies Varies None
Deck Protection System 5: . .
. Segmental bridges 1// (V'V”e";‘:ii'”g 1%" Modified None
» Bridge Decks with longitudinal or transverse post- 4su rface)g Concrete Overlay
tensioning

Bridge Overlay Requirements
Table 3.8-2

The effect of the future deck overlay on girders camber, “A” dimension, creep, and profile grade need not
be considered in superstructure design.

Deck overlay may be required at the time of original construction for some bridge widening or staged
construction projects if ride quality is a major concern.

Page 3.8-2 WSDOT Bridge Design Manual M 23-50.06
July 2011



Loads Chapter 3

3.9 Live Loads
3.9.1 Live Load Designation

Live load design criteria are specified in the lower right corner of the bridge preliminary plan sheet.
The Bridge Projects Unit determines the criteria using the following guideline:

* New bridges and Bridge widening with addition of substructure — HL-93

 Bridge superstructure widening with no addition of substructure — Live load criteria of the original
design

* Detour and other temporary bridges — 75% of HL-93

3.9.2 Live Load Analysis of Continuous Bridges

The HL-93 live load model defined in the LRFD Specifications includes a dual truck train for negative
moments and reactions and interior piers. The application of the dual truck train is somewhat unclear as
specified in LRFD Article 3.6.1.3.1. WSDOT interprets that article as follows:

For negative moment between the points of contraflexure under a uniform load on all spans, shear, and
reactions at interior piers only, 90% of the effect of two design trucks spaced a minimum of 50.0 ft.
between the rear axle of the lead truck and the lead axle of the rear truck, combined with 90% of the
effect of the design lane load. The distance between the 32.0-kip axles of each truck shall be taken as
14.0 ft. The two design trucks shall be placed in adjacent spans in such position to produce maximum
force effect.

Negative moment, shear, and reactions at interior supports shall be investigated a dual design tandem
spaced from 26.0 ft. to 40.0 ft apart, combined with the design lane load specified in LRFD Article
C3.6.1.3.1. For the purpose of this article, the pairs of the design tandem shall be placed in adjacent
spans in such position to produce maximum force effect.

3.9.3 Loading for Live Load Deflection Evaluation

The loading for live load deflection criteria is defined in LRFD Article 3.6.1.3.2. Live load deflections
for the Service I limit state shall satisfy the requirements of LRFD 2.5.2.6.2.

3.9.4 Distribution to Superstructure
A. Multi Girder Superstructure

The live load distribution factor for exterior girder of multi girder bridges shall be as follows:

* For exterior girder design with slab cantilever length equal or less than one-half of the adjacent
interior girder spacing, use the live load distribution factor for interior girder. The slab cantilever
length is defined as the distance from the centerline of the exterior girder to the edge of the slab.

* For exterior girder design with slab cantilever length exceeding one-half of the adjacent interior
girder spacing, use the lever rule with the multiple presence factor of 1.0 for single lane to
determine the live load distribution. The live load used to design the exterior girder shall not be
less than the live load used for the adjacent interior girder.

 The special analysis based on the conventional approximation of loads on piles as described in
LRFD Article C4.6.2.2.2d shall not be used unless the effectiveness of diaphragms on the lateral
distribution of truck load is investigated.
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B. Concrete Box Girders

The load distribution factor for multi-cell cast in place concrete box girders shall be per LRFD
Specifications for interior girders from Table 4.6.2.2.2b-1 for bending moment, and Table 4.6.2.2.3a-1
for shear. The live load distribution factor for interior girders shall then be multiplied by the number
of webs to obtain the design live load for the entire superstructure. The correction factor for live

load distribution for skewed support as specified in Tables 4.6.2.2.2e-1 for bending moment and
4.6.2.2.3c-1 for shear shall be considered.

DF = N, x Df; Live load distribution factor for multi-cell box girder (3.9.4-1)
Where:
Df; = Live load distribution factor for interior web
N, = Number of webs

C. Multiple Presence Factors

A reduction factor will be applied in the substructure design for multiple loadings in accordance with
AASHTO.

D. Distribution to Substructure

The number of traffic lanes to be used in the substructure design shall be determined by dividing the
entire roadway slab width by 12. No fractional lanes shall be used. Roadway slab widths of less than
24 feet shall have a maximum of two design lanes.

E. Distribution to Crossbeam

The HL-93 loading is distributed to the substructure by placing wheel line reactions in a lane
configuration that generates the maximum stress in the substructure. A wheel line reaction is %2 of
the HL-93 reaction. Live loads are considered to act directly on the substructure without further
distribution through the superstructure as illustrated in Figure 3.9-1. Normally, substructure design
will not consider live load torsion or lateral distribution. Sidesway effects may be accounted for and
are generally included in computer generated frame analysis results.
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Live Load Distribution to Substructure
Figure 3.9-1

For steel and prestressed concrete superstructure where the live load is transferred to substructure through
bearings, cross frames or diaphragms, the girder reaction may be used for substructure design. Live

load placement is dependant on the member under design. Some examples of live load placement are as
follows. The exterior vehicle wheel is placed 2 feet from the curb for maximum crossbeam cantilever
moment or maximum eccentric foundation moment.

For crossbeam design between supports, the HL-93 lanes are placed to obtain the maximum moment in
the member; then re-located to obtain the maximum shear or negative moment in the member.

For column design, the design lanes are placed to obtain the maximum transverse moment at the top of
the column; then re-located to obtain the maximum axial force of the column.

3.9.5 Bridge Load Rating

Bridge designers are responsible for the bridges inventory and load rating of new bridges in accordance
with the NBIS and the AASHTO Manual for Condition Evaluation of Bridge, the latest edition. See
BDM Chapter 13.
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3.10 Pedestrian Loads

Pedestrian bridges shall be designed in accordance with the requirements of the AASHTO LFRD Guide
Specifications for the Design of Pedestrian Bridges, dated December 2009.

Seismic design of pedestrian bridges shall be performed in accordance with the requirements of the
AASHTO Guide Specifications for LREFD Seismic Bridge Design.
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3.11 Wind Loads

3.11.1 Wind Load to Superstructure

For the usual girder and slab bridges with less than 30" height above ground, the following simplified
wind pressure on structure (WS), could be used in lieu of the general method described in AASHTO
LRFD Article 3.8.1.2:

* 0.05 kip per square foot, transverse
* 0.012 kip per square foot, longitudinal

Both forces shall be applied simultaneously.

For the usual girder and slab bridges with less than 30" height above ground, the following simplified
wind pressure on vehicle (WL), could be used in lieu of the general method described in AASHTO LRFD
Article 3.8.1.3:

* 0.10 kip per linear foot, transverse
* 0.04 kip per linear foot, longitudinal

Both forces shall be applied simultaneously.

3.11.2 Wind Load to Substructure

Wind forces shall be applied to the substructure units in accordance with the loadings specified in
AASHTO. Transverse stiffness of the superstructure may be considered, as necessary, to properly
distribute loads to the substructure provided that the superstructure is capable of sustaining such loads.
Vertical wind pressure, per AASHTO LRFD 3.8.2, shall be included in the design where appropriate, for
example, on single column piers. Wind loads shall be applied through shear keys or other positive means
from the superstructure to the substructure. Wind loads shall be distributed to the piers and abutments in
accordance with the laws of statics. Transverse wind loads can be applied directly to the piers assuming
the superstructure to act as a rigid beam. For large structures a more appropriate result might be obtained
by considering the superstructure to act as a flexible beam on elastic supports.

3.11.3 Wind on Noise Walls

Wind load shall be assumed to be uniformly distributed on the area exposed to the wind, taken
perpendicular to the assumed wind direction. Design wind pressure may be determined using either the
tabulated values given below or the design equations that follow.

Height of structure, Z, at which wind loads are being Wind Velocity (mph)
calculated as measured from low ground, or water level. 80 mph 90 mph 100 mph
0 - 30 ft. 4 psf 5 psf 6 psf
30 - 40 ft. 6 psf 7 psf 9 psf
40 - 50 ft. 8 psf 10 psf 12 psf
Minimum Wind Pressure for City Terrain (Exposure A)
Table 3.11-1
Height of structure, Z, at which wind loads are being Wind Velocity (mph)
calculated as measured from low ground, or water level. 80 mph 90 mph 100 mph
0 - 30 ft. 9 psf 12 psf 15 psf
30 - 40 ft. 12 psf 15 psf 19 psf
40 - 50 ft. 14 psf 18 psf 22 psf
Minimum Wind Pressure for Suburban Terrain (Exposure B1)
Table 3.11-2
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Height of structure, Z, at which wind loads are being Wind Velocity (mph)
calculated as measured from low ground, or water level. 80 mph 90 mph 100 mph
0 - 30 ft. 17 psf 21 psf 26 psf
30 - 40 ft. 19 psf 25 psf 30 psf
40 - 50 ft. 22 psf 28 psf 34 psf
Minimum Wind Pressure for Sparse Suburban Terrain (Exposure B2)
Table 3.11-3
Height of structure, Z, at which wind loads are being Wind Velocity (mph)
calculated as measured from low ground, or water level. 80 mph 90 mph 100 mph
0 - 30 ft. 26 psf 32 psf 40 psf
30 - 40 ft. 29 psf 36 psf 45 psf
40 - 50 ft. 31 psf 39 psf 49 psf
Minimum Wind Pressure for Open Country Terrain (Exposure C)
Table 3.11-4
Height of structure, Z, at which wind loads are being Wind Velocity (mph)
calculated as measured from low ground, or water level. 80 mph 90 mph 100 mph
0 - 30 ft. 39 psf 50 psf 62 psf
30 - 40 ft. 43 psf 54 psf 67 psf
40 - 50 ft. 45 psf 57 psf 71 psf

Minimum Wind Pressure for Coastal Terrain (Exposure D)

Table 3.11-5

Design Wind Pressure

For noise walls with heights greater than 50 ft. or subjected to wind velocities other than 80, 90, or
100 mph, the following equations shall be used to determine the minimum design wind pressure to be

applied to the wall:
V 2
pon[t)
VB
Where:
P = Design wind pressure (psf)

Py = Base wind pressure (psf)
Vpz= Design wind velocity at design elevation (mph)
Vg = Base wind velocity (100 mph) at 30.0 ft height

Base Wind Pressure

The base wind pressure, P, shall be taken as 40 psf for walls and other large flat surfaces.

(3.11.1-1)
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Design Wind Velocity

The design wind velocity is computed as:

Where:

(3.11.1-2)

Vyy =25V, 220 |1n Z-
Vg Z,

V, = friction velocity (mph)
V5= wind velocity at 30.0 ft above low ground or above design water level (mph)

Z = height of structure at which wind loads are being calculated as measured from
low ground or water level, > 30.0 ft
Z, = friction length of upstream fetch (ft), (also referred to as roughness length)

Exposure Categories

City (A): Large city centers with at least 50% of the buildings having a height in excess of
70 ft. Use of this category shall be limited to those areas for which representative
terrain prevails in the upwind direction at least one-half mile. Possible channeling
effects of increased velocity pressures due to the bridge or structure's location in
the wake of adjacent structures shall be accounted for.

Suburban (B1): Urban and suburban areas, wooded areas, or other terrain with numerous closely
spaced obstructions having the size of single-family or larger dwellings. This
category shall be limited to those areas for which representative terrain prevails
in the upwind direction at least 1,500 ft.

Sparse Suburban (B2): Urban and suburban areas with more open terrain not meeting the requirements
of Exposure B1.

Open Country (C): Open terrain with scattered obstructions having heights generally less than 30 ft.
This category includes flat open country and grasslands.

Coastal (D): Flat unobstructed areas and water surfaces directly exposed to wind. This
category includes large bodies of water, smooth mud flats, salt flats, and
unbroken ice.

Friction Velocity

A meteorological wind characteristic taken for various upwind surface characteristics (mph).

Condition City Suburbs Sparse Suburbs| Open Country Coastal
V, (mph) 12.0 10.9 9.4 8.2 7.0

Wind Velocity at 30.0 ft

V;, may be established from:

Fastest-mile-of-wind charts available in ASCE 7-88 for various recurrence

Site-specific wind surveys, or

In the absence of better criterion, the assumption that V;, = V', = 100 mph.

Friction Length

A meteorological wind characteristic of upstream terrain (ft).

Condition City Suburbs Sparse Suburbs| Open Country Coastal
Z, (ft) 8.20 3.28 0.98 0.23 0.025
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3.12 Noise Barriers

The design requirement for noise barrier wall on bridges and walls are as follows:

1. The total height of noise barrier wall on bridges, from top of slab to top of noise barrier wall, shall be
limited to 8'-0"
2. The total height of noise barrier wall on retaining walls, from top of roadway to top of noise barrier
wall, shall be limited to 14'-0"
3. Noise barrier wall thickness shall be 7" minimum
4. Two layers of reinforcing bars shall be specified in the cross section, with 1.5" cover, minimum, over
both faces as shown in the attached detail.
5. Wind load shall be based on Section 3.11 of this manual.
6. The vehicular collision force shall be based on the AASHTO LRFD Table A13.2-1 for design forces
for traffic railing. The transverse force shall be applied horizontally at 3'-6" height above deck.
7. Seismic load shall be as follows:
Seismic Dead Load =4 x f'x D (3.12-1)
Where:
A = Acceleration coefficient from the Geotechnical Report
D = Dead load of the wall
f = Dead load coefficient
Dead Load Coefficient, f
Dead load coefficient, except on bridges — monolithic connection 1.0
Dead load coefficient, on bridges — monolithic connection 2.5
Dead load coefficient, for connection of precast wall to bridge barrier 8.0
Dead load coefficient, for connection of precast walls to retaining 50
wall or moment slab barriers )
The product of A and f shall not be taken less than 0.10.
8. AASHTO LRFD Bridge design specifications shall be used for the structural design of noise
barrier walls.
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3.13 Earthquake Effects
Earthquake loads see Chapter 4.

WSDOT Bridge Design Manual M 23-50.06 Page 3.13-1
July 2011



Chapter 3 Loads

Page 3.13-2 WSDOT Bridge Design Manual M 23-50.06
July 2011



Loads Chapter 3

3.14 Earth Pressure
Earthquake loads see Chapter 7.
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3.15 Force Effects Due to Superimposed Deformations

PS, CR, SH, TU and TG are superimposed deformations. Load factors for PS, CR, and SH, are as shown
in Table 3.5-3. In non-segmental structures: PS, CR and SH are symbolically factored by a value of 1.0

in the strength limit state, but are actually designed for in the service limit state. For substructure in the
strength limit state, the value of 0.50 for y,g, ¥z, Ys» and v, may be used when calculating force effects
in non-segmental structures, but shall be taken in conjunction with the gross moment of inertia in the
columns or piers. The larger of the values provided for load factor of 7U shall be used for deformations
and the smaller values for all other effects. The calculation of displacements for 7U loads utilizes a factor
greater than 1.0 to avoid under sizing joints, expansion devices, and bearings.

The current AASHTO LRFD Specifications require a load factor of 1.2 on CR, SH, and TU deformations,
and 0.5 on other CR/SH/TU force effects. The lower value had been rationalized as dissipation of these
force effects over time, particularly in the columns and piers.

Changing the load factors for creep and shrinkage is not straight-forward because CR, SH are
“superimposed deformations”, that is, force effects due to a change in material behavior that cause a
change in the statical system. For safety and simplicity in design, they are treated as loads--despite not
being measurable at time ¢ = 0. However, behavior is nonlinear and application of the load factor must
also be considered. Some software will run service load analysis twice: once with and once without CR,
SH effects. The CR and SH can then be isolated by subtracting the results of the two runs. Other software
will couple the CR and SH with the dead load, giving a shrinkage- or creep-adjusted dead load.

The proposed compromise is to assign creep and shrinkage the same load factor as the DC loads, but
permit a factor of 1.0 if the project-specific creep coefficient can be determined and is then used in the
linear analysis software.

Thermal and shrinkage loadings are induced by movements of the structure and can result from several
sources. Movements due to temperature changes are calculated using coefficients of thermal expansion
of 0.000006 ft/ft per degree for concrete and 0.0000065 ft/ft per degree for steel. Reinforced concrete
shrinks at the rate of 0.0002 ft/ft.
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3.16 Other Loads
3.16.1 Buoyancy

The effects of submergence of a portion of the substructure is to be calculated, both for designing piling
for uplift and for realizing economy in footing design.

3.16.2 Collision Force on Bridge Substructure
See AASHTO LRFD Articles 3.6.5 and 3.14

3.16.3 Collision Force on Traffic Barrier
See AASHTO LRFD Article 3.6.5.1

3.16.4 Force from Stream Current, Floating Ice, and Drift
See AAHTO LRFD Article 3.9

3.16.5 Ice Load

In accordance with WSDOT HQ Hydraulics Office criteria, an ice thickness of 12" shall be used for
stream flow forces on piers throughout Washington State.

3.16.6 Uniform Temperature Load

The design thermal movement associated with a uniform temperature change may be calculated using
the ranges of temperature as specified herein. The temperature ranges shown below reflect the difference
between the extended lower and upper boundary to be used to calculate thermal deformation effects.

 Concrete Bridges (All Regions): 0° to 100°
* Steel Bridges (Eastern Washington): —30° to 120°
 Steel Bridges (Western Washington): 0° to 120°
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1. AASHTO, LRFD Bridge Design Specifications for Design of Highway Bridges, 2004 and interims
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Torsional Constants

Appendix 3.1-A1 of Common Sections
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Multi-Celled Sections

Torsion of two or more cells connect at the walls is a statically indeterminate problem. The general
method to find the torsional rigidity, R, is as follows:

1 Tz 13
_____ A K A _
// \\ ; T
i
! N T |
| L N |
|
| o, I 0, | Q3 | 5
I |
| N L |
| L ) |
! i
N S A d
k) k= k3
The equation for equilibrium for n cells is:
n
M, =23 4,9, (3.1-A1-1)
i=1

Where q is the shear flow in cell 1 and €}, is the area enclosed by the center line of the walls inclosing
the cell, and M, is the twisting moment applied to the cell.

The equations of consistent deformation are:

S +S;4; +Sq, =29Q,0 (3.1-A1-2)

Where:

1 ds
S ji T _EIS jit
1 ds
Sy = _EIS.z/T
1 ds
S = _EIS.ikT
G is the shear modulus of elasticity
J. Sﬁ % is the sum of the length of cell wall, common to cells j and 7, divided by its thickness

I Sy & is the sum of the length of cell wall, common to cells j and £, divided by its thickness

I S, éis the sum of the length of cell wall, common to cell j, divided by their respective thicknesses.

0 is the angle of twist in radians
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Equation 3.1-A1-2 will yield n equations for » unknown shear flows and can be solved for the shear
flows ¢, in terms for G and the angle of twist 0. Knowing 0, and Q, the torsional constant R may
be calculated from:

2 n
R=—— Q. Al-
Ga;qz ; (3.1-A1-3)

A simplification of this method is to assume that the interior web members are not effective in torsion.
The torsional constant may be approximated by:

B 44>
zi (3.1-A1-4)
i ti

R

Where:
A Is the area enclosed by the centerline of the exterior webs and the top and bottom slabs
S. Is the length of side i

1

t. Is the thickness of side i

1
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Appendix 3.1-B1 HL-93 Loading for Bridge Piers

Code
Reference

1 Introduction

The purpose of this example is to demonstrate a methodology of analyzing a bridge pier
for the HL-93 live load. This analysis consists of two plane frame analyzes. The first
analysis is a longitudinal analysis of the superstructure. This analysis produces reactions
at the intermediate piers, which are applied to a plane frame model of the pier.

2 Bridge Description

O EOR

F 100-0"—»«——140-0"——»«—100-0" —»‘

Elevation

" . " Material
7.5" deck with 0.5 Girders: f'c = 7 KSI

sacraficial depth Elsewhere: f'c = 4 KSI

32 ft

«10.5"
T T T T | |or

’ W74G
[l |3 spa @ 8'=0]
40 ft 510" e

L i - 5-0"¢
s

Typical Pier Elevation

>

3 Analysis Goals
The purpose of this analysis is to determine the following live load actions in the top and
bottom of the column and in the footing:

e Maximum axial force and corresponding moments

¢ Maximum moments and corresponding axial force

e Maximum shears

Additionally the following live load actions will be computed for controlling design
points in the cross beam

e Maximum moment

e Maximum shear

4 Material Properties
Let’s begin the analysis by determining the material properties.
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Code
Reference

4.1 Girders

E, =33,000w"/f!

we =0.160 KCF

£.=7KSI

E, =33,000(0.160)"° /7 = 5588KSI

4.2 Slab, Columns and Cross Beam

E, =33,000w"* [ £/
we = 0.160 KCF
f.=4KSI

E, =33,000(0.160)"* \/4 = 4224KSI

5 Section Properties
Compute the geometric properties of the girder, columns, and cap beam.

5.1 Girder

The composite girder section properties can be obtained from the Section Properties
Calculator in QConBridge™.

A =1254.6in*
1 =1007880in’

5.2 Column

Properties of an individual column can be obtained by simple formula

i (spznf
T—=r—

4

4 10|
r=z% - nw =636172in"

64 64

For longitudinal analysis we need to proportion the column stiffness to match the
stiffness of a single girder line. Four girder lines framing into a two column bent produce
a rotation and axial deflection under a unit load, the stiffness of the column member in
the longitudinal analysis model needs to be 25% of that of the bent to produce the same
rotation and deflection under 25% of the load.
For longitudinal analysis the section properties of the column member are
(2 columns)(2827in ? per column)

4 girder lines
(2 columns)(636 172in* per column)

4 girder lines

4= =2827in?

=1413in’

=318086in"
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Code
Reference

NOTE
For columns of other shapes, and for skewed bents, the properties of the columns need
to be computed in the plane of the longitudinal frame, and the plane of the bent for use
in each analysis respectively.
5.3 Cap Beam
Cap beam properties can also be obtained by simple formula
A=w-h :Sﬁ-9ﬁ-144ff"72:64935in2

1 1 3 i 4
I=—w-h’=—:5ft-(9ft) -207362 = 6283008in

5 =5 0) .
6 Longitudinal Analysis
The purpose of this analysis, initially, is to determine the maximum live load reactions
that will be applied to the bent. After a transverse analysis is performed, the results from
this analysis will be scaled by the number of loaded lanes causing maximum responses in
the bent and distributed to individual columns.
The longitudinal analysis consists of applying various combinations of design lane and 3.6
design trucks. The details can be found in LRFD 3.6
6.1 Loading
Now comes the tricky part. How do you configure and position the design vehicles to
produce maximum reactions? Where do you put the dual truck train, and what headway
spacing do you use to maximize the desired force effects? If we look at influence lines for
axial force, moment, and shear at the top and bottom of the column, the loading
configuration becomes apparent.
6.1.1 Influence Lines
The figures below are influence lines for axial force, shear, and moment at the top of Pier
2 for a unit load moving along a girder line. The influence lines for the bottom of the pier
will be exactly the same, except the moment influence will be different by an amount
equal to the shear times the pier height.

WSDOT Bridge Design Manual M 23-50.06 Page 3.1-B1-3

July 2011



Chapter 3 Loads

Axial

Shear

Moment

8.00
6.00
4.00
2.00

0.00

-10.00

To achieve the maximum compressive reaction, the lane load needs to be in spans 1 and
2, and the dual truck need to straddle the pier and be as close to each other as possible.
That is, the minimum headway spacing of 50 feet will maximize the compressive
reaction.

Maximum shears and moments occur under two conditions. First, spans 1 and 3 are
loaded with the lane load and the dual truck train. The headway spacing that causes the
maximum response is in the range of 180 — 200 feet. Second, span 2 is loaded with the
lane load and the dual truck train. The headway spacing is at its minimum value of 50 ft.
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Analytically finding the exact location and headway spacing of the trucks for the extreme
force effects is possible, but hardly worth the effort. Structural analysis tools with a
moving load generator, such as GTSTRUDL™, can be used to quickly determine the
maximum force effects.
6.2 Results
A longitudinal analysis is performed using GTSTRUDL™, The details of this analysis
are shown in Appendix A.
The outcome of the longitudinal analysis consists of dual truck train and lane load results. | 3.6.1.3.1
These results need to be combined to produce the complete live load response. The
complete response is computed asQ,, ,,,, = O.9[(IM XDual Truck Train)+ Lane Load ]
The dynamic load allowance (impact factor) is given by the LRFD specifications as 33%. | 3.6.2.1
Note that the dynamic load allowance need not be applied to foundation components
entirely below ground level. This causes us to combine the dual truck train and lane
responses for cross beams and columns differently than for footings, piles, and shafts.
6.2.1 Combined Live Load Response
The tables below summarize the combined live load response. The controlling load cases
are given in parentheses.
Maximum Axial
Top of Pier Bottom of Pier
Axial (K/LANE) Corresponding Corresponding
Moment (K- Moment (K-
FT/LANE) FT/LANE)
Dual Truck Train -117.9 (Loading -146.2 103.4
1014)
Lane Load -89.1 (Loading -195.5 141.9
LS12)
LL+IM (Column) -221.3 -350.9 251.5
LLA+IM (Footing) -186.3 N/A 220.8
Maximum Moment — Top of Pier
Moment (K-FT/LANE) Corresponding Axial
(K/LANE)
Dual Truck Train -582.5 (Loading 1018) -85.8
Lane Load -364.2 (Loading LS2) -49.4
LL+IM (Column) -1025.0 -147.2
LL+IM (Footing) N/A N/A
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Maximum Moment — Bottom of Pier

Moment (K-FT/LANE) Corresponding Axial
(K/LANE)

Dual Truck Train 287.7 (Loading 1018) -85.8
Lane Load 179.7 (Loading LS2) -49.4
LL+IM (Column) 506.1 -147.2
LL+IM (Footing) 420.7 -121.7
Maximum Shear

Shear (K/LANE)
Dual Truck Train 21.8 (Loading 1018)
Lane Load 13.6 (Loading LS2)
LL+IM (Column) 38.3
LL+IM (Footing) 31.9

7 Transverse Analysis

Now that we have the maximum lane reactions from the longitudinal girder line analysis,
we need to apply these as loads to the bent frame.

7.1 Loading

The methodology for applying superstructure live load reactions to substructure elements | BDM

is described in the BDM. This methodology consists of applying the wheel line reactions 9.1.1.1C
directly to the crossbeam and varying the number and position of design lanes. Appendix
B describes modeling techniques for GTSTRUDL™,

7.2 Results

7.2.1 Cap Beam

For this example, we will look at results for three design points, the left and right face of
the left-hand column, and at the mid-span of the cap beam. Note that in the analysis, the
wheel line reactions were applied from the left hand side of the bent. This does not result
in a symmetrical set of loadings. However, because this is a symmetrical frame we expect
symmetrical results. The controlling results from the left and right hand points “A” and
“B” are used.
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Reference
A ‘\ B B A
R e he——
For the shear design of the crossbeam, the LRFD specifications allow us to determine the (58342
effects of moments and shears on the capacity of the section using the maximum factored T
moments and shears at a section. Hence, the results below do not show the maximum
shears and corresponding moments.
The tables below summarize the results of the transverse analysis for the crossbeam. The
basic results are adjusted with the multiple presence factors. The controlling load cases
are in parentheses.
Point A
Shear (K) +Moment (K-FT) | -Moment (K-FT)
Force Effect 110.7 (Loading 0 -484.3 (1029)
1009)
Multiple Presence 1.2 1.2 1.2
Factor
LL+IM 132.8 0 -581.2
Point B
Shear (K) +Moment (K-FT) | -Moment (K-FT)
Force Effect 155.8 (Loading 314.3 (Loading -650.9 (Loading
2330) 1522) 1029)
Multiple Presence 1.0 1.2 1.2
Factor
LL+IM 155.8 377.2 -781.1
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Point C
Shear (K) +Moment (K-FT) | -Moment (K-FT)
Force Effect 87.9 (Loading 2036) | 426.4 (Loading -400.5 (Loading
1520) 1029)
Multiple Presence 1.0 1.2 1.2
Factor
LL+IM 87.9 511.7 -480.6
7.2.2 Columns
The tables below show the live load results at the top and bottom of a column. The results
are factored with the appropriate multiple presence factors. Controlling loads are in
parentheses.
Maximum Axial
Top of Column Bottom of Column
Axial (K) Corresponding Corresponding
Moment (K-FT) | Moment (K-FT)
Force Effect -347.6 (Loading 34.1 28.4
2026)
Multiple Presence 1.0 1.0 1.0
Factor
LL+IM -347.6 34.1 28.4
Maximum Moment — Top of Column
Moment (K-FT) Corresponding Axial (K)
Force Effect 59.3 (Loading 1009) -265.6
Multiple Presence Factor 1.2 1.2
LL+IM 71.2 -318.7
Maximum Moment — Bottom of Column
Moment (K-FT) Corresponding Axial (K)
Force Effect -53.6 (Loading 1029) 55.6
Multiple Presence Factor 1.2 1.2
LL+IM -64.3 66.7
Maximum Shear
Shear (K)
Force Effect -1.0 (Loading 1029)
Multiple Presence Factor 1.2
LL+IM -1.2
7.2.3 Footings
Even though we didn’t perform the transverse analysis with the footing loads, we can still
obtain the results. Assuming we have a linear elastic system, the principle of
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Reference

superposition can be used. The footing results are simply the column results scaled by the
ratio of the footing load to the column load. For this case, the scale factor is
186.3+221.3=0.84.

Maximum Axial

Axial (K) Corresponding
Moment (K-FT)
LL+IM -292 23.9

Maximum Moment

Moment (K-FT) Corresponding Axial (K)
LL+IM -45.0 46.7

Maximum Shear

Shear (K)
LL+IM -1.0

8 Combining Longitudinal and Transverse Results

To get the full set of column forces, the results from the longitudinal and transverse
analyses need to be combined. Recall that the longitudinal analysis produced moments,
shears, and axial load for a single loaded lane whereas the transverse analysis produced
column and footing forces for multiple loaded lanes.

Before we can combine the force effects we need to determine the per column force
effect from the longitudinal analysis. To do this, we look at the axial force results in
transverse model to determine the lane fraction that is applied to each column.

For maximum axial load, 2 lanes at 221.3 K/LANE produce an axial force of 347.6 K.
The lane fraction carried by the column is 347.6/(2%221.3) = 0.785 (78.5%).

Mz = (-350.9 K-FT/LANE)(2 LANES)(0.785)(1.0) = -550.9 K-FT (Top of Column)
Mz = (251.5 K-FT/LANE)(2 LANES)(0.785)(1.0) = 394.9 K-FT (Bottom of Column)
Mz = (220.8 K-FT/LANE)(2 LANES)(0.785)(1.0) = 346.7 K-FT (Footing)

For maximum moment (and shear because the same loading governs) at the top of the
column, 1 lane at 221.3 K/LANE produces an axial force of 318.7. (318.7/221.3 = 1.44).
144% of the lane reaction is carried by the column.

Mz = (-1025.0)(1.44)(1.2) =-1771.2 K-FT

Vx =(38.3)(1.44)(1.2) = 66.2 K (Column)

Vx =(31.9)(1.44)(1.2) = 55.1 K (Footing)

For maximum moment at the bottom of the column, 1 lane at 221.3 K/LANE produces an
axial force of 64.3 K.(64.3/221.3 = 0.29) 29% of the lane reaction is carried by the
column.

Mz = (506.1)(0.29)(1.2) = 176.1 K-FT (Column)

Mz = (420.7)(0.29)(1.2) = 146.4 K-FT (Footing)
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Ahead oAn Station

Py = Compression <0

Vx and Mz determined from Longitudinal Analysis
Py, Vz and Mx determined from Transverse Analysis

Column
Load Case
Maximum Maximum | Maximum Maximum Shear
Axial Top | Axial Moment Moment
Bottom Top Bottom
Axial -347.6 -347.6 -318.7 66.7
(X)
Mx (K- | 34.1 28.4 71.2 -64.3
FT)
Mz (K- | -550.9 3949 -1771.2 176.1
FT)
Vx (K) 66.2
Vz (K) -1.2
Footing
Load Cases
Maximum | Maximum | Shear
Axial Moment
Bottom

Axial -292 46.7
X)
Mx (K- |23.9 -45.0
FT)
Mz (K- | 346.7 146.4
FT)
Vx (K) 72.7
Vz (K) -1.0

9 Skew Effects

This analysis becomes only slightly more complicated when the pier is skewed with
respect to the centerline of the bridge. The results of the longitudinal analysis need to be

adjusted for skew before being applied to the transverse model.
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The shears and moments produced by the longitudinal analysis are in the plane of the
longitudinal model. These force vectors have components that are projected into the
plane of the transverse model as show in the figure below. The transverse model loading
must include these forces and moments for each wheel line load. Likewise, the skew
adjusted results from the longitudinal analysis need to be used when combining results
from the transverse analysis.

0

\
\
\
N
\
\
\

10 Summary

This example demonstrates a method for analyzing bridge piers subjected to the LRFD
HL-93 live load. Other than the loading, the analysis procedure is the same as for the
AASHTO Standard Specifications.
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Appendix A - Longitudinal Analysis Details

This appendix shows the longitudinal analysis details. In the live load generation portion
of the GTSTRUDL input, you will see multiple trials for live load analysis. Each trial

uses a different range of headways pacing for the dual truck train. The first trial varies the

headway spacing from 180 to 205 feet. Based on this, a tighter range between 193 and
198 feet was used to get the headway spacing corresponding to the maximum loads

correct to within 1 foot.
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about the transverse analysis is the live load truck configuration. A technique of treating
the wheel line reactions as a longitudinal live load is used. A two axle “truck” is created.

The truck is positioned so that it is on the left edge, center, and right edge of the design
lane. In order to keep the axles in the correct position, a dummy axle with a weight of
0.0001 kips was used. This dummy axial is the lead axle of the truck and it is positioned
in such a way as to cause the two “real” axles to fall in the correct locations within the
taking it off a bridge. As such, less then the full number of axles are applied to the model.
For the transverse analysis, we do not want to consider the situation when only one of the
two wheel lines is on the model. As such, several load cases are ignored by way of the
LOAD LIST command on line76 of the output.

design lanes.
The GTSTRUDL live load generator uses partial trucks when it is bring a truck onto or

This appendix shows the details of the transverse analysis. The interesting thing to note

Appendix B — Transverse Analysis Details
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Chapter 4 Seismic Design and Retrofit

41 General

Seismic design of new bridges and bridge widenings shall conform to AASHTO Guide Specifications
for LRFD Seismic Bridge Design as modified by Sections 4.2 and 4.3 of this manual. Analysis and
design of seismic retrofits for existing bridges shall be completed in accordance with Section 4.4 of this
manual. Seismic design of retaining walls shall be in accordance with Section 4.5 of this manual. For
nonconventional bridges, bridges that are deemed critical or essential, or bridges that fall outside the
scope of the Guide Specifications for any other reasons, project specific design requirements shall be
developed and submitted to the WSDOT Bridge Design Engineer for approval.

The importance classifications for all highway bridges in Washington State are classified as “Normal”
except for special major bridges. Special major bridges fitting the classifications of either “Critical” or
“Essential” will be so designated by either the WSDOT Bridge and Structures Engineer or the WSDOT
Bridge Design Engineer. The performance object for “Normal” bridges is live safety. Bridges designed in
accordance with AASHTO Guide Specifications are intended to achieve the live safety performance goals.
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Chapter 4 Seismic Design and Retrofit

4.2 WSDOT Modifications to AASHTO Guide Specifications for
LRFD Seismic Bridge Design

WSDOT amendments to the AASHTO Guide Specifications for LRFD Seismic Bridge Design are
as follows:

4.2.1 Definitions

Guide Specifications Article 2.1

Add the following definitions:

Oversized Pile Shaft- A drilled shaft that is at least 18 inches larger in diameter than the supported
column, and which has its own reinforcing cage that is separate from that of the supported
column.

Owner- Person or agency having jurisdiction over the bridge. For WSDOT projects, regardless
of delivery method, the term “Owner” in these Guide Specifications shall be the WSDOT Bridge
Design Engineer or/and the WSDOT Geotechnical Engineer.

4.2.2 Earthquake Resisting Systems (ERS) Requirements for SDCs C and D
Guide Specifications Article 3.3

WSDOT Global Seismic Design Strategies:
Type 1: Ductile Substructure with Essentially Elastic Superstructure. This category is permissible.

Type 2: Essentially Elastic Substructure with a Ductile Superstructure. This category is not
permissible.

Type 3: Elastic Superstructure and Substructure with a Fusing Mechanism Between The Two.
This category is permissible with WSDOT Bridge Design Engineer’s approval.

If the columns or pier walls are designed for elastic forces, all other elements shall be designed
for the lesser of the forces resulting from the overstrength plastic hinging moment capacity

of columns or pier walls and the unreduced elastic seismic force in all SDCs. The minimum
detailing according to the bridge seismic design category shall be provided. Shear design

shall be based on 1.2 times elastic shear force and nominal material strengths shall be used

for capacities. Limitations on the use of ERS & ERE are shown in Figures 3.3-1a, 3.3-1b, 3.3-2,
and 3.3-3.

Figure 3.3-1b Type 6, connection with moment reducing detail should only be used at column
base if proved necessary for foundation design. Fixed connection at base of column remains the
preferred option for WSDOT bridges.

The design criteria for column base with moment reducing detail shall consider all applicable
loads at service, strength, and extreme event limit states.

Figure 3.3-2 Types 6 and 8 are not Permissible for Non-liquefied configuration and Permissible
with WSDOT Bridge Design Engineer’s approval for liquefied configuration

For ERSs and EREs requiring approval, the WSDOT Bridge Design Engineer’s approval is required
regardless of contracting method (i.e. approval authority is not transferred to other entities).
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Longitudinal Response

Lo ol

Permissible

e Plastic hinges in inspectable locations.

. Abutment resistance not required as part of
ERS

. Knock-off backwalls permissible

Transverse Response

, =

Permissible

e Plastic hinges in inspectable locations.

. Abutment not required in ERS, breakaway shear keys
permissible with WSDOT Bridge Design Engineer’s
Approval

Transverse or
Longitudinal Response
5 Permissible

Upon Approval

. Abutment required to resist the design earthquake
elastically

. Longitudinal passive soil pressure shall be less than
0.70 of the value obtained using the procedure given
in Article 5.2.3

Longitudinal Response

l=——= —]

Permissible
Upon
Approval

. Isolation bearings accommodate full
displacement

. Abutment not required as part of ERS

Transverse or Longitudinal Response

L= =]

Permissible
Upon

. Plastic hinges in inspectable locations APPTOVal

e Isolation bearings with or without

energy dissipaters to limit overall
displacements

Longitudinal Response

T LT

Permissible

Multiple simply-supported spans with
adequate support lengths

Plastic hinges in inspectable locations.

Figure 3.3-1a Permissible Earthquake-Resisting Systems (ERSs)
BDM Figure 4.2.2-1
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2
Permissible Above grouqd / 5
— ground plastic hinges
Plastlg hmges below cap beams Permissible
including pile bents
1 4
Seismic isolation bearings or bearings Tensile yielding and
3 ‘:::j designed to accommodate expected seismic inelastic compression
displacements with no damage buckling of ductile
concentrically braced
Permissible Upon Approval frames

Not Permissible

Permissible Upon

Piles with ‘pinned-head’ conditions

Approval
Permissible Upon Approval Columns with moment
reducing or pinned hinge
details
Capacity-protected pile caps,
7 including caps with battered piles, 8 Plastic hinges at base of
which behave elastically +«———  wall piers in weak
direction
Permissible except o
U U u U U battered piles are Permissible
not allowed 10 Spread footings that satisfy the
overturning criteria of Article 6.3.4
9 Pier walls with or without piles. . Permissible
Permissible
12
[ ]
Passive abutment resistance required e Seat abutments whose backwall is
as part of ERS designed to fuse
1 @_ Use 70% of passive soil strength
designated in Article 5.2.3 Permissible UpOH
Permissible Upon Approval Approval
13 Columns with architectural
% % flares — with or without an
/ - 7 isolation gap Seat abutments whose backwall
See Article 8.14 is designed to resist the expected
isolation ga ’ 14 impact force in an essentially
optional Permissible — isolation clastic manner
gap 1s requlred Permissible
Figure 3.3-1b Permissible Earthquake-Resisting Elements (EREs)
BDM Figure 4.2.2-2
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\ — Passive abutment resistance
required as part of ERS Passive
Strenath

Use 100% of strength designated
in Article 5.2.3

Permissible Upon Approval

— e

Ductile End-diaphragms in
= superstructure (Article 7.4.6)

Not Permissible

Wall piers on pile foundations that are not
strong enough to force plastic hinging into the
wall, and are not designed for the Design
Earthquake elastic forces

Ensure Limited Ductility Response in Piles
according to Article 4.7.1

Permissible Upon
Approval for Liquefied
Configuration

In-ground hinging in shafts or piles.

Ensure Limited Ductility Response
in Piles according to Article 4.7.1

Permissible Upon
Approval for Liquefied
Configuration

Permissible Upon
2 [\—/] Approval

Sliding of spread footing abutment allowed to limit
force transferred

Limit movement to adjacent bent displacement capacity
—

4 .
Not Permissible
Foundations permitted to rock
Use rocking criteria according to Appendix A
5

Not Permissible

I More than the outer line of piles in
group systems allowed to plunge or
uplift under seismic loadings

3 Not Permissible

Plumb piles that are not capacity-protected
(e.g., integral abutment piles or pile-supported
seat abutments that are not fused transversely)

Ensure Limited Ductility Response in Piles

L

Batter pile systems in which the geotechnical
capacities and/or in-ground hinging define the
plastic mechanisms.

\\ Not Permissible

Ensure Limited Ductility Response in Piles
according to Article 4.7.1

Figure 3.3-2 Permissible Earthquake-Resisting Elements that Require Owner’s Approval

BDM Figure 4.2.2-3
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1 % . % 2 Cap beam plastic hinging (particularly
hinging that leads to vertical girder
movement) also includes eccentric
braced frames with girders supported
by cap beams

Plastic hinges in
superstructure

Not Perm1551ble =
Not Permissible

:]:: Battered-pile systems that are not
* designed to fuse geotechnically or

structurally by elements with

adequate ductility capacity

Bearing systems that do not provide for the expected
displacements and/or forces (e.g., rocker bearings)

Not Permissible Not Permissible

Figure 3.3-3 Earthquake-Resisting Elements that Are Not Recommended for New Bridges
BDM Figure 4.2.2-4

4.2.3 Seismic Ground Shaking Hazard
Guide Specifications Article 3.4

For bridges that are considered critical or essential or normal bridges with a site class F, the
seismic ground shaking hazard shall be determined based on the WSDOT Geotechnical Engineer

recommendations.
4.2.4 Selection of Seismic Design Category (SDC)

Guide Specifications Article 3.5
Pushover analysis shall be used to determine displacement capacity for both SDCs C and D.

4.2.5 Temporary and Staged Construction
Guide Specifications Article 3.6

For bridges that are designed for a reduced seismic demand, the contract plans shall include
a statement that clearly indicates that the bridge was designed as temporary using a reduced

seismic demand.
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4.2.6 Load and Resistance Factors
Guide Specifications Article 3.7

Revise as follows:
* The load factor for live load shall be 0.0 when pushover analysis is used to determine the
displacement capacity. Use live load factor of 0.5 for all other extreme event cases.
Guide Specifications Article C3.7

Add the following paragraph:

Vehicular live loads have not been observed to be in-phase with the bridge structure during
seismic events. Thus, the inertial effect of actual live loads on typical bridges is assumed

to be negligible in the dynamic demand analysis and pushover capacity analysis for normal
bridges in SDCs C and D. For critical/essential bridges, the live load factor shall be determined
on a project-specific basis.

4.2.7 Balanced Stiffness Requirements and Balanced Frame Geometry
Recommendation

Guide Specifications Articles 4.1.2 and 4.1

Balanced stiffness and balanced frame geometry are required for bridges in both SDCs C and D.
Deviations from balanced stiffness and balanced frame geometry requirements require approval from
the WSDOT Bridge Design Engineer.

4.2.8 Selection of Analysis Procedure to Determine Seismic Demand
Guide Specifications Article 4.2

Analysis Procedures:
* Procedure 1 (Equivalent Static Analysis) shall not be used.

* Procedure 2 (Elastic Dynamic Analysis) shall be used for all “regular” bridges with
two through six spans and “not regular” bridges with two or more spans in SDCs B, C, or D.

* Procedure 3 (Nonlinear Time History) shall only be used with WSDOT Bridge Design
Engineer’s approval.
4.2.9 Design Requirements for Single-Span Bridges
Guide Specifications Article 4.5

Revise second sentence as follows:

However, the connections between the superstructure and substructure shall be designed to resist
a horizontal seismic force not less than the acceleration coefficient, 4, as specified in Article 3.4,
times the tributary permanent load in the restrained direction, except as modified for SDC A in
Article 4.6.

4.2.10 Member Ductility Requirement for SDCs C and D
Guide Specifications Article 4.9

In-ground hinging for drilled shaft and pile foundations may be considered for the liquefied
configuration with WSDOT Bridge Design Engineer approval.

Guide Specifications Article C4.9

Add the following paragraph:

The member ductility demand may be determined by M-¢ analysis (see Figure 1) and the
following equations:
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Byil?
Ayi=—2— (C4.9-1)
Apa= (¢col - ¢yi)Lp(L - O'SLp) (C4.9-2)
A
=1+-2 _
tp ™ (C4.9-3)
_ ¢col _ L_p _ L_p _
p=1+3 (—%i 1) 2(1-052) (C4.9-4)

Where:
¢.,,= Column curvature demand from "pushover" analysis
¢yi = Idealized yield curvature from bilinearization described in Article 8.5
L, = Equivalent analytical plastic hinge length in inches as defined in Article 4.11.6
L = Length of column from point of maximum moment to the point of moment
contraflexure (in.)

Note that a column with two plastic hinges will have two values of ductility demand, py. The larger value
controls and must compared against the limits given in Equations 1-6.

actual curve

Moment

1
M » ! 1
1 1
1 | 1
M,, : : :
1 ' 1
M, & ! !

] 1
X idealized : !
I: ' elasto-plastic ! H
1 . I 1
[ : behaviour ! 1
1 1
ol | :
1, 1 1
[ | .
[ ' 1
a | 1

] 1 h
! 1 1 :
[ ! I
' ' 1
: I 1 |
(I)y d)yi ¢col (I)u

Curvature
Figure C 4.9-1 Moment-Curvature Diagram
BDM Figure 4.2.10-1
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4.2.11 Plastic Hinging Forces
Guide Specifications Article 4.11.2
Revise Figure 4.11.2-1 as follows:

Additional strength to be provided by the bridge deck

LY

i

Plastic Hinge Zone
, = Column overstrength moment capacity

(a) Longitudinal Response for Nonintegral Abutments

— L

@c.g.of superstructure |

i

T

Plastic Hinge Zone

M

4

(b) Transverse Response for Dual Column Pier

Figure 4.11.2-1 Capacity Design of Bridges Using Overstrength Concepts

BDM Figure 4.2.11-1
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4.2.12 Minimum Support Length Requirements Seismic Design Category D
Guide Specifications Article 4.12.3

Add the following paragraph:
For single-span bridges in SDC D, the support length shall be 150% of the empirical support

length, N, specified by Guide Specifications Equation 4.12.2-1.
4.2.13 Longitudinal Restrainers
Guide Specifications Article 4.13.1

Longitudinal restrainers shall be provided at the expansion joints between superstructure segments.
Restrainers shall be designed in accordance with the FHWA Seismic Retrofitting Manual for Highway
Structure (FHWA-HRT-06-032) Article 8.4 The Iterative Method. See the earthquake restrainer
design example in the Appendix of this chapter. Restrainers shall be detailed in accordance with the
requirements of Guide Specifications Article 4.13.3 and Section 4.4.5 of this manual. Restrainers
may be omitted for SDCs C and D where the available seat width exceeds the calculated support
length specified in Eq. 1 below (using 2 times seismic displacement instead of 1.65 as required in

Eq. 4.12.3-1).

N = (4+2.0A,,)(1+0.0002552) > 24 in. (4.2.13-1)

Omitting restrainers for liquefiable sites shall be approved by the WSDOT Bridge Design Engineer.

Longitudinal restrainers shall not be used at the end piers (abutments).

4.2.14 Abutments
Guide Specifications Article 5.2
Diaphragm Abutment type shown in Figure 5.2.3.2-1 shall not be used for WSDOT bridges.

With WSDOT Bridge Design Engineer approval, the abutment may be considered and designed as
part of earthquake resisting system (ERS) in the longitudinal direction of a straight bridge with little
or no skew and with a continuous deck. For determining seismic demand, longitudinal passive soil
pressure shall not exceed 50% of the value obtained using the procedure given in Article 5.2.3.3.

Participation of the wingwall in the transverse direction shall not be considered in the seismic design
of bridges.

4.2.15 Foundation— General

Guide Specifications Article 5.3.1

The required foundation modeling method (FMM) and the requirements for estimation of foundation
springs for spread footings, pile foundations, and drilled shafts shall be based on the WSDOT
Geotechnical Engineer’s recommendations.

4.2.16 Foundation — Spread Footing
Guide Specifications Article C5.3.2

Foundation springs for spread footings shall be determined in accordance with Section 7.2.7 of
this manual, WSDOT Geotechnical Design Manual Section 6.5.1.1 and the WSDOT Geotechnical
Engineer’s recommendations.
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4.2.17 Procedure 3: Nonlinear Time History Method
Guide Specifications Article 5.4.4

The time histories of input acceleration used to describe the earthquake loads shall be selected in
consultation with the WSDOT Geotechnical Engineer and the WSDOT Bridge Design Engineer.

4.2.18 Figure 5.6.2-1
Guide Specifications Article 5.6.2

The horizontal axis label of Figure 5.6.2-1 for both (a) Circular Sections and (b) Rectangular Sections
shall be Axial Load Ratio:

P
flcelg

(4.2.18-1)

4.2.19 |4 for Box Girder Superstructure
Guide Specifications Article 5.6.3

Gross moment of inertia shall be used for box girder superstructure modeling.

4.2.20 Foundation Rocking
Guide Specifications Article 6.3.9
Foundation rocking shall not be used for the design of WSDOT bridges.

4.2.21 Footing Joint Shear for SDCs C and D
Guide Specifications Article 6.4.5

Revise B, unit as follows:
B = diameter or width of column or wall measured normal to the direction of loading (in.)

4

Delete the last paragraph. “Transverse joint reinforcement shall be provided in accordance with
Article 8.8.8.”

Add the following Articles:
e 6.4.7 Joint Shear Reinforcement

Principal compression stress shall not exceed the limit specified in Article 6.4.5. If the principal
tension stress in the joint, p,, as specified in Article 6.4.5 is less than 0.11m , the transverse
reinforcement ratio in the joint, p, shall satisfy Eq. (8.13.3-1) and no additional reinforcement
within the joint is required.

Where the principal tension stress in the joint, p,, is greater than 0.1 1m , then transverse
reinforcement ratio in the joint, p, shall satisfy Eq. (8.13.3-2) and additional joint reinforcement
is required as specified in Articles 6.4.8 and 6.4.9.

For columns with interlocking cores, the transverse reinforcement ratio, p, shall be based on the
total area of reinforcement of each core.
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* 6.4.8 Vertical Joint Shear Reinforcement

Vertical joint reinforcement is required in the region that extends horizontally from the face

of column to a distance of 0.5 D_ away from the face of column, which has a total area as defined
by Eq.1. The vertical joint reinforcement shall be evenly distributed around the column, within
the region identified above and Figure 1.

AlY > 0.804,, (6.4.8-1)
Where:
Ag“ = Total area of vertical joint reinforcement required (in.?)
A, = Total area of column reinforcement anchored in the joint (in.?)

Reinforcing bars making up the vertical joint reinforcement, 47 , shall be no larger than #5 bars
to allow for the top hook to be field bend after placement from the 90° to a 135° as shown in
Figure 6.4.9-1.

STIRRUFS ARE EFFECTIVE

0.5D. De 0.5D, FOR TOTAL AREA AV

KEEG/ON WHERE VERTICAL

REGION WHERE VERTICAL
STIRRUFS ARE EFFECTIVE

FOR TOTAL AREA A';\

0.5k
0.5,

0.5h,

0.5D,

R | =

ADDITIONAL LONG/T{UD!NAL

REINFORCEMENT A;— /
ADDITIONAL LONGITUDINAL

REINFORCEMENT A/;

Figure 6.4.8-1 Vertical Joint Shear Reinforcement Region
BDM Figure 4.2.21-1

* Add C.6.4.8

Contractors (and designers, as a matter of habit) prefer to provide anchorage for column
longitudinal reinforcement by bending its tails outward, thus making stable platform for
supporting the column cage and prevent congestion. However, if this is done, any force
transferred to the bend is directed away from the joint and increase diagonal tension stress within
the joint region. From a joint performance viewpoint, it is desirable to bend the column bar
inward toward the joint, but this will cause undue congestion. If only X% of the column bars are
bent outward, with the remainder bent into the core, the reinforcement area given by Eq. 1 may
be reduced proportionately.
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* 6.4.9 Horizontal Joint Shear Reinforcement

Additional horizontal reinforcement in the footing of the total amount, Aé'f , shall be provided

in addition to that required to resist other loads. The additional area of reinforcement shall

be placed in the top of the footing extending through the joint and for a sufficient distance to
develop its yield strength at a distance beyond 0.5 D, from the column face, as shown in Figure 1.
The additional area of the horizontal steel shall satisfy:

A7 > 0.094,, (6.4.9-1)
where:
AT = Total area of vertical joint reinforcement required (in.?)
A, = Total area of column reinforcement anchored in the joint (in.?)

Since the column to footing connection resists moments from seismic forces acting both parallel
and transverse to the longitudinal axis of the bridge, the additional horizontal reinforcement

is required in both directions. Reinforcement may be hooked if straight bar development is
unattainable.

Dec

A

[ac

Al AY
NOTE:
STIRRUPS NOT REQUIRED FOR JOINT SHEAR ARE OMITTED FOR CLARITY

Figure 6.4.9-1 Footing Joint Shear Reinforcement
BDM Figure 4.2.21-2

4.2.22 Drilled Shafts
Guide Specifications Article C6.5

The scale factor for p-y curves for large diameter shafts shall not be used for WSDOT bridges unless
approved by WSDOT Geotechnical Engineer and WSDOT Bridge Design Engineer.
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4.2.23 Longitudinal Direction Requirements
Guide Specifications Article 6.7.1

Case 2: Earthquake Resisting System (ERS) with abutment contribution may be used provided that
the mobilized longitudinal passive pressure is not greater than 50% of the value obtained using
procedure given in Article 5.2.3.3.

4.2.24 Liquefaction Design Requirements
Guide Specifications Article 6.8

Soil liquefaction assessment shall be based on the WSDOT Geotechnical Engineer’s recommendation
and WSDOT Geotechnical Design Manual Section 6.4.2.8.

4.2.25 Reinforcing Steel
Guide Specifications Article 8.4.1

Only ASTM A 706 reinforcing steel shall be used. ASTM A 615 reinforcement shall not be used
in WSDOT bridges.

Deformed welded wire fabric may be used with the WSDOT Bridge Design Engineer’s approval.

Wire rope or strands for spirals, and high strength bars with yield strength in excess of 75 ksi shall not
be used.

4.2.26 Plastic Moment Capacity for Ductile Concrete Members for
SDCs B, C, and D

Guide Specifications Article 8.5

Revise Figure 8.5-1 as follows:

actual curve

Mmax

~

Moment
p 1
1
1
M, ;
M v }
1
idealized ,
elasto-plastic :
behaviour :
i
1
1
1
1
1
I
I
1
:
(I)y (I)yi ¢u
Curvature
Figure 8.5-1 Moment-Curvature Model
BDM Figure 4.2.26-1
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Revise Equation 8.5-1 as follows:

My, = AmoMp 2 Mimax (8.5-1)

Where:
M = Ultimate Moment capacity of column (kip-ft)

max
Revise the third paragraph as follows:

The expected nominal moment capacity, M, , for capacity protected concrete components that are
connected to the plastic hinge locations shall be based on the expected concrete and reinforcing
steel strengths when either the concrete strain reaches a magnitude of 0.003 or the reinforcing
steel strain reaches % 8§u , with g?u as defined in Table 8.4.2-1. For SDC B, the expected nominal
moment capacity, M, , may be used as M, in lieu of development of a moment-curvature analysis.

ne’

Guide Specifications Article C8.5
Add the following paragraph:

The design engineer should use the minimum column section and reinforcing steel that meets the
project constraints and satisfies the requirements of the design codes/specifications. The design
engineer must keep in mind that using a larger column than necessary can greatly increase the
size and cost of the connecting elements (foundations, cap beams, etc.). The design engineer
should be actively involved in the aesthetic selection process to encourage the use of economical
members.

4.2.27 Shear Demand and Capacity for Ductile Concrete Members for
SDCs B, C, and D

Guide Specifications Article 8.6.1

Add the following paragraphs:

The shear demand for the non-oversized pile shafts shall be taken as the larger of either the
force reported in the soil/pile shaft interaction analysis when the in-ground hinges form or the
shear calculated by dividing the overstrength moment capacity of the pile shaft by the length /..
H_ shall be taken as the smaller of:

* H'+ 2D,

* Length of the column/pile shaft from the point of maximum moment in the pile shaft to the

point of contraflexural in the column.

Where:
H' = Length of the pile shaft/column from the ground surface to the point of zero
moment above ground
D, = Diameter of pile shaft

The shear reinforcement outside of the plastic hinge region need not exceed the required shear
reinforcement inside the plastic hinge region.

4.2.28 Concrete Shear Capacity
Guide Specifications Article 8.6.2

Revise the definition as follows:

D’ = Diameter of core section for each individual circular core of column measured between
the centerline of the hoop or spiral (in.).
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4.2.29 Shear Reinforcement Capacity
Guide Specifications Article C8.6.
Add the following paragraph:

Horizontal cross-ties connecting the spirals or hoops should be provided between the interlocking
spirals or hoops as shown in the revised Figure C3 below (Correal et al., 2004). Cross-ties having
the same bar size as the spiral or hoop reinforcement shall be used. The ties shall be spaced
vertically at two times the pitch/spacing of the spirals/hoops. Cross-ties shall have 135° hooks

at one end and 90° hooks at the other end as specified in Article 8.8.9 (alternate 135° hook every
other tie bar). The hooks shall engage peripheral longitudinal bars.

INTERLOCKING
BARE

t PIER

& MAX.

! LOCATE HOOF 3FLICE AT
/ B & FIER NEAR & COLUMN (TYF.]
CROSS TIE— A

g

FIRAL OR HOOF
REINFURCEMENT

Figure C8.6.3-3 Column Interlocking Spiral and Hoop Details
BDM Figure 4.2.29-1

4.2.30 Interlocking Bar Size
Guide Specifications Article 8.6.7

The longitudinal reinforcing bar inside the interlocking portion of column (interlocking bars) shall be
the same size of bars used outside the interlocking portion.

4.2.31 Splicing of Longitudinal Reinforcement in Columns Subject to Ductility
Demands for SDCs C and D

Guide Specifications Article 8.8.3

The splicing of longitudinal column reinforcement outside the plastic hinging region shall be
accomplished using mechanical couplers that are capable of developing a minimum tensile strength
of 85 ksi. Splices shall be staggered at least 2 feet. Lap splices shall not be used. The design engineer
shall clearly identify the locations where splices in longitudinal column reinforcement are permitted
on the plans. In general, where the length of the rebar cage is less than 60 feet (72 feet for #14 and
#18 bars), no splice in longitudinal reinforcements shall be allowed.
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4.2.32 Minimum Development Length of Reinforcing Steel for SDCs A and D
Guide Specifications Article 8.8.4

Add C8.8.4:

The longitudinal reinforcing bar should also meet the longitudinal development requirements

in the AASHTO LRFD Bridge Design Specifications for all load cases other than seismic loads.
Column longitudinal bars shall be extended into the cap beam and footing as close as practically
possible to the opposite face of the cap beam or footing even though the develop length required
in Eq.1 and the AASHTO Specifications may be met with a shorter anchorage length. In the
case of prestressed girder structures with integral cap beams, the longitudinal reinforcement
shall be extended as close as possible to the top of the stage 1 cap beam. The additional length
is required to develop favorable bond-strut angles in the column-cap beam and column-footing
joint. Eq.1 should be used to limit the reinforcing bar size for a given bridge joint geometry.

4.2.33 Requirements for Lateral Reinforcement for SDCs B, C, and D
Guide Specifications Article 8.8.9

Add the following paragraphs:

For members that are reinforced with single circular hoops, the hoop weld splices shall
be staggered around the column by a minimum distance of '3 of the hoop circumference.

For members that are reinforced with interlocking hoops, the hoop weld splices shall be placed
at centerline of pier near centerline of column.

4.2.34 Development Length for Column Bars Extended into Oversized Pile
Shafts for SDCs C and D

Guide Specifications Article 8.8.10

Extending column bars into oversized shaft shall be per Section 7.4.4.C of this manual, based on
TRAC Report WA-RD 417.1 “Non Contact Lap Splice in Bridge Column-Shaft Connections.”

4.2.35 Lateral Reinforcements for Columns Supported on Oversized Pile Shaft
for SDCs C and D
Guide Specifications Article 8.8.11

Add C8.8.11:

The spacing of hoops or pitch of spirals of the column cage may be doubled along the entire
embedded length of the column cage into the shaft.

4.2.36 Lateral Confinement for Oversized Pile Shaft for SDCs C and D
Guide Specifications Article 8.8.12

The requirement of this article for shaft lateral reinforcement in the column-shaft splice zone may
be replaced with Section 7.8.2 K of this manual.

4.2.37 Lateral Confinement for Non-Oversized Strengthened Pile Shaft for SDCs
Cand D

Guide Specifications Article 8.8.13

Non-oversized column-shaft is not permissible unless approved by the WSDOT Bridge Design
Engineer.
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4.2.38 Requirements for Capacity Protected Members
Guide Specifications Article 8.9

Add the following paragraphs:

For SDCs C and D where liquefaction is identified, with the WSDOT Bridge Design Engineer’s
approval, pile and drilled shaft in-ground hinging may be considered as an ERE. Where in-ground
hinging is part of ERS, the confined concrete core should be limited to a maximum compressive
strain of 0.008 and the member ductility demand shall be limited to 4.

Bridges shall be analyzed and designed for the nonliquefied condition and the liquefied
condition in accordance with Article 6.8. The capacity protected members shall be designed

in accordance with the requirements of Article 4.11. To ensure the formation of plastic hinges

in columns, oversized pile shafts shall be designed for an expected nominal moment capacity,
M, at any location along the shaft, that is, equal to 1.25 times moment demand generated by the
overstrength column plastic hinge moment and associated shear force at the base of the column.
The safety factor of 1.25 may be reduced to 1.0 depending on the soil properties and upon the

WSDOT Bridge Design Engineer’s approval.

The design moments below ground for extended pile shaft may be determined using the
Nonlinear Static Procedure (pushover analysis) by pushing them laterally to the displacement
demand obtained from an elastic response spectrum analysis. The point of maximum moment
shall be identified based on the moment diagram. The expected plastic hinge zone shall
extend 3D above and below the point of maximum moment. The plastic hinge zone shall

be designated as the “No-splice” zone and the transverse steel for shear and confinement shall
be provided accordingly.

Guide Specifications Article C8.9

Add the following paragraphs:

Oversized pile shafts are designed so the plastic hinge will form at or above the shaft/column
interface, thereby, containing the majority of inelastic action to the ductile column element.
Therefore, oversized pile shafts should be designed to remain elastic.

The moment along a pile shaft is dependent upon the geotechnical properties of the surrounding
soil and the stiffness of the shaft. To ensure the formation of plastic hinges in columns and to
minimize the damage to oversized pile shafts, a factor of 1.25 is used in the design of oversized
pile shafts. This factor also accommodates the uncertainty associated with estimates on soil
properties and stiffness.

Extended pile shafts (same sized column shaft) are designed so the plastic hinges will form below
ground in the pile shaft. The concrete cover, area of transverse and longitudinal reinforcement
may change between the column and the pile shaft, but the cross section of the confined core is
the same for both the column and the pile shaft. The extended pile shafts shall not be used in the
WSDOT projects without the WSDOT Bridge Design Engineer’s approval. The ductility demand
for the pile shaft shall be less than the ductility demand for the column supported by the shaft.

To avoid the plastic hinge forming below ground, the pile shaft may be strengthened and shall
be designed for a expected nominal moment capacity equal to 1.25 times the moment demand
generated by the overstrength moment of supported column.
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4.2.39 Superstructure Capacity Design for Integral Bent Caps for Longitudinal
Direction for SDCs B, C, and D

Guide Specifications Article 8.10

Add the following paragraph:

For precast prestressed girder bridges, two-thirds of the column plastic hinging moment at the
c.g. of the superstructure shall be resisted by girders within the effective width, and the remaining
one-third by girders outside the effective width. See Section 5.1.3.D.4 of this manual for
additional details.

4.2.40 Superstructure Capacity Design for Transverse Direction (Integral Bent
Cap) for SDCs B, C, and D
Guide Specifications Article 8.121

Revise the last paragraph as follows:

For SDCs C and D, the longitudinal flexural bent cap beam reinforcement shall be continuous.
Splicing of cap beam longitudinal flexural reinforcement shall be accomplished using mechanical
couplers that are capable of developing a minimum tensile strength of 85 ksi. Splices shall be
staggered at least 2 feet. Lap splices shall not be used.

4.2.41 Superstructure Design for Non-Integral Bent Caps for SDCs B, C, and D
Guide Specifications Article 8.12

Non-Integral Bent Caps shall not be used for continuous concrete bridges in SDC B, C, and D except
at the expansion joints between superstructure segments.

4.2.42 Joint Proportioning
Guide Specifications Article 8.13.2

Revise Article 8.13.2 as follows:

Moment-resisting joints shall be proportioned so that the principal stresses satisfy the
requirements of Eq. 1 and Eq. 2

* For principal compression, p, :

Pe < 0.25f"; (8.13.2-1)
* For principal tension, p,:
p: < 0.38f'. (8.13.2-2)
In which:
fot fo\ _ |(fa=FY’ :
e (55 |25 orszs
fot fo\, |(f= BN, s
— 8.13.2-4
pc_(2>+(2>+”f’1 ( )
Where:
f, = Average axial horizontal stress (ksi)
f, = Average axial vertical stress (ksi)
vy, = Average joint shear stress (ksi)
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The horizontal axial stress is based on the mean axial force at the center of joint.

.
n BeayDs (8.13.2-5)
Where:
P, = Beam axial force at the center of the joint including the effects of prestressing
and the shear associated with plastic hinging (kips)
B.,= Bentcap width (in.)
D, Depth of superstructure at the bent cap for integral joints under longitudinal

response and depth of cap beam for nonintegral bent caps and integral joint under
transverse response (in.)
For most projects, f, can typically be ignored since there is typically no prestress in the cap.
In the vertical direction, the average axial stress in the joint is provided by the axial force in the
column. Assuming a 45° spread away from the boundary of the column to a plane at mid-depth of
the bent cap, the average axial stress is calculated by the following equation:

— Pc
N = Bco)Bean (8.13.2-6)
Where:

P, = Column axial force including the effects of overturning (kips)

Bcap = Bent cap width (in.)

D, = Diameter or cross-sectional dimension of column parallel to bent cap (in.)

D, = Depth of bent cap (in.)

Eq.1 shall be modified if the cap beam does not extend beyond the column exterior face greater
than the bent cap depth.
The average joint shear stress, v;,, can be approximated with the following equation:
M
Vjn = hpDeBorr (8.13.2-7)
Where:

M = The column overstrength moment, Mpo, in addition to the moment induced due to
eccentricity between the column plastic hinge location and the c.g. of bottom
longitudinal reinforcement of the cap beam or superstructure (kip-in.)

D, = Diameter or cross-sectional dimension of column in the direction of loading (in.)

h, = The distance from c.g. of tensile force to c.g. of compressive force on the section

(in.). This level arm may be approximated by D..
B = Effective width of joint (in.)
The effective width of joint, B 4, depends on the shape of the column framing into the joint and
is determined using the following equations.

 For circular columns:
Berr =V2 D, (8.13.2-8)
* For rectangular columns:

Bers = B. + D (8.13.2-9)

For transverse response, the effective width will be the smaller of the value given by the above
equations or the cap beam width. Figure 8.13.2-1 clarifies the quantities to be used in this calculation.

WSDOT Bridge Design Manual M 23-50.06 Page 4.2-19
July 2011



Seismic Design and Retrofit Chapter 4

Where:
B, = Diameter or width of column or wall measured normal to the direction of loading (in.)

c

Bridge Axis Bridge Axis

b

- Beyjr’ = .\/ED( — (b) Rectangular Column

(a) Circular Ceolumn

Figure 8.13.2-1 Effective Joint Width for Shear Stress Calculation
BDM Figure 4.2.42-1

4.2.43 Minimum Joint Shear Reinfocing
Guide Specifications Article 8.13.3

Add commentary C8.13.3 as follows:

Additional joint reinforcements specified in Article 8.13.4.2 for integral bent cap and Article
8.13.5.1 for nonintegral bent cap are based on the tests by Priestley (1996) and Sritharan (2005)
for certain standard joints as shown in Figure C8.13.1-1 and Figure 8.13.4.2-1-2 using the
external strut force transfer method. The joint reinforcements shall be placed within a distance
of 0.5 D, from the column surface. Consequently, these specifications are only applicable to

the joints that closely match the geometry of test joints as detailed in Figures 8.13.4.2-1-1 to

3 and Figures 8.13.5.1.1-1 to 2. Bent cap beams not satisfying these joint geometry and detail
requirements shall be designed based upon the strut and tie provisions of the AASHTO LRFD
Bridge Design Specifications.
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4.2.44 Additional Longitudinal Cap Beam Reinforcement
Guide Specifications Article 8.13.5.1.3

Add the following:

This reinforcement shall extend a sufficient distance to develop its yield strength at a distance of
0.5D, from the column face as shown in Figure 1.

Jl jvo jvi jvo
/7A5 FAg /—Aa /Aﬁ WITHIN Dc/2
B / 1 ,/ / N
- — ! — — - _
//
Dc/2 + ld L
(TYP.) ADDITIONAL LONGITUDINAL _
F\ CAP BEAM REINFORCEMENT A’
— N
st

Dc

Figure 8.13.5.1.3-1 Additional Longitudinal Cap Beam
Reinforcement for Joint Force Transfer

BDM Figure 4.2.44-1
Add C8.13.5.1.3:

The additional longitudinal cap beam reinforcement in reinforced concrete “T” joint is based on
the force transfer method proposed by Sritharan (2005).

4.2.45 Horizontal Isolated Flares
Guide Specifications Article 8.14.1
Delete the last sentence in second paragraph.

Delete the entire third paragraph and replace with the following:

For SDCs C and D, the gap shall be large enough so that it will not close during a seismic event.
The gap thickness shall be based on the estimated ductility demand and corresponding plastic
hinge rotation capacity. The total deformation of the flare edge can be calculated by multiplying
the total rotation, which is the summation of ep and Gy, by the distance from the neutral axis of
the section at the ultimate curvature to the edge of flare. The yield rotation, 0 , can be calculated
using the moment-area method by integrating the M/EI along the column height. The plastic
rotation, Gp, is given by:
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Op = Ly (¢ — ¢y) (8.14.1-1)
Where:
L, = Analytical plastic hinge length as determined in Equation 4.11.6-3 (in.).
¢, = Ultimate curvature as defined in Article 8.5.

The procedure is based on curvature analysis of the section and does not include bond slip
and the deflection of the beam. To prevent the gap closure, the calculated gap thickness shall
be multiplied by a factor of 3 to determine the required gap.

Add C8.14.1:

The required gap is determined using Caltrans procedure and the safety factor recommended
by Chandane et al. (2004).

4.2.46 Column Shear Key Design for SDCs C and D
Guide Specifications Article 8.15

Add the following paragraph:
The column hinge shall be designed in accordance with the AASHTO LRFD Bridge Design
Specifications Article 5.8.4 provisions for shear friction using the nominal material strength
properties. The design procedure and hinge detail per TRAC Report WA-RD 220.1 titled
“Moment-Reducing Hinge Details for the Based of Bridge Columns” should be used.
The thickness of the expansion joint filler shall allow the maximum column rotation without
crushing the edge of the column concrete against the cap beam or footing.

4.2.47 Cast-in-Place and Precast Concrete Piles
Guide Specifications Article 8.16.2

Minimum longitudinal reinforcement of 0.75% of 4 ‘ shall be provided for CIP piles in SDCs B,
C, and D. Longitudinal reinforcement shall be provided for the full length of pile unless approved by
the WSDOT Bridge Design Engineer.
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4.3 Seismic Design Requirements for Bridge Widening Projects

4.3.1 Seismic Analysis and Retrofit Policy

Widening of existing bridges is often challenging, specifically when it comes to determining how

to address elements of the existing structure that do not meet current design standards. The Seismic
Analysis and Retrofit Policy for Bridge Widening Projects (Figure 4.3-1) has been established to give
bridge design engineers guidance on how and when to address structural deficiencies in existing bridges
that are being widened. This policy balances the engineers responsibility to “safeguard life, health,

and property” (WAC 196-27A-020) with their responsibility to “achieve the goals and objectives agreed
upon with their client or employer.” (WAC 196-27A-020 (2)(a)). Current versions of bridge design
specifications/codes do not provide guidance on how to treat existing structures that are being widened.
This policy is based on, and validated by, the requirements of the International Building Code (2009 IBC
Section 3403.4). The IBC is the code used throughout the nation for design of most structures other than
bridges. Thus, the requirements of the IBC can be taken to provide an acceptable level of safety that
meets the expectations of the public.

This “Do No Harm” policy requires the bridge engineer to compare existing bridge element seismic
capacity/demand ratios for the before widening condition to those of the after widening condition.

If the capacity/demand ratio is not decreased, the widening can be designed and constructed without
retrofitting existing seismically deficient bridge elements. In this case, retrofit of seismically deficient
elements is recommended but not required. The decision to retrofit these elements is left to the Region
and is based on funding availability. If the widened capacity/demand ratios are decreased, the seismically
deficient existing elements must be retrofitted as part of the widening project.

This policy allows bridge widening projects to be completed without addressing existing seismic

risks, provided “No Harm” is done to the existing structure. The existing seismic risks are left

to be addressed by a bridge seismic retrofit project. This approach maintains the priorities that have
been set by the Washington State Legislature. Most widening projects are funded by the I1 - Mobility
Program. The objective of the [1-Mobility Program is to improve mobility... not to address seismic
risks. Bridge seismic risks are addressed through bridge seismic retrofit projects that are funded as part
of the P2 - Structures Preservation Program. The Legislature has established the priority of these and
other programs, and set funding levels accordingly. This policy upholds the priorities established by the
Legislature, by accomplishing widening (mobility) projects without requiring that retrofit (preservation/
risk reduction) work be added to the scope, provided the existing structure is not made worse.

Widening elements (new structure) shall be designed to meet current WSDOT standards for new bridges.

A seismic analysis is not required for single-span bridges. However, existing elements of single span
bridges shall meet the requirements of AASHTO Guide Specifications for LRFD Seismic Bridge Design
Section 4.5.

A seismic analysis is not required for bridges in SDC A. However, existing elements of bridges in
SDC A shall meet the requirements of AASHTO Guide Specifications for LRED Seismic Bridge Design
Section 4.6.

When the addition of the widening has insignificant effects on the existing structure elements, the seismic
analysis may be waived with the WSDOT Bridge Design Engineer’s approval. In many cases, adding less
than 10% mass without new substructure could be considered insignificant.
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Perform Seismic Analysis Of Existing And Widened Revise Widening Design
Structure. Generate C/Dp,, And C/Dp, For All Applicable (Reduce Mass, Increase
Existing Bridge Elements (Including Foundation Elements). Stiffness, Etc.)

(See Notes 1 and 2)

A

C/Dpoy > 1.0

Can Widening Design
C/Dpoy> C/Dpye Be Revised to Result
Yes (See Note 3) In C/Dpyy> C/Dpy
A4 Seismic Performance Maintained
Element Is Adequate As Is Retrofit Of Element Recommended Seismic Performance Made Worse
No Seismic Retrofit Required But Not Required (Optional) Retrofit Of Element Is Required
v
Prepare Preliminary Cost Estimates Including:
* Widening Plus Recommended Seismic Retrofits Estimate
(Widening + Required Seismic Retrofits + Optional Seismic Retrofits)
* Base Widening Estimate (Widening + Required Seismic Retrofits)
* Bridge Replacement Estimate
(Only Required for Widening Projects With Required Seismic Retrofits)
y
Region Select From The Following Alternatives: Report C/Dyp,, And C/D,q Ratios,
*» Widen Bridge And Perform Required & Optional Seismic Retrofits Along With Final Project Scope
* Widen Bridge And Perform Required Seismic Retrofits || To Bridge Management Group.
* Replace Bridge This Information Will Be Used To
* Cancel Project Adjust The Status Of The Bridge
In The Seismic Retrofit Program.
LEGEND

C/Dp,, = Existing Bridge Element Seismic Capacity Demand Ratio Before Widening
C/Dp,« = Existing Bridge Element Seismic Capacity Demand Ratio After Widening

NOTES

1. Widening elements (new structure) shall be designed to meet current WSDOT standards for New Bridges.
2. Seismic analysis shall account for substandard details of the existing bridge.

3. C/Dratios are evaluated for each existing bridge element.

WSDOT Seismic Analysis and Retrofit Policy for Bridge Widening Projects
Figure 4.3-1
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4.3.2 Design and Detailing Considerations

e Support Length — The support length at existing abutments, piers, in-span hinges and pavement seats
shall be checked. If there is a need for longitudinal restrainers, transverse restrainers or additional
support length on the existing structure they shall be included in the widening design.

¢ Connections Between Existing and New Elements — Connections between the new elements and
existing elements should be designed for maximum over-strength forces. Where yielding is expected
in the crossbeam connection at the Extreme Event limit state, the new structure shall be designed to
carry live loads independently at the Strength I limit state. In cases where large differential settlement
and/or a liquefaction-induced loss of bearing strength are expected, the connections may be designed
to deflect or hinge in order to isolate the two parts of the structure. Elements subject to inelastic
behavior shall be designed and detailed to sustain the expected deformations.

Longitudinal joints between the existing and new structure are not permitted.

* Differential Settlement — The allowable differential settlement of bridges depends on the type of
construction, the type of foundation, and the nature of soil (sand or clay). The geotechnical designer
should evaluate the potential for differential settlement between the existing structure and widening
structure. Additional geotechnical measures may be required to limit differential settlements to
tolerable levels for both static and seismic conditions. The bridge designer shall evaluate, design
and detail all elements of new and existing portions of the widening structure for the differential
settlement warranted by the Geotechnical Engineer. Experience has shown that bridges can and often
do accommodate more movement and/or rotation than traditionally allowed or anticipated in design.
Creep, relaxation, and redistribution of force effects accommodate these movements. Some studies
have been made to synthesize apparent response. The angular distortion appears to be the useful
criteria for establishing the allowable limits. These studies indicate that angular distortions between
adjacent foundations greater than 0.008 (RAD) in simple spans and 0.004 (RAD) in continuous spans
should not be permitted in settlement criteria (Moulton et al. 1985; DiMillio, 1982; Barker et al.
1991). Other angular distortion limits may be appropriate after consideration of:

 Cost of mitigation through larger foundations, realignment or surcharge,
* Ride-ability,

 Aesthetics, and,

 Safety.

Rotation movements should be evaluated at the top of the substructure unit (in plan location) and at
the deck elevation.

The horizontal displacement of pile and shaft foundations shall be estimated using procedures that
consider soil-structure interaction (see WSDOT Geotechnical Design Manual M 46-03 Section
8.12.2.3). Horizontal movement criteria should be established at the top of the foundation based
on the tolerance of the structure to lateral movement, with consideration of the column length and
stiffness. Tolerance of the superstructure to lateral movement will depend on bridge seat widths,
bearing type(s), structure type, and load distribution effects.

¢ Foundation Types — The foundation type of the new structure should match that of the existing
structure. However, a different type of foundation may be used for the new structure due to
geotechnical recommendations or the limited space available between existing and new structures.
For example, a shaft foundation may be used in lieu of spread footing.

 Existing Strutted Columns — The horizontal strut between existing columns may be removed. The
existing columns shall then be analyzed with the new un-braced length and retrofitted if necessary.

* Non-Structural Element Stiffness — Median barrier and other potentially stiffening elements shall be
isolated from the columns to avoid any additional stiffness to the system.
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Chapter 4

» Deformation capacities of existing bridge members that do not meet current detailing standards shall
be determined using the provisions of Section 7.8 of the Retrofitting Manual for Highway Structures:
Part 1 — Bridges, FHWA-HRT-06-032. Deformation capacities of existing bridge members that
meet current detailing standards shall be determined using the latest edition of the A4SHTO Guide
Specifications for LRFD Seismic Bridge Design.

+ Joint shear capacities of existing structures shall be checked using Caltrans Bridge Design Aid, 14-4

Joint Shear Modeling Guidelines for Existing Structures.

* In lieu of specific data, the reinforcement properties provided in Table 4.3.2-1 should be used.

. . ASTM ASTM A615 | ASTM A615
Property Notation Bar Size A706 Grade 60 Grade 40
Specified minimum
yield stress (ksi) fy #3-#18 60 60 40
Expected yield )
stress (ksi) fre #3 - #18 68 68 48
Expected tensile
strength (ksi) fue #3-#18 95 95 81
Expected g #3 - #18 0.0023 0.0023 0.00166
yield strain ve
#3-#8 0.0150 0.0150

#9 0.0125 0.0125
Onsetof = ., #10 & #11 0.0115 0.0115 0.0193
strain hardening s

#14 0.0075 0.0075

#18 0.0050 0.0050
Reduced ultimate R #4 - #10 0.090 0.060 0.090

. . €
tensile strain " #11-#18 0.060 0.040 0.060
Ultimate #4 - #10 0.120 0.090 0.120
. . €

tensile strain s #11 - #18 0.090 0.060 0.090

Stress Properties of Reinforcing Steel Bars

Table 4.3.2-1
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4.4 Seismic Retrofitting of Existing Bridges
4.4.1 General

Seismic retrofitting of existing bridges shall be performed in accordance with the FHWA publication
FHWA-HRT-06-032, Seismic Retrofitting Manual for Highway Structures: Part 1 — Bridges.

4.4.2 Seismic Analysis Requirements

The first step in retrofitting a bridge is to analyze the existing structure to identify seismically deficient
elements. The initial analysis consists of generating capacity/demand ratios for all relevant bridge
components. Seismic displacement and force demands shall be determined using the Multi-Mode Spectral
Analysis of section 5.4.2.2 (at a minimum). Prescriptive requirements, such as support length, shall be
considered a demand, and shall be included in the analysis. Seismic capacities shall be determined in
accordance with the requirements of the Seismic Retrofitting Manual. Displacement capacities shall

be determined by the Method D2 — Structure Capacity/Demand (Pushover) Method of Section 5.6. For
most WSDOT bridges, the seismic analysis need only be performed for the upper level (1000-year return
period) ground motions with a Life Safety seismic performance level.

4.4.3 Seismic Retrofit Design

Once seismically deficient bridge elements have been identified, appropriate retrofit measures shall

be selected and designed. Table 1-11, Chapters 8, 9, 10, 11, and Appendices D thru F of the Seismic
Retrofitting Manual shall be used in selecting and designing the seismic retrofit measures. The WSDOT
Bridge and Structure Office Seismic Specialist shall be consulted in the selection and design of the
retrofit measures.

4.4.4 Computer Analysis Verification
The computer results shall be verified to ensure accuracy and correctness. The designer should use the
following procedures for model verification:

 Using graphics to check the orientation of all nodes, members, supports, joint and member releases.
Make sure that all the structural components and connections correctly model the actual structure.

* Check dead load reactions with hand calculations. The difference should be less than 5%.
* Calculate fundamental and subsequent modes by hand and compare results with computer results.
* Check the mode shapes and verify that structure movements are reasonable.

* Increase the number of modes to obtain 90% or more mass participation in each direction.
GTSTRUDL/SAP2000 directly calculates the percentage of mass participation.

* Check the distribution of lateral forces. Are they consistent with column stiffness? Do small changes
in stiffness of certain columns give predictable results?

4.4.5 Earthquake Restrainers

Longitudinal restrainers shall be high strength bars in accordance with the requirements of Bridge Special
provision BSP022604.
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Seismic Design and Retrofit

4.5 Seismic Design Requirements for Retaining Walls

4.5.1 General

All retaining walls shall include seismic design load combinations. The design acceleration for retaining
walls shall be determined in accordance with the AASHTO Guide Specifications for LRED Seismic Bridge

Design. Once the design acceleration is determined, the designer shall follow the applicable design
specification requirements listed below:

Wall Types

Design Specifications

Soldier Pile Walls
With and Without Tie-Backs

AASHTO LRFD Bridge Design Specifications

Pre-Approved Proprietary Walls

AASHTO LRFD Bridge Design Specifications
or the AASHTO Standard Specifications for Highway Bridges-
17th Edition and 1,000 yr map design acceleration.

Non-Preapproved
Proprietary Walls

AASHTO LRFD Bridge Design Specifications

Standard Plan Geosynthetic Walls

AASHTO LRFD Bridge Design Specifications

Non-Standard Geosynthetic Walls

AASHTO LRFD Bridge Design Specifications

Standard Plan Reinforced
Concrete Cantilever Walls

AASHTO LRFD Bridge Design Specifications

Non-Standard
Non-Proprietary Walls

AASHTO LRFD Bridge Design Specifications

Soil Nail Walls

AASHTO LRFD Bridge Design Specifications

Standard Plan Noise Barrier Walls

AASHTO Guide Specifications for Structural Design of Sound
Barriers — 1989 & Interims.

Non-Standard Noise Barrier Walls

Design per Chapter 3 of this manual.

Pre-Approved and Standard Plan
Moment Slabs for SE Walls and
Geosynthetic Walls

AASHTO LRFD Bridge Design Specifications

Non-Pre-Approved and
Non-Standard Moment Slabs for
SE Walls and Geosynthetic Walls

AASHTO LRFD Bridge Design Specifications

Non-Standard
Non-Proprietary Walls,
Gravity Blocks, Gabion Walls

AASHTO LRFD Bridge Design Specifications

Exceptions to the cases described above may occur with approval from the WSDOT Bridge Design
Engineer and/or the WSDOT Geotechnical Engineer.
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Appendix 4-B1

Design Examples
of Seismic Retrofits

Design Example -

Restrainer Design

FHWA-HRT-06-032 Seismic Retrofitting Manual for Highway Structures: Part I - Bridges, Example 8.1
Restrainer Design by Iterative Method

N = 12.00 " SeatWidth (inch)
d c = 2.00" concrete cover on vertical faces at seat (inch)
"G = 1.00 " expansion jointgap (inch). For new sftructures, use maximum estimated
opening.
FS. = 0.67 safety factor against the unseating of the span
F y = 176.00 ksi restrainer yield stress (ks)
E = 10,000 restrainer modulus of elasticity (ksi)
L = 18.00 ' restrainer length (ft)
Drs = 1.00 " restrainer slack (inch)
VVl = 5000.00 the weight of the less flexible frame (kips) (Frame 1)
W2 = 5000.00 the stifiness of the more flexible frame  (kips) (Frame 2)
K 1 = 2040 the stifiness of the less flexible rame (kips/in) (Frame 1)
K2 = 510 the stifness of the more flexible frame (kips/in) (Frame 2) OK
Ly = 4.00 Targetdisplacement ductility of the frames
g = 386.40 acceleration due to gravity (in/secz)
i = 0.05 design spectrum damping ratio
Sps = 1.75 short period coeficient Sps =F,S
S DI= 0.70 long period coeficient S DL = Fv Sl
AS = 0.28 effective peak ground acceleration coefficient
At01= 0.05" converge folerance
Calculate the period at the end of constant design spectral acceleration plateau (sec)
T, = Spi < 07/175 = 0dsec
SDS
Calculate the period at beginning of constant design spectral acceleration plateau (sec)
T,=0.2T = 0204 = 0.08sec
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Step 1: Calculate Available seatwidth, /)
D, =12-1-272=7"% 0.67*7 = 469"
Step 2: Calculate Maximum Allowable Expansion Joint Displacement and compare to the available seat width.
Dr =1+176*18*12/10000 = 48" >=469" NG
Step 3: Compute expansion joint displacement without restrainers
The efective stifness of each frame are modified due o yielding of rames.
K| o= 204014 = 510 kipiin
K5 o= 51074 = 127.5 kiplin
The effecive natural period of each frame is given by:
W
Tl,eﬁ =270 |[———— = 2* PI() *( 5000/ ( 386.4 *510) )*0.5 = 1 sec.
gKl,eﬁ"
W2 - * * * A =
T2 off = 2 |——=— = 2*PI() *(5000/( 386.4 * 127.5) )*0.5 = 2 sec.
’ gK2,eﬁ
The eflective damping and design spectrum correction factor is:
&eﬁ" =0.05 +(1-095/(4)"05-0.05*(4)"0.5)/PI() = 0.19
cy = 15/(40%019+1)+0.5 = 0.68
Determine the frame displacement from Design Spectrum
Teg= 100 sec. S (T} .4)= 0699
D= 200 sec. S,(T,,q5)= 0350
Modified displacement for damping other than 5 percent damped bridges
D, = Tl’eﬁ S (T: = (1/(2*PI()))*2*0.68* 0.699 * 386.4 = 4.65"
= Cq Pq ( Leff ) 8 : : : :
21
2
TZ,eﬁ"
D, = 2— c; S, (Tz’eﬁf ) g =(2/(2*PI()))"2*0.68*0.35*386.4 = 9.3"
T
The relative displacement of the two frames can be calculated using the CQC combination of the two
frame displacement as given by equation (Eq. 3)
o, T
the frequency ratio of modes, B =1 _72 =2/1=2
o, T
The cross-correlation coe?i_ﬁcient, 302
o Sy (PP
127 242 2 2
(1-P7)" +45,,B(1+P)
P12 = (8*0.1922)%(1+2)*( 2 M3/2))/((1 - 222)"2 + 4* 0.19 2* 2 *(1+ 2)"2) =0.2
The initial relative hinge displacement
Deqo = (46572+9372-2%02%465%*9.3)"05 =9.52" >=2/3 Das=4.69"
Restrainers are required
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Step 4: Estimate the Initial restrainer stffness

K Sl el — (510*127.5) /(510 +127.5 ) = 102 kip/in
el mod K + K
Leff 2,eff
K, (D, -D)
K, = Wmod 4o T = 102%(952-4.8)/9.52 = 50.54 kiplin
DQQO

Adjust restrainer stifness to limit the joint displacement to a prescribed value Dr .
This can be achieve by using Goal Seek on the Tools menu.
Goal Seek
Set Cell $J$104 CellAddressfor A = Deq - D
To Value
By Changing Cell $D$104  Cell address for initial guess

r

Apply the Goal Seek every time you use the spreadsheetand Click OK
Kr = 19321  kip/in (Inputa value to start) A= 000"

Step 5: Calculate Relative Hinge Displacement from modal analysis.

Frame 1 mass my =5000/386.4=12.94  kip. Sec®/in

Frame 2 mass /M) =5000/386.4=1294  kip. Sec’/in
K 5= 51000 kpin Ky o = 12150 kiplin

Solve the following quadratic equation for natural frequencies

A(0?)? +B(0?)+C=0

A=mim, =1294*1294 = 167.44
B=—m/(K, o +K,)—my (K, 5 +K,)
= -12.94* (1275+193.21) - 12.94* (510 +193.21 ) = -13249.52

C =K1,eﬁ' KZ,eﬁ" + (Kl,eﬁ" + KZ,ejf)Kr

C =510*127.5+(510+127.5) *193.21 = 188197.22

The roots of this quadratic are
6012 = (-(-13249.52) +(( -13249.52) "2-4* 167.44 * 188197.22 )"0.5)/( 2*167.44 ) = 60.57

(o% = ((-13249.52-((-13249.52)"2-4*167.44*188197.22)"0.5)/(2*167.44) = 18.56

The natural frequencies are

O = 7.78 rad/sec @) = 4.31 rad/sec
The corresponding natural periods are
T = 2£ Tl,eﬁ = 081 sec Tz,eﬁc 146  sec.
(O] 2
For mode 1, ®; = 778 radisec ] = 6057

2
K op + K, —mo] =510+19321- 12946057 = -80.61
The relative value (modal shape) corresponding

K
h: r 5 =193.21/-80.61 = -2.397
b2 Ky + K, —moj

Itis customary to describe the normal modes by assigning a unit value to one of the amplitudes.
For the fstmode, set dy = 1.00 then ¢ = 240
The mode shape for the first mode is

i={e = {50 )
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For mode 2, ®, * 431  radlsec 0)2 = 18.56
2. * =
Kl’eﬁp + K, — mym5 =510+19321-12.94*18.56 = 263.11

The relative value

(|)12 _ Kr

= - =19321/463.11 = 0417
0 K+ K, —mw;

For the 2nd mode, set (1)12 = 1.00 then ¢22 = 240
The mode shape for the 2nd mode is

wb={o2t={ 1% )

- — O MY o7
Calculate the participation factor for mode " 1 P = ({ } {d) })
e ey

(O T [MI{1} = mydyy + mydy = 129424 +12.94*1 = -18.08

T 2 2
{011 [KRO1E = (Ko + K011 —2K,01105; + (K5 o5 + K, )3
= (510 +193.21) * (-2.4) A2- 2 193.21 % -2.4 * 1 + (127.5+ 19321 ) * (1) A2 = 5286.98

(@} {0} =0y — = 1-24=34

P, = .18.08/5286.98*3.4 = -00116  sec?

- - 0} MUY}, 7
Calculate the participation factor for mode " 2" P — ({a}” {$,})
0 (K1)

{0, [M{1} = MGy + Myyy = 12.94%1+1294%24 = 43.96

2 2
(0,1 K1} = (Ko + K01 —2K,01502 +(Ky o5 +K,)0%
= (510 +193.21) * (1) A2- 2 193.21 % 1* 2.4 + ( 1275+ 193.21) * ( 2.4 ) A2 = 1619.53

T
{a} {¢2} =00 —P1p =24-1=14
Py = 43961161953 1.4 = 0.0379 sec.2

Determine the frame displacement from Design Spectrum

TNy = 081 sec S, (T),5)= 0867
D= 146 sec. S (Tyz)= 0480
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Calculate new relative displacement at expansion joint
Do,y = RcgSy(T) 05,0.05) g = -0.011670.68*0.867 *386.4 =-2.64"
Degs = PycyS, (T o »0.05) g = 0.0879° 068 048" 3864 =4.77"
The effective period ratio
B:&:Tz’—eﬁ =1.46/0.81 = 1.81
85 Tl,eﬁ"

The cross-correlation coefficient,

P12 = (8*0.19242)*(1+ 1.81)*( 1.81 A(3/2))/((1 -1.81 2)A2+4* 0.19 *2* 1.81 *(1+1.81)"2)
= 026
Deq1 = ((-2.64)"2+(4.77)"2+2*0.26 * (-2.64 ) * (4.77))"0.5=48"
>48"
A=D,, —D,=48-48=0"
OK Go o Step 7 and calculate the number of restrainers
Step 7: Calculate number of restrainers
K.D
_ r r
Moo=
yor
D, = 480" K,= 19321 Kkipfin F, = 17600 ks
Ar = 0222 in"2
Nr = (19321*4.8)/(176*0.222) = 23.74 restrainers
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SAP2000 Seismic
Appendix 4-B2 Analysis Example

1. Introduction

This example serves to illustrate the procedure used to perform nonlinear static “pushover”
analysis in both the longitudinal and transverse directions in accordance with the AASHTO Guide
Specifications for LRFD Seismic Bridge Design using SAP2000. A full model of the bridge is
used to compute the displacement demand from a response-spectrum analysis. To perform the
pushover analysis in the longitudinal direction, the entire bridge is pushed in order to include the
frame action of the superstructure and adjacent bents. To perform the pushover analysis in the
transverse direction, a bent is isolated using the SAP2000 “staged construction” feature. The
example bridge is symmetric and has three spans. It is assumed the reader has some previous
knowledge of how to use SAP2000. This example was created using SAP2000 version 14.2.0.

Note: By producing this example, the Washington State Department of Transportation does not
warrant that the SAP2000 software does not include errors. The example does not relieve Design
Engineers of their professional responsibility for the software’s accuracy and is not intended to
do so. Design Engineers should verify all computer results with hand calculations.

Brief Table of Contents of Example:

L IEEOAUCTION ..ttt ettt et e sbt e et e st e ebeesateenbeenaeas 1
2. MOAEL SEEUP ...ttt et ettt et e et e bt e tb e et e et e e bt e enbeeseeenbeenbeennnas 2
2.1 0Verview 0f MOdel .......cc.uiiiiiiiiie e 2
2.2 Foundations MOdEING ..........ccccuieiiiiiiiiiiiiiieiteeie ettt ebee e e 3
2.3 Materials MOAEING........ooeiiiieiiieeeiie ettt et e e e e srbee e eareeeaneas 6
2.4 Column MOAEING ........coociiiiiiiiieiieeie ettt saae e e aaeesee 15
2.5 Crossbeam MOAEING ......ccccviieiiiieiiieeciee ettt ettt e e e e e e eaaeeeaaeas 19
2.6 Superstructure MOdelINg.........cc.oevuiiiiiiiiiiii ettt 20
2.7 Gravity Load Patterns ........coeeeiiiieiieeciie ettt 22
3. Displacement Demand ANALYSIS ........cccuieiiiieiiiiieiiieeiiie et et eeeestee e sreeesreeesaaeeenaseeens 23
3.1 MOdal ANALYSIS ..eenvieeiiiiiiieiieeiie ettt ettt ettt ettt et eeebeebteenbeenseeenaeenee 23
3.2 Response-Spectrtim ANALYSIS......ccvieeiiieriiieeeiieeeieeerteeerteeetreesaeeesseeesereeessreeensseeens 27
3.3 Displacement Demand............coocuieriiiiiiniiiiieeeeee e 32
4. Displacement Capacity ANALYSIS ...cccueiercuieeriieeiiieeiieeeieeeeieeeeteeeeieeesaeeesseeessseeesaseeessseeensnens 34
4.1 Hinge Definitions and ASSIZNMENLS .........cc.eeruierireriienieieniienieenieeseeesieesneesseesneenseens 34
4.2 PUSROVET ANALYSIS....eiiiiiiieiiiieiiieeeiieeeieeeettee et e eetteestaeeesaeesbeeessseeessseeessseessnseeennseas 41
5. C0de REQUITEIMENLS ....ccuvviieiiieeiiieeieeeeit e e eiee e st e e teeestteeessaeeeabeeessaeeessaeesssaeessseeesssaeensseeennseeans 66
5.1 P-A Capacity Requirement Check ..........cccoeviiiiiiiiiiiniiiiieceeeee e 66
5.2 Minimum Lateral Strength Check ..........cccooviiiieiiiiiieceeeeeeee e 67
5.3 Structure Displacement Demand/Capacity Check..........ccoccviviiiiiiiiiiiiniiiiiiieee, 69
5.4 Member Ductility Requirement Check ..........ccoeveuiieriiiiiiiieiiecieeceeeee e 73
5.5 Column Shear Demand/Capacity Check ...........ccoeoieriiiiiiiniiiiieieeieeeee e 79
5.6 Balanced Stiffness and Frame Geometry Requirement Check.............ccccevevvirennennn. 83
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SAP2000 Seismic Analysis Example

2. Model Setup
2.1 Overview of Model

This example employs SAP2000. The superstructure is modeled using frame elements for each
of the girders and shell elements for the deck. Shell elements are also used to model the end,
intermediate, and pier diaphragms. Non-prismatic frame sections are used to model the
crossbeams since they have variable depth. The X-axis is along the bridge’s longitudinal axis and
the Z-axis is vertical. The units used for inputs into SAP2000 throughout this example are kip-in.
The following summarizes the bridge being modeled:

* All spans are 145’ in length

* (5) lines of prestressed concrete girders (WF74G) with 9°-6” ctc spacing

* 8 deck with 46’-11” to width

* Girders are continuous and fixed to the crossbeams at the intermediate piers
* (2) 5’ diameter columns at bents

» Combined spread footings —20°L x 40’W x 5’°D at each bent

» Abutment longitudinal is free, transverse is fixed

Figure 2.1-1 shows a view of the model in SAP2000.

[ SAPZ000 v14.2.0 Advanced - BualColl xample_