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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/ Tom Baker, P.E.

Tom Baker, P.E.
Bridge and Structures Engineer
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Chapter 1 General Information

1.1 Manual Description

1.1.1 Purpose

The Bridge Design Manual (BDM) M 23-50 sets the standard for bridge and structure
designs within the Washington State Department of Transportation’s (WSDOT) right of
way. This manual outlines WSDOT design details and methods, incorporating standard
practices that are based on years of experience. The BDM also identifies where

WSDOT standard of practices differ from the AASHTO specifications.

The design details and design methods of the BDM shall be used in the development
of any bridge or structure project within the WSDOT right of way. Adherence to

the BDM is expected for all bridge or structural projects that are located within the
WSDOT right of way.

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. The information, guidance, and references contained
herein are not intended as a subsitute for experience, sound engineering judgment, and
common sense.

A. Use of Bridge Design Manual on Design-Build Projects

When a reference is made to “Bridge Design Manual” or “BDM” in the Design-
Build Contract or Mandatory Standards, the Design-Builder shall proceed
as follows:

 Refer first to Bridge Design Manual Chapter 15 “Structural Design
Requirements for Design-Build Contracts”. All requirements in Bridge Design
Manual Chapter 15 are Contract requirements.

* If the Design-Build Contract or a Mandatory Standard references a specific
section of the Bridge Design Manual, the Design-Builder shall review
the applicable portions of Bridge Design Manual Chapter 15. If there are
discrepancies between Bridge Design Manual Chapter 15 and the specific
section reference, Chapter 15 shall have contractual precedence.

* All other portions of Chapters 1-14 of the Bridge Design Manual shall be
considered a Reference Document.
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1.1.2 Specifications

This manual and the current editions of 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.

The prescripted terms used in the BDM are defined as follows:

» The term “shall” indicates that a provision in the BDM is mandatory.

* The term “should” indicates a strong preference for a given criteria.

* The term “may” indicates a criterion that is usable, but other local and suitable
documented, verified, and approved criterion may also be used in a manner
consistent with the LRFD approach to bridge design.

* The term “recommended” is used to give guidance based on past experience.

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

© =N kWD =

General Information
Preliminary Design

Loads

Seismic Design and Retrofit
Concrete Structures
Structural Steel
Substructure Design

Walls and Buried Structures

10.

11.
12.

13.
14.

Bearings and Expansion
Joints

Signs, Barriers, Approach
Slabs, Utilities

Detailing Practice

Quantities, Construction
Costs, and Specifications

Bridge Load Rating

Accelerated and Innovative
Bridge Construction
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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 by chapter, section,
and subsection.

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

2. 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 hyphen and sequential
page number.

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

3. 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.

4. 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 and the FHWA WA
Division Bridge Engineer for approval. However, comments related to grammar
and clarity can be sent directly to the BDM Coordinator without Bridge Design
Engineer or the FHWA approval.

3. After approval from the Bridge Design Engineer and FHWA, 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 primary responsibilities of the Bridge and Structures Office are to:

* Provides structural engineering services for WSDOT.

» Provides technical advice and assistance to other governmental agencies on
such matters.

The 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. State Bridge and Structures Engineer — The State 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. The Bridge Design Engineer
is responsible for assigning support of Cost Risk Assessment’s, Cost Estimate
Validation Process, and workshop support.

1.

Structural Design Units — The Structural Design Units are responsible for

the design of bridges and other structures. 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 Design Engineer assigns the units the responsibility for preparing
preliminary bridge plans and other unscheduled work through the oversight of
the Design Unit Manager.

The Design Unit Manager provides day-to-day leadership, project workforce
planning, mentoring, and supervision for the design unit. The Design Unit
Manager is assisted by an Assistant Supervisor who directly supervises

a portion of the group and performs other tasks as delegated by the Design
Unit Manager. 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 documents for bridges and structures within
scope, schedule and budget. This involves designing, checking, reviewing, and
detailing in an efficient and timely manner.
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Structural Design Units include Specialists with particular areas of expertise
including concrete, steel, seismic design and retrofit, and expansion joints/
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 Structural 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.

Project Support Unit — The Bridge Projects Support Engineer directs
preliminary design work, specification and cost estimates preparation
and project scoping.

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. 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.

In addition, the unit is responsible for updating the Bridge Design Manual
M 23-50. The unit coordinates changes to the 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.
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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, sign bridges and
cantilever sign structures. 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 for state owned structures.

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.

D. Bridge Asset Management Engineer — The Bridge Asset Management Engineer is
responsible for the program development, planning and monitoring of all statewide
bridge program activities. These include Structures Preservation - P2 program
funded bridge replacements and rehabilitation, bridge deck protection, major bridge
repair, and bridge painting.

The Bridge Asset Management Engineer supervises the Construction Support Unit,
the Bridge Archiving Engineer, the Bridge Scheduling Engineer, the Computer
Support Unit, the Consultant Liaison Engineer, Bridge Deck Management
Engineer, and the Seismic and Scour Programs Engineer.

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 Archive 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).
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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
Project Support Unit in updating this manual and Standard Plans.

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.

In addition, the Bridge Asset Management Engineer 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 Asset 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. 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.

F. 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.

G. 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 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

Mike Bauer Coast Guard Permits
Special Provisions and Cost Estimates
Preliminary Design
Bridge Design Manual M 23-50
Bridge Traffic Barriers and Rail Retrofits

Richard Stoddard Concrete Design Technical Support
Seismic Design Technical Support

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

Bearing and Expansion Joints

DeWayne Wilson Bridge Preservation Program (P2 Funds) —

Establish needs and priorities (Seismic, Scour, Deck
Overlay, Special Repairs, Painting, Replacement,
Misc Structures Programs)

Bridge Management System

Bridge Projects Scheduling

Bridge Engineering Software and CAD

Construction Support including Falsework,
Forming and Temporary Structures

Consultant Liaison

Tim Moore Mega Projects Manager
Paul Kinderman State Bridge & Structures Architect
WSDOT Bridge Design Manual M 23-50.15 Page 1-9
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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:

 Design structures that improve public safety and meet state regulations.

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

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

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

* Structural and architectural design costs are minimized.

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

* Architectural guidelines specific and unique to the project shall be archived.
* Maximize plan quality.
 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 Design Unit Manager 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/NR/rdonlyres/99EAF8AS-
EF7B-4A89-9107-9551A1A8DEEF/0/brdeschart.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/NR/rdonlyres/99EAF8AS-EF7B-4A89-
9107-9551 A1A8DEEF/0/brdeschart.pdf.
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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.

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), Bridge & Structures Architect, 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 Design Unit Manager
may designate a designer to be a Project Coordinator with additional duties,
such as: assisting the Design Unit Manager 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.

2. 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 Design Unit Manager 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.
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The designer shall advise the Design Unit Manager as soon as possible of any
scope and project cost increases and the reasons for the increases. The Design
Unit Manager 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 Design Unit Manager shall notify the Bridge Scheduling Engineer of the
revised delivery dates.

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

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) Provides justification for any deviation from Bridge Design Manual/
AASHTO.

(3) Provides justification for design approach.

(4) Provides justification for any 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 Design Unit Manager:
(1) Update Project Schedule and List of Sheets.
(2) Estimate percent complete.
(3) Estimate time to complete.
(4) Work with Design Unit Manager 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.
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(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 Design Unit Manager of any areas of
the design, which should receive special attention during checking
and review.

(5) Prepare the QC/QA 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-Al.

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 and
check calculations shall be bound and archived in accordance with Section
1.3.8. The bound calculations shall be stamped, signed, and dated by a
registered professional Engineer in the State of Washington and shall follow
the WSDOT Bridge and Structures office’s policy for stamping of plan
sheets in accordance with Section 1.3.2.9. Computer files shall be archived
for use during construction, in the event that changed conditions arise.

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 Design Unit Manager, the Construction Support
Unit, or the HQ Construction-Bridge.

3. Checker Responsibility — The checker is responsible to the Design Unit
Manager for “quality assurance” of the structural design, which includes
checking the design, plans and specifications to assure accuracy and
constructability. The Design Unit Manager 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) 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.
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(2) 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.

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

b. Structural Plans

(1) 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 Design Unit Manager shall resolve any
issues. Check prints shall be submitted to the Design Unit Manager at
the time of 100 percent PS&E turn-in.

(2) If assigned by the Design Unit Manager, a structural detailer
shall perform a complete check of the geometry using CADD or
hand calculations.

(3) Revision of plans, if required, is the responsibility of the designer.
c. Quantities and Barlist

(1) 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.

(2) 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
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.

c. 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.

e. Check for proper grammar and spelling.
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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 — All bridge and wall projects initiated with a signed
Bridge Preliminary Plan.

The primary responsibility of the specialist is to act as a knowledge resource
for the Bridge and Structures Office, WSDOT, other governmental agencies
and consultants. Designers are encouraged to consult specialists for complex
projects early in the design process. Design Unit Managers overseeing a design
project should actively identify any complex or unusual features, early in

the design process, and encourage the designers involved to seek input from
the suitable Specialist. 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 provide training in their area
of expertise.

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
Manager, the Specialists may be requested to review, comment on and initial
plans in their area of expertise prepared by other designers. Specialists are
expected to review selected design work for consistency with other WSDOT
projects, and for adherence to current office practice and current industry
practice. Specialist reviews are typically cursory in nature, and are not intended
to fulfill the role of structural checker. Specialists shall initial the Project Turn-
In QC/QA Worksheet of BDM Appendix 1.5-A1 at the 100 percent completion
stage of certain projects including:

a. Bearing and Expansion Joint Specialist — All expansion joint or bearing
rehab projects. All new bridges with modular expansion joints, unique strip
seal joints (high skew, raised steel sliding plates at sidewalk, traffic islands,
etc.), and bearings other than plain elastomeric pads.

b. Concrete Specialist — All post-tensioned super and substructures, and
complex prestressed girder superstructures (long spans, large skews, tapered
girders, etc.). All structures utilizing mass concrete, self-consolidating
concrete (SCC), shotcrete or Grade 80 reinforcement.

c. Steel Specialist — All new and retrofit steel superstructure projects, or
projects involving significant or complex welding.

d. Seismic Specialist — All retrofit projects, and new bridges with complex
seismic design requirements.

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

The Concrete and Steel specialist act as Design Unit Managers for the
Structural Detailers within their unit. They are responsible for the day-to-day
supervision of the Structural Detailers, including timesheet and evaluation
responsibilities. The Concrete and Steel Specialists are also relied upon to assist
the Design Unit Manager in allocating detailing staff, and completing Structural
Detailer staffing projections.

A secondary responsibility of the Concrete and Steel Specialist is to serve as
Design Unit Manager when the Design Unit Manager is absent.

Sign Structure design, Wall design, and Traffic Barrier & Rail design are
three specialty areas where design and review work has traditionally been
directed to dedicated staff in each of the three main design groups within the
Bridge Design Office (see BDM 1.2.3). Design guidance or review requests
for unusual or unique projects involving these three specialty areas should be
directed to the applicable Design Unit Manager for design or review.

Specification and Estimating Engineer Responsibilities — 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 design and retrofit, and
structural steel.

7. Design Unit Manager Responsibility

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

b. The Design Unit Manager 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.

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-oft” and “wrap-up” meetings with Region, geotechnical
staft, bridge construction, and consultants to resolve outstanding issues.
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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.

The Design Unit Manager 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

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 Design Unit Managers’
scheduling meetings, notify the Bridge Project Support Engineer if a project
is behind schedule.
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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.

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

g. Review constructability issues. Are there any problems unique to the
project?

h. 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.

i. 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.
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c. Review unique project special provisions and Standard Specifications
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.

g. Create an open and supportive office environment in which Design Section
staff are empowered to do high quality structural design work.

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

1. 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 Structural Engineer, the
Design Unit Manager and the licensed Civil or Structural Engineer co-seal and
sign the plans, except the bridge layout sheet. The bridge layout sheet is sealed
and signed by the Bridge Design Engineer.

For contract plans not prepared by a licensed Civil or Structural Engineer,
the Design 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 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 Design 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 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.
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2. Bridge Scheduling Engineer Responsibilities

d.

Add review to the bridge schedule.
Assign review to a Design unit.

Make 2 copies of the review plans and specifications — 1 for the design
reviewer and 1 for the Specifications Engineer reviewer

Make a copy of the Layout for the Bridge Inventory Engineer.

3. WSDOT Design Reviewer’s or Coordinator’s Responsibilities

a.

k.

Early in the project, review consultant’s design criteria, and standard details
for consistency with WSDOT practices and other bridge designs in project.

Review the job file as prepared by the Preliminary Plan Engineer.
Identify resources needed to complete work.

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.

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

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

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

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

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.

Resolve differences.

4. WSDOT Design Unit Manager’s Responsibilities

a.
b.
C.
d.

€.

Encourage and facilitate communication.
Early involvement to assure that design concepts are appropriate.
Empower Design Reviewer or Coordinator.

Facilitate resolution of issues beyond authority of WSDOT Reviewer
or Coordinator.

Facilitate face-to-face meetings.

5. WSDOT S&E Engineer’s Responsibilities — See Section 12.4.8.
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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 Local
Programs Office determines which projects are to be reviewed by the Bridge and
Structures Office.

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

A WSDOT Bridge and Structures Office 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 Project Support Unit. One set of plans will be returned to
Local Programs Office.

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.

1.3.3 Design/Check Calculation File

A. File of Calculations — The Bridge and Structures Office maintains the archiving
process for 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 project is awarded,
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 Design Unit Manager’s initials.

2. 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 8'5"” by 11”
sheet size).

The design criteria, design assumptions, and special design features should
follow in that order behind the index.
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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
shall be sealed and signed by the Engineer of Record. Design calculations
are considered part of the process that develops contract plans which are the
final documents.

See Appendix 1.5-A2 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.

D. File Exclusions — The following items should not be included in the file:

1.

A

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.
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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 Region Plans
Branch. The Bridge Design Engineer or the Design Unit Manager must initial

all addenda.

For addenda to contract plans, obtain the original drawing from the Bridge Archive
Engineer. Use shading or clouding 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:

Contract number
Checker’s initials and Date
Review Status

* No Exceptions Taken

» Make Corrections Noted
» Revise and Resubmit

* Rejected

2. On the Bridge Office copy, mark with red pen any errors or corrections. Yellow
shall be used for highlighting the checked items. Comments made with red
pen, especially for 872" 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.

a.

c o

o

janr]

g.
h.

1.

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

Size of member and fasteners.

Length dimensions, if shown on the Contract Plans.

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.
Adequacy of details.

Erection procedures.

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

Items Not Requiring Check

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 Office.

Marking Copies

When finished, mark the sheets with one of six categories in red pen, lower
right corner.

a.

"No Exceptions Taken"
No Corrections required.
“Make Corrections Noted”

Minor corrections only. Do not place written questions on an approved as
noted sheet. No resubmittal required if noted corrections are made.

“Revise and Resubmit”

Major corrections are required which requires a complete resubmittal.
Written questions may be included.

“Rejected”

Not acceptable, or does not meet the contract requirements. Complete
resubmittal required.
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e. “Structurally Acceptable”

This is appropriate for items that are not required to be reviewed per the
contract, such as: work platforms, submittals from various local agencies or
developers, and other items that are reviewed as a courtesy.

f.  “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 “Make Corrections Noted” and “Revise and Resubmit”,
check with the Design Unit Manager or Construction Support Engineer. An
acceptable detail may be shown in red. Mark the plans “Make Corrections
Noted” provided that the detail is clearly noted Suggested Correction —
otherwise “Revise and Resubmit”.

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 Engineer
assigned to the project, who may have to approve a change order and provide
justification for the change order.

Notify the Design Unit Manager 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 Engineer assigned to the project.

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 Engineer assigned to the project.
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B.

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

1. 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.

2. Manufacturer’s details may vary slightly from contract plan requirements, but
must be structurally adequate to be acceptable.

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 is included for the review of drilled shaft installation plans.
The Construction Support Unit combines these comments and prepares a unified
reply that is returned to the Project Engineer

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 Design Unit
Manager 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 Design Unit Manager if they are contacted.

2. Request From the Region Project Engineer — Requests for changes directly
from the Project Engineer to designer or the Design Unit Manager should be
discouraged. The Project Engineer should contact HQ Construction - Bridge,
who in turn will contact the designer or Design Unit Manager 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.
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4. Request From the HQ Construction - Bridge — Requests for changes
from HQ Construction Engineer assigned to the project 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 Design Unit
Manager 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 Archive Engineer
and prepare revised or new original plan sheets.

Sign, date, and send the new plan sheets to the Bridge Archive Engineer, to HQ
Construction Engineer assigned to the project, and to the Construction Support
Unit. 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.

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., Approved by, and

the Project Name). These title blocks shall also be initialed by the Bridge Design
Engineer, Design Unit Manager, 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.

. 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 Archive Engineer.
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1.3.8 Archiving Design Calculations, Design Files, and S&E Files

A. Upon Award of the Project — The designer and checker will place a job file cover
label on the bound design and check calculations folder (see Figure 1.3-8.1).
The designer shall then turn these in to the Design Unit Manager or the assigned
Project Coordinator.

The Unit Design Unit Manager or Project Coordinator shall turn in the bound
project design calculations and check calculations to the Bridge Archive Engineer.

The S&E Engineer is required to give the Bridge Archive Engineer the signed plan
sheets, job file, and S&E file.

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
Archive Engineer, the Scheduling Engineer, and the Office Administrator will have
keys to them. The Design Files, S&E Files, and Design Calculations are organized
by 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 Archive 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
Asset Management Engineer will be required for release of the documents.

SR # County CS#
Bridge Name
Bridge # Contract #
Contents
Designed by Checked by
Archive Box # Vol. #
Cover Label

Figure 1.3.8-1

B. Upon the Physical Contract Completion — The designer will update the
bound calculation file with any contract plan changes that have occurred
during construction.
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C. Nine Months After Physical Completion of the Contract — The Bridge Archive
Engineer will place all reports, signed and stamped special provisions, and bound
design and check calculations in an archiving 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 Archive Engineer will maintain a record of the documents location and
archive status.

D. Consultant Designs — Prior to Ad, the Bridge and Structures office plan reviewer
of a Consultant design shall request the following from the design Consultant:

1. The bound project design calculations in paper form.
2. The signed and stamped structural plan sheets.

This request shall go through either the Bridge and Structures office’s Consultant
Liaison or the Region Project Engineering office.

These documents shall be send in the mail to the address shown in Standard
Specifications Section 6-02.3(16)A but shall be directed to the Bridge office PS&E
Engineer. The Bridge office PS&E Engineer will then give these documents to the
Bridge Archive Engineer.

All Consultant Ad Ready signed and stamped plan sheets and calculations need
to be received by the Bridge office on later than two weeks prior to the Ad date.

E. Design-Build Projects — The Design-Builder shall follow the requirements
of the RFP for submission of the signed and stamped structural plan sheets
and bound calculations.

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 E 1023 Public Disclosure 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.
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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

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.

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.

. Approved Software Tools — A list of approved software tools available for use by

WSDOT bridge design engineers is available at www.wsdot.wa.gov/eesc/bridge/
software/index.cfm. 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.

Page 1-30

WSDOT Bridge Design Manual M 23-50.15
December 2015


www.wsdot.wa.gov/eesc/bridge/software/index.cfm
www.wsdot.wa.gov/eesc/bridge/software/index.cfm

Chapter 1 General Information

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. Email
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 Section 2.1 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.

The Region shall 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 the original 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. Since there is an
aspect of the design that may derive from this coordination, it is imperative that
communication occur as early as possible during the development and design
phases of a project.

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 Design Engineer is responsible for workforce projections, scheduling,
receiving new work request coming into the Bridge Design office, 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 Project Support 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 Design Unit Manager may also do this and notify the Bridge Project
Support Manager.

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.

D. Bridge site data received.
E. Preliminary design started.

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

G. Monthly Schedule Update — Each Design Unit Manager 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 Scheduling Engineer.

H. Project turned in to S&E unit.

1.5.2 Preliminary Design Schedule

The preliminary design estimate done by the Bridge Project Support 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 Project Support. The times given
include preliminary plan, design, check, drafting, and supervision.
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The Bridge Project Support 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.

. Estimate Design Time Required — The design team leader or the Unit Supervisor

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 staff month.

The following percentages should be used for the following activities:

Activity No.

Percentage

1

40

20

20

5

5

O | IWIN

5

7

5

Total

100%

The individual activities include the specific items as follows under each major

activity.
Activity No. 1
1.

A T

7.

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.

Design — See Section 1.3.2.A.2 — Includes:

Geometric computations.

Design calculations.

Compute quantities and prepare barlist.

Preparing special provisions checklist.

Preparation of all drawings.

Project coordination and maintaining the Design File.

Complete check of all plan sheets by the designer.

Checking design at maximum stress locations.

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.
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Activity No. 4 Revisions — Includes:
1. Revisions resulting from the checker’s check.
2. Revisions resulting from the Design Unit Manager’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. Design Unit Manager and Specialist’s review.

Monthly Project Progress Report — The designer or design team leader is
responsible for determining monthly project progress and reporting the results to
the Design Unit Manager. The Design Unit Manager 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 Design 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.
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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 Design Unit Manager,
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.
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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 aftect 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.

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 developed and 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.
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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 (CRA) meetings shall
call the S&E Engineers and double check all costs when providing cost estimates at
VE studies and CRA meetings.
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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.

+ 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.

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 Project Support Engineer and Specifications & Estimates Engineers (S&E)
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 Project Support 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.
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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. A letter of 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 Project Support Engineer to see if a TS&L report

1S 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 Design Manual M 22-01 for the type of information required for a
bridge site data submittal.

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 the Design Unit Managers 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.
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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. Introduction — 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
* 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.
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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 » Foundations

 Cost estimates * Hydraulics

» Geometric constraints + Feasibility of

* Project staging and construction
stage construction * Structural constraints
requirements 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 Design Unit Manager, 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 percent 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 Project Support
Engineer, the Bridge Design Engineer, and the Bridge and Structures Engineer.
The TS&L report 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 percent). 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 should 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 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 Design Unit Manager 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 data, if required, can be resubmitted to
avoid jeopardizing the bridge design schedule.

The Design Unit Manager shall be kept informed of progress on the preliminary
plan so that the schedule can be monitored. If problems develop, the Design
Unit Manager 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 constructability.

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.
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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 Project
Support Engineer.

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.

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.

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 Project Support Engineer.

Concept Approval — For some projects, the presentation, in “E” above, to the
Bridge Project Support 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.
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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 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.

D. 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 minimum 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.

E. 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.

F. 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.

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

WSDOT Bridge Design Manual M 23-50.15 Page 2-9
December 2015



Preliminary Design Chapter 2

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

B. 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

C. Economic

Funding classification (federal and state funds, state funds only, local
developer funds)

Funding level

Bridge preliminary cost estimate

D. Structural

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

Stage construction

Falsework limitations

E. Environmental

Site conditions (wetlands, environmentally sensitive areas, and cultural resources)
Environmental requirements

Mitigating measures

Construction access

F. Aesthetic

General appearance
Compatibility with surroundings and adjacent structures
Visual exposure and experience for public
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2.2.4 Permits
A.

Construction

Ease of construction

Falsework clearances and requirements
Erection problems

Hauling difficulties and access to site
Construction season

Time limit for construction

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

Maintenance

Concrete vs. Steel

Expansion joints

Bearings

Deck protective systems

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

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

Bridge Security — Mitigation measures for the inappropriate and illegal access to
the bridge Employing the methods of Crime Prevention Through Environmental
Design (CPTED)

Coast Guard — As outlined in the 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 Project Support 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 Design Manual M 22-01,
chapter covering Environmental Permits and Approvals, or the Environmental
Manual M 31-11, Chapter 500 for general permitting information. Section 9
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Permit — Bridge Work in Navigable Waters can be found on the WSDOT Federal
Environmental Permits and Approval web page, www.wsdot.wa.gov/Environment/
Permitting/permitfsl.htm. Permitting procedures are available on the WSDOT
Environmental Permitting tools and help page, www.wsdot.wa.gov/environment/
permitting/permittools.htm

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 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 percent,
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.
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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.

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 Project Support 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.

After the Bridge Design 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. (This is a Isit of non-bridge items that appear on the
bridge preliminary plan and eventually will be covered in the Region’s design
plans. It is addressed to the Region Administrator/Project Development Engineer
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from the Bridge and Structures Engineer/Bridge Design Engineer. The memo is
reviewed by the Bridge Project Support 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 Project Support Engineer, Bridge Design Unit
Manager, 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.

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.

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.”

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

Design Unit Manager 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 Design Unit Manager 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.
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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 percent Final PS&E stage.

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

At the 50 percent 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 [-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 [-405 and a ramp connecting southbound I-405 to
northbound I-5 would be named 5N-518W Over 405N, 405S-5N (followed by
the bridge number).

. 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 Design Manual. M 22-01. For city
and county arterials, the roadway geometrics are controlled by Chapter IV of the
Local Agency Guidelines M 36-63.

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
Design Manual M 22-01. The 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.
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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 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.

| \

EDGE OF |, MINIMUM
OUTSIDE | HORIZONTAL
LANE CLEARANCE

Horizontal Clearance to Incline Piers
Figure 2.3.1-1
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Bridge Pier in Narrow Median
Figure 2.3.1-2
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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 Design Manual M 22-01.
For city and county arterials, this is as outlined in Chapter IV of the 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.

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 Design Manual
M 22-01. Examples of slope protection are shown in Standard Plans M 21-01
Section A.

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 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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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 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 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
is required. 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 1-90 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 1’4" 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:
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Union Pacific Railroad, “Guidelines for Design of Highway Separation Structures
over Railroad (Overhead Grade Separation)” AREMA Manual Railroad Liaison
Engineer the Railroad.

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
satisty the requirements of the 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.

. 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 satisty the requirements of Figure 2.3.2-1.

END OF

BRIDGE
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3'-0" MIN. (MAY BE INCREASED
FOR AFFROACH SLAB)

/ |

SLOPE
20'-0" MINIMUM

KTOP OF RAIL

EMBANKMENT c* TRACK
|
|
|

1 X
S

Determination of Bridge Length For a
Highway Over Railway Grade Separation
Figure 2.3.2-1

. 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 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.
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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.

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

Page 2-22 WSDOT Bridge Design Manual M 23-50.15
December 2015



Chapter 2 Preliminary Design

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.

2.3.4 Bridge Widening

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 widening 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.
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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 percent 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 and the 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 Design
Manual M 22-01.

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.
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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

7" 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 Section 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 Section
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 Widening — For bridge widening 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.
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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 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.

2.3.11 Inspection and Maintenance Access

A. General — FHWA mandates that bridges be inspected every 24 months. 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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Limits of Under Bridge Inspection Truck
Figure 2.3.11-1
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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 8' 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.

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 average daily traffic (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.

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).

Inspection Lighting and Access

1. Reinforced Concrete Box, Post-Tensioned Concrete Box, and Prestressed
Concrete Tub Girders

Refer to Section 5.6.2.B for design criteria.
2. Prestressed Concrete Tub Girders

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.

» Refer to Section 6.4.9 for design criteria.
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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 access 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 Vao
Continuous spans Y2s

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

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

3. Depth/Span Ratios

a. Constant Depth
Simple spans Y13
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 V18
Continuous spans Va0

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.

Characteristics — Construction time is somewhat longer due to post-tensioning
operations. High torsional resistance makes it desirable for curved alignments.
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3. Depth/Span Ratios*

a. Constant Depth
Simple spans Y20.5
Continuous spans Vas

b. Variable Depth — Two span structures
At Center of span Vas
At Intermediate pier Vas
Multi-span structures
At Center of span V36
At Intermediate pier Vs

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

E. Prestressed Concrete Sections

1.

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.

WFI95PTG, WF83PTG and WF74PTG post-tensioned, precast segmental
I-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.

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'.

W65DG, W53DG, W41DG, and W35DG precast, prestressed concrete
decked bulb tee girders requiring an 1 2” minimum HMA overlay
roadway surface used for span less than 150’, with the Average Daily Truck
limitation of 30,000 or less.

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

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’.
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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'.

g. WF36TDG, WF42TDG, WF50TDG, WFS8TDG, WF66TDG, WF74TDG,
WE83TDG, WFI5TDG, and WF100TDG precast, prestressed concrete
wide flange girders requiring a 5 minimum cast in place slab for simple
spans up to 225°.

h. WF39DG, WF45DG, WF53DG, WF61DG, WF69DG, WF77DG,
WF86DG, WF98DG, and WF103DG precast, prestressed concrete wide
flange girders requiring an 1 2” minimum HMA overlay roadway surface
used for span less than 195’, with the Average Daily Truck limitation of
30,000 or less.

2. 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.

F. Composite Steel Plate Girder

1.

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.

3. Depth/Span Ratios

a. Constant Depth

Simple spans Vao
Continuous spans Vas

b. Variable Depth

@ Center of span Vio
@ Intermediate pier Va0
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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.

2. 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 Vao
Continuous spans Vas

b. Variable Depth

At Center of span Vio
At Intermediate pier Va0

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.

2. 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.

3. Depth/Span Ratios
a. Simple spans Vs
b. Continuous spans

@ Center of span Yis
@ Intermediate pier Yo

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.
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2.4.2 Wall Types

3. Depth/Span Ratios

Variable depth
At Center of span 50
At Intermediate pier Yao

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 N2
Continuous two span 4
Continuous multi-span Yis

K. Timber

1. Use — Generally used for spans under 40’. Usually used for detour bridges
and other temporary structures. Timber bridges are not recommended 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 Yio
Simple span — Glulam beam N2
Continuous spans Y4

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.

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 its 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.
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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.

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 finishes 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 Design 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
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 1%%: 1 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. Items 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" inch 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 — 7’4 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 in accordance with Table 5.6.2-1 and Section
5.6.4.C. Provide full or partial depth in accordance with Section 5.6.4.C 4.

End Diaphragms — “End Wall on Girder” type.

Traffic Barrier — “F-shape” or Single-sloped barrier.

WSDOT Bridge Design Manual M 23-50.15 Page 2-39
December 2015



Preliminary Design Chapter 2

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.

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 Maximum Length
(Western WA) (Eastern WA)
Stub Stub

Superstructure Type | Abutment L-Abutment Abutment L-Abutment
Concrete Superstructure

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.

Table 2.7.1

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
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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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2.8 Bridge Security
2.8.1 General

Security based bridge design and its direct correlation to modern social issues is
addressed in this section. Criminal activity, illegal encampments, graffiti, hindrance to
economic development and public eyesore create unwanted expensive. They also pose
safety hazard for State Maintenance and Operations practices. The issue exists in urban
areas as well as rural and recreational locales.

Bridges are dominant structures in landscapes. They are held to a higher standard of
design due to their influence on communities, where economic and social settings are
affected by their quality. Initial project cost savings may quickly be overshadowed by
increased externalized costs. These externalized costs are born by local municipalities
and businesses as well as other departments within WSDOT.

WSDOT bridge inspectors are required to inspect all bridges at least once every

24 months. The presence of the illegal encampments, as well as garbage, hypodermic
needles, and feces often makes it impossible to do a close, hands-on inspection of the
abutments and bearings of bridges. The Bridge Preservation Office has requested that
maintenance clean up transient camps when it becomes difficult or impossible to do
an adequate inspection of the bridges. Campfires set by the homeless have also caused
damage to bridges.

Bridge Maintenance Crews also face the same difficulty when they need to do repair
work on bridges in the urban area. Clean up requires (per law) posting the bridge
seventy-two hours prior to any work. Material picked up is tagged, bagged, and stored
for retrieval. Often the offenders are back the next day.

2.8.2 Design

Design is determined on a case by case basis using two strategies. These strategies are
universally accepted best practices. The first, Crime Prevention through Environmental
Design (CPTED), is a multi-disciplinary approach to deterring criminal behavior.

The second, Context Sensitive Solutions (CSS), is also multi-disciplinary and focuses
on project development methods. Multi-disciplinary teams consist of engineers and
architects but may include law enforcement, local businesses, social service providers,
and psychologists.

A. CPTED principals are based upon the theory that the proper design and effective
use of the built environment can reduce crime, reduce the fear of crime, and
improve the quality of life. Built environment implementations of CPTED
seek to dissuade offenders from committing crimes by manipulating the built
environment in which those crimes proceed from or occur. The six main concepts
are territoriality, surveillance, access control, image/maintenance, activity support
and target hardening. Applying all of these strategies is key when preventing crime
in any neighborhood or right-of-way.
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Natural surveillance and access control strategies limit the opportunity for crime.
Territorial reinforcement promotes social control through a variety of measures.
These may include enhanced aesthetics or public art. Image/maintenance and
activity support provide the community with reassurance and the ability to stop
crime by themselves. Target hardening strategies may involve fencing or concrete
enclosures or they may include all techniques to resolve crime or chronic trespass
into one final step.

. WSDOT implements FHWA’s CSS design development principles through

Executive Order E 1028. The CSS methods require designers to consider the
physical, economic, and social setting of a project. Stakeholder’s interests are
to be accounted for; including area residents and business owners.

2.8.3 Design Criteria

New bridges need to address design for the environment by basic criteria:
* Slopes under bridges need to be steep slope, and hardened with something like

solid concrete so that flat areas cannot be carved into the hillside. Flat areas under
bridge superstructures attract inappropriate uses and should be omitted.

Illegal urban campers have been known to build shelters between the concrete
girders. Abutment walls need to be high enough that they deny access to the
superstructure elements. When it is not feasible to design for deterrence the sites
need to be hardened with fencing buried several feet into the soil or with solid
concrete walls. See Figures 2.8.3-1 and 2.8.3-2 for high security fence and concrete
wall examples.

Regular chain link is easy cut, therefore stouter material needs to be specified.

Landscape design should coordinate with region or headquarters landscape
architects. Areas need to be visible to law enforcement.

o e | %\\Z%\XZ\\%XE\

Plan
Figure 2.8.3-1
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2.9 Bridge Standard Drawings

Appendix 2-B-1
Appenidx 2-B-2
Appenidx 2-B-3
Appenidx 2-B-4
Appenidx 2-B-5
Appenidx 2-B-6
Appenidx 2-B-7
Appenidx 2-B-8
Appendix 2-B-9

Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example
Bridge Preliminary Plan Example

2.3-A2 Bridge Redundancy Criteria
2.4-A1 Bridge Selection Guide
2.7-A1 Standard Superstructure Elements

WSDOT Bridge Design Manual M 23-50.15

December 2015

Page 2-45



Preliminary Design Chapter 2

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)”

8. WSDOT Context Sensitive Solutions Executive Order E 1028

9. Newman, O. Defensible Space: Crime Prevention Through Urban Design. New
York: Macmillan. 1972.

10. Jacobs, Jane. The Death and Life of Great American Cities. New York: Random
House. 1961.
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Appendix 2.2-A1 Bridge Site Data General

i Stat Bridge Site Data
v;’ D:;allﬁlt‘lgnteo:tofﬁansportation 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 ? D Yes D No |:| N/A
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? |:| Yes |:| No |:| N/A
Cdves [CINo [N ; ided?
. . Are sidewalks to be provided? D Yes D No D N/A
Stage construction requirements?
I:l Yes I:l No I:l N/A If Yes, which side and width?
Should the additional clearance for off-track railroad maintenance Will there be bicycle traffic using this bridge?
equipment be provided? D Yes D No D N/A
Can a pier be placed in the median? i i 2
D Yes D No D N/A If Yes, which side(s)?

Will signs or illumination be attached to the structure?

Cdves [INo [N
Will utility conduits be incorporated in the bridge?
Are there detour or shoofly bridge requirements? [Jves [INo [INA
(If Yes, attach drawings) [Odvyes [No [INA |whatdo the bridge barriers transition to?

Can the R/W be adjusted to accommodate toe of approach fills?

Cdyes [CINo [CINA

What is the required vertical clearance? Furnish type and location of existing features within the limits of this
project, such as retaining walls, sign support structures, utilities,
buildings, powerlines, etc.

What are the required falsework or construction opening dimensions ?

What is the available depth for superstructure?

Are overlays planned for a contract subsequent to this contract? Are there bridge security issues, such as the presence of illegal
|:| Yes |:| No |:| N/A |campers, that require design considerations?

Can profile be revised to provide greater
or less clearance? Oves [CINo CINA

Any other data relative to selection of type, including your

If Yes, which line and how much? recommendations?
Will bridge be constructed before, with or after approach fill?
Oefore [Iwith ClAter CINA
Attachments

Vicinity Map

Bridge Site Contour Map

Specific Roadway sections at bridge site and approved roadway sections

Vertical Profile Data

Horizontal Curve Data

Superelevation Transition Diagrams

Tabulated field surveyed and measured stations, offsets, and elevations of existing roadways (See Design Manual M 22-01, Chapter 710)

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

OoOoooooOooo

Form 235-002 EF
pot Revised 12/2014
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Appendix 2.2-A2

Bridge Site Data Rehabilitation

A

Washington State . R i .
'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

Washi S .
W/ Doparient of Transportation Stream Crossings
Region Made By Date

Bridge Information

SR Bridge Name Control Section Project No.
Highway Section Section, Township & Range Datum (e.g. NGVD29, NAVD88, USGS)
Name of Stream Tributary of
Elevation of W.S. (@ Date/Time of survey) [ Non-Tidal O Tidal
Flow (CFS) WSE (ft) Flow (CFS) WSE (ft)
2-YR _ 2-YR
Streambed Material 100-YR 100-YR
[ JFines [ |Gravel [ ]Boulder 500-YR 500-YR
[ Jsand [ ]Cobble MLLW
MHHW

Amount and Character of Drift

Manning’s “N” Value (Est.)

Attachments
Site Contour Map (See Sect. 710.04 WSDOT Design Manual)

Highway Alignment and Profile (refer to base map and profiles)

Streambed: Profile and Cross Sections (See Sect. 710.04 WSDOT Design Manual)

Photographs

O O O O] O

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

[]

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

DOT Form 235-001 EF
Revised 08/2011
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Appendix 2.2-A4 Preliminary Plan Checklist

Project SR Prelim. Plan by Check by Date
Plan Miscellaneous

__ Survey Lines and Station Ticks _____ Structure Type

____ Survey Line Intersection Angles _____ Live Loading

_____ Survey Line Intersection Stations ____ Undercrossing Alignment Profiles/Elevs.

__ Survey Line Bearings _____ Superelevation Diagrams

__ Roadway and Median Widths __ Curve Data
Lane and Shoulder Widths ____ Riprap Detall

____ Sidewalk Width ____ Plan Approval Block

____ Connection/Widening for Guardrail/Barrier ___ Notes to Region

_____ Profile Grade and Pivot Point ___ Names and Signatures

__ Roadway Superelevation Rate (if constant) __ Not Included in Bridge Quantities List
Lane Taper and Channelization Data Inspection and Maintenance Access
Traffic Arrows

__ Mileage to Junctions along Mainline Elevation

_____ Back to Back of Pavement Seats __ Full Length Reference Elevation Line

____ Span Lengths __ Existing Ground Line x ft. Rt of Survey Line
Lengths of Walls next to/part of Bridge __ End Slope Rate

__ Pier Skew Angle __ Slope Protection

_____ Bridge Drains, or Inlets off Bridge _____ Pier Stations and Grade Elevations

_ Existing drainage structures ___ Profile Grade Vertical Curves

____ Existing utilities Type, Size, and Location _____ BP/Pedestrian Rail

__ New utilities - Type, Size, and Location _____ Barrier/Wall Face Treatment
Luminaires, Junction Boxes, Conduits __ Construction/Falsework Openings

__ Bridge mounted Signs and Supports __ Minimum Vertical Clearances

___ Contours _____ Water Surface Elevations and Flow Data
Top of Cut, Toe of Fill ___ Riprap

_____ Bottom of Ditches __ Seal Vent Elevation
Test Holes (if available) __ Datum

____ Riprap Limits _____ Grade elevations shown are equal to ...

_____ Stream Flow Arrow For Embankment details at bridge ends...

__ R/W Lines and/or Easement Lines Indicate F, H, or E at abutments and piers

_____ Points of Minimum Vertical Clearance

_____ Horizontal Clearance

____ Exist. Bridge No. (to be removed, widened)

_____ Section, Township, Range

__ Cityor Town

__ North Arrow

__ SR Number

_____ Bearing of Piers, or note if radial

Page 2-50 WSDOT Bridge Design Manual M 23-50.15
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Chapter 2 Preliminary Design

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

WSDOT Bridge Design Manual M 23-50.15 Page 2-51
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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 liqguefaction 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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Washington Stat Not Included In
'7’ D::a:"t'rg\::t of;=l T‘:ansportation Bridge Quantities List

Environmental And Engineering Service Center
Bridge and Structures Office

SR Job Number Project Title

Designed By Checked By Date Supervisor

Type of Structure

The following is a list of items for which the Bridge and Structures Office is relying on the Region to furnish
plans, specifications and estimates.

1.

10.

11.

12.

13.

14.

15.

16.

17.

DOT Form 230-038 EF
Revised 2/97
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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

)
|

|

|

|

|

|

|

|

(

|

'I

|
[

—
g
=
L0
—

Log——

n b 1 1 B

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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Washington State
'7’ Department of Transportation

Environmental And Engineering Service Center
Bridge and Structures Office

Not Included In
Bridge Quantities List

SR

Job Number Project Title

Designed By Checked By

Date

Supervisor

Type of Structure

The following is a list of items for which the Bridge and Structures Office is relying on the Region to furnish
plans, specifications and estimates.

1.

10.

11.

12.

13.

14.

15.

16.

17.

DOT

Form 230-038 EF
Revised 2/97

Not Included In Bridge Quantities List
Form 230-038
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Chapter 3 Loads

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.

WSDOT Bridge Design Manual M 23-50.15 Page 3-1
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Loads Chapter 3

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.

Page 3-2 WSDOT Bridge Design Manual M 23-50.14
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Chapter 3 Loads

3.3 Load Designations
Load designations follow LRFD Article 3.3.2 with the addition of:

PS = secondary forces from post-tensioning

WSDOT Bridge Design Manual M 23-50.15 Page 3-3
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3.4 Limit States

The basic limit state equation is as follows:

Iy QS 9oR, (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)
¢ = Resistance factor
R, = Nominal or ultimate resistance

This equation states that the force effects are multiplied by factors to account for
uncertainty 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. Compression members 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.

Page 3-4 WSDOT Bridge Design Manual M 23-50.15
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Chapter 3 Loads

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, yp, as 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, v, be determined on a project specific basis. The commentary
indicates that the possibility of partial live load, i.e., Vo < 1.0, with earthquakes should
be considered. The application of Turkstra’s rule for combining uncorrelated loads
indicates that Yeo = 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, YEo equal to 0.25 for all bridges. This factor shall be increased to
Yro €qual to 0.50 for bridges located in main state routes and congested roads.

Since the determination of live load factor, YEo based on ADTT or based on bridges
located in congested roads could be confusing and questionable, it is decided that live
load factor of yj,, 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 y, are to be determined on a project specific basis in
accordance with Articles 3.4.1 and 3.12 of the AASHTO 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 LRFD
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 below.

PS CR, SH
Superstructure 1.0 1.0
Fixed (bottom) substructure 05 05
supporting Superstructure (using lgonly) ' '
All other substructure supporting 10 10
Superstructure (using /; or lgseqive) ' '

Load Factors for Superimposed Deformations
Table 3.5-3
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Chapter 3

3.5.1 Load Factors for Substructure

Table 3.5-4 below 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 Cmaxf D Wmax Dcmim D Wmin D Cmax’ DWmax
DC,.,. DW, ., for causing shear DcC,.,. DW, ., for causing shear DC,..,, DW, .. causing shear
DC,,,. DW,,, for resisting shear DC,,., DW,,, for resisting shear DC,,.. DW,,, resisting shear
DCm@x’ DWmax DleaX’ DWmax DCm._ax’ DWmax
for causing moments for causing moments for causing moments
DC,,,, DW,,, for DbcC,.,,, DW.,, 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.
Page 3-6 WSDOT Bridge Design Manual M 23-50.15
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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 DW, 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
Section 6-02.3(17)A. The base construction temperature shall be taken as 64°F for the
determination of Temperature Load.
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Chapter 3

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-
clastic analysis is debatable, but accepted for lack of a better method. A load factor, vy,
of 1.0 is appropriate for the superstructure. For fixed columns a 50 percent reduction

in PS force effects could be used given the elasto-plastic characteristics of the soil
surrounding the foundation elements.

Page 3-8
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Chapter 3 Loads
3.8 Permanent Loads
The design unit weights of common permanent loads are provided in Table 3.8-1
below.
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 below.
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Overlay Future
Concrete shown in Design
Superstructure Type Cover 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 %" wearing None 2" HMA
* Reinforced and post-tensioned box beams surface)
and slab bridges
* Mainline Bridges on State Routes
Deck Protection Systems 1 and 4: )
. . . i 24" (Including
* Undercrossing bridge that carries traffic from | . None None
a city street or county road 72" wearing
] . ) i surface)
« Bridges with raised sidewalks
Deck Protection System 2: ) ]
Varies Varies None
* Concrete Overlays
Deck Protection System 3: ) ]
Varies Varies None
* HMA Overlays
Deck Protection System 5: )
s tal brid 174" (Including | 1%" Modified
egmental bridges V4" wearing Concrete None
» Bridge Decks with longitudinal or transverse surface) Overlay
post-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.
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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 Preliminary Plan Engineer 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 percent of HL-93

3.9.2 Live Load Analysis of Continuous Bridges

The HL-93 live load model defined in the AASHTO 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 contrafiexure under a uniform load on all
spans and reactions at interior piers only, 90 percent of the effect of two design trucks
spaced a minimum of 50.0 feet between the rear axle of the lead truck and the lead axle
of the rear truck, combined with 90 percent 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 feet. The two
design trucks shall be placed in adjacent spans in such position to produce maximum
force effect.

Negative moment between the points of contraflexure under a uniform load on all
spans and reactions at interior supports shall be investigated a dual design tandem
spaced from 26.0 feet to 40.0 feet 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.
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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 40
percent 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 40 percent
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.

. 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
4.6.2.2.2¢-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

. Multiple Presence Factors — A reduction factor will be applied in the substructure

design for multiple loadings in accordance with AASHTO.

. 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.

. 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 below. 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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WHEEL LINE LOADS AFFLIED
TO SUPERSTRUCTURE - - -

, | /]

I

| |

| |

| |

| |

| CROSSBEAM | | /
| |

| |

I

| I
LIVE LOAD ON BRIDGE SECTION

WHEEL LINE LOADS AFFLIED
TO SUBSTRUCTURE - - -

| ) |
CROSSBEAM /

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 dependent 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 positive 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 National Bridge Inspection Standards (NBIS) and the
AASHTO Manual Bridge Evaluation, the latest edition. See Chapter 13 for detailed
information on WSDOT bridge loading.
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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 LRFD 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 (W), 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.
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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

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
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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:

2
e
P:PB[ﬂ] (3.11.1-1)
VB
Where:
P = Design wind pressure (psf)
Pg = Base wind pressure (psf)

V,,= 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.

Design Wind Velocity
The design wind velocity is computed as:

v, z
Vg = 25%(%}{—} (3.11.1-2)

B 0

Where:
V, = friction velocity (mph)
V4, = 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 percent 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.
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Friction Velocity
A meteorological wind characteristic taken for various upwind surface
characteristics (mph).

Condition City Suburbs Sparse Open Coastal

Suburbs Country
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).
Sparse Open
Condition City Suburbs Suburbs Country Coastal
Z, (ft) 8.20 3.28 0.98 0.23 0.025
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3.12 Vacant
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3.13 Earthquake Effects
Earthquake loads see Chapter 4.
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3.14 Earth Pressure
Earth Pressure 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, ¥cp» Vs 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 TU 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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3.99 References

1. AASHTO, LRFD Bridge Design Specifications for Design of Highway Bridges, 6th
Edition 2012.
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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 1z 13
A — S — R c— - i
’ S \ I |
f | | | |
| I [l |
I |
|
| o, N 0y | Q5 | =
Il |
| ! |
Il |
| I h |
[ |
N \ ! !
S /f e . \\ _____________ <
k) k= k3
| | |

The equation for equilibrium for n cells is:
M, = 221:%9,» (3.1-A1-1)

Where q; is the shear flow in cell i 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:q:+8,q9,+S,q, =2Q,0

(3.1-A1-2)
Where:
1
Sji = _EJ.Sji dT
1 A
Sjj = _EISJJdT

1 S
S :_Ejsjde

G is the shear modulus of elasticity
J S, 4w is the sum of the length of cell wall, common to cells j and i, divided
by its thickness
J‘ S ds is the sum of the length of cell wall, common to cells j and £, divided
by its thickness
I S;% is 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 g, in terms for G and the angle of twist 0. Knowing 0, and €, the
torsional constant R may be calculated from:

2 n
R=—- E Q. Ad-
GO 9> (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:

s
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

Is the thickness of side i

-+
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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

e Eo
}4— 100-0" —»¢———140"-0" ——>e——1 OO'-O"—»‘
Elevation
. ) . Material
7.5" deck with 0.5 Girders: fc = 7 KSI
sacraficial depth Elsewhere: fc = 4 KSI

32 ft

L 1 N 5-0"¢
N

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

e 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
@ _ [sp12sf

V4 i T

i saen2ef
A nu =636172in"
64 64
For longitudinal analysis we need to proportion the column stiffness to match the

4= =2827in>

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

Az( =1413in’

4 girder lines
2 columns)(636 172in* per column)

4 girder lines

I = ( =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 =5ﬁ-9ﬁ-144’;—§ = 64935in’

1 1 3 »
I=—w-h*=—:5ft-(9t) -20736 = 6283008in*
> =5ft-011) ;

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.
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Axial

Shear

Moment

-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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Reference
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,, ,,,, = 0.9[(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
LL+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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A ‘\ B c B A
— - —— - — & ——
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 D
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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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
(K)
Mx (K- | 34.1 28.4 71.2 -64.3
FT)
Mz (K- |-550.9 394.9 -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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Appendix B — Transverse Analysis Details

This appendix shows the details of the transverse analysis. The interesting thing to note

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

design lanes.

The GTSTRUDL live load generator uses partial trucks when it is bring a truck onto or

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.
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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.
Analysis and design of seismic retrofits for existing bridges shall be completed in
accordance with Section 4.4. Seismic design of retaining walls shall be in accordance
with Section 4.5. 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 life safety. Bridges designed in
accordance with AASHTO Guide Specifications are intended to achieve the life safety
performance goals.
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4.2 WSDOT Modifications to AASHTO Guide Specifications for
LRFD Seismic Bridge Design

WSDOT amendments to the A4SHTO 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 foundation that is larger in diameter than
the supported column and has a reinforcing cage larger than and independent of
the columns. The size of the shaft shall be in accordance with Section 7.8.2.

* 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 Seismic design
Catagories (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.

With the approval of the Bridge Design Engineer, for Type 1 ERS for SDC C or D, if
columns or pier walls are considered an integral part of the energy dissipating system
but remain elastic at the demand displacement, the forces to use for capacity design
of other components are to be a minimum of 1.2 times the elastic forces resulting
from the demand displacement in lieu of the forces obtained from overstrength plastic
hinging analysis. Because maximum limiting inertial forces provided by yielding
elements acting at a plastic mechanism level is not effective in the case of elastic
design, the following constraints are imposed. These may be relaxed on a case by case
basis with the approval of the Bridge Design Engineer.

1. Unless an analysis that considers redistribution of internal structure forces due to
inelastic action is performed, all substructure units of the frame under consideration
and of any adjacent frames that may transfer inertial forces to the frame in question
must remain elastic at the design ground motion demand.

2. Effective member section properties must be consistent with the force levels
expected within the bridge system. Reinforced concrete columns and pier walls
should be analyzed using cracked section properties. For this purpose, a moment of
inertia equal to one half that of the un-cracked section shall be used.
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3. Foundation modeling must be established such that uncertainties in modeling will
not cause the internal forces of any elements under consideration to increase by
more than 10 percent.

4. When site specific ground response analysis is performed, the response spectrum
ordinates must be selected such that uncertainties will not cause the internal forces
of any elements under consideration to increase by more than 10 percent.

5. Thermal, shrinkage, prestress or other forces that may be present in the structure at
the time of an earthquake must be considered to act in a sense that is least favorable
to the seismic load combination under investigation.

6. P Delta effects must be assessed using the resistance of the frame in question at the
deflection caused by the design ground motion.

7. Joint shear effects must be assessed with a minimum of the calculated elastic
internal forces applied to the joint.

8. Detailing as normally required in either SDC C or D, as appropriate, must
be provided.

It is permitted to use expected material strengths for the determination of member
strengths for elastic response of members.

The use of elastic design in lieu of overstrength plastic hinging forces for capacity
protection described above shall only be considered if designer demonstrates that
capacity design of Article 4.11 of the AASHTO Guide Specifications for LRFD Bridge
Seismic Design is not feasible due to geotechnical or structural reasons.

Type 3 ERS may be considered only if Type 1 strategy is not suitable and Type 3
strategy has been deemed necessary for accommodating seismic loads. Isolation
bearings shall be designed per the requirement of the AASHTO Guide Specifications
for Seismic Isolation. Use of isolation bearings needs the approval of WSDOT Bridge
Design Engineer.

The decision for using isolation bearings should be made at the early stage of project
development based on the complexity of bridge geotechnical and structural design.

A cost benefit analysis comparing Type 1 design vs. Type 3 design with isolation
bearings shall be performed and submitted for approval. The designer needs to perform
two separate designs, one with and one without seismic isolation bearings. The cost
benefit analysis shall at least include:

* Higher initial design time and complexity of analysis.
» Impact of the initial and final design time on the project delivery schedule.

» Time required for preliminary investigation and correspondences with the isolation
bearings suppliers.

 Life cycle cost of additional and specialized bearing inspections.

» Potential cost impact for bearings and expansion joints replacements.
* Issues related to long term performance and maintenance.

» Need for large movement expansion joints.

Seismic isolation bearings shall not be used between the top of the column and the
bottom of the crossbeam in single or multi column bents.
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Once approval has been given for the use of seismic isolation bearing, the designer
shall send a set of preliminary design and specification requirements to at least three
seismic isolation bearing suppliers for evaluation to ensure that they can meet the
design and specification requirements. Comments from isolation bearing suppliers
should be incorporated before design of structure begins. Sole source isolation bearing
supplier may be considered upon Bridge Design Office, and Project Engineer's

office approval.

The designer shall submit maintenance and inspection requirements with design
calculations to the isolation bearing suppliers. Isolation bearing suppliers shall provide
the maintenance and inspection requirements to ensure the isolators will function
properly during the design life and after seismic events. The contract plans shall
include bearing replacement methods and details.

Use of seismic isolation bearings are not recommended for conventional short and
medium length bridges or bridges with geometrical complexities. Use of isolation
bearings may not be beneficial for concrete bridges under 700 ft long, steel bridges
under 800 ft long, bridges with skew angles exceeding 30 degrees, bridges with
geometrical complexities, variable superstructure width, and bridges with drop

in spans.

The response modification factors (R-factors) of the AASHTO Guide Specifications
for Seismic Isolation Design Article 6 shall not be used for structures if the provisions
of AASHTO Guide Specifications for LRFD Seismic Bridge Design are being followed
for the design of the bridge.

Suitability of isolation bearings for bridge projects should be carefully studied prior

to approval. Isolation bearings may not be the effective solution for some bridges and
sites since shifting the period to longer period may not reduce the force demand for the
soft soils. Design shall consider the near fault effects and soil structure interaction of
soft soil sites. The designer shall carefully study the effect of isolation bearings on the
longitudinal bridge movement. The need for large movement expansion joints shall be
investigated. Inspection, maintenance, and potential future bearing replacement should
be considered when using the isolation bearings.

In order to have isolators fully effective, sufficient gap shall be provided to eliminate
pounding between frames. Recommended bridge length and skew limitation are set
to avoid using the modular joints. Most modular joints are not designed for seismic.
Bridges are designed for extreme event which may or may not happen in the life
span of the bridge. Introducing the modular joints to the bridge system could cause
excessive maintenance issues. In estimation of life-cycle cost, specialized bearing
inspections, potential cost impact for bearings, and expansion joints replacements the
isolation bearing suppliers should be consulted.

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 and ERE
are shown in Figures 3.3-1a, 3.3-1b, 3.3-2, and 3.3-3.
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* 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).

Longitudinal Response

o1

Permissible

Plastic hinges in inspectable locations or
elastic design of columns.

Abutment resistance not required as part of
ERS

Knock-off backwalls permissible

Transverse Response

) ow—_

Permissible

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

Vo,

Abutment required to resist the design earthquake
elastically

Permissible

Longitudinal passive soil pressure shall be less than
0.70 of the value obtained using the procedure given
in BDM Article 4.2.11

Longitudinal Response

Permissible
Upon
Approval
. Isolation bearings accommodate full
- displacement
. Abutment not required as part of ERS
Transverse or Longitudinal Response
Permissible
Upon
. Plastic hinges in inspectable locations APPI“OVal

Isolation bearings with or without
energy dissipaters to limit overall
displacements

Longitudinal Response

I

Permissible

Multiple simply-supported spans with
adequate support lengths

Plastic hinges in inspectable locations
or elastic design of columns

Figure 3.3-1a Permissible Earthquake-Resisting Systems (ERSs)
BDM Figure 4.2.2-1
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2
PP Above ground / near
Permissible — ground plastic hinges
T Plastig hinges below cap beams Permissible
including pile bents
1 4
Seismic isolation bearings or bearings Tensile yielding and
3 designed to accommodate expected seismic inelastic compression
displacements with no damage buckling of ductile
concentrically braced
Permissible Upon Approval frames

Not Permissible

Permissible Upon
Approval

Piles with ‘pinned-head’ conditions

Permissible Upon Approval

N D 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 bl
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 ] Seat abutments whose backwall is
as part of ERS designed to fuse
1 1\ - Use 70% of passive soil strength
designated in BDM Article 4.2.11 Permissible
Permissible
13 Columns with architectural
% % flares — with or without an
/ - 1 isolation gap Seat abutments whose backwall
See Article 8.14 is designed to resist the expected
isolation ga ’ 14 irlnp?ct force in an essentially
. .. . . elastic manner
optional Permissible — isolation
gap 18 requlred Permissible
Figure 3.3-1b Permissible Earthquake-Resisting Elements (EREs)
BDM Figure 4.2.2-2
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, , Not Permissible
1 \ = Passive abutment resistance 2

required as part of ERS Passive

Strenath [ |

Use 100% of strength designated
in Article 5.2.3

Not Permissible

Sliding of spread footing abutment allowed to limit
force transferred

Limit movement to adjacent bent displacement capacity
S

e ——

Ductile End-diaphragms in 4
3  — superstructure (Article 7.4.6) Not Permissible

Not Permissible Foundations permitted to rock

Use rocking criteria according to Appendix A

8

5 .
Not Permissible
1 More than the outer line of piles in
group systems allowed to plunge or
uplift under seismic loadings
Wall piers on pile foundations that are not
strong enough to force plastic hinging into the
6 wall, and are not designed for the Design ..
Earthquake elastic forces 7 b Not Permissible
Ensure Limited Ductility Response in Piles Plumb piles that are not capacity-protected
according to Article 4.7.1 (e.g., integral abutment piles or pile-supported
o seat abutments that are not fused transversely)
Permissible Upon
p, Ensure Limited Ductility Response in Piles
Approval for Liquefied according to Article 4.7.1
Configuration
3 9
om0 . Not Permissible
In-ground hinging in shafts or piles.

Ensure Limited Ductility Response

in Piles according to Article 4.7.1

Batter pile systems in which the geotechnical
capacities and/or in-ground hinging define the

Permissible Upon ( .
plastic mechanisms.

Approval for Liquefied

Conﬁguration 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% ¥ X % IIJIII]

2 Cap beam plastic hinging (particularly
hinging that leads to vertical girder

movement) also includes eccentric

braced frames with girders supported

by cap beams
1 Plastic hinges in i
X superstructure
I
4 Battered-pile systems that are not

N Not Permissible
. designed to fuse geotechnically or
structurally by elements with
adequate ductility capacity

1
Bearing systems that do not provide for the expected
displacements and/or forces (e.g., rocker bearings)

Not Permissible

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.

In cases where the site coefficients used to adjust mapped values of design ground
motion for local conditions are inappropriate to determine the design spectra in
accordance with general procedure of Article 3.4.1 (such as the period at the end of
constant design spectral acceleration plateau (7)) is greater than 1.0 second or the
period at the beginning of constant design spectral acceleration plateau (7)) is less than
0.2 second), a site-specific ground motion response analysis shall be performed.

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 either include a statement that clearly indicates

that the bridge was designed as temporary using a reduced seismic demand or show
the Acceleration Response Spectrum (ARS) used for design.
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4.2.6 Load and Resistance Factors
Guide Specifications Article 3.7 — Revise as follows:

Use load factors of 1.0 for all permanent loads. 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. Unless otherwise noted, all ¢
factors shall be taken as 1.0.

4.2.7 Balanced Stiffness Requirements and Balanced Frame Geometry
Recommendation

Guide Specifications Articles 4.1.2 and 4.1.3 — Balanced stiffness between bents
within a frame and between columns within a bent and balanced frame geometry
for adjacent frames 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 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.

4.2.10 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. Restrainers may be omitted for SDCs C and D where the available seat
width exceeds the calculated support length specified in Equation C4.13.1-1.

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).

WSDOT Bridge Design Manual M 23-50.15 Page 4-9
December 2015



Seismic Design and Retrofit Chapter 4

4.2.11 Abutments

Guide Specifications Article 5.2 — Diaphragm Abutment type shown in
Figure 5.2.3.2-1 shall not be used for WSDOT bridges.

Guide Specifications Article 5.2 — Abutments
Revise as follows:
5.2.1 - General

The participation of abutment walls in providing resistance to seismically induced
inertial loads may be considered in the seismic design of bridges either to reduce
column sizes or reduce the ductility demand on the columns. Damage to backwalls

and wingwalls during earthquakes may be considered acceptable when considering no
collapse criteria, provided that unseating or other damage to the superstructure does
not occur. Abutment participation in the overall dynamic response of the bridge system
shall reflect the structural configuration, the load transfer mechanism from the bridge to
the abutment system, the effective stiftness and force capacity of the wall-soil system,
and the level of acceptable abutment damage. The capacity of the abutments to resist
the bridge inertial loads shall be compatible with the soil resistance that can be reliably
mobilized, the structural design of the abutment wall, and whether the wall is permitted
to be damaged by the design earthquake. The lateral load capacity of walls shall be
evaluated on the basis of a rational passive earth-pressure theory.

The participation of the bridge approach slab in the overall dynamic response of bridge
systems to earthquake loading and in providing resistance to seismically induced
inertial loads may be considered permissible upon approval from both the WSDOT
Bridge Design Engineer and the WSDOT Geotechnical Engineer.

The participation of the abutment in the ERS should be carefully evaluated with the
Geotechnical Engineer and the Owner when the presence of the abutment backfill may
be uncertain, as in the case of slumping or settlement due to liquefaction below or near
the abutment.

5.2.2 - Longitudinal Direction

Under earthquake loading, the earth pressure action on abutment walls changes from
a static condition to one of two possible conditions:

* The dynamic active pressure condition as the wall moves away from the backfill, or

 The passive pressure condition as the inertial load of the bridge pushes the wall
into the backfill.

The governing earth pressure condition depends on the magnitude of seismically
induced movement of the abutment walls, the bridge superstructure, and the bridge/
abutment configuration.

For semi-integral (Figure 5.2.2-a), L-shape abutment with backwall fuse

(Figure 5.2.2-b), or without backwall fuse (Figure 5.2.2-c), for which the expansion
joint is sufficiently large to accommodate both the cyclic movement between the
abutment wall and the bridge superstructure (i.e., superstructure does not push
against abutment wall), the seismically induced earth pressure on the abutment wall
shall be considered to be the dynamic active pressure condition. However, when the
gap at the expansion joint is not sufficient to accommodate the cyclic wall/bridge
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seismic movements, a transfer of forces will occur from the superstructure to the
abutment wall. As a result, the active earth pressure condition will not be valid and
the earth pressure approaches a much larger passive pressure load condition behind
the backwall. This larger load condition is the main cause for abutment damage,

as demonstrated in past earthquakes. For semi-integral or L-shape abutments,

the abutment stiffness and capacity under passive pressure loading are primary
design concerns.

Approach slab
W T
a5

(a) Semi-integral Abutment (b) L-shape Abutment (c) L-shape Abutment Backwall
Backwall Fuses Does Not Fuse

Figure 5.2.2 - Abutment Stiffness and Passive Pressure Estimate
Figure 4.2.11-1

Where the passive pressure resistance of soils behind semi-integral or L-shape
abutments will be mobilized through large longitudinal superstructure displacements,
the bridge may be designed with the abutments as key elements of the longitudinal
ERS. Abutments shall be designed to sustain the design earthquake displacements.
When abutment stiffness and capacity are included in the design, it should be
recognized that the passive pressure zone mobilized by abutment displacement extends
beyond the active pressure zone normally used for static service load design. This is
illustrated schematically in Figures 4.2.11-1a and 4.2.11-1b. Dynamic active earth
pressure acting on the abutment need not be considered in the dynamic analysis of
the bridge. The passive abutment resistance shall be limited to 70 percent of the value
obtained using the procedure given in Article 5.2.2.1.

5.2.2.1 - Abutment Stiffness and Passive Pressure Estimate

Abutment stiffness, Kz in kip/ft, and passive capacity, P, in kips, should be
characterized by a bilinear or other higher order nonlinear relationship as shown in
Figure 5.2.2.1. When the motion of the back wall is primarily translation, passive
pressures may be assumed uniformly distributed over the height (H, ) of the backwall
or end diaphragm. The total passive force may be determined as:

Py =pp Hu Wy, (5.2.2.1-1)
Where:
P, = passive lateral earth pressure behind backwall or diaphragm (ksf)
H, = height of back wall or end diaphragm exposed to passive earth pressure (ft)
W, = width of back wall or diaphragm (ft)
WSDOT Bridge Design Manual M 23-50.15 Page 4-11
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Actual Behavior
Ki =Kafﬁ

Force

l—| Deflection
Deft

(a) Semi-integral Abutment (b) L-shape Abutment

Figure 5.2.2.1 - Characterization of Abutment Capacity and Stiffness
Figure 4.2.11-2

5.2.2.2 - Calculation of Best Estimate Passive Pressure Pp

If the strength characteristics of compacted or natural soils in the "passive pressure
zone" are known, then the passive force for a given height, H , may be calculated
using accepted analysis procedures. These procedures should account for the interface
friction between the wall and the soil. The properties used shall be those indicative of
the entire "passive pressure zone" as indicated in Figure 1. Therefore, the properties of
backfill present immediately adjacent to the wall in the active pressure zone may not be
appropriate as a weaker failure surface can develop elsewhere in the embankment.

For L-shape abutments where the backwall is not designed to fuse, H,, shall
conservatively be taken as the depth of the superstructure, unless a more rational soil-
structure interaction analysis is performed.

If presumptive passive pressures are to be used for design, then the following criteria
shall apply:

» Soil in the "passive pressure zone" shall be compacted in accordance with Standard
Specifications Section 2-03.3(14)I, which requires compaction to 95 percent
maximum density for all “Bridge Approach Embankments”.

» For cohesionless, nonplastic backfill (fines content less than 30 percent), the
passive pressure pp may be assumed equal to 2H, /3 ksf per foot of wall length.

For other cases, including abutments constructed in cuts, the passive pressures shall
be developed by a geotechnical engineer.

5.2.2.3 - Calculation of Passive Soil Stiffness

Equivalent linear secant stiffness, Koy in kip/ft, is required for analyses. For semi-
integral or L-shape abutments initial secant stiffness may be determined as follows:

_ P
K = FH) (5.2.2.3-1)
Where:
Pp = passive lateral earth pressure capacity (kip)
H, = height of back wall (ft)
F, = the value of Fw to use for a particular bridge may be found in Table C3.11.1-1

of the AASHTO LRFD Bridge Design Specifications.
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For L-shape abutments, the expansion gap should be included in the initial estimate of
the secant stiffness as specified in:

P
Ko = (—)” 5.2.2.3-2
eff'1 L.l
F.H, + Dg ( )
Where:
D, = width of gap between backwall and superstructure (ft)

g

For SDCs C and D, where pushover analyses are conducted, values of P_ and the initial
estimate of K should be used to define a bilinear load-displacement behavior of the
abutment for the capacity assessment.

5.2.2.4 - Modeling Passive Pressure Stiffness in the Longitudinal Direction

In the longitudinal direction, when the bridge is moving toward the soil, the full
passive resistance of the soil may be mobilized, but when the bridge moves away
from the soil no soil resistance is mobilized. Since passive pressure acts at only
one abutment at a time, linear elastic dynamic models and frame pushover models
should only include a passive pressure spring at one abutment in any given model.
Secant stiffness values for passive pressure shall be developed independently for
each abutment.

As an alternative, for straight or with horizontal curves up to 30 degrees single

frame bridges, and compression models in straight multi-frame bridges where the
passive pressure stiffness is similar between abutments, a spring may be used at each
abutment concurrently. In this case, the assigned spring values at each end need to

be reduced by half because they act in simultaneously, whereas the actual backfill
passive resistance acts only in one direction and at one time. Correspondingly, the
actual peak passive resistance force at either abutment will be equal to the sum of the
peak forces developed in two springs. In this case, secant stiffness values for passive
pressure shall be developed based on the sum of peak forces developed in each spring.
If computed abutment forces exceed the soil capacity, the stiffness should be softened
iteratively until abutment displacements are consistent (within 30 percent) with the
assumed stiffness.

5.2.3 - Transverse Direction

Transverse stiffness of abutments may be considered in the overall dynamic response
of bridge systems on a case by case basis upon Bridge Design Engineer approval.
Upon approval, the transverse abutment stiffness used in the elastic demand models
may be taken as 50 percent of the elastic transverse stiffness of the adjacent bent.

Girder stops are typically designed to transmit the lateral shear forces generated by
small to moderate earthquakes and service loads and are expected to fuse at the design
event earthquake level of acceleration to limit the demand and control the damage

in the abutments and supporting piles/shafts. Linear elastic analysis cannot capture
the inelastic response of the girder stops, wingwalls or piles/shafts. Therefore, the
forces generated with elastic demand assessment models should not be used to size
the abutment girder stops. Girder stops for abutments supported on a spread footing
shall be designed to sustain the lesser of the acceleration coefficient, A, times the
superstructure dead load reaction at the abutment plus the weight of abutment and

its footing or sliding friction forces of spread footings. Girder stops for pile/shaft
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supported foundations shall be designed to sustain the sum of 75 percent total lateral
capacity of the piles/shafts and shear capacity of one wingwall.

The elastic resistance may be taken to include the use of bearings designed to
accommodate the design displacements, soil frictional resistance acting against the
base of a spread footing supported abutment, or pile resistance provided by piles acting
in their elastic range.

The stiffness of fusing or breakaway abutment elements such as wingwalls (yielding
or non-yielding), elastomeric bearings, and sliding footings shall not be relied upon to
reduce displacement demands at intermediate piers.

Unless fixed bearings are used, girder stops shall be provided between all girders
regardless of the elastic seismic demand. The design of girder stops should consider
that unequal forces that may develop in each stop.

When fusing girder stops, transverse shear keys, or other elements that potentially
release the restraint of the superstructure are used, then adequate support length
meeting the requirements of Article 4.12 of the AASHTO Guide Specifications

for LRFD Seismic Bridge Design must be provided. Additionally, the expected
redistribution of internal forces in the superstructure and other bridge system element
must be considered. Bounding analyses considering incremental release of transverse
restraint at each end of the bridge should also be considered.

5.2.4 - Curved and Skewed Bridges

Passive earth pressure at abutments may be considered as a key element of the ERS of
straight and curved bridges with abutment skews up to 20 degrees. For larger skews,
due to a combination of longitudinal and transverse response, the span has a tendency
to rotate in the direction of decreasing skew. Such motion will tend to cause binding in
the obtuse corner and generate uneven passive earth pressure forces on the abutment,
exceeding the passive pressure near one end of the backwall, and providing little or no
resistance at other end. This requires a more refined analysis to determine the amount
of expected movement. The passive pressure resistance in soils behind semi-integral
or L-shape abutments shall be based on the projected width of the abutment wall
normal to the centerline of the bridge. Abutment springs shall be included in the local
coordinate system of the abutment wall.

4.2.12 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.

4.2.13 Foundation — Spread Footing

Guide Specifications Article C5.3.2 — Foundation springs for spread footings shall
be determined in accordance with Section 7.2.7, Geotechnical Design Manual M 46-03
Section 6.5.1.1 and the WSDOT Geotechnical Engineer’s recommendations.
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4.2.14 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.

4.2.15 |4 for Box Girder Superstructure

Guide Specifications Article 5.6.3 — Gross moment of inertia shall be used for box
girder superstructure modeling.

4.2.16 Foundation Rocking

Guide Specifications Article 6.3.9 — Foundation rocking shall not be used for the
design of WSDOT bridges.

4.2.17 Drilled Shafts

Guide Specifications Article C6.5 — For WSDOT bridges, the scale factor for p-y
curves or subgrade modulus for large diameter shafts shall not be used unless approved
by the WSDOT Geotechnical Engineer and WSDOT Bridge Design Engineer.

4.2.18 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 70 percent of the value obtained using procedure given in
Article 5.2.2.1.

4.2.19 Liquefaction Design Requirements

Guide Specifications Article 6.8 — Soil liquefaction assessment shall be based on the

WSDOT Geotechnical Engineer’s recommendation and Geotechnical Design Manual
M 46-03 Section 6.4.2.8.

4.2.20 Reinforcing Steel

Guide Specifications Article 8.4.1 — Reinforcing bars, deformed wire, cold-draw
wire, welded plain wire fabric and welded deformed wire fabric shall conform to the
material standards as specified in AASHTO LRFD Bridge Design specifications.

ASTM A 615 reinforcement shall not be used in WSDOT Bridges. Only ASTM

A 706 Grade 60 reinforcing steel shall be used in members where plastic hinging is
expected for SDCs B, C, and D. ASTM A 706 Grade 80 reinforcing steels may be used
for capacity-protected members as specified in Article 8.9. ASTM A 706 Grade 80
reinforcing steel shall not be used for oversized shafts where in ground plastic hinging
is considered as a part of ERS.

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.

Guide Specifications Article C8.4.1 — Add the following paragraph to Article C8.4.1.
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The requirement for plastic hinging and capacity protected members do not apply to
the structures in SDC A, therefore use of ASTM A706 Grade 80 reinforcing steel is
permitted in SDC A.

For SDCs B, C, and D, the moment-curvature analyses based on strain compatibility
and nonlinear stress strain relations are used to determine the plastic moment capacities
of all ductile concrete members. Further research is required to establish the shape and
model of the stress-strain curve, expected reinforcing strengths, strain limits, and the
stress-strain relationships for concrete confined by lateral reinforcement made with
ASTM A 706 Grade 80 reinforcing steel.

4.2.21 Concrete Modeling

Guide Specifications Article 8.4.4- Revise the last paragraph as follows:

Where in-ground plastic hinging approved by the WSDOT Bridge Design Engineer is
part of the ERS, the confined concrete core shall be limited to a maximum compressive
strain of 0.008. The clear spacing between the longitudinal reinforcements and between
spirals and hoops in drilled shafts shall not be less than 6 inches or more than 8 inches
when tremie placement of concrete is anticipated.

4.2.22 Expected Nominal Moment Capacity

Guide Specifications Article 8.5 — Add the following paragraphs after third paragraph.

The expected nominal capacity of capacity protected member using ASTM A 706
Grade 80 reinforcement shall be determined by strength design based on the expected
concrete strength and yield strength of 80 ksi when the concrete reaches 0.003 or the
reinforcing steel strain reaches 0.090 for #10 bars and smaller, 0.060 for #11 bars

and larger.

Replace the definition of with the following:

Ao = overstrength factor

1.2 for ASTM A 706 Grade 60 reinforcement
= 1.4 for ASTM A 615 Grade 60 reinforcement

4.2.23 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.

4.2.24 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 the tensile strength of the spliced
bar. Splices shall be staggered at least 2 ft. 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 ft (72 ft for No. 14 and No. 18 bars), no splice in the longitudinal
reinforcement shall be allowed.

Page 4-16

WSDOT Bridge Design Manual M 23-50.15
December 2015



Chapter 4 Seismic Design and Retrofit

4.2.25 Development Length for Column Bars Extended into Oversized Pile Shafts f
or SDCs C and D

Guide Specifications Article 8.8.10 — Extending column bars into oversized shaft
shall be per Section 7.4.4.C, based on TRAC Report WA-RD 417.1 “Non-Contact Lap
Splice in Bridge Column-Shaft Connections.”

4.2.26 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.

4.2.27 Lateral Confinement for Non-Oversized Strengthened Pile Shaft for
SDCs Cand D

Guide Specifications Article 8.8.13 — Non oversized column shaft (the cross
section of the confined core is the same for both the column and the pile shaft) is not
permissible unless approved by the WSDOT Bridge Design Engineer.

4.2.28 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 non-liquefied 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.
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4.2.29 Superstructure Capacity Design for Transverse Direction (Integral Bent Cap)
for SDCs C and D

Guide Specifications Article 8.11 — 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 ft. Lap splices shall not
be used.

4.2.30 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.

4.2.31 Joint Proportioning
Guide Specifications Article 8.13.4.1.1 — Revise the last bullet as follows:
Exterior column joints for box girder superstructure and other superstructures if the cap
beam extends the joint far enough to develop the longitudinal cap reinforcement.
4.2.32 Cast-in-Place and Precast Concrete Piles

Guide Specifications Article 8.16.2 — Minimum longitudinal reinforcement

of 0.75 percent 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 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 A4SHTO Guide Specifications for
LRFD 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 percent mass without new
substructure could be considered insignificant.
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Perform seismic analysis of existing and widened
structure. Generate C/Dpre and C/Dys; for all
applicable existing bridge elements (including

foundation elements). (See Notes 1 and 2)

Revise widening design
(reduce mass, increase
stiffness, etc.)

T

Yes

C/Dpost 2 1.0 No

Can widening design
be revised to result in
C/DPost 2 C/DPre

C/DPost 2 C/DPre
(See Note 3)

Yes
Yes No
v v
Element is adequate Seismic performance maintained Seismic performance made
as is no seismic Retrofit of element recommended worse retrofit of element
retrofit required but not required (optional) is required

A 4
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)

A

Region select from the following alternatives:
» Widen bridge and perform required
and optional seismic retrofits
» Widen bridge and perform required
seismic retrofits
* Replace bridge
» Cancel project

Report C/Dpre and Dpgt ratios,
along with final project scope
to bridge management group.
This information will be used
to 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,y = 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/D ratios are evaluated for each existing bridge element.

WSDOT Seismic Analysis and Retrofit Policy for Bridge Widening Projects
Figure 4.3.1-1
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4.3.2 Design and Detailing Considerations

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 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 widened
structure for the differential settlement warranted by the WSDOT Geotechnical
Engineer. 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.

The horizontal displacement of pile and shaft foundations shall be estimated using
procedures that consider soil-structure interaction (see 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 unbraced
length and retrofitted if necessary.
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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.

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 I — 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 AASHTO 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.

Propert Notation Bar Size ASTM ASTM A615 | ASTM A615
perty A706 Grade 60 Grade 40*
Specified minimum yield stress (ksi) /, No. 3 - No. 18 60 60 40
Expected yield stress (ksi) fre No. 3 - No. 18 68 68 48
Expected tensile strength (ksi) fe No. 3-No. 18 95 95 81
Expected yield strain £, No. 3 - No. 18 0.0023 0.0023 0.00166
No. 3 - No. 8 0.0150 0.0150
No. 9 0.0125 0.0125
Onset of strain hardening gy, No. 10 & No. 11 0.0115 0.0115 0.0193
No. 14 0.0075 0.0075
No. 18 0.0050 0.0050
. ) . No. 4 - No. 10 0.090 0.060 0.090
Reduced ultimate tensile strain &R
No. 11 - No. 18 0.060 0.040 0.060
, . , No. 4 - No. 10 0.120 0.090 0.120
Ultimate tensile strain €
" No. 11 - No. 18 0.090 0.060 0.090

*ASTM A615 Grade 40 is for existing bridges in widening projects.

Stress Properties of Reinforcing Steel Bars
Table 4.3.2-1
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Isolation Bearings — Isolation bearings may be used for bridge widening projects
to reduce the seismic demand through modification of the dynamic properties of the
bridge. These bearings are a viable alternative to strengthening weak elements or
non-ductile bridge substructure members of the existing bridge. Isolation bearings
shall be designed per the requirement of the AASHTO Guide Specifications for
Seismic Isolation. Use of isolation bearings needs the approval of WSDOT Bridge
Design Engineer.

The decision for using isolation bearings should be made at the early stage of project
development based on the complexity of bridge geotechnical and structural design.

A cost-benefit analysis comparing design with strengthening weak elements vs. design
with isolation bearings shall be performed and submitted for approval. The designer
needs to perform two separate designs, one with and one without seismic isolation
bearings. The cost-benefit analysis shall at least include:

» Higher initial design time and complexity of analysis.
* Impact of the initial and final design time on the project delivery schedule.

* Time required for preliminary investigation and correspondences with the isolation
bearing suppliers.

» Life-cycle cost of additional and specialized and bearing inspections.
 Potential cost impact for bearing and expansion joints replacements.
* Issues related to long-term performance and maintenance.

+ Need for large movement expansion joints.

Once approval has been given for the use of seismic isolation bearings, the designer
shall send a set of preliminary design and specification requirements to at least three
seismic isolation bearing suppliers for evaluation to ensure that they can meet the
design and specification requirements. Comments from isolation bearing suppliers
should be incorporated before design of structure begins. Sole source isolation
bearing supplier may be considered upon Bridge Design Office and Project Engineer's
office approval.

The designer shall submit to the isolation bearing suppliers maintenance and inspection
requirements with design calculations. Isolation bearing suppliers shall provide
maintenance and inspection requirements to ensure the isolators will function properly
during the design life and after seismic events. The contract plans shall include bearing
replacement methods and details.
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4.4 Seismic Retrofitting of Existing Bridges

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 and WSDOT amendments as follows:

 Article 7.4.2 Seismic Loading in Two or Three Orthogonal Directions
Revise the first paragraph as follows:

When combining the response of two or three orthogonal directions the design value
of any quantity of interest (displacement, bending moment, shear or axial force) shall
be obtained by the 100-30 percent combination rule as described in AASHTO Guide
Specifications Article 4.4.

* Delete Eq. 7.49 and replace with the following:

=4
¢ = [S{MJ + 2J¢ (7.49)
p I/l _ Vf y
» Delete Eq. 7.51 and replace with the following:
V.-V,
¢ :(4{—” 2 }+2J¢ (7.51)
’ Vi=Vy ’

4.4.1 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 (1,000 year return period) ground
motions with a life safety seismic performance level.

4.4.2 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 will be consulted in the selection and design of the retrofit measures.
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4.4.3 Computer Analysis Verification

The computer results will 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 percent.

» 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 percent 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?

4.4.4 Earthquake Restrainers

Longitudinal restrainers shall be high strength steel rods conform to ASTM F 1554
Grade 105, including Supplement Requirements S2, S3 and S5. Nuts, and couplers
if required, shall conform to ASTM A 563 Grade DH. Washers shall conform to
AASHTO M 293. High strength steel rods and associated couplers, nuts and washers
shall be galvanized after fabrication in accordance with AASHTO M 232. The length
of longitudinal restrainers shall be less than 24 feet.

4.4.5 Isolation Bearings

Isolation bearings may be used for seismic retrofit projects to reduce the demands
through modification of the dynamic properties of the bridge as a viable alternative

to strengthening weak elements of non-ductile bridge substructure members of existing
bridge. Use of isolation bearings needs the approval of WSDOT Bridge Design
Engineer. Isolation bearings shall be designed per the requirement of the AASHTO
Guide Specifications for Seismic Isolation.

The decision for using isolation bearings should be made at the early stage of project
development based on the complexity of bridge geotechnical and structural design.

A cost-benefit analysis comparing design with strengthening weak elements vs. design
with isolation bearings shall be performed and submitted for approval. The designer
needs to perform two separate designs, one with and one without seismic isolation
bearings. The cost-benefit analysis shall at least include:

 Higher initial design time and complexity of analysis.
 Impact of the initial and final design time on the project delivery schedule.

» Time required for preliminary investigation and correspondences with the isolation
bearing suppliers.
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 Life-cycle cost of additional and specialized bearing inspection.

Potential cost impact for bearings and expansion joints replacements.
* Issues related to long-term performance and maintenance.
* Need for large movement expansion joints.

Once approval has been given for the use of seismic isolation bearing, the designer
shall send a set of preliminary design and specification requirements to at least three
seismic isolation bearing suppliers for evaluation to ensure that they can meet the
design and specification requirements. Comments from isolation bearing suppliers
should be incorporated before design of structure begins. Sole source isolation
bearing supplier may be considered upon Bridge Design Office and Project Engineer's
office approval.

The designer shall submit to the isolation bearing suppliers maintenance and inspection
requirements with design calculations. Isolation bearing suppliers shall provide
maintenance and inspection requirements to ensure the isolators will function properly
during the design life and after seismic events. The contract plans shall include bearing
replacement methods and details.
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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 LRFD 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 and Interims

Non- Standard Noise Barrier Walls

Design per Chapter 3

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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Design Examples
Appendix 4-B1 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. = 2.00" concrete cover on vertical faces at seat (inch)
c
"G = 1.00 " expansion jointgap (inch). For new structures, use maximum estimated

opening.
0.67 safety factor against the unseating of the span

F.S
F ¥ 176.00 ksi restrainer yield stress (ksi)

E 10,000 restrainer modulus of elasticity (ksi)

L = 18.00 ' restrainer length (ft)

Drs = 1.00 " restrainer slack (inch)

VV] = 5000.00 the weight of the less flexible frame (kips) (Frame 1)
W,

Kl

K 2

= 5000.00 the stifiness of the more fiexible frame (kips) (Frame 2)
= 2040 the stifiness of the less flexible frame (kipsf/in) (Frame 1)

= 510 the stifiness of the more flexible frame (kips/in) (Frame 2) OK

Hg = 4.00 Targetdisplacement ductility of the frames

g = 386.40 acceleration due to gravity (in/secz)

g = 0.05 design spectrum damping ratio

Sps = 1.75 short period coeficient Sps =F,S,

Spi= 0.70 long period coeficient Sp1 =F,S,

AS = 0.28 effecive peak ground acceleration coefficient

Ato = 0.05" converge folerance

Calculate the period at the end of constant design spectral acceleration plateau (sec)

S
T, — 2Dl - 07/175 = 04 sec

S
DS
Calculate the period at beginning of constant design spectral acceleration plateau (sec)

T, =0.2T =02 *04 = 0.08sec
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Step 1: Calculate Available seatwidth, Das
Das=12-1-2*2=7" 0.67*7 = 469"
Step 2: Calculate Maximum Allowable Expansion Joint Displacement and compare fo the available seat width.
Dr =1+176*18*12/10000 = 4.8" >=469" NG
Step 3: Compute expansion joint displacement without restrainers
The eflective sifiness of each frame are modified due to yielding of frames.
K| o= 204014 = 510 kip/in
szeﬁ: 510/4 = 127.5 kip/in
The effective natural period of each frame is given by:
W,
Ti,eﬁf =20 [——— = 2* PI() *( 5000/ ( 386.4 *510) )*0.5 = 1 sec.
gKl,eﬁ"
W2 - * * * A =
T2 off = 2m |[——=— = 2*PI() *(5000/( 386.4 * 127.5) )*0.5 = 2 sec.
’ gKZ,eﬁ"
The effecive damping and design spectrum correction factor is:
E.»eﬁ =005 +(1-095/(4)"05-0.05*(4)*0.5)/PI() = 0.19
¢y = 1.5/(40%019+1)+0.5 = 0.68
Determine the frame displacement from Design Spectrum
Tl’eﬁx = 100 sec. S, (leeﬁr )= 0699
Do = 200 sec. S,(Ty )= 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 Qg ( Leff ) g : : : :
21
2
T2,eﬁ
D, = 5 c; S, (Tz,eﬁp ) @ =(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)
w, T
the frequency ratio of modes, B ——1 _22 -9/1=2
0, T
The cross-correlation coezmcient 32
o Sy (PB
127 242 2 2
(A=B7)" +4E;p(1+P)
P12 = (8*0.1922)*(1 +2)*( 2 M3/2))/((1 - 2 22)"2 + 4* 0.19 42* 2 *(1+ 2)"2) = 0.2
The initial relative hinge displacement
Deqo = (46572+9372-2%027465*93)"05 =9.52" >=2/3 Das =4.69"
Restrainers are required
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Step 4: Estimate the Initial restrainer stifness

Ky oy Ky of
K, =—tai72d (510*127.5) /(510 +127.5) = 102 kip/in
eff mod K +K
Leff 2,eff
K, (D, -D.)
K, = Wmod 4o L = 102*(952-4.8)/9.52 = 50.54 kiplin
Deqo

Adjust restrainer stifness to limit the joint displacement to a prescribed value D
This can be achieve by using Goal Seek on the Tools menu.
Goal Seek
Set Cell $J$104 CellAddressfor A=D —D
eq
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 My =5000/386.4 =12.94 kip.SecZ/in
Kiop= 51000 kpin Ky 4= 12750 kpin

Solve the following quadratic equation for natural frequencies
A(0?)? +B(0?)+C=0
A= m1m2 =12.94* 12 94 = 167.44
= -12.94* 127 +19321 1294 (510+19321)—-13249.52
C= Kl,eﬁ K2,eﬂ + (Kl,eﬁ‘ + KZ,eﬁ) Kr
C =510*127.5+(510+127.5) *193.21 = 188197.22

The roots of this quadratic are
0)12 = (-(-13249.52) +(( -13249.52) "2-4* 167.44 * 188197.22 )"0.5)/( 2*167.44 ) = 60.57

m% = (-(-13249.52-((-13249.52)"2-4*167 44*188197.22)"0.5)/(2*167.44) = 18.56

The natural frequencies are

®; = 778 radlsec Wy= 431  radlsec
The corresponding natural periods are
7= 275 Tl,eﬁ' = 081 sec Tz,eﬁc 146  sec.
® 2
For mode 1, ®; = 778 radlsec Wy = 6057

Kiop +K, = mlmf = 510 +193.21 - 12.94 * 60.57 = -80.61

The relative value (modal shape) corresponding

o _ K;
02 Ky 5 +K, —moi

=193.21/-80.61 = -2.397

Itis customary to describe the normal modes by assigning a unit value to one of the amplitudes.
For the first mode, set (|)21 = 1.00 then ¢11 = 240
The mode shape for the first mode is

i={er = {50 )
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For mode 2, ®, ~ 431 radlsec 0)2 = 18.56
2. * -
Kl,eﬁ + K, — mo;=510+193.21-12.94*18.56 = 263.11

The relative value

¢12 _ Kr

= - =19321/463.11 = 0417
0 Ky +K, —mo;

For the 2nd mode, set bp = 1.00 then G = 240
The mode shape for the 2nd mode is

ab=42 = { 1}

— Vo W MU r
Calculate the participation factor for mode " 1 P = ({a}” {d;})
e Ky

{0 M1} = mydyy +mydy = 1294*-2.4+12.94*1 = -18.08

2 2
{01 TKHO = (K)o + K00 — 2K 011021 +(Ky o5 + K03
= (510 +193.21) * (-2.4) A2 - 2 193.21 * -2.4 * 1 + (127.5+ 19321 ) * (1) A2 = 5286.98

{a}T{¢1} =0y — = 1--24 =34

Pl = -18.08/5286.98*3.4 = -0.0116  sec’

— e O} MLy (o7
Calculate the participation factor for mode " 2 P = ( { )
RIS

{0, M1} = MGy + Myyy = 12.94*1+12.942.4 = 43.96

02 KO = (K)o + K )0h = 2K, 0200 + (Ky o5 + K03,
=(510+193.21)*(1)"2-2*193.21*1*24 + (127.5+193.21) *(2.4) "2 =1619.53

T
{a} {dr} =0 — 01 = 24-1=14
Py = 4396/161953*14 = 00379 sec?

Determine the frame displacement from Design Spectrum

Ty = 081 sec S, (T),5)= 0867
Dhep = 146 sec. S, (Ty 4)= 0480
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Calculate new relative displacement at expansion joint

Do = RcgSy(T) 05,0.05) g = -0.011670.680.867 *386.4 =264
Deqz = chd Sa (Tz,eﬁ , 0,05) g =0037970.68"0.48"386.4=4.77"
The effective period ratio

o) T
B:_lzﬂ =146/081 = 181
Q%) Tl,eﬁ"

The cross-correlation coefficient,
P12 = (8*0.1922)*(1+ 1.81)*( 1.81 (3/2))/((1 -1.81 2)A2+4* 0.19 22* 1.81 *(1+1.81)"2)

= 026
Deql = ((-2.64)"2+(4.77)"2+2*0.26 * (-2.64 ) * (4.77))"0.5=4.8"
>48 n
A=D,, —D,=48-48=0"
OK Go to Step 7 and calculate the number of restrainers
Step 7: Calculate number of restrainers
K.D
— r r
Moo=
yor
D, = 480" K,= 19321 Kpfin F, = 17600 ks
Ar = 0222 in"2
Nr = (19321*4.8)/(176%0.222) = 23.74 restrainers
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Appendix 4-B2 SAP2000 Seismic 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 A4ASHTO 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 INEEOAUCTION ...ttt ettt et sb e et et e bt e s bt e e e e 1
2. MOAEL SEEUP ..ttt ettt et e ettt et e et e st e e bt e nbeebeesnteebeeennas 2
2.1 OVerview 0f MOdEl .......co.uiiiiiiiiiii e 2
2.2 Foundations MOdEIINg ..........ccccuieiiiiiiiiiiiiii ettt ettt e 3
2.3 Materials MOA@ING........coeiiiiiiiiieciie ettt saee e snbee e e eneeas 6
2.4 Column MOAEING ........coouiiiiiiiieiieeitee ettt ettt 15
2.5 Crossbeam MOAEIING ......cccviieriiieiie ettt ettt sree e seree e snaee s eeaeeenaeas 19
2.6 Superstructure MOdeling..........c.oeiuiiiiiiiiiiiieieeie ettt 20
2.7 Gravity Load Patterns .......cccoeeeiiiiiiieeiiie ettt e 22
3. Displacement Demand ANaLYSIS........ccccuieiciiieiiiieriieeriie ettt stee e saeeesbeeesseeeneseeen 23
3.1 MOdal ANALYSIS ..eeneieeiiieiiieieeee ettt ettt st ettt et et et 23
3.2 Response-Spectrtim ANALYSIS......ccviiriiieriiieeniieeniieesteeeeeeeiteeeseeeeseeesreeesnreeesnseeens 27
3.3 Displacement Demand............cooouiiiiiiiiiiiiiieeee e 32
4. Displacement Capacity ANALYSIS ....ccuvierciiieriieeriieeiieeeiiee et e ettt eeireeeaeeesreeesbeeeseseesnnneeennneas 34
4.1 Hinge Definitions and ASSIZNMENLS ........c.c.eeruierireriienieeiiesieenieeseeesieeseeeieesneeseens 34
4.2 PUSROVET ANALYSIS....iiiiiiiiiiiiieiiieeeiteeeieeeeteeesteeerete e e e e s taeesaeeesaseeesnseeensseesnnseeenseas 41
5. C0de REQUITEIMENLS ....ccuvviieiiieeiiee et eeiteeeieeestee et e e stee e aee e b e e estaeesssaeessseeessseeesnseesnnseeennseesns 66
5.1 P-A Capacity Requirement Check ..........cccooiiiiiiiiiiiniiiiieeee e 66
5.2 Minimum Lateral Strength Check ..........ccccooviiiiiiiiiiceceee e 67
5.3 Structure Displacement Demand/Capacity Check..........ccooooviiiiiiiiiiiiiniiiiiiiiee 69
5.4 Member Ductility Requirement Check ..........ccoevviieriiiiiiiiiiieieccieceee e 73
5.5 Column Shear Demand/Capacity Check ...........ccoooieriiiiiiiiiiiiiiiieeeceeee 79
5.6 Balanced Stiffness and Frame Geometry Requirement Check...........cccccvveevirnnnennn. 83
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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 - DualCollxampla_?0100805 - [30 View] =)
e (& e Defre Duaw  gelect feson  Anshyas  Duglyy Desgn  Gotons  Tock W -8x
O B < /[l 2 280 M vyopnteg +2 B %, th@X il YES BET, nfrd-w o I-G-

[ ¥/~

E:%%% . aE0J

== X
£

ﬁvm A0 Y000 2000 JoLops  wllrenf -

Wireframe 3-D View of Model
Figure 2.1-1
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2.2 Foundations Modeling
2.2.1 Intermediate Piers

Each bent is supported by a combined spread footing that is 20’L x 40°W x 5°D. These footings
are modeled using springs. Rigid links connect the bases of the columns to a center joint that the
spring properties are assigned to as shown in Figure 2.2.1-1.

I3 SAP2000 v14.7.0 Advanced - DualCalTxample, 20100729 - [3-0 View]

U Ee B8 Yew Driee Dume  Select e Aoshme Degly  Dedgn  Opbins  Took Hek -&x
Dok W v f 6+ D PRPBPRL A Ny erntig 84 W@ %, tBBX I fEx A I,
1

BEJ Ex s

B @

Bz ix=EB%%

30 View 00 o0 2000 [6uopa < |[rom

Wireframe 2-D View of Bent
Figure 2.2.1-1

The soil springs were generated using the method for spread footings outlined in Chapter 7 of the
Washington State Department of Transportation Bridge Design Manual. The assumed soil
parameters were G = 1,700 ksf and v = 0.35. The spring values used in the model for the spread
footings are shown in Table 2.2.1-1.

Degree of Freedom Stiffness Value
UXx 18,810 kip/in
Uy 16,820 kip/in
uz 18,000 kip/in
RX 1,030,000,000 kip-in/rad
RY 417,100,000 kip-in/rad
RZ 1,178,000,000 kip-in/rad

Joint Spring Values for Spread Footings
Table 2.2.1-1

Figure 2.2.1-2 shows the spread footing joint spring assignments (Assign menu > Joint >
Springs).
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Joint Springs

Spring Direction
Coordinate System GLOBAL -
Spring Stiffness

Tranzlation Global =< ’W
Tranzlation Global v ’W
Tranzlation Global 2 ’W
Fiotation about Global < ’m
Rotation about Global ’W
Rotation about Global 2 ’m
Options
™ Add to Existing Springs

i+ Replace Existing Springs
™ Delete Existing Springs

Advanced...
(0].8 | Cancel |

Spread Footing Joint Spring Assignments
Figure 2.2.1-2

The springs used in the demand model (response-spectrum model) are the same as the springs
used in the capacity model (pushover model). It is also be acceptable to conservatively use fixed-
base columns for the capacity model.

2.2.2 Abutments

The superstructure is modeled as being free in the longitudinal direction at the abutments in
accordance with the policies outlined in the Washington State Department of Transportation
Bridge Design Manual. The abutments are fixed in the transverse direction in this example for
simplification. However, please note that the A4SHTO Guide Specifications for LRFD Seismic
Bridge Design require the stiffness of the transverse abutments be modeled. Since there are five
girder lines instead of a spine element, the joints at the ends of the girders at the abutments all
have joint restraints assigned to them. The girder joint restraint assignments at the abutments are
listed in Table 2.2.2-1.

Degree of Freedom Fixity
UX Free
uy Fixed
uz Fixed
RX Free
RY Free
RZ Free

Joint Fixity for Girder Joints at Abutments
Table 2.2.2-1
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Figure 2.2.2-1 shows the girder joint restraints at the abutments (Assign menu > Joint >

Restraints).

Restraints inJoint Local Directions

[~ Rotation about 1
¥ Translation 2 [ Rotation about 2

v Translaion 3 [~ Rotation about 3

Fast Restraints

| on| | @

Carcel

Girder Joint Restraint Assignments at Abutments

Figure 2.2.2-1
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2.3 Materials Modeling

SAP2000’s default concrete material properties have elastic moduli based on concrete densities
of 144 psf. The elastic moduli of the concrete materials used in this example are based on the
Washington State Department of Transportation’s policy on concrete densities to be used in the
calculations of elastic moduli. Please see the current WSDOT Bridge Design Manual and Bridge
Design Memorandums. In Version 14 of SAP2000, nonlinear material properties for Caltrans
sections are no longer defined in Section Designer and are now defined in the material
definitions themselves. Table 2.3-1 lists the material definitions used in the model and the
elements they are applied to (Define menu > Materials).

Material Unit Weight (pcf)

Material Name  Material Type Section Property For Dead For Modulus
Used For ..
Load of Elasticity
4000Psi-Deck Concrete Deck 155 150
4000Psi-Other ~ Concrete Crossbeams & 150 145
Diaphragms
5200Psi-Column Concrete Columns 150 145
7000Psi-Girder Concrete Girders 165 155
A706-Other Rebar Rebar Other Than 490 .
Columns
A706-Column Rebar Column Rebar 490 -

Material Properties Used in Model
Table 2.3-1

The “5200Psi-Column” and “A706-Column” material definitions are created to define the
expected, nonlinear properties of the column section.

The Material Property Data for the material “4000Psi-Deck” is shown in Figure 2.3-1 (Define
menu > Materials > select 4000Psi-Deck > click Modify/Show Material button).
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Material Property Data

Material Motes

General D ata
taterial Mame and Display Color 4000Psi-Deck .
Material Type | Concrete j

Modify/Show Notes.. |

‘wheight and Mass

“wieight per Uit Yolurme

Mazs per Unit Yolume

| sotropic Property D ata

Modulus of Elasticity, E

Poiszon's Ratio, U

Coeffizient of Thermal Expangion, &

Shear Modulus, G

Other Properties for Concrete b aterials
Specified Concrete Compressive Strength, f'c

[~ Lightweight Concrete

™ Switch To Advanced Property Display

ok ]

Cancel |

Units

Kip. in, F -

E.000E-06
1597.5

—
—

Material Property Data for Material “4000Psi-Deck”

Figure 2.3-1

The Material Property Data for the material “4000Psi-Other” is shown in Figure 2.3-2 (Define
menu > Materials > select 4000Psi-Other > click Modify/Show Material button).

Material Property Data

Material Notes

General D ata
taterial Mame and Display Color 4000Psi-Other .
Material Type | Concrete j

Modify/Show Nates. ..

‘wieight and Mass
“wigight per Uit Yolume

Mazz per Unit Yolume

| sotropic Property D ata

Modulus of Elasticity, E

Poiszon's Ratio, U

Coeffizient of Thermal Expangion, &

Shear Modulus, G

Other Properties for Concrete Materials
Specified Concrete Compressive Strength, f'c

[~ Lightweight Concrete

™ Switch To Advanced Property Display

[ ok ]

Cancel |

Unitz

Kip. in, F -

E£.000E-06
15183333

—
—

Material Property Data for Material “4000Psi-Other”

Figure 2.3-2
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The Material Property Data for the material “7000Psi-Girder” is shown in Figure 2.3-3 (Define

menu > Materials > select 7000Psi-Girder > click Modify/Show Material button).

Material Property Data

Material Notes

General D ata
taterial Mame and Display Color FO00Psi-Girder .
Material Type | Concrete j

Modify/Show Notes.. |

‘wieight and Mass
“wigight per Uit Yolume

| zatropic Property Data

Modulus of Elasticity, E

Poiszon's Ratio, U

Coeffizient of Thermal Expangion, &

Shear Modulus, G

Other Properties for Concrete Materials
Specified Concrete Compressive Strength, f'c

[ Lightweight Concrete

™ Switch To Advanced Property Display

[ ok ]

Mazz per Unit Yolume

Unitz

Kip. in, F i

E.000E-06
2220,

——
—

Cancel |

Material Property Data for Material “7000Psi-Girder”

Figure 2.3-3

Page 4-10

WSDOT Bridge Design Manual M 23-50.15

December 2015



Chapter 4

Seismic Design and Retrofit

The Material Property Data for the material “5200Psi-Column” is shown Figure 2.3-4 (Define
menu > Materials > select 5200Psi-Column > click Modify/Show Material button).

Material Property Data

General D ata
b4 aterial Mame and Display Color ’W .
Material Type | Concrete j
Material Notes Modify/Show Notes.. |
‘wieight and Mass Unitz
“wigight per Uit Yolume ’m
Mazz per Unit Yolume
| zatropic Property Data
Modulus of Elasticity, E ’41557
Poiszon's Ratio, U ’027
Coefficient of Thermal Expansion, A W
Shear Modulus, G 1731.25
Other Properties for Concrete Materials
Specified Concrete Compressive Strength, fc ’527
[ Lightweight Concrete
’7

™ Switch To Advanced Property Display

aF | Cancel |

Material Property Data for Material “5200Psi-Column”

Figure 2.3-4

When the Switch To Advanced Property Display box shown in Figure 2.3-4 is checked , the
window shown in Figure 2.3-5 opens.

Material Property Options

Material Name |52UDF'si-EOIumn

Matenial Motes Modify/Shav...

Options
I aterial Type Concrete -

|zotropic -

Directional Symmetry Type
Display Colar ]

[ Material Properties are Temperature Dependent

Modify/Show Material Properties. .. i

Ok Cancel |

Advanced Material Property Options for Material “5200Psi-Column”

Figure 2.3-5

By clicking the Modify/Show Material Properties button in Figure 2.3-5, the window shown in

Figure 2.3-6 opens.
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Material Property Data

A

G

M aterial Mame Material Type Symmetry Tupe

|52DDF'si-EOIumn |E0nc:rete |Isotr0pic:

Modulus of Elasticity ‘weight and Mass Units

E 4155, ‘wheight per Unit Yolume -5 Kip.in, F -
Mazs per Unit Wolume 2.248E-07
Other Properties for Concrete Materialz

Paisson's Ratio Specified Concrete Compressive Strength, f'o 52

Y b2 [” Lightweight Concrete

Coeff of Thermal Expanzsion

£.000E-08

Shear Modulus

Advanced Material Property Data

T

Monlinear b aterial Data... |

I aterial Damping Properties... |

Time Dependent Properties. .. |

Thermal Properties... |

[oc ]

Cancel |

Advanced Material Property Data for Material “5200Psi-Column”

Figure 2.3-6

By clicking the Nonlinear Material Data button in Figure 2.3-6, the window shown in Figure

2.3-7 opens.

Nonlinear, Material Data

Edit

M aterial Name Material Type
|52DDF'si-EOIumn |E0nc:rete
Hysteresiz Type Drucker-Prager Parameters Units
Kinematic - Friction Angle |D. | Kip.in, F j
Dilatational Angle a0
Stress-Strain Curve Definition Options
+ Parametric Mander - Convert To User Defined |

" User Defined

Parametric Strain Data
Strain At Unconfined Compressive Strength, f'c
Ultimate Unconfined Strain Capacity

Final Compreszion Slope [Multiplier on E)

Show Stress-Strain Plat... |

Cancel |

2.000E-03
5.000E-03
01

Nonlinear Material Data for Material “5200Psi-Column”

Figure 2.3-7

Note that in Figure 2.3-7 the Strain At Unconfined Compressive Strength, f’c and the Ultimate
Unconfined Strain Capacity are set to the values required in Section 8.4.4 of the AASHTO Guide
Specifications for LRFD Seismic Bridge Design. These unconfined properties are parameters
used in defining the Mander confined concrete stress-strain curve of the column core. It is seen
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that under the Stress-Strain Definition Options, Mander is selected. By clicking the Show
Stress-Strain Plot button in Figure 2.3-7, a plot similar to that shown Figure 2.3-8 is displayed.

Material Stress-Strain Curve Plot

File
Material Mame M aterial Type Symmetry Type
[5200Psi-Calumn |Cancrete [Isatrapic
Strain ({in/in) Plot Control Parameters
8,55 Background Auto -
TR0 d
: M
-E.E5 2 v Add Left and Right Borders
E70 = [v Add Top and Bottom Borders
oS @ [v Reverse Plat Axes Direction
-4.75 = [~ Disable Snap
E =3
L E « Mander Concrete Model
285 = % Modify/Show Mander Data... |
E « Tvpe: Confined Circular w/ Spirals
130 E Jv Show Unconfined Curve |
095
0,002

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
D'SE.B 23 00 -23 46 B3 92 115 138 61 184103

1 | Units KipinF
Mausze Painter Location Strain | Stress |

Material Stress-Strain Curve Plot for Material “5200Psi-Column”
Figure 2.3-8

Figure 2.3-8 shows both the confined and unconfined nonlinear stress-strain relationships. The
user should verify that the concrete stress-strain curves are as expected.

The Material Property Data for the material “A706-Other” is shown in Figure 2.3-9 (Define
menu > Materials > select A706-Other > click Modify/Show Material button).
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Material Property Data

I™ Switch To Advanced Property Display

[ox |

Cancel |

General Data

I aterial Mame and Display Color A 706-Other .
Material Type |F|ebar j
Material Mates Modify/Show Motes. .. |
‘wheight and Mass Units

“wieight per Uit Yolurme Kip.in, F -
Mazz per Unit Yolume

Uniaxial Property Data

Modulus of Elasticity, E 259000,
Coeffizient of Thermal Expangion, & E.500E-06

Shear Modulus, G 0.

Other Properties for Rebar Materials

Minimum Yield Streszs, Fy E0.

Minimum T ensile Stress, Fu a0

Expected Yield Strezs, Fye EE.

Expected Tensile Stress, Fue 8.

Material Property Data for Material “A706-Other”

Figure 2.3-9

The Material Property Data for the material “A706-Column” is shown in Figure 2.3-10
(Define menu > Materials > select A706-Column > click Modify/Show Material button).

Material Property Data

Material Motes

General Data
Material Mame and Display Color A706-Caolurnn .
Material Type |F|ebar j

Modiy/Show Notes... |

‘wheight and Mass
“wheight per Unit Yolume

Mazs per Unit Yolume

Uniaxial Property Data

Modulus of Elasticity, E

Coeffizient of Thermal Expangion, &

Shear Modulus, G

Other Properties for Rebar Materials
Minimum Yield Streszs, Fy

Mirimurn Tensile Stress, Fu
Expected Yield Stress, Fye

Expected Tensile Stress, Fue

™ Switch To Advanced Property Display

[ox |

Cancel |

Units

Kip, in, F -

23000,
,7
E£.500E-06

Material Property Data for Material “A706-Column”

Figure 2.3-10
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When the Switch To Advanced Property Display box in Figure 2.3-10 is checked, the window

shown in Figure 2.3-11 opens.

Material Property Options

Material Name |A?DB-EOIumn

Matenial Motes Modify/Shav...
Optiong

I aterial Type ’m
Directional Symmetry Type ’m
Dizplay Color _

[ Material Properties are Temperature Dependent

Modify/Show Material Properties. .. i

Ok Cancel |

Advanced Material Property Options for Material “A706-Column”

Figure 2.3-11

By clicking the Modify/Show Material Properties button in Figure 2.3-11, the window shown

in Figure 2.3-12 opens.

Material Property Data

Shear Modulus

G12

Material Marmne Material Type Symmetry Type

|708-Calurn |Frebiar [Uniasial

Modulus of Elasticity wieight and Mazz Unitz

E1 ’W ‘wheight per Unit Yolume 2.836E -0 ’m
Mazs per Unit Wolume T.345E-07
Other Properties for Rebar Materials

Poisson's Ratio Minimum Yield Stress, Fy ’537

vz Minirnum Tensile Stress, Fu ’957
Expected Yield Stress, Fye ’%7
Expected Tensile Stress, Fue ’957

Coeff of Thermal Expanzsion

&1 E.500E-08

Advanced Material Property Data

Monlinear M aterial Data... |

I aterial Damping Properties. . |

| Thermal Properties...

[ oc ]

Cancel |

Advanced Material Property Data for Material “A706-Column”

Figure 2.3-12

In Figure 2.3-12, the Minimum Yield Stress, Fy = 68 ksi and the Minimum Tensile Stress,

Fu =95 ksi as required per Table 8.4.2-1 of the AASHTO Guide Specifications for LRFD Seismic
Bridge Design. SAP2000 uses Fy and F, instead of Fy. and F. to generate the nonlinear stress-
strain curve. Therefore, the Fy. and F,. inputs in SAP2000 do not serve a purpose for this
analysis. By clicking the Nonlinear Material Data button in Figure 2.3-12, the window shown

in Figure 2.3-13 opens.
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Nonlinear, Material Data

Parametric Strain Data

Firnal Slope [Multiplier an E]
[v Use Calrans Default Contralling Strain Walues (Bar Size Dependent)

Show Stress-Strain Plot... |

Cancel |

Edit

M aterial Name Material Type

P«?DB-Eolumn |F|ebal

Hysteresiz Type Units
Kinematic - | |Kip, in. F j

Stregzz-Strain Curve Definition Options

* Parametric Park. - Convert Ta User Defined |
" User Defined

I
—
w

Nonlinear Material Data for Material “A706-Column”

Figure 2.3-13

In Figure 2.3-13, it is seen that under the Stress-Strain Curve Definitions Options, Park is
selected. Also the box for Use Caltrans Default Controlling Strain Values is checked. By
clicking the Show Stress-Strain Plot button in Figure 2.3-13 the plot shown in Figure 2.3-14 is

displayed.

Material Stress-5train Curve Plot

Eile:
Material M ame Material Type Symmetry Type
P«?DB-Eolumn |F|ebar |Uniaxia|
Strain (in/in) Plot Control Parameters
115,73 Background Auto -
9 = Azial Curve Color .
i [~ Show Shear Curve [
59,72 |v &dd Left and Right Bord
45,2 —_ i
E o I” Reverse Plot Axes Direction
233 = [~ Dizable Snap
E = Hebar Size [For Caltrans Default]
0 -
2 8 #10 -
23 =
] W
-46.
69
-32.
11 -||||||||||||||||||||||||||||||||||||||||||||||||||
-1530. 104 780 B2 2R 0. 2E. 52, 7R 104, 130 %103
4 | Units Kip,in.F
Mousze Pointer Location  Shrain | Stress |

Material Stress-Strain Curve Plot for Material “A706-Column”

Figure 2.3-14

In Figure 2.3-14, the strain at which the stress begins to decrease is sRsu, which the user should
verify for correctness.
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2.4 Column Modeling

There are two columns at each bent. The columns are five feet in diameter and have (24) #10
bars for longitudinal steel, which amounts to a steel-concrete area ratio of about 1%. In the hinge
zones, the columns have confinement steel consisting of #6 spiral bars with a 3.5 inch spacing.

The column elements have rigid end offsets assigned to them at the footings and crossbeams.
The net clear height of the columns is 29°-2”. The columns are split into three frame elements.
Section 5.4.3 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design requires
that columns be split into a minimum of three elements.

Figure 2.4-1 shows the frame section property definition for the column elements (Define menu
> Section Properties > Frame Sections > select COL > click Modify/Show Property button).

5D Section Data

Section Name |coL
Section Mates Modify/Show Hotes. .. |
Base Material ﬂ 5200Psi-Column
Design Type
t» Mo Check/Dezign
~
" Concrete Column
~
~
Define/E dit/Show S ection
Section Designer... |
Section Properties Froperty Modifiers
Properties... Set Madifiers... |
Drigplay Color ’_

Cancel |

Frame Section Property Definition for Frame Section “COL”
Figure 2.4-1

By clicking the Section Designer button in Figure 2.4-1, the window shown in Figure 2.4-2
opens. The “COL” frame section is defined using a round Caltrans shape in Section Designer as

shown in Figure 2.4-2.
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AP2000 - COL
File Edt “iew Define Draw Select Display Options Help

|| 2| ole|e|oolm =&es]

Ready X=4525 ¥-=-2372 |Kip.in.F ~ Done

Section Designer View of Frame Section “COL”
Figure 2.4-2

By right-clicking on the section shown in Figure 2.4-2, the window shown in Figure 2.4-3 opens.
Figure 2.4-3 shows the parameter input window for the Caltrans shape is shown in Figure 2.4-2.
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altrans Section Properties

— Geometry
Shape m
Charnfer |3—
Height CT
Width E

[~ Small Base Dimenzions

B ase Height IBD.
B aze Width IBU,
Ma. of Cores I‘I

- Cazing

Thickness ID—

Longt Factor [0 10.000,0.000
—Ring

Mo. of Rings I‘I— Ringl Cover |15— Fiing2 Cover I— Ring3 Cover I—

Mo. of  |Bundle Bundle |Bundle |Bundle Conf. | Corf. Conf. | Conf. Conf.

Fegion Ring Bundles | Type Bar Mo. [Area Material Type Spacing |Bar Mo. [Area Material
Corel Ringl | Show 24 Single #10 1.27 | &706-Column | Spiral 35 #E 0.44 | 4706-Calumn
Prestress Edit 0. Tendon M 0. M4 M M M MA M/A
Casing M Casing M 0 M4 M M MA& MAA MN/A

Concrete Model

Material

Core Concrete Icgre'] vl Show... I 0K I
0 IMander-UnconfiNVI Shawy... I Cancel |

Caltrans Section Properties for Frame Section “COL”
Figure 2.4-3

By clicking the Show button for the Core Concrete in Figure 2.4-3, the window shown in Figure
2.4-4 opens.
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Concrete Model - Mander-Confined(C)

.0000, 0.0000

Confinement Layout

Type

Spiral Diameter [CL-CL]

Wigw Yalues or Print...

Eou= 0014

poc=0.00359

‘oo= 7.05

‘cu= 6.04

foo E_-\‘\\\“
: f'cy
sCC 1ol

Longit. Spacing

Concrete Material

Mame

=0

Zy

£ fact

] 52

fu 26

foulimy 005
b ain Bar

Mumber of Bars

Reinforcement
sz [
o [1zz

Confinement M aterial

Mame

Reinforcement

N
- T
fyh
Zsu
ak | Cancel |

Concrete Model for Core of Frame Section “COL”

Figure 2.4-4

Figure 2.4-4 shows the Mander confined stress-strain concrete model for the core of the column.
The user should verify that the concrete stress-strain curve is as expected.
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2.5 Crossbeam Modeling

The crossbeams are modeled as frame elements with non-prismatic section properties due to the
variable depth of the sections (Define menu > Section Properties > Frame Sections). The
crossbeam elements have their insertion points set to the top center (Assign menu > Frame >
Insertion Point). The pier diaphragm above the crossbeam is modeled with shell elements. An
extruded view of the bent is shown in Figure 2.5-1.

[ SARZ000 v14.2.0 Advanced - Dualfollxample_20100773 - [loint Restrainis]

e (& g Dere Dyaw  psect  fssign  Agsyas  Dugley Desgn  Optons Tk bl -8 X
D @S oo /& » D LAEABPL Bl My arpmdd ¢8 @ %, IRAX I YESBEL, nizgk-® o I-G- o
i
N
b
b
=
&
=
=
]
"
o
o
i
-
P
|
+
I
[ |
L.
b st E o <lent =]
Extruded 2-D View of Bent
Figure 2.5-1
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2.6 Superstructure Modeling

The girders are Washington State Department of Transportation WF74Gs. The frame section
definition for section “WF74G” is shown in Figure 2.6-1 (Define menu > Section Properties >

Frame Sections > select WF74G > click Modify/Show Property button).

I3 Precast Concrete | Girder

Section Name |WF?4G Dizplay Color ’_
Set Section Dimensions Bazed on a Standard Section Section
Section Dimensions
Bulb Tee 9
Bl B1
0z 3
o % B2 [28.375
D4 R B3 £125
0l By El
(ol3}
DE D1 74, Matoril
atenal
2 D2 3 .
_+ || F000Psi Girder |
B | Beam k] 3
— Froperties
D4 3
D2 Section Properties.
b D5 15 [ cclionlioporie S
B3
D1 DB 5125 Property Modifiers
Set Modifiers...
D5
DE Section Motes
|£| Modify/Show Notes. .

[ ok ]

Cancel |

Frame Section Parameter Input for Frame Section “WF74G”
Figure 2.6-1

The girders are assigned insertion points such that they connect to the same joints as the deck
elements but are below the deck. Since the deck is 8 inches thick and the gap between the top of
the girder and the soffit of the deck is 3 inches, the insertion point is 7 inches (8 in./2 +3 in.)
above the top of the girder. Figure 2.6-2 shows the girder frame element insertion point

assignments (Assign menu > Frame > Insertion Point).
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Cardinal Paint

| 8 (Top Center] ﬂ
[~ Mirror about Local 2

Frame Joint Offzets to Cardinal Point

Coord System | Local -

End|
1o o

End-J

2 |7 [7

3 o o

[ Do not tranzform frame stiffness for
oftzets fram centroid

Reset Defaults
0K |

Cancel |

Girder Frame Element Insertion Point Assignments

Figure 2.6-2

Links connect the girders to the crossbeams which models the fixed connection between these

elements. See the screen shot shown in Figure 2.6-3.

[ 5AP7000 v14.2.0 Advanced - DualCollxample_20100773 - [Joint Restraints]

T e [ vew [efre Dy gelect  Assgn  Anshos  Dugley Desgn  Qptions  [ook Lo
D@ [P o /5 D PARPA P Hycpmleg 8 R . L BAX

SEM BED, nidoM o I- G- .

B+ x=E . BLih . BEDG @/ S

1 Frames Selscted

X000 YOO 2000 sLoea

=|[re.nF =

Wireframe 3-D View of Bent and Superstructure Intersection

Figure 2.6-3

The superstructure is broken into five segments per span. Section 5.4.3 of the AASHTO Guide
Specifications for LRFD Seismic Bridge Design requires that a minimum of four segments per

span be used.
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2.7 Gravity Load Patterns

There are three dead load patterns in the model: “DC-Structure”, “DC-Barriers”, and “DW-
Overlay”. The “DC-Structure” case includes the self weight of the structural components. The
“DC-Barriers” case includes the dead load of the barriers, which is applied as an area load to the
outermost deck shells. The “DW-Overlay” case includes the future overlay loads applied to the
deck shells. The dead load pattern definitions are shown Figure 2.7-1 (Define menu > Load
Patterns).

Define Load Patterns

Load Patterns Click Ta:
Self weight Auto Lateral
Load Pattern Name Tupe M ultiplier Load Pattern aodieglleadRatlen
DE-Structure J Modify Load Pattern

DC-Barriers
D0 verlay

Delete Load Pattem

=
£l
Show Load Pattern Notes...

Cancel

Dead Load Pattern Definitions
Figure 2.7-1

The designer should verify the weight of the structure in the model with hand calculations.
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3. Displacement Demand Analysis

3.1 Modal Analysis
3.1.1 Mass Source

All of the dead loads are considered as contributing mass for the modal load case. A display of
the mass source definition window from SAP2000 is shown in Figure 3.1.1-1 (Define menu >
Mass Source).

Define Mass Source

Masz Definition
" From Element and Additional M asses
+  From Loads

" From Element and Additional M asses and Loads

Diefine Mass Multiplier for Loads
Load Multiplier
DC-Stucture ﬂ |1.

DC-Barriers 1. M
_ Mediy_|

D Dverl 1
veray Modiy

Delete

Cancel |

Mass Source Definition
Figure 3.1.1-1

3.1.2 Cracking of Columns

Section 5.6 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design provides
diagrams that can be used to determine the cracked section properties of the columns. However,
SAP2000’s Section Designer can be used to compute the effective section properties. If using
Section Designer, the designer should verify that the method of calculation conforms to AASHTO
Guide Specifications of LRFD Seismic Bridge Design. The column axial dead load at mid-height
is approximately 1,250 kips without including the effects of the construction staging. For the
bridge in this example, the inclusion of staging effects would cause the axial load in the columns
to vary by less than ten percent. Such a small change in axial load would not significantly alter
the results of this analysis. However, there are situations where the inclusion of construction
sequence effects will significantly alter the analysis. Therefore, engineering judgment should be
used when decided whether or not to include the effects of staging. By having Section Designer
perform a moment-curvature analysis on the column section with an axial load of 1,250 kips, it is
found that ICrack = 212,907 inch®. The gross moment of inertia is 628,044 inch? (as calculated
by SAP2000). Therefore, the ratio is 212,907/628,044 = 0.34. The moment-curvature analysis is
shown in Figure 3.1.2-1 (Define menu > Section Properties > Frame Sections > select COL >
click Modify/Show Property button > click Section Designer button > Display menu > Show
Moment-Curvature Curve).
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Moment Curvature Curve {Limits: P(comp.) = -14355.027, P(ten.) = 2072.64)

Curvature

Strain Diagram

Select Type of Graph

Specify Scales/Headings...

-
[~ Plot 3%3 Fiber Model Curve

¥ Caltrans |dealized Model

P [Tension +ve]  |-1250

Phi-Cone = 00101278
Phi-Steel = M.

Phi-yigld(lritial] = 00006513
Phi-yield(| dealized) = 00003531
ICrack = 212907.043

012 024 036 042 060 0.72 084 096 1.08 1.20xra~

Moment

Concrete Strain -1.117E-04

|Moment-Curvature j Steel Strain -1 17E-D4

| [0.00,0.00) Meutral Axiz ’07
. =
. i
Analysiz Contral
Mo. of Points ,207 " Conciete Failure [Lowest Ulimate Strain)
Angle (Deg) ,mi f* Concrete Failure [Highest Ultimate Strain)

[v First Rebar/Tendon Faiure

Curves

M-Caonc = 95160,252 [~ User Defined Curvature Selected Curve Color .
-Steel = M Click to:

M-vield = 57EE0.27 Deetails... | Contaur... | Add Curve |
W= TiEEtaD Fefresh | Done Delete Curve |

Moment Curvature Curve for Frame Section “COL” at P = -1250 kips
Figure 3.1.2-1

It can be seen in Figure 3.1.2-1 that concrete strain capacity limits the available plastic curvature.
Designers should verify that SAP2000’s bilinearization is acceptable. The property modifiers are
then applied to the column frame elements as shown in Figure 3.1.2-2 (Assign menu > Frame >

Property Modifiers).

Frame Property/Stiffness Modification Factors

Property/Stiffness Modifiers for Analysis
Cross-section [axial] Area

Shear Area in 2 direction

Shear Area in 3 direction

Torsional Caonstant

Moment of Inertia about 2 axis
Moment of Inertia about 3 axis

Masz

weight

[ ok ]

Cancel |

Frame Property Modification Factor for Column Frame Elements
Figure 3.1.2-2

The torsional constant modifier is 0.2 for columns as required by Section 5.6.5 of the AASHTO
Guide Specifications for LRFD Seismic Bridge Design.
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3.1.3 Load Case Setup

The “MODAL” load case uses Ritz vectors and is defined in SAP2000 as shown in Figure 3.1.3-
1 (Define menu > Load Cases > select MODAL > click Modify/Show Load Case button).

Load Case Data - Modal

Load Case Mame Motes Load Caze Type

MODAL Set Def Name | Modiy/Show... | | | [Modal x| Design..
Stiffress to Use Tupe of Modes

t»  Zera Initial Conditions - Unstressed State " EigenYectorz

" Stiffness at End of Monlinear Caze + Ritz Vectors

Impartant Mate: Loads fram the Monlinear Case are MOT included
i the cument case

Mumber of Modes

M awirurn Mumnber of Modes 50
Minimum Mumber of Modes 1
Loads Applied
T arget Dynamic
Farticipation
Load Type Load Mame  Maximum Eycles Ratios [%]

bieel v |fux ~|[o

F’TTF’_

Madify | Delete Cancel

Load Case Data for Load Case “MODAL”
Figure 3.1.3-1

3.1.4 Verification of Mass Participation

Section 5.4.3 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design requires a
minimum of 90% mass participation in both directions. For this example, the mass is considered
to be the same in both directions even though the end diaphragms are free in the longitudinal
direction and restrained in the transverse direction. By displaying the Modal Participating Mass
Ratios table for the “MODAL” load case it is found that the X-direction (longitudinal) reaches
greater than 90% mass participation on the first mode shape, while the Y-direction (transverse)
reaches greater than 90% mass participation by the seventeenth mode shape. This implies that
the minimum code requirements could be met by including only seventeen mode shapes. The
Modal Participating Mass Ratios table is shown in Figure 3.1.4-1 (Display menu > Show
Tables > check Modal Participating Mass Ratios > click OK button).
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Modal Participating Mass Ratios

File ‘iew Format-Filker-Sort = Options
Units: As Moted I odal Participating M
OutputCase | StepType StepMum Period SumUX SumUY| «
Text Text Unitless Sec Unitless Unitless Unitless Unitless Unitless| |
» MODAL Mode 1 0.950435 09622 1] 1] 0.9622 D]
MODAL Mode 2 0.613207 1] 0.8524 0 09622 0.8524
MODAL Mode 3 0476271 1] 1] 0.0965 0.9622 0.8524
MODAL Mods 4 0.411547 0may 1] 1] 0.9759 0.8524
MODAL Mode 5 0.354103 1] 1] 1] 0.9759 0.8524
MODAL Mode B 0.35306 0 0.0022 1] 0.9759 0.8548
MODAL Mode 7 0.312457 1] 1] 0.598 0.9759 0.8546
MODAL Mode 8 0.260236 0 000002267 1] 0.9759 0.8548
MODAL Mode 9 0.257747 1] 1] 1] 0.9759 0.8546
MODAL Mode 10 0144223 0.0007795 1] 1] 0.9767 0.8546
MODAL Mode 11 0143153 1] 0 00139 0.9767 0.8546
MODAL Mode 12 0.140955 0.0004439 1] 1] 09772 0.8546
MODAL Mode 13 0139781 1] 0 0.0285 0.49v72 0.8548
MODAL Mode 14 0.135862 0.0001755 1] 1] 0.9773 0.8546
MODAL Mode 15 012913 0 1] 0.0011 09773 0.8548
MODAL Mode 18 0125307 1] 0.0005889 1] 0.9773 0.8552
MODAL Mode 17 0122969 0 0.0674 1] 0.9773 09226
MODAL Mode 18 0.089103)  0.00005615 1] 5.E23E-20 0.9774 0.9226
MODAL Mode 19 0.08330 1] 0.0001726 1.122E-16 0.9774 09228 -
RAAMAL [T an nnesEacl nnnnn asa n 1 ANAEAR na77a naa
| v |
Record: [ 14] 4] 1 » [yl ofs0 Add Tables... | Done_ |

Modal Participating Mass Ratios for Load Case “MODAL”
Figure 3.1.4-1

Figure 3.1.4-1 also shows that the first mode in the X-direction (longitudinal) has a period of
0.95 seconds and the first mode in the Y-direction (transverse) has period of 0.61 seconds. The
designer should verify fundamental periods with hand calculations. The designer should also
visually review the primary mode shapes to verify they represent realistic behavior.
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3.2 Response-Spectrum Analysis

3.2.1 Seismic Hazard

The bridge is located in Redmond, Wash. The mapped spectral acceleration coefficients are:

PGA =039 g
S,=0.883 g
S1=0294 g

A site class of E is assumed for this example and the site coefficients are:

FPGA =0.91
F,=1.04
F,=2.82

Therefore, the response-spectrum is generated using the following parameters:

AS = FPGA*PGA =0.361 g
Sps =F,*Ss=0.919 ¢
SD1 = FV*Sl =0.830 g

Since Sp; is greater than or equal to 0.50, per Table 3.5-1 of the AASHTO Guide Specifications
for LRFD Seismic Bridge Design the Seismic Design Category is D.

3.2.2 Response-Spectrum Input

The spectrum is defined from a file created using the AASHTO Earthquake Ground Motion
Parameters tool. A screen shot of the response-spectrum as inputted in SAP2000 is shown in
Figure 3.2.2-1 (Define menu > Functions > Response Spectrum > select SC-E > click Show
Spectrum button).
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Response Spectrum Function Definition

Function Damping Fatio

Function M ame |SE-E
Function File Vs e
File Marne Browse...

o hdocuments and settingshspitzphmy
documentshofs wsdothsan2000

" Frequency vz Walue

* Period vs Value

0.05

Header Lines ta Skip 45
Corvert to User Defined “iew File
Function Graph
[}
) ™

Dizplay Graph

Cancel |

—

Response Spectrum Function Definition from File for Function “SC-E”

Figure 3.2.2-1

When the Convert to User Defined button is clicked, the function appears as shown in Figure

3.2.2-2.
Function Mame Function Damping R atio
|scE [0.05
Define Function
Period Acceleration
| | Add
§:1281 2 515?3 2 odiy
105903 d gfg;ﬁ Delete
1.2 0.692
1.4 0593
16 0519
18 | 0.461 b
Function Graph
I
1 a
Dizplay Graph lm
Cancel
Response Spectrum Function Definition for Function “SC-E”
Figure 3.2.2-2
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Having the response-spectrum function stored as “User Defined” is advantageous because the

data is stored within the .SDB file. Therefore, if the .SDB file is transferred to a different
location (different computer), the response-spectrum function will also be moved.

3.2.3 Load Case Setup

Two response-spectrum analysis cases are setup in SAP2000: one for each orthogonal direction.

3.2.3.1 Longitudinal Direction

The load case data for the X-direction is shown in Figure 3.2.3.1-1 (Define menu > Load Cases

> select EX > click Modify/Show Load Case button).

Load Case Data - Response Spectrum

j Dresign...

Load Case Name Motes

EX Set Def Name | Modify/Show... |
Madal Combination

 Cac GMC f1 |1.

W GME 12 [0

" Absolute Eiate o B T R3S

M ‘eriodic + Rigid Type

" MRC 10 Percent

" Double Sum

Modal Load Caze

Usze Modes from this Modal Load Case MODAL hd

Loads Applied

Load Type Load Mame Function Scale Factor

[Accel u ~l|scE R |EET

LT

[~ Show Advanced Load Parameters

Other Parameters

Load Case Tupe

| Fesponze Spectrum

Directional Cambination
(v SRS5S

" COC3

" Absolute

Add

Modify
Delete

Modal Damping Constant at 0.05 Modify/Show...

Cancel

Load Case Data for Load Case “EX”

Figure 3.2.3.1-1

3.2.3.2 Transverse Direction

The load case data for the Y-direction is shown Figure 3.2.3.2-1 (Define menu > Load Cases >

select EY > click Modify/Show Load Case button).
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Load Case Data - Response Spectrum

Load Case Mame MNates Load Caze Tupe

EY Set Def Mame | Maodify/Shaw... | |F|esp0nse Spectrum j Dezign...
Modal Combination Directional Cambination

o e GME 1 1. & SRSS

" SRSS GMC 2 ,07  Cacs

" Absolute " Absolute

~ GME Periodic + Rigid Type [SRSS - ,7

" MRC 10 Percent

" Double Sum

Modal Load Caze

Usze Modes from this Modal Load Case MODAL -

Loads Applied
Load Type Load Mame Function Scale Factor

[Accel uz xl|scE v|[3864

Add
Modify
Delete

[~ Show Advanced Load Parameters

Other Parameters

Modal D amping Constant at 0.05 Modify/Shaw...

Caticel

Load Case Data for Load Case “EY”
Figure 3.2.3.2-1

3.2.4 Response-Spectrum Displacements

The column displacements in this example are tracked at Joint 33, which is located at the top of a
column. Since the bridge is symmetric, all of the columns have the same displacements in the
response-spectrum analyses.

3.2.4.1 Longitudinal Direction

The horizontal displacements at the tops of the columns from the EX analysis case are Ul = 7.48
inches and U2 = 0.00 inches. This is shown in Figure 3.2.4.1-1 as displayed in SAP2000
(Display menu > Show Deformed Shape > select EX > click OK button).
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Pt Obj: 33

Ft Elm: 33

U1 = 7.4801
Uz = 0002

U3 = 0445

R1 = .00001
F2= 00574 &
R3 = .00005

Joint Displacement at Joint 33 for Load Case “EX”
Figure 3.2.4.1-1

3.2.4.2 Transverse Direction

The horizontal displacements at the tops of the columns from the EY analysis case are Ul =0.17
inches and U2 = 3.55 inches. This is shown in Figure 3.2.4.2-1 as displayed in SAP2000
(Display menu > Show Deformed Shape > select EY > click OK button).

Pt Obj: 33

Pt Elm: 33
1= 1704
2= 35498
3= 1497
R1= 007
R2= 00004 &
R3= 0mz2

1

Joint Displacement at Joint 33 for Load Case “EY”
Figure 3.2.4.2-1
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3.3 Displacement Demand

3.3.1 Displacement Magnification

Displacement magnification must be performed in accordance with Section 4.3.3 of the AASHTO
Guide Specifications for LRFD Seismic Bridge Design.

Compute T and T
T = Spi / Sps
=0.830/0.919
=0.903 sec.
T =1.25 T,
=1.25*0.903
=1.13 sec.

3.3.1.1 Longitudinal Direction

Compute magnification for the X-direction (Longitudinal):

Trong = (.95 sec. (see section 3.1.4)

T/ Tiong  =1.13/0.95
= 1.19 > 1.0 => Magnification is required

Ry rong = (1 - Vup) * (T /T)+ 1/ pp
=(1-1/6) *(1.19) + 1/6 (Assume pp = 6)
=1.16

3.3.1.2 Transverse Direction

Compute magnification for the Y-direction (Transverse):

Trans =0.61 sec. (see section 3.1.4)

T* / Trrans =1.13/0.61
= 1.85 > 1.0 => Magnification is required

Rd_Trans =(1- l/l»lD) * (T* / T)+1 /]J,D
=(1-1/6) * (1.85)+ 1/6 (Assume pp = 6)
=1.71

3.3.2 Column Displacement Demand

Section 4.4 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design requires that
100% plus 30% of the displacements from each orthogonal seismic load case be combined to
determine the displacement demands. The displacements are tracked as Joint 33, which is located
at the top of a column.
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3.3.1.1 Longitudinal Direction
For the X-direction (100EX + 30EY):
UX (due to EX) = 7.48 in.
UX (due to EY)=0.17 in.
Therefore,
A"D Long = 1.0 * Ry rong * 7.48 + 0.3 * Ry Trans * 0.17
=1.0*1.16 *748+0.3 *1.71 *0.17

= 8.76 in. => This is the displacement demand for the X-Dir

3.3.1.2 Transverse Direction

For the Y-direction (100EY + 30EX):
UY (due to EY) =3.55in.

UY (due to EX) =0.00 in.

Therefore,
A" Trans = 1.0 * Ry Trans * 3.55 + 0.3 * Ry 10ng * 0.00
=1.0*1.71 *3.55+0.3 * 1.16 * 0.00
= 6.07 in. => This is the Displacement Demand for the Y-Dir
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4. Displacement Capacity Analysis

4.1 Plastic Hinge Definitions and Assignments

4.1.1 Column Inflection Points

The tops and bottoms of all columns have enough moment fixity in all directions to cause plastic
hinging, which means the columns will exhibit behavior similar to a fixed-fixed column. The
plastic moment capacities of the columns under dead loads will be used to approximate the
location of the column inflection points. Therefore, the axial loads (due to dead load) at the top
and bottom of the columns must be determined. Due to the symmetry of the bridge in this
example, the axial loads are the same for all of the columns, which will not be true for most
bridges. Figure 4.1.1-1 shows the axial force diagram for the DC+DW load case as displayed in
SAP2000 (Display menu > Show Forces/Stresses > Frames/Cables > select DC+DW > select
Axial Force > click OK button).

[ SARZ000 v14.2.0 Advanced - Dualfollxample_20100723 - | Axial Force Diagram  (DC-DW]]

e (% pew Defre Draw  gelect  feson  Ashae  Dugly Desgn  Qotons  fock (e -8 x
Dw W% o /Bl + 2 PAAPLAS Ml Wy cpmba 42 %R B b R@X gt YEM B ET. g

[ ¥/~

sBz4+x-E gty . 0ED4

|~
Fight e = fooe =lfrent =]

Frame Axial Force Diagram for Load Case “DC+DW”
Figure 4.1.1-1

From the axial loads displayed for the DC+DW load case it is determined that the axial force at
the bottom of the column is approximately 1,290 kips and the axial force at the top of the column
is approximately 1,210 kips (see section 3.1.2 of this example for a discussion on the inclusion of
construction sequence effects on column axial loads). It is expected that the difference in axial
load between the tops and bottoms of the columns will not result in a significant difference in the
plastic moment. However, on some bridges the axial loads at the tops and bottoms of the
columns may be substantially different or the column section may vary along its height
producing significantly different plastic moments at each end.

Chapter 4
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The moment-curvature analysis of the column base is shown in Figure 4.1.1-2 (Define menu >
Section Properties > Frame Sections > select COL > click Modify/Show Property button >
click Section Designer butfon > Display menu > Show Moment-Curvature Curve).

Moment Curvature Curve (Limits: P{comp.) = -14355.027, P(ten.) = 2072.64)

Edit

i Curvature

Strain Diagram

100, =
SD._; o
80.
0.

Moment

50,
an
30,3
207

Select Type of Graph |M0ment-Eurvature j
Specify Scales/Headings... | [0.00,0.00]

4 - &

[~ Plat 343 Fiber Model Curve | -

¥ Caltrans |dealized Madel

P [Tension +ve]  |-1290
’7

Phi-Conc = 00100363

Mo. of Points |20
Angle [Deg) |0

M-Conc = 857.22 944
Phi-Steel = NAA M-Steel = NAA
Phi-yigld[Iritial] = 00006547

Phi-yigld(| dealized] = . 00003864

ICrack = 21500127

M-pield = 53454 61
Mp = 73186

012 024 036 043 060 072 084 096 108 1.20 x78

Concrete Strain -1.153E-04
Steel Strain -1.153E-04
Meutral &xis 0.

Analyziz Contral
™ Concrete Failure [Lowest Ultimate Strain)
t» Concrete Failure [Highest Ulimate Strain]
Iv First Rebar/Tendon Failure

™ User Defined Curyvature

Details... | Contour... |
Refresh | Done |

Curves

Selected Curve Color .

Click ta:

Add Curve
Dielete Curve

Moment Curvature Curve for Frame Section “COL” at P = -1290 kips
Figure 4.1.1-2

It is seen in Figure 4.1.1-2 that the plastic moment capacity at the base of the column is 79,186

kip-inches (with only dead load applied).

The moment-curvature analysis of the column top is shown in Figure 4.1.1-3 (Define menu >
Section Properties > Frame Sections > select COL > click Modify/Show Property button >
click Section Designer button > Display menu > Show Moment-Curvature Curve).
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Moment Curvature Curve (Limits: P(comp.) = -14355.027, P(ten.) = 2072.64)

Curvature

Select Type of Graph
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Steel Strain -1.082E-04
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* Concrete Failure [Highest Ultimate Strain)

Iv First Rebar/Tendon Failure

Curves

Mew Curve

[~ User Defined Curvature Selected Curve Color
Click to:
Detais... | Cantaur... ‘ Add Curve |
Refresh | ’T‘ Delete Curve |

Moment Curvature Curve for Frame Section “COL” at P = -1210 kips

Figure 4.1.1-3

It is seen in Figure 4.1.1-3 that the plastic moment capacity at the top of the column is 77,920
kip-inches (with only dead load applied).

The clear height of the columns is 350 inches; therefore:

L, = Length from point of maximum moment at base of column to inflection point (in.)
=350x Mp_col_base / (Mp_col_base + Mp_col_top)
=350x 79186/ (79186 + 77920)

=176 1n.

L, = Length from point of maximum moment at top of column to inflection point (in.)

=350 - L1
=350-176
=174 in.

4.1.2 Plastic Hinge Lengths

The plastic hinge lengths must be computed at both the tops and bottoms of the columns using
the equations in Section 4.11.6 of the AASHTO Guide Specifications for LRFD Seismic Bridge
Design. The hinge length is computed as follows:

L,  =0.08L +0.15f,dy > 0.3f,cdy;
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Where:
L = length of column from point of maximum moment to the point of moment
contraflexure (in.)
=L, at the base of the columns (Lirong = LiTrans = 176 in.)
= L, at the top of the columns (Larong = LoTrans = 174 1n.)

fye = expected yield strength of longitudinal column reinforcing steel bars (ksi)
= 68 ksi (ASTM A706 bars).

db =nominal diameter of longitudinal column reinforcing steel bars (in.)
=1.27 in. (#10 bars)

L,i = Plastic hinge length at base of column
=0.08*%176 + 0.15¥68*1.27 > 0.3*68*1.27
=27.03>25.91
=27.0 in.

L,,  =Plastic hinge length at top of column
=0.08*174 + 0.15*68*1.27 > 0.3*68*1.27
=26.87>2591
=26.9 in.

In this example, the plastic hinge lengths in both directions are the same because the locations of

the inflection points in both directions are the same. This will not always be the case, such as
when there is a single column bent.

4.1.3 Assign Plastic Hinges

In order to assign the plastic hinges to the column elements, the relative locations of the plastic
hinges along the column frame elements must be computed.

For the bases of the columns:

Relative Length = [Footing Offset + (Hinge Length / 2)] / Element Length
=[30+(27.0/2)]/ 146
=0.30

For the tops of the columns:

Relative Length = [Element Length — Xbeam Offset — (Hinge Length / 2)] / Element Length
=[146 - 58 — (26.9/2)]/ 146
=0.51

The hinges at the bases of the columns are assigned at relative distances as shown in Figure
4.1.3-1 (Assign menu > Frame > Hinges).
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Frame Hinge Assignments

Frame Hinge Assignment Data

Hinge Property Fielative Distance
| futa ~|Jo30
Autg P2 0.30
b adify
Delete

Auto Hinge Assignment Data

Type: Caltrans Flexural Hinge
DOF: P-M3

b odify/S how Auta Hinge Aszzsignment Data... |

Ok

| Cancel |

Frame Hinge Assignments for Column Bases
Figure 4.1.3-1

By selecting the Auto P-M3 Hinge Property in Figure 4.1.3-1 and clicking the Modify/Show
Auto Hinge Assignment Data button, the window shown in Figure 4.1.3-2 opens. Figure 4.1.3-
2 shows the Auto Hinge Assignment Data form with input parameters for the hinges at the bases
of the columns in the longitudinal direction. Due to the orientation of the frame element local
axes, the P-M3 hinge acts in the longitudinal direction.

2 Auto Hinge Assignment Data

Auto Hinge Type

EEX

|Caltrans Flexural Hinge

[iegree of Freedom

M2 " P-M2
M3 * P-M3
" M2-M3 " PM2M3

Interaction Data
Tatal Mumber of PM Curves

Max Num Points on Each P Curee

——
—

ok ]

=l
Miscellaneous Data

270

[v Use |dealized [Bilinear) Moment-Curvature Curve

Hinge Length

Deformation Controlled Hinge Load Carrying Capacity
i+ Drops Load After Point E
™ |z Extrapolated After Point E

Cancel |

Auto Hinge Assignment Data for Column Bases in Longitudinal Direction
Figure 4.1.3-2

By selecting the Auto P-M2 Hinge Property in Figure 4.1.3-1 and clicking the Modify/Show
Hinge Assignment Data button in Figure 4.1.3-1, the window shown in Figure 4.1.3-3 opens.
Figure 4.1.3-3 shows the Auto Hinge Assignment Data form with input parameters for the hinges
at the bases of the columns in the transverse direction. Due to the orientation of the frame
element local axes, the P-M2 hinge acts in the transverse direction.
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i Auto Hinge Assignment Data

" M2-M3 ™ P23

Interaction Data
Total Mumber of PM Curves

Max Num Points on Each PM Curve

——
T

ok ]

Auto Hinge Type

|Caltrans Flexural Hinge j
Dearee of Freedom Mizcelaneous Data

M2 ™ PMz Hinge Length 27.0

M3 " P-M3

[v Use |dealized [Bilinear) Moment-Curvature Curve

Deformation Controlled Hinge Load Carrying Capacity
* Drops Load After Point E
™ |z Extrapolated After Point E

Cancel |

Auto Hinge Assignment Data for Column Bases in Transverse Direction
Figure 4.1.3-3

In Figures 4.1.3-2 and 4.1.3-3 it is seen that the Hinge Length is set to 27.0 inches, the Use
Idealized (Bilinear) Moment-Curvature Curve box is checked, and the Drops Load After

Point E option is selected.

The hinges at the tops of the columns are assigned at relative distances as shown in Figure 4.1.3-

4 (Assign menu > Frame > Hinges).

Frame Hinge Assignments

Frame Hinge Azzignment D ata

Hinge Property Relative Distance
| &uto ~|[os
Auto P2 0.51
Modify
Delete

Auto Hinge Aszsignment D ata

DOF: P-k3

Type: Calrans Flexural Hinge

b odify/S how Auta Hinge Aszzsignment Data... |

arK | Cancel |

Frame Hinge Assignments for Column Tops

Figure 4.1.3-4

By selecting the Auto P-M3 Hinge Property in Figure 4.1.3-4 and clicking the Modify/Show
Auto Hinge Assignment Data button, the window shown in Figure 4.1.3-5 opens. Figure 4.1.3-
5 shows the Auto Hinge Assignment Data form with input parameters for the hinges at the tops
of the columns in the longitudinal direction. Due to the orientation of the frame element local
axes, the P-M3 hinge acts in the longitudinal direction.
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2 Auto Hinge Assignment Data Q@@
Auto Hinge Type
|Caltrans Flexural Hinge j
Degree of Freedom Mizcellaneous Data
M2 ~ P-M2 Hinge Length 26.9
" M3 v P-M3

[v Use |dealized [Bilinear) Moment-Curvature Curve
" M2-M3 " P-M2M3

Interaction D ata Deformation Controlled Hinge Load Carrying Capacity
Total Murmber of PM Curves (¢ Drops Load After Point E
M aw Murn Prints on E ach PM Curve 1 € ls Extrapolated After Point E

Ok | Cancel |

Auto Hinge Assignment Data for Column Tops in Longitudinal Direction
Figure 4.1.3-5

By selecting the Auto P-M2 Hinge Property in Figure 4.1.3-4 and clicking the Modify/Show
Hinge Assignment Data button, the window shown in Figure 4.1.3-6 opens. Figure 4.1.3-6
shows the Auto Hinge Assignment Data form with input parameters for the hinges at the tops of
the columns in the transverse direction. Due to the orientation of the frame element local axes,
the P-M2 hinge acts in the transverse direction.

2 Auto Hinge Assignment Data

Auto Hinge Type

|Caltrans Flexural Hinge j
Degree of Freedom Miscellaneous Data

M2 * PMz Hinge Length 26.9

M3  P-M3

[v Use |dealized [Bilinear) Moment-Curvature Curve
" M2-M3 " P-M2M3

Interaction D ata Defarmation Controlled Hinge Load Carying Capacity
Total Mumber of PM Curves ¢ Dirops Load After Paint E
Ma Num Points on E ach PM Curve 1 € s Extrapolated After Poirt E

Ok | Cancel |

Auto Hinge Assignment Data for Column Tops in Transverse Direction
Figure 4.1.3-6

In Figures 4.1.3-5 and 4.1.3-6 it is seen that the Hinge Length is set to 26.9 inches, the Use

Idealized (Bilinear) Moment-Curvature Curve box is checked, and the Drops Load After
Point E option is selected.
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4.2 Pushover Analysis

4.2.1 Lateral Load Distributions
4.2.1.1 Longitudinal Direction

The lateral load distribution used in this example for the pushover analysis in the longitudinal
direction is a direct horizontal acceleration on the structure mass. Also, the dead load can be
applied as previously defined since the entire structure is present during the pushover analysis. It
should be noted that a lateral load distribution proportional to the fundamental mode shape in the
longitudinal direction is also acceptable provided that at least 75% of the structure mass
participates in the mode. This recommendation is derived from provisions in FEMA 356:
Prestandard and Commentary for the Seismic Rehabilitation of Buildings.

4.2.1.2 Transverse Direction

The lateral load distribution used in this example for the pushover analysis in the transverse
direction consists of a horizontal load applied at the equivalent of the centroid of the
superstructure. This load distribution is used to mimic a direct horizontal acceleration on the
superstructure mass. The load is applied this way because the bent is isolated using staged
construction and the superstructure is not present for the transverse pushover load case. As
mentioned above, a lateral load distribution proportional to the fundamental mode shape in the
transverse direction is also acceptable provided that at least 75% of the structure mass
participates in the mode.

A special load pattern must be created for the column dead loads since the entire structure is not
in place during the pushover analysis. A new load pattern called “Dead-Col_Axial” is added as

shown in Figure 4.2.1.2-1 (Define menu > Load Patterns).

Define Load Patterns

Load Patterns Click Ta:
Self weight Auto Lateral
Load Pattern Name Tupe M ultiplier Load Pattern Add New Load Pattem |

[Dead-Col_Awial OTHER Madiy Load Pattem |

0 I~

DC-Structure DEAD 1 |

DCBariers DEAD o ﬂ
- DEAD 1]
Delete [oad Pattern

i

Show Load Pattern Motes... |

Ok

“Dead-Col_Axial” Load Pattern Definition
Figure 4.2.1.2-1

The column axial loads are 1,250 kips (average of top and bottom). The column dead load
moments in the transverse direction are small and can be neglected. Figure 4.2.1.2-2 shows the
joint forces assignment window for the “Dead-Col Axial” load pattern (Assign menu > Joint
Loads > Forces).
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Load Pattern Mame
_+||DeadCol_uial |

Loads

Force Global % lﬂi
Force Global v ’07
Force Global £ ’W
Moment about Global = ’07
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Moment about Global 2 ’07

Unitz

Kip. in, F A
Coordinate System

GLOBAL A
Options

™ Add to Existing Loads
t» FReplace Existing Loads

" Delete Existing Loads

Cancel

Joint Force Assignment for Load Pattern “Dead-Col_Axial”
Figure 4.2.1.2-2

After the forces defined in Figure 4.2.1.2-2 have been assigned, they can be viewed as shown in

Figure 4.2.1.2-3.

[ SARZ000 v14.2.0 Advanced - Dualfoll xample_201D0B05 - [oint Loads (Dead-Cal_Axial]]
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Wireframe View of Assigned Forces for Load Pattern “Dead-Col_Axial”
Figure 4.2.1.2-3

To define the transverse pushover analysis lateral load distribution, a new load pattern called
“Trans_Push” is added as shown in Figure 4.2.1.2-4 (Define menu > Load Patterns).
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Define Load Patterns

Load Patterns Click To:
Self Weight Auto Lateral
Load Pattern Mame Type M uiltiplier Load Pattern (At e L] Al |

[Trares_Push OTHER |l =l Modiy Load Paten |

DC-Structure DEAD 1 |

DC-Barriers DEAD 0 ﬂ

Diwd-Overlay DEAD 0

Dead-Cal Asial 0 Delete Load Pattem |

[©

Show Load Pattern Motes... |

Cancel

“Trans_Push” Load Pattern Definition
Figure 4.2.1.2-4

Since the superstructure is not defined as a spine element, there is no joint in the plane of the
bent located at the centroid of the superstructure. Therefore, the load distribution for the
transverse pushover analysis is an equivalent horizontal load consisting of a point load and a
moment applied at the center crossbeam joint. The centroid of the superstructure is located 58.83
inches above the center joint. As a result, a joint force with a horizontal point load of 100 kips
and a moment of 100*58.83 = 5,883 kip-inches is used. Special care should be taken to ensure
that the shear and moment are applied in the proper directions. The joint forces are assigned to
the crossbeam center joint as shown in Figure 4.2.1.2-5 (Assign menu > Joint Loads > Forces).

Load Pattern Mame Uriitz
j| Trans_Push j Kip.in, F -
Loads Coordinate System
0.
Force Global » GLOBAL -
Force Global v 100
3 Optiong
F Global 2 .
oree b ™ Add to Existing Loads
Moment about Global 3 -5Eg3 f* Feplace Existing Loads
Moment about Global Y 0. " Delete Existing Loads
Moment about Global 2 0. Cancel

Joint Force Assignment for Load Pattern “Trans_Push”
Figure 4.2.1.2-5

After the forces defined in Figure 4.2.1.2-5 have been assigned, they can be viewed as shown in
Figure 4.2.1.2-6.
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Wireframe View of Assigned Forces for Load Pattern “Trans_Push”
Figure 4.2.1.2-6

4.2.2 Load Case Setup

4.2.2.1 Longitudinal Direction

The dead load (DC+DW) must be applied prior to performing the pushover analysis. To do so in
the longitudinal direction, a new load case is created called “LongPushSetup”. In this load case,
the dead load (DC+DW) is applied and the case is run as a nonlinear analysis. By running the

load case as a nonlinear analysis type, another load case can continue from it with the loads

stored in the structure.

The Load Case Data form for the “LongPushSetup” load case is shown in Figure 4.2.2.1-1
(Define menu > Load Cases > select LongPushSetup > click Modify/Show Load Case
button).
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Load Case Data - Nonlinear Static

Load Case Mame Motes
LongPuzhSetup Set Def Name | Maodify/Show... |

Initial Conditions

+ Zero Initial Conditions - Start from Unstreszed State

" Continue from State at End of Monlinear Case

Impartant Mate: Laads fram this previous case are included in the
current caze

Modal Load Caze

All Modal Loads Applied Usze Modes from Caze MODAL -
Laoads Applied
Load Type Load Mame Scale Factor

Load Patterrﬂ|DE-Baniers ﬂh

=

Full Load b odify/S how....
Final State Only Madifu/Shaw...
Monlinear Parameters Default Modify/Show...

Add
Madify
Delete

Load Pattern
Load Pattern

DC-Stucture
Dif-Overlay

Other Parameters
Load Application

Results 5 aved

Load Caze Type

| Static j Design...

Analyziz Type
" Linear
+  Morlinear

i Monlinear Staged Construction

Geometric Nonlinearity Parameters

&+ Mone

" P-Delta

i P-Delta pluz Large Dizplacements

Cancel

Load Case Data for Load Case “LongPushSetup”

Figure 4.2.2.1-1

It is seen in Figure 4.2.2.1-1 that the Initial Conditions are set to Zero Initial Conditions — Start
from Unstressed State, the Load Case Type is Static, the Analysis Type is set to Nonlinear, and

the Geometric Nonlinearity Parameters are set to None.

A new load case is now created called “LongPush”, which will actually be the pushover analysis
case. The Load Case Data form for the “LongPush” load case is shown in Figure 4.2.2.1-2
(Define menu > Load Cases > select LongPush > click Modify/Show Load Case button).
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Load Case Data - Monlinear Static

Load Caze Mame Motes Load Caze Type

LongPush Set Def Mame | Modify/Show... | |Static j Deszign...
Initial Conditions Analysis Type

" Zero Initisl Conditions - Start from Unstressed State " Linear

(¥ Continug from State at End of Nonlinear Caze | LongPushSet. v +  Monlinear

Important Mote:  Loads from thiz previous caze are included in the ¢ Monlinear Staged Construction
current case

Modal Load Caze Geometic Monlinearty Parameters

All Modal Loads Applied Use Modes from Caze MODAL - " Mone

" P-Del
Loads Applied =ha

Load Type Load Mame Scale Factor

Aceel | =

Add
I adify
Delete

Other Parameters

Load Application Dizpl Contral M odify/Show...
Fesults Saved Multiple States Modify/Show... Cancel
Manlinear Parameters User Defined M odify/Show...

" P-Delta pluz Large Dizplacements

Load Case Data for Load Case “LongPush”
Figure 4.2.2.1-2

It is seen in Figure 4.2.2.1-2 that the Initial Conditions are set to Continue from State at End of
Nonlinear Case “LongPushSetup”, the Load Case Type is Static, the Analysis Type is
Nonlinear, and the Geometric Nonlinearity Parameters are set to None. Under Loads Applied,
the Load Type is set to Accel in the UX direction with a Scale Factor equal to -1. Applying the
acceleration in the negative X-direction results in a negative base shear and positive X-direction
displacements.

By clicking the Modify/Show button for the Load Application parameters in Figure 4.2.2.1-2,
the window shown in Figure 4.2.2.1-3 opens. It is seen in Figure 4.2.2.1-3 that the Load
Application Control is set to Displacement Control, the Load to a Monitored Displacement
Magnitude of value is set at 11 inches which is greater than the longitudinal displacement
demand of 8.76 inches. Also, the DOF being tracked is U1 at Joint 33.

Load Application Control for Nonlinear Static Analysis

Load Application Control
" Full Load

* Dizplacement Control

Control Dizplacement

*  Usze Conjugate Displacement

i Use Monitored Displacement

Load to a Monitored Displacement Magnitude of |11
Monitored Displacement

t« DOF un - at Joint 33

: E—

Cancel |

Load Application Control for Load Case “LongPush”
Figure 4.2.2.1-3
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By clicking the Modify/Show button for the Results Saved in Figure 4.2.2.1-2, the window
shown in Figure 4.2.2.1-4 opens. It is seen in Figure 4.2.2.1-4 that the Results Saved option is set
to Multiple States, the Minimum Number of Saved States is set to 22, which ensures that a step
will occur for at least every half-inch of displacement. Also, the Save positive Displacement
Increments Only box is checked.

Results Saved for Monlinear Static Load Cases

Results Saved

" Final State Only »  Multiple States

For Each Stage

Minimurn Mumber of Saved States 22
taximurn Mumber of 5aved States 100

v Save positive Displacement Increments Only

Cancel |

Results Saved for Load Case “LongPush”
Figure 4.2.2.1-4

4.2.2.2 Transverse Direction

As with the longitudinal direction, the dead load must be applied prior to performing the
pushover analysis in the transverse direction. However, for the transverse direction, a single bent
will be isolated using staged construction prior to performing the pushover analysis. To do so,
the elements at Pier 2 are selected and then assigned to a group (Assign menu > Assign to
Group). Figure 4.2.2.2-1 shows the Group Definition for the group “Pier2” (Define menu >
Groups > select Pier2 > click Modify/Show Group button).

Group Definition

Group Name |Pier2
Group Uszes

[v Selection [v StaticML Stucture Stage

Iv  Section Cut Definition |v Eridge Response Output

[v Steel Frame Design Group [~ Auto Seismic Force Output

| Concrete Frame Design Group [ Auto'Wind Force Output

Iv  Aluminurm Design Group

[v Cold Formed Design Group v Mass and Weight Output
Check/Uncheck Al

Display Color .

Cancel |

Group Definition for Group “Pier2”
Figure 4.2.2.2-1

To isolate the bent and apply the static loads to the columns, a staged construction load case
called “TransPushSetup” is created (Define menu > Load Cases > select TransPushSetup >
click Modify/Show Load Case button). The “TransPushSetup” analysis case has two stages,
one to isolate the bent, and one to apply the column axial loads. Note these two stages could be
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combined into one stage without altering the results. Stage 1 of the “TransPushSetup” load case
definition is shown in Figure 4.2.2.2-2.

Load Case Data - Monlinear, Static Staged Construction

Load Case Mame Motes Load Caze Type

TranzPushSetup Set Def Mame | b adify/Show... | |Static j Design...
Initial Conditions Analyziz Type

(v Zero Initial Conditions - Start from Unstressed State " Lingar

" Continue fram State at End of Monlinear Caze " Monlinear

Important Mote:  Loads from thiz previous casze are included in the % Morlinear Staged Canstruction

current caze
Stage Definition Geometric Monlinearity Parameters
Stage Duration Provide Olutput Uszer J ﬂ " Mane
Mo, [Days]  Output Label Comments " PDelka
1 |0. |YES j [ [Structure Setup Add " P-Delta plus Large Displacements

2 0 ez Apply Column A e Eony
adify
Inzert Show Stages

Delete Show Stages In Tree View...

Data For Stage 1 [0. days; Output: Mo Label; Stucture Setup]

[~ Expand Stage Definition

Operation Object Type  Object Mame  Age At Add Type Mame Sc:ale Factor
|Add Structure |Gr0up |F‘|er2 J o
[~ Expand Stage Data Stage: <<| < | 1 = | >>| of 2 b cudlify | Delete |

Other Parameters

Fesults 5aved | End of Each Stage b odify/Show....
Monlinear Parameters | Default b odify/ S how... Cancel

Stage 1 Load Case Data for Load Case “TransPushSetup”

Figure 4.2.2.2-2

It is seen in Figure 4.2.2.2-2 that the only elements added are those in the group “Pier2”, the
Initial Conditions are set to Zero Initial Conditions — Start from Unstressed State, the Load
Case Type is Static, the Analysis Type is set to Nonlinear Staged Construction, and the
Geometric Nonlinearity Parameters are set to None. Stage 2 of the “TransPushSetup” load case
definition is shown in Figure 4.2.2.2-3.
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Load Case Data - Monlinear, Static Staged Construction

Load Case Mame Motes

Load Caze Type
TranzPushSetup SetDefName| Modify/Shaw... | |Static j Design...

Initial Conditions Analyziz Type

+ Zero Initial Conditions - Start from Unstreszed State " Linear

" Continue fram State at End of Monlinear Caze " Monlinear

Important Mote:  Loads from thiz previous casze are included in the % MNonlinear Staged Construction
current caze

Stage Definition Geometric Nonlinearity Parameters

Stage Duration Provide — Output User ﬂ J f+ Maone
Mo, [Days]  Output Label Comments ~ P-Delta
2 |D. |Yes ﬂ | |AI3I3|.'r' Calurnin Axi Add " P-Delta plus Large Dizplacements
1 0. e Structure Setup
il Column iy
b odify
Inzert Show Stages

Delete Show Stages In Tree View...
[~ E=pand Stage Definition Q & |

Data For Stage 2 [0, days; Output: Mo Label; Apply Column &xial Load]
Operation Object Type  Object Name Age At Add Tupe Mame Scale Factor

|Load Objects ~||Gou = ]fan |Load Patte | |Dead-Cols = | [1.

WE‘FPW@F_

[~ Ewpand Stage Data stage: <<| <| 2 2 [»>] o2 Modiy |

Delete

Other Parameters
Fesults 5aved | End of Each Stage b odify/Show....
Manlinear Parameters | Drefault M odify/Show... Cancel

Stage 2 Load Case Data for Load Case “TransPushSetup”
Figure 4.2.2.2-3

It is seen in Figure 4.2.2.2-3 that the load pattern “Dead-Col Axial” is applied.

A new load case is now created called “TransPush”, which will actually be the pushover analysis
case. The Load Case Data form for the “TransPush” load case is shown in Figure 4.2.2.2-4
(Define menu > Load Cases > select TransPush > click Modify/Show Load Case button).
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Load Case Data - Nonlinear Static

Load Case Mame Motes
TranzPush Set Def Name | Maodify/Show... |

Initial Conditions

" Zero Initial Conditions - Start from Unstreszed State

¢ Continue from State at End of Nonlinear Caze | TransPushSet »

Impartant Mate: Laads fram this previous case are included in the
current caze

Modal Load Caze

All Modal Loads Applied Usze Modes from Caze MODAL -
Laoads Applied
Load Type Load Mame Scale Factor

Load Patterrﬂhrans_Push ﬂh

HEE

Other Parameters

Add
Madify
Delete

Dizpl Control b odify/S how....
Results 5§ aved Iultiple States Madify/Shaw...
Morlinear Parameters User Defined Madify/Show...

Load Application

Load Caze Type
| Static

j Diesign...

Analyziz Type
" Linear
+  Morlinear

i Monlinear Staged Construction

Geometric Nonlinearity Parameters

&+ Mone

" P-Delta

i P-Delta pluz Large Dizplacements

Cancel

Load Case Data for Load Case “TransPush”

Figure 4.2.2.2-4

It is seen in Figure 4.2.2.2-4 that the Initial Conditions are set to Continue from State at End of
Nonlinear Case “TransPushSetup”, the Load Case Type is Static, the Analysis Type is
Nonlinear, and the Geometric Nonlinearity Parameters are set to None. Under Loads Applied,
the Load Type is set to Load Pattern with the Load Name set to Trans_Push and the Scale

Factor is equal to 1.

By clicking the Modify/Show button for the Load Application parameters in Figure 4.2.2.2-4,
the window shown in Figure 4.2.2.2-5 opens. It is seen in Figure 4.2.2.2-5 that the Load
Application Control is set to Displacement Control, the Load to a Monitored Displacement
Magnitude of value is set at 10 inches, which is larger than the transverse displacement demand
of 6.07 inches. Also, the DOF being tracked is U2 at Joint 33.

Load Application Control for Monlinear Static Analysis

Load Application Contral
" Full Load

t* Digplacement Contral

Control Displacement

o Uze Conjugate Dizplacement

" Use Monitored Displacement

Manitored Displacement

Load to a Monitored Displacement Magnitude of |10

t« DOF uz - at Joint 33
- E—
Cancel |

Load Application Control for Load Case “TransPush”

Figure 4.2.2.2-5
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By clicking the Modify/Show button for the Results Saved in Figure 4.2.2.2-4, the window
shown in Figure 4.2.2.2-6 opens. It is seen in Figure 4.2.2.2-6 that the Results Saved option is set
to Multiple States, the Minimum Number of Saved States is set to 20, which ensures that a step
will occur for at least every half-inch of displacement. Also, the Save positive Displacement
Increments Only box is checked.

Results Saved for Nonlinear Static Load Cases

Results Saved

" Final State Only ' Multiple States

Faor Each Stage

Minimum Mumber of Saved States 20
Mawimum Mumber of S aved States 100

v Save positive Displacement Increments Only

Cancel |

Results Saved for Load Case “TransPush”
Figure 4.2.2.2-6

4.2.3 Load Case Results

4.2.3.1 Longitudinal Direction

The system pushover curve for the longitudinal direction is shown in Figure 4.2.3.1-1 (Display
menu > Show Static Pushover Curve). The point on the curve where the base shear begins to
decrease indicates the displacement at which the first plastic hinge reaches its curvature limit
state and is the displacement capacity of the structure.

3 Pushover Curye

File
Static Maonlinear Case Flat Type Uitz
|F|esu|tant Base Shear vs Monitored Displacement j |K\p, in. F j

«103 Displacement Current Plat Parameters
25073 |L0ng j
205 = &dd Mew Parameters |

E Add Copy of Parameters.. |
2007

g Modify/Show Parameters... |
1757

2 s
1507 g

E -]

3 @
1.25 - =4

3 @
1.007 §
0757
0507
0257

I e N O
15 a0 45 E.0 75 90 105 120 135 150
Mouse Pointer Location  Hariz | Vet |
0K | Cancel
1 9
Pushover Curve for Load Case “LongPush
Figure 4.2.3.1-1
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Figures 4.2.3.1-2 through 4.2.3.1-13 show the deformed shape of the structure at various
displacements for the load case “LongPush” (Display menu > Show Deformed Shape > select
LongPush > click OK button). Note that the plastic hinge color scheme terms such as “10”,
“LS”, and “CP” are in reference to performance based design of building structures. However,
for Caltrans plastic hinges, the colors are discretized evenly along the plastic deformation.
Therefore, the color scheme still provides a visual representation of the hinge plastic strain
progression that is useful.

I3 SAP000 ¥14.7.0 Advanced - DualColfxample 70100805 - [Deformed Shape (LongPush) - Step 0 C=s
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View of Deformed Shape for the Load Case “LongPush” at UX = 0.0 in.
Figure 4.2.3.1-2
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[ SAP2000 ¥14,2.0 Advanced - DualCollxampbe_11D0BOS - [Defarmed Shape (LangPush) - Step 5]
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View of Deformed Shape for the Load Case “LongPush” at UX =2.3 in.
Figure 4.2.3.1-3

[ SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape fLangPush) - Step 6]
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View of Deformed Shape for the Load Case “LongPush” at UX = 2.8 in.
Figure 4.2.3.1-4
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I8 SAP2000 v14,2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape fLangPush) - Step B
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View of Deformed Shape for the Load Case “LongPush” at UX = 3.5 in.

Figure 4.2.3.1-5
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View of Deformed Shape for the Load Case “LongPush” at UX =4.4 in.

Figure 4.2.3.1-6
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[ SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape fLangPush) - Step 11]
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View of Deformed Shape for the Load Case “LongPush” at UX =4.9 in.

Figure 4.2.3.1-7

I8 SAP2000 ¥14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape fLangPush) - Step 13]
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View of Deformed Shape for the Load Case “LongPush” at UX =5.9 in.

Figure 4.2.3.1-8
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I8 SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape fLangPush) - Step 15]
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View of Deformed Shape for the Load Case “LongPush” at UX = 6.9 in.

Figure 4.2.3.1-9

5 SAP2000 v14,2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape fLangPush) - Step 17]
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View of Deformed Shape for the Load Case “LongPush” at UX =7.9 in.

Figure 4.2.3.1-10

Page 4-58

WSDOT Bridge Design Manual M 23-50.15
December 2015



Chapter 4 Seismic Design and Retrofit

I3 SAP2000 v14,2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape fLangPush) - Step 19]
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View of Deformed Shape for the Load Case “LongPush” at UX = 8.9 in.
Figure 4.2.3.1-11

I3 SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape fLangPush) - Step 21]
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View of Deformed Shape for the Load Case “LongPush” at UX =9.9 in.
Figure 4.2.3.1-12
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I3 SAP2000 v14,2.0 Advanced - DuslCallxample_70100805 - [Deformed Shape (LangPush) - Step 23] =
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View of Deformed Shape for the Load Case “LongPush” at UX =10.7 in.
Figure 4.2.3.1-13

4.2.3.2 Transverse Direction

The system pushover curve for the transverse direction is shown in Figure 4.2.3.2-1 (Display
menu > Show Static Pushover Curve). The point on the curve where the base shear begins to
decrease indicates the displacement at which the first plastic hinge reaches its curvature limit
state and is the displacement capacity of the structure.
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i Pushover Curve
File

Static Monlinear Caze Flat Type Unitg
|F|esu|tant Baze Shear vz Monitored Dizplacement ﬂ |Kip, in. F ﬂ
w103 Displacement Current Plot Parameters
1.2077 | Trans |

1.08_; Add New Parameters... |

Add Copy of Parameters. .. |

0,967
- Modify/Show Parameters... |

0847
07273

060"
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0.36 77
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01273
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7 g 0 12 13

Mouse Painter Location  Hariz | Wert |

Ok | Cancel

Pushover Curve for Load Case “TransPush”
Figure 4.2.3.2-1

Figures 4.2.3.2-2 through 4.2.3.2-13 show the deformed shape of the structure at various
displacements for the load case “TransPush” (Display menu > Show Deformed Shape > select
TransPush > click OK button). Note that the plastic hinge color scheme terms such as “10”,
“LS”, and “CP” are in reference to performance-based design of building structures. However,
for Caltrans plastic hinges, the colors are discretized evenly along the plastic deformation.
Therefore, the color scheme still provides a visual representation of the hinge plastic strain
progression that is useful.

WSDOT Bridge Design Manual M 23-50.15 Page 4-61
December 2015



Seismic Design and Retrofit Chapter 4

I3 SAP2000 ¥14,2.0 Advanced - DuslCallxample, 20100805 - [Deformed Shape {TransPush) - Step 0]
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View of Deformed Shape for the Load Case “TransPush” at UY = 0.0 in.
Figure 4.2.3.2-2

I8 SAP2000 ¥14,2.0 Advanced - DualCallxample, 20100805 - [Deformed Shape (TransPush) - Step 4]
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View of Deformed Shape for the Load Case “TransPush” at UY = 2.0 in.
Figure 4.2.3.2-3
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I3 SAP2000 ¥14,2.0 Advanced - DuslCallxample, 20100805 - [Deformed Shape {TransPush) - Step 6]
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View of Deformed Shape for the Load Case “TransPush” at UY = 2.8 in.

Figure 4.2.3.2-4

I3 SAP2000 ¥14,2.0 Advanced - DuslCallxample, 20100805 - [Deformed Shape (TransPush) - Step 7]
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View of Deformed Shape for the Load Case “TransPush” at UY = 3.1 in.

Figure 4.2.3.2-5
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I8 SAP2000 v14,2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape (TransPush) - Step 10]
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View of Deformed Shape for the Load Case “TransPush” at UY = 4.6 in.

Figure 4.2.3.2-6

I8 SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape (TransPush) - Step 11]
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View of Deformed Shape for the Load Case “TransPush” at UY = 5.1 in.

Figure 4.2.3.2-7
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I8 SAP2000 v14,2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape (TransPush) - Step 14]
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View of Deformed Shape for the Load Case “TransPush” at UY = 6.6 in.
Figure 4.2.3.2-8

5 SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape (TransPush) - Step 15]
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View of Deformed Shape for the Load Case “TransPush” at UY =7.1 in.
Figure 4.2.3.2-9
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I8 SAP2000 v14.2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape (TransPush) - Step 16]
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View of Deformed Shape for the Load Case “TransPush” at UY =7.6 in.

Figure 4.2.3.2-10

5 SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape (TransPush) - Step 17]
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View of Deformed Shape for the Load Case “TransPush” at UY = 8.1 in.

Figure 4.2.3.2-11
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3 SAP2000 v14.2.0 Advanced - DualCallxample. 20100805 - [Deformed Shape (TransPush) - Step 18]

U Fle E®  Yew Oefee Dy Select fokn  Apdyre  Deglty  Design  Opbors ook Hel - &%
O W oo 7 B2 pppPpp Ml Ny n@ip +0 WA g b BBX M YEM B I, Ofyt-d o I- 8- 4
&l
i3 , 3 y
~
b
X
g - -— = = - * * >
=
=
a
L. s
a
b
bt
ks -
= -
It
|
4
I
L
L
.. \
e
=

s e -
L ————— EEI——
Mgt Chck on ary o fo chplaceret vakies

View of Deformed Shape for the Load Case “TransPush” at UY = 8.6 in.
Figure 4.2.3.2-12

5 SAP2000 v14,2.0 Advanced - DuslCallxample. 20100805 - [Deformed Shape (TransPush) - Step 21]
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View of Deformed Shape for the Load Case “TransPush” at UY =9.5 in.
Figure 4.2.3.2-13
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5. Code Requirements

5.1 P-A Capacity Requirement Check

The requirements of section 4.11.5 of the AA4SHTO Guide Specifications for LRFD Seismic
Bridge Design must be satisfied or a nonlinear time history analysis that includes P-A effects
must be performed. The requirement is as follows:

PaA: <0.25M,
Where:
Pa = unfactored dead load acting on the column (kip)
= 1,250 kips

A = relative lateral offset between the point of contraflexure and the furthest end of
the plastic hinge (in.)
= A"p / 2 (Assumed since the inflection point is located at approximately
mid-height of the column. If the requirements are not met, a more advanced
calculation of A; will be performed)

M,  =idealized plastic moment capacity of reinforced concrete column based upon
expected material properties (kip-in.)
= 78,560 kip-in. (See Figure 3.1.2-1)

5.1.1 Longitudinal Direction

0.25M,=0.25 * 78,560
= 19,640 kip-in.

A, = ALD_Long /2
=8.76/2
=438 in.

PgA: =1,250 * 4.38
= 5,475 kip-in. < 0.25M, = 19,640 kip-in. => Okay

5.1.2 Transverse Direction
A = ALD_Trans /2
=6.07/2
=3.04 in.

PdlAr = 1,250 klpS *3.04
= 3,800 kip-in. < 0.25M, = 19,640 kip-in. => Okay
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5.2 Minimum Lateral Strength Check

The requirements of Section 8.7.1 of the AASHTO Guide Specifications for LRFD Seismic
Bridge Design must be satisfied. The requirement is as follows:

M > 0.1 Pyip (Hy, + 0.5 Dg) / A
Where:
M,. = nominal moment capacity of the column based upon expected material
properties as shown in Figure 8.5-1 of the A4SHTO Guide Specifications for
LRFD Seismic Bridge Design (kip-in.)

Py = greater of the dead load per column or force associated with the tributary
seismic mass collected at the bent (kip)

Hy = the height from the top of the footing to the top of the column or the equivalent
column height for a pile extension (in.)
=34.0 * 12 (Top of footing to top of crossbeam)
=408 in.

D; = depth of superstructure (in.)
=7.083 * 12
=85 in.

A = fixity factor (See Section 4.8.1 of the A4SHTO Guide Specifications for LRFD
Seismic Bridge Design)
= 2 for fixed top and bottom

Determine Pip:

Since the abutments are being modeled as free in the longitudinal direction, all of the seismic
mass is collected at the bents in the longitudinal direction. Therefore, the force associated with
the tributary seismic mass collected at the bent is greater than the dead load per column and is
computed as follows:

Puiv = Weight of Structure / # of bents / # of columns per bent
=6,638/2/2
= 1,660 kips

Note that a more sophisticated analysis to determine the tributary seismic mass would be
necessary if the bridge were not symmetric and the bents did not have equal stiffness.

Determine Mye:

Section 8.5 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design defines M,
as the expected nominal moment capacity based on the expected concrete and reinforcing steel
strengths when the concrete strain reaches a magnitude of 0.003. Section Designer in SAP2000
can be used to determine M, by performing a moment-curvature analysis and displaying the
moment when the concrete reaches a strain of 0.003. The moment-curvature diagram for the
column section is shown in Figure 5.2-1 with values displayed at a concrete strain of 0.002989
(Define menu > Section Properties > Frame Sections > select COL > click Modify/Show
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Property button > click Section Designer button > Display menu > Show Moment-

Curvature Curve).

Moment Curvature Curve (Limits: P{comp.) = -14355.027, P(ten.) = 2072.64)
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Moment-Curvature Curve for Frame Section “COL” at €. = 0.003
Figure 5.2-1

It is seen in Figure 5.2-1 that M, = 73,482 kip-inches.
Perform Check:

0.1 Pyip (Hy +0.5D) /A =0.1* 1,660 * (408 + 0.5 * 85) / 2

= 37,392 kip-in. < 73,482 kip-in. = M, => Okay
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5.3 Structure Displacement Demand/Capacity Check

The requirements of Section 4.8 of the AASHTO Guide Specifications for LRFD Seismic Bridge
Design must be satisfied. The requirement is as follows:

A < Ac
Where:
A", = displacement demand taken along the local principal axis of the ductile
member (in.)

A'c = displacement capacity taken along the local principal axis corresponding to Ay
of the ductile member (in.)

5.3.1 Longitudinal Direction

From section 3.3.2.1, the displacement demand in the longitudinal direction is A"p rong = 8.73
inches.

. L
Determine A™c Long:

The displacement capacity can be determined from the pushover curve as show in Figure 5.3.1-1
(Display menu > Show Static Pushover Curve).

i Pushover Curve

File
Static: Monlinear Case Flat Tupe Uitz
|F|esu|tant Base Shear vz Monitared Displacement j |K\p, in F j
w103 Displacement Current Plot Parameters
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200 -
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g =
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1.00732 §
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7 L I I O |
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Mouse Fointer Location  Hariz | et |
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Pushover Curve for Load Case “LongPush”
Figure 5.3.1-1

The displacement at which the first hinge ruptures (fails) is the displacement capacity of the
structure and is also the point at which the base shear begins to decrease. It can be seen in Figure
5.3.1-1 that the base shear does not decrease until a displacement of approximately 11 inches.
This suggests the displacement capacity of the bridge in the longitudinal direction is greater than
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the displacement demand. To confirm this, the table shown in Figure 5.3.1-2 can be displayed by
clicking File menu > Display Tables in Figure 5.3.1-1.

w. Table Display

File  Edit
Step Dizplacemer| BaseForce | AtoB Etol 10kl S LStaCP CPtal CtaD Dok BeyondE Total
in Kip

0| 0.041936 0.000 16 a a a a i} a a 16
1| 0541996 386976 16 a a a a i} a a 16
2| 104199 773952 16 a a a a i} a a 16
3| 1.5419596( 1160.928 16 a a a a i} a a 16
4| 2041336 1547.905 16 a a a a i} a a 16
5| 2347836 1784379 14 2 a a a i} a a 16
6| 2793085 1955.096 10 5 a a a 1} a a 16
7| 3.293085( 2009.869 10 E a a a i} a a 16
8] 3449424 2026995 g g a a a 1} a a 16
9| 39459424 2027.072 g a a a i} a a 16
100 4.443424| 2027149 g E 2 a a i} a a 16
11| 4.949424| 2027227 g 2 E a a i} a a 16
12| 5.443424| 2027304 g 2 E a a i} a a 16
13| 5949424 2027381 g a g a a i} a a 16
14| B443424| 2027459 g a g a a i} a a 16
15| B.943424| 2027536 ] a 2 5 a i} a a 16
16| F.443424| 2027613 g a 2 E a i} a a 16
17| 7943424 2027691 g a a g a 1} a a 16
18| B.449424| 2027768 g a a g a i} a a 16
19| 8.949424| 2027.845 g a a 2 E i} a a 16
20| 9.443424| 2027923 g a a 2 E i} a a 16
21| 9.594%424| 2028000 g a a a g i} a a 16
22| 10.44942¢) 2028077 g a a a g i} a a 18
23| 10.690280) 2028114 g a a a E i} a 2 16
24| 12288808 2000723 a8 a a a a 1} a a8 16

Current Sort Sting |

Current Filker String e

Pushover Curve Tabular Data for Load Case “LongPush”
Figure 5.3.1-2

Figure 5.3.1-2 shows the step, displacement, base force, and hinge state data for the longitudinal
pushover analysis. By definition, hinges fail if they are in the “Beyond E” hinge state. In Figure
5.3.1-2 it can be seen that step 23 is the first step any hinges reach the “Beyond E” hinge state.
Therefore, AchLong =10.69 inches and the following can be stated:

AchLong =10.69 in. > ALDiLong =8.76 in. => Longitudinal Displacement
Demand/Capacity is Okay

5.3.2 Transverse Direction

From Section 3.3.2.2 of this example, the displacement demand in the transverse direction is
ALD_TranS = 6.07 inches.

. L
Determine A™c Trans:

The displacement capacity can be determined from the pushover curve as show in Figure 5.3.2-1
(Display menu > Show Static Pushover Curve).
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I3 Pushover Curve
File
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Pushover Curve for Load Case “TransPush”
Figure 5.3.2-1

As mentioned above, the displacement at which the first plastic hinge ruptures (fails) is the
displacement capacity of the structure and is also the point at which the base shear begins to
decrease. It can be seen in Figure 5.3.2-1 that the base shear does not decrease until a
displacement of approximately 9.5 inches. This suggests the displacement capacity of the bridge
in the transverse direction is greater than the displacement demand. To confirm this, the table
shown in Figure 5.3.2-2 can be displayed by clicking File menu > Display Tables in Figure

5.3.2-1.
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w. Table Display

File Edit
Step Dizplacemet | BaseForce | AtoB BtolO |0tal S L5koCP CPtoC CtoDr DitoE BeyondE | Total
in Kip

0] E.954E-14 0.000 16 a a a a 1} a a 16
1| 0.500000| 200.397 16 a a a a i} a a 16
2| 1.000000| 400.794 16 a a a a i} a a 16
3| 1.500000( &O1.191 16 a a a a i} a a 16
4| 1.957309| 800.750 15 1 a a a i} a a 16
5| 2B40M22| 941742 14 2 a a a i} a a 18
B| 2817235 952995 13 3 a a a i} a a 16
F|3111880| 969.285 12 4 a a a i} a a 16
8| 3611880| 969.285 12 4 a a a i} a a 16
9| 4111880| 969.286 12 4 a a a i} a a 16
10| 4.611880) 969.286 12 2 2 a a i} a a 16
11| 5111880) 969.286 12 a 4 a a 1} a a 16
12| BAE11880) 969.286 12 a 4 a a i} a a 16
13| E111880) 969.286 12 a 4 a a i} a a 16
14| E.A11880) 969.286 12 a 2 2 a i} a a 16
15| 7111880) 969.286 12 a 1 3 a i} a a 16
16| 7.E11880) 969.28 12 a a 4 a i} a a 16
17| 8111880) 969.286 12 a a 3 1 i} a a 16
18| 8611830) 969.286 12 a a 2 2 i} a a 16
19| 9.111880) 969.286 12 a a 2 2 i} a a 16
20| 9512530) 969.287 12 a a 2 1 1 a a 16
21| 9512603) 969.287 12 a a 2 1 i} a 1 16
22| TRAT4AE 57.538 12 a0 a0 a0 a0 1} a0 4 16

Current Sort String |

Current Filker String Dare

Pushover Curve Tabular Data for Load Case “TransPush”
Figure 5.3.2-2

Figure 5.3.2-2 shows the step, displacement, base force, and hinge state data for the transverse
pushover analysis. Recall the transverse pushover analysis only includes a single bent. By

definition, hinges fail if they are in the “Beyond E” hinge state. In Figure 5.3.2-2 it can be seen
that step 21 is the first step any hinges reach the “Beyond E” hinge state. Therefore, ALC_TranS =
9.51 inches and the following can be stated:

A C Trans = 9.51 in. > A" 1rans = 6.07 in, =>

Transverse Displacement
Demand/Capacity is Okay
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5.4 Member Ductility Requirement Check

The requirements for hinge ductility demands in Section 4.9 of the AASHTO Guide
Specifications for LRFD Seismic Bridge Design must be met for all hinges in the structure. The
member ductility demand may be computed as follows:

Up < 6 (for multiple column bents)
Where:
[T15) = ductility demand
=1+ Apd / Ayi
Ayi = idealized yield displacement (does not include soil effects) (in.)
= Oyi * L2 /3
L = length from point of maximum moment to the inflection point (in.)
Oyi = idealized yield curvature (1/in.)
Apa = plastic displacement demand (in.)

=0pa * (L— 0.5%L,)

Opd = plastic rotation demand determined by SAP2000 (rad.)
L, = plastic hinge length (in.)

Therefore:
o = 1+3% [0,/ (i * L) *(1-05% L, /1)

This example will explicitly show how to compute the ductility demand for the lower hinge of
the trailing column being deflected in the transverse direction. The ductility demands for the
remaining hinges are presented in tabular format.

Determine L:

The locations of the inflection points were approximated previously to determine the hinge
lengths. However, now that the pushover analysis has been performed, the actual inflection
points can be determined.

Figure 5.3.2-2 shows that at step 13 the displacement is 6.11 inches, which is slightly greater
than the displacement demand. Figure 5.4-1 shows the column moment 2-2 diagram at step 13 of
the TransPush load case as displayed in SAP2000 (Display menu > Show Forces/Stresses >
Frames/Cables > select TransPush > select Moment 2-2 > select Step 13 > click OK button).
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I3 SAP2000 v14.7.0 Advanced - DualCalTxample 20100805 [ Mament 2.2 Diagram  [TransPush) - Step 173]
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Tight Chck on any Frame Elemert fox detaied chagram | =fouosa [on

Frame Moment 2-2 Diagram for Load Case “TransPush” at Step 13
Figure 5.4-1

From this information it is found that the inflection point is 59 inches above the lower joint on
the middle column element and the following is computed:

L = Length from point of maximum moment at base of column to inflection point
= Length of Lower Element — Footing Offset + 59
=146 -30+59
=175 1n.

Determine 0pq:

Since the displacement of the bent at step 13 is greater than the displacement demand, the plastic
rotation at step 13 is greater than or equal to the plastic rotation demand. The plastic rotation at
each step can be found directly from the hinge results in SAP2000. The name of the lower hinge
on the trailing column is 1H1. Figure 5.4-2 shows the plastic rotation plot of hinge 1H1 at step
13 of the TransPush load case (Display menu > Show Hinge Results > select hinge 1H1 (Auto
P-M2) > select load case TransPush > select step 13 > click OK button).
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Hinge Results

File 3Select
Select Hinge Hinge Location And Behavior Unitg
[1H1 (auto P-M2) | Frame Object 1 KpnfF =
r Relative Distance 0.3
Show Hinge Property Definition. .. | Hinge Behavior D eformation Contralled
Hinge Results
w03 Plastic Rotation (radians) Select Load Case
E7.07 |TransF'ush j
E0.3 75 Step 13 j
53_5_; Current Hinge Data
E _ Hinge DOF M2 -
i 2w E2771.54
4027 £ PlasticR2 nozg
3357 2 PlsicR2Ma 00728
E s Plastic B2 Min ~ |0.
263 E é Hinge State Wl
20173 Hinge Status 0t <=l5 i
13_4_; Plot Control Parameters
] [ Show Hinge Backbone I
E7 r
R R R A N LA AR [™ Add Left and Right Borders
25, 50. 75 100, 125 150 175 2000 225 250 €103 : :
Il )
Mouse Pointer Location  Hariz | Vert |

Hinge “1H1” Plastic Rotation Results for Load Case “TransPush” at Step 13

Figure 5.4-2

Figure 5.4-2 shows that the plastic rotation for hinge 1H1 is 0.0129 radians. Therefore 0,4 =

0.0129 radians.
Determine @y;:
The 1dealized yield curvature will be found by determi

yield and then inputting that load into Section Designe
viewing the hinge results at step 4 (when the hinge firs

ning the axial load in the hinge at first
r. The axial load at yield can be found by
t yields). Figure 5.4-3 shows the axial

plastic deformation plot of hinge 1H1 at step 4 of the TransPush load case (Display menu >
Show Hinge Results > select hinge 1H1 (Auto P-M2) > select load case TransPush > select

step 4 > select hinge DOF P > click OK button).

WSDOT Bridge Design Manual M 23-50.15
December 2015

Page 4-77



Seismic Design and Retrofit Chapter 4

Hinge Results

File Select
Select Hinge Hinge Location And Behavior Unitg
[1HT (Auta PM2) | || Frame Object 1 KpnF <
r Relative Distance 0.3
Show Hinge Property Definitiorn... | Hinge Behavior D efarmation Controlled
Hinge Results
W03 Plastic Deformation (in) Select Load Case
0224 |TransF'ush ﬂ
1337 / Step 4 j
.0_44_; Current Hinge Data
E Hinge DOF =
0% 4 E p -431.9315
- =
-0LEE @ Plastic L1 0.
a7 S PaticUTMa O
R [
E = Plastic U1 Min 0.
083 E :I_r‘ Hinge State Wl
0997 Hinge Status ~ Prtocsl0 [
a1 g_ Plot Control Parameters
] [ Show Hinge Backbone |—
1.4 r
O N N N N g [~ Add Left and Right Borders
ﬂ . 84 1260 1BB. 210, 252 284, 336 378 4@ #10 [ Add Top and Bottom Borders
Mouse Painter Location  Horiz | Vert |

Hinge “1H1” Axial Plastic Deformation Results for Load Case “TransPush” at
Step 4
Figure 5.4-3

Figure 5.4-3 shows that the axial load in hinge 1H]1 at step 4 of the TransPush load case is -432
kips. That load can now be entered into Section Designer to determine the idealized yield
curvature, @yi. The moment-curvature diagram for the column section with P = -432 kips is
shown in Figure 5.4-4 (Define menu > Section Properties > Frame Sections > select COL >
click Modify/Show Property button > click Section Designer button > Display menu > Show
Moment-Curvature Curve).
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Moment Curvature Curve (Limits: P(comp.) = -14355.027, P{ten.) = 2072.64)
Edit

io? Curvature

Strain Diagram

800
7207
B0
5607
4807
4007
3207
2407
1607
8073

"

Select Type of Graph |M0ment-Eurvature j
Specify Scales/Headings... |

P - &

[~ Plat 343 Fiber Model Curve . ("

¥ Caltrans |dealized Madel

Mo. of Points |20
0.

Mmaw = 72332283

P [Tension +ve]  |-432

—

Phi-Conc = 00122162

Angle [Deg]
Iax Curvature
M-Conc = 72332.289
Phi-Steel = N4 -Steel = Nis
Phi-wigld(Initial] = .00005923
Phi-yield(|dealized) = .00009234
ICrack = 169529.183

-pield = 41818.221
Mp = E519

Moment

015 030 045 060 075 090 1.08 1.20 1.35 150x70~

Concrete Strain
Steel Strain
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Analyziz Contral
" Concrete Failure [Lowest Ultimate Strain]
t» Concrete Failure [Highest Ulimate Strain]
[v First Rebar/Tendon Faiure

™ User Defined Curyvature

Details... | Cantour... |
Refresh | Done |

Curves

MNew Curve

Selected Curve Color .

Click to:

Add Curve
Dielete Curve

Moment-Curvature Curve for Frame Section “COL” at P = -432 kips

Figure 5.4-4

Figure 5.4-4 shows that Phi-yield(Idealized) = .00009294. Therefore: ¢y; = 0.00009294 inches™.

The ductility demand in the transverse direction for the lower hinge in the trailing column can

now be calculated as follows:

105y =14+3*[0pa/(pyi *L)]*(1-05*L,/L)
Where:

L =175 in.

@i =0.00009294 in."!

Opa  =0.0129 rad.

L, =27.01n.
Therefore:

HUD

=3.2 <6 => okay

= 1+3*[0.0129 / (0.00009294 * 175)] * (1 — 0.5 * 27.0/ 175)

The ductility demands and related values for all column hinges are shown in Table 5.4-1.
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Pushover Column Hinge Yield Axial

Direction and Hinge Name  Ste Load at Pvi Opa Ly Lo
Location p Yield

(Long/Trans) (-) (-) (#) (kips) (1/in.) (rad.) (in.) (in) (-)

Longitudinal M8 pp s L1222 0000889 0207 27.0 175 47
Lower

Longitudinal Té"l‘;}l;enrg 3H2 6 -1135  .00008926 .0204 269 175 4.6

Longitudinal =218 7pp 6 1354 00008851 0195 27.0 175 45
Lower

Longitudinal ~ =S29M&  oppp g 1277 0000887 0168 269 175 4.0
Upper

Transverse  LAUM& g 432 00009294 0129 27.0 175 3.2
Lower

Transverse  LAUME 3y s 305 .00009292 0118 269 175 3.0
Upper

Transverse 298 4p1 6 L2226 00009185 0104 27.0 175 2.8
Lower

Transverse Léiilenrg GHI 7  -2253  .00009186 .00902 269 175 2.6

Ductility Demands for All Column Hinges
Table 5.4-1

Table 5.4-1 shows that all hinge ductility demands are less than 6.
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5.5 Column Shear Demand/Capacity Check

The column shear requirements in Section 8.6 of the AASHTO Guide Specifications for LRFD
Seismic Bridge Design must be met for all columns in the structure.

OV =V,
Where:
0s =0.9
Vi = nominal shear capacity (kips)
=V.+V;
Concrete Shear Capacity:
V. = concrete contribution to shear capacity (kips)
=v.A.
Where:
A, =0.8 A,
A, = gross area of member cross-section (in.”)

v, if Py is compressive:
Ve =0.032 0’ [1 +P,/ (2 Ap] > <min (0.11 £.'"*, 0.047 o’ £.'?)

v. otherwise:
Ve =0

For circular columns with spiral reinforcing:

03<a’=£/0.15+3.67-up=<3

f, = psfyn <0.35
P —(4Ay) /(D)
Where:
Py = ultimate compressive force acting on section (kips)
Ay,  =area of spiral (in.%)
] = pitch of spiral (in.)
D’ = diameter of spiral (in.)
fin =nominal yield stress of spiral (ksi)
. =nominal concrete strength (ksi)
Up = maximum local ductility demand of member

Steel Shear Capacity:

Vi = steel contribution to shear capacity (kips)
Vs =(/2)(Ap fyjn D’) /s

This example will explicitly show how to perform the shear demand/capacity check for the
trailing column being deflected in the transverse direction. The shear demand/capacity checks for
the remaining columns are presented in tabular format.

Determine V:
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Figure 5.5-1 shows the column shear diagram for the TransPush load case as displayed in
SAP2000 (Display menu > Show Forces/Stresses > Frames/Cables > select TransPush >

select Shear 3-3 > select Step 13 > click OK button).

1B SAP2000 v14.2.0 Advanced - DualCalTxample_ 70100803 | Sheat Force 3.1 Diagram  (TrancPush) - Step 13] k
U Be B Yew Do Dum Skt fwon  Ahae Dol Desn  Ootom Tooh ek &%
N B% vc- J[@ 2 2PpaRP MUy snlim ¢ WA %, L BAX EMBIEL nfit-n e I-0- o
3
. . - -
e
N
X
7 - - »
=
&
&
o
ol 309000405
=2 .
L]
b |
fe
e
=
»
.
Pigh Clck. crs ary Frame Element for detaded dagram & Bfooea  sifronr =i

Frame Shear 3-3 Diagram for Load Case “TransPush” at Step 13

Figure 5.5-1

From Figure 5.5-1 it is determined that the plastic shear in the trailing column is 389 kips.
Section 8.6.1 states that V,, shall be determined on the basis of V,, which is the shear associated
with the overstrength moment, M, defined in Section 8.5 of the A4SHTO Guide Specifications
for LRFD Seismic Bridge Design. For ASTM A 706 reinforcement the overstrength magnifier is
1.2, and so the shear for the SAP2000 model must be multiplied by this factor.

Therefore:

Vu = Amo Vp
Where:

Apo =1.2

Vo = 389 kips
and

Vu =1.2 * 389

=467 kips

Determine V_:

Figure 5.5-2 shows the column axial load diagram for the TransPush load case as displayed in
SAP2000 (Display menu > Show Forces/Stresses > Frames/Cables > select TransPush >

select Axial Force > select Step 13 > click OK button).
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[ SAPZ000 ¥14,2.0 Advanced - DualCallxample 70100805 - | Axial Force Disgram [TransPush) - Step 13] FE&
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Frame Axial Force Diagram for Load Case “TransPush” at Step 13
Figure 5.5-2

From Figure 5.5-2 it is determined that the axial force in the trailing column is -247 kips.

Therefore:

Py = 247 kips

A, =m*60°/4
=2827.4 in.?

A, =0.8 A,
=(0.8 *2827.4
=2262 in.

Ay =044in?

S =351n.

D’ =60-15-1.5-0.75
=56.25 in.

fin =60 ksi

. =4 ksi

by =(4Ap /(D)
=(4*0.44)/ (3.5 *56.25)
=0.0089

fS = psfyh S 0.35
=0.0089 * 60 <0.35
=0.54<0.35
=0.35 ksi
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Up = 3.2 (see Section 5.4 of this example)

03<uo’ =£/0.15+3.67-pup<3
=0.35/0.15+3.67-3.2<3
=0.35/0.15+3.67-3.2<3

=2.8<3
o« =28
Ve  =0.032a [1+P,/Q2Ap] f* <min (0.11 ., 0.047 &’ £.'%)

=0.032 % 2.8 ¥ [1 +247 /(2 * 2827.4)] 4"? <min (0.11 * 4% 0.047 * 2.8 * 42
=0.187 <min (0.22, 0.263)
=0.187 ksi

V. = VA,
=0.187 * 2262
=423 kips

Determine V:
Vs =(n/2)(ApfinD’) /s
=(n/2)(0.44 * 60 * 56.25)/ 3.5
= 666 kips

Determine @3V ,:
OsVa =05 (Ve +Vy)
=0.9 * (423 + 666)
=980 kips > V, =467 kips => okay

The shear demands and capacities and related values for all columns are shown in Table 5.5-1.

E‘llrs:c‘;v:; Coumn V, V. Py pp o v Ve Vs @V
(Long/Trans) (-) (kips) (kips) (kips) () (-) (ksi)  (kips) (kips) (kips)
Longitudinal Trailing 484 581 1175 47 1.3 0.10 228 666 804
Longitudinal Leading 497 596 1320 45 1.5 0.12 268 666 841

Transverse  Trailing 389 467 247 32 28 0.19 423 666 980

Transverse  Leading 580 696 2253 2.8 3.0 0.22 498 666 1047

Column Shear Demands and Capacities
Table 5.5-1

Table 5.5-1 shows that the shear capacities are greater than the shear demands for all columns.
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5.6 Balanced Stiffness and Frame Geometry Requirement Check

The balanced stiffness and balanced frame geometry requirements of Sections 4.1.2 and 4.1.3 of
the AASHTO Guide Specifications for LRFD Seismic Bridge Design must be met. Due to the
symmetry of this example, these requirements are okay by inspection. However, on many
bridges these requirements may highly influence the design.
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Chapter 5 Concrete Structures

5.0 General

The provisions in this section apply to the design of cast-in-place (CIP) and precast
concrete structures.

Design of concrete structures shall be based on the requirements and guidance cited
herein and in the current AASHTO LRFD Bridge Design Specifications, AASHTO
Guide Specifications for LRFD Seismic Bridge Design, Special Provisions and the
Standard Specifications for Road, Bridge, and Municipal Construction M 41-10.
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5.1 Materials

5.1.1 Concrete

A. Strength of Concrete — Pacific NW aggregates have consistently resulted in
concrete strengths, which may exceed 10,000 psi in 28 days. Specified concrete
strengths should be rounded to the next highest 100 psi.

1.

CIP Concrete Bridges — Since conditions for placing and curing concrete

for CIP components are not as controlled as they are for precast bridge
components, Class 4000 concrete is typically used. Where significant economy
can be gained or structural requirements dictate, Class 5000 concrete may be
used with the approvals of the Bridge Design Engineer, Bridge Construction
Office, and Materials Lab.

Prestressed Concrete Girders — Nominal 28-day concrete strength (f',) for
prestressed concrete girders is 7.0 ksi. Where higher strengths would eliminate
a line of girders, a maximum of 10.0 ksi can be specified.

The minimum concrete compressive strength at release (f',,) for each prestressed
concrete girder shall be shown in the plans. For high strength concrete, the
compressive strength at release shall be limited to 7.5 ksi. Release strengths of up
to 8.5 ksi can be achieved with extended curing for special circumstances.

B. Classes of Concrete

1.

N v AW

Class 3000 — Used in large sections with light to nominal reinforcement, mass
pours, sidewalks, curbs, gutters, and nonstructural concrete guardrail anchors,
luminaire bases.

Class 4000 — Used in CIP post-tensioned or conventionally reinforced concrete
box girders, slabs, traffic and pedestrian barriers, approach slabs, footings, box
culverts, wing walls, curtain walls, retaining walls, columns, and crossbeams.

Class 4000A — Used for bridge approach slabs.
Class 4000D — Used for CIP bridge decks.
Class 4000P — Used for CIP pile and shaft.
Class 4000W — Used underwater in seals.

Class 5000 or Higher — Used in CIP post-tensioned concrete box girder
construction or in other special structural applications if significant economy
can be gained or structural requirements dictate. Class 5000 concrete is
available within a 30-mile radius of Seattle, Spokane, and Vancouver. Outside
this 30-mile radius, concrete suppliers may not have the quality control
procedures and expertise to supply Class 5000 concrete.

Page 5-2

WSDOT Bridge Design Manual M 23-50.15
December 2015



Chapter 5

Concrete Structures

The 28-day compressive design strengths (f'.) are shown in Table 5.1.1-1.

Classes of Concrete I’ (psi)

COMMERCIAL 2300
3000 3000
4000, 4000A, 4000D 4000
4000W 2400*

4000P 3400**
5000 5000
6000 6000

*40 percent reduction from Class 4000.
**15 percent reduction from Class 4000 for piles and shafts.

28-Day Compressive Design Strength
Table 5.1.1-1

C. Relative Compressive Concrete Strength

I.

During design or construction of a bridge, it is necessary to determine the
strength of concrete at various stages of construction. For instance, Section
6-02.3(17)J of the Standard Specifications discusses the time at which
falsework and forms can be removed to various percentages of the concrete
design strength. Occasionally, construction problems will arise which require
a knowledge of the relative strengths of concrete at various ages. Table 5.1.1-
2 shows the approximate values of the minimum compressive strengths of
different classes of concrete at various ages. If the concrete has been cured
under continuous moist curing at an average temperature, it can be assumed
that these values have been developed.

Curing of the concrete (especially in the first 24 hours) has a very important
influence on the strength development of concrete at all ages. Temperature
affects the rate at which the chemical reaction between cement and water takes
place. Loss of moisture can seriously impair the concrete strength.

If test strength is above or below that shown in Table 5.1.1-2, the age at which
the design strength will be reached can be determined by direct proportion.

For example, if the relative strength at 10 days is 64 percent instead of the
minimum 70 percent shown in Table 5.1.1-2, the time it takes to reach the
design strength can be determined using equation 5.1.1-1 below.

Let x = relative strength to determine the age at which the concrete will reach
the design strength

x 100, — 110% (5.1.1-1)
70~ &4 erefore,x = 0 A

From Table 5.1.1-2, the design strength should be reached in 40 days.
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D.

Age Relative| Class | Class | Class Age Relative| Class | Class | Class
Strength| 5000 | 4000 | 3000 Strength| 5000 | 4000 | 3000

Days % ksi ksi ksi Days % ksi ksi ksi
3 35 1.75 1.40 1.05 20 91 4.55 3.64 2.73

4 43 2.15 1.72 1.29 21 93 4.65 3.72 2.79

5 50 2.50 2.00 1.50 22 94 4.70 3.76 2.82

6 55 2.75 2.20 1.65 23 95 4.75 3.80 2.85

7 59 2.95 2.36 1.77 24 96 4.80 3.84 2.88

8 63 3.15 2.52 1.89 25 97 4.85 3.88 2.91

9 67 3.35 2.68 2.01 26 98 4.90 3.92 2.94

10 70 3.5 2.80 2.10 27 99 4,95 3.96 2.97

11 73 3.65 2.92 2.19 28 100 5.00 4.00 3.00

12 75 3.75 3.00 2.25 30 102 5.10 4.08 3.06

13 77 3.85 3.08 2.31 40 110 5.50 4.40 3.30

14 79 3.95 3.16 2.37 50 115 5.75 4.60 3.45

15 81 4.05 3.24 2.43 60 120 6.00 4.80 3.60

16 83 415 3.32 2.49 70 125 6.25 5.00 3.75

17 85 4.25 3.34 2.55 80 129 6.45 5.16 3.87

18 87 4.35 3.48 2.61 20 131 6.55 5.24 3.93

19 89 4.45 3.56 2.67 100 133 6.70 5.40 4.00

Relative and Compressive Strength of Concrete
Table 5.1.1-2

Modulus of Elasticity — The modulus of elasticity shall be determined as specified
in AASHTO LRFD, Section 5.4.2.4. For calculation of the modulus of elasticity,
the unit weight of plain concrete (w,) shall be taken as 0.155 kcf for prestressed
concrete girders and 0.150 kcf for normal-weight concrete. The correction factor
(K ) shall normally be taken as 1.0.

Shrinkage and Creep — Shrinkage and creep shall be calculated per AASHTO
LRFD, Section 5.4.2.3. The relative humidity, H, may be taken as 75 percent for
standard conditions. The maturity of concrete, #, may be taken as 2,000 days for
standard conditions. The volume-to-surface ratio, V/S, is given in Table 5.6.1-1 for
standard WSDOT prestressed concrete girders.

In determining the maturity of concrete at initial loading, #,, one day of
accelerated curing by steam or radiant heat may be taken as equal to seven days of
normal curing.

The final deflection is a combination of the elastic deflection and the creep effect
associated with given loads shown by the equation below.

Atorar= Beasticll + (¢, t;)] (5.1.1-2)

Figure 5.1.1-1 provides creep coefficients for a range of typical initial concrete
strength values, f’ ., as a function of time from initial seven day steam cure

(¢,= 7 days). The figure uses a volume-to-surface, /S, ratio of 3.3 as an average for
girders and relative humidity, H, equal to 75 percent.
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(t, 7day, Sksi)
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Creep Coefficient for Standard Conditions as Function of Initial Concrete Strength

F.

G.

Figure 5.1.1-1

Shrinkage — Concrete shrinkage strain, €, shall be calculated per AASHTO
LRFD.

Grout — Grout is usually a prepackaged cement based grout or nonshrink grout
that is mixed, placed, and cured as recommended by the manufacturer. It is used
under steel base plates for both bridge bearings and luminaries or sign bridge bases.
Should the grout pad thickness exceed 4", steel reinforcement shall be used. For
design purposes, the strength of the grout, if properly cured, can be assumed to be
equal to or greater than that of the adjacent concrete but not greater than 4000 psi.
Nonshrink grout is used in keyways between precast prestressed tri-beams, double-
tees, and deck bulb tees (see Standard Specifications Section 6-02.3(25)0O for deck
bulb tee exception).

Mass Concrete — Mass concrete is any volume of concrete with dimensions large
enough to require that measures be taken to cope with the generation of heat
from hydration of the cement and attendant volume change to minimize cracking.
Temperature-related cracking may be experienced in thick-section concrete
structures, including spread footings, pile caps, bridge piers, crossbeams, thick
walls, and other structures as applicable.

Concrete placements with least dimension greater than 6 feet should be considered
mass concrete, although smaller placements with least dimension greater than

3 feet may also have problems with heat generation effects. Shafts need not be
considered mass concrete.
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The temperature of mass concrete shall not exceed 160°F. The temperature
difference between the geometric center of the concrete and the center of nearby
exterior surfaces shall not exceed 35°F.

Designers could mitigate heat generation effects by specifying construction joints
and placement intervals. Designers should consider requiring the Contractor to
submit a thermal control plan, which may include such things as:

Temperature monitors and equipment.

Insulation.

Concrete cooling before placement.

Concrete cooling after placement, such as by means of internal cooling pipes.
Use of smaller, less frequent placements.

A e

Other methods proposed by the Contractor and approved by the Engineer
of Record.

Concrete mix design optimization, such as using low-heat cement, fly ash or

slag cement, low-water/cement ratio, low cementitious materials content, larger
aggregate, etc. is acceptable as long as the concrete mix meets the requirements of
the Standard Specifications for the specified concrete class.

The ACI Manual of Concrete Practice Publication 207 and specifications used for
the Tacoma Narrows Bridge Project suspension cable anchorages (2003-2006) can
be used as references.

Self-Consolidating Concrete (SCC) — Self-consolidating concrete (SCC) may be
used in structural members such as precast noise wall panels, barriers, three-sided
structures, etc. as described in Standard Specifications Section 6-02.3(27).

SCC may be used in prestressed concrete girders.

SCC may be specified for cast-in-place applications where the use of conventional
concrete could be challenging and problematic. Examples are where new concrete
is being cast up against an existing soffit, or in members with very dense/
congested reinforcing steel. Use of SCC for primary structural components such
as columns, crossbeams, slabs, etc. requires the approval of the WSDOT Bridge
Design Engineer.

Shotcrete — Shotcrete could be used as specified in WSDOT Standard Plans.
Shotcrete may not be suitable for some critical applications unless approved by the
Engineer of Record.

Substitution of CIP conventional concrete in the contract document with shotcrete
requires the approval of the Engineer of Record.

Some potential shortfalls of shotcrete as compared to conventional CIP concrete
include:

* Durability — Conventional concrete is placed in forms and vibrated for
consolidation. Shotcrete, whether placed by wet or dry material feed, is
pneumatically applied to the surface and is not consolidated as conventional
concrete. Due to the difference in consolidation, permeability can be affected.
If the permeability is not low enough, the service life of the shotcrete
will be affected and may not meet the minimum of 75 years specified for
conventional concretes.
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Observation of some projects indicates the inadequate performance of shotcrete
to properly hold back water. This results in leaking and potential freezing,
seemingly at a higher rate than conventional concrete. Due to the method of
placement of shotcrete, air entrainment is difficult to control. This leads to less
resistance of freeze/thaw cycles.

Cracking — There is more cracking observed in shotcrete surfaces compared
to conventional concrete. Excessive cracking in shotcrete could be attributed
to its higher shrinkage, method of curing, and lesser resistance to freeze/thaw
cycles. The shotcrete cracking is more evident when structure is subjected to
differential shrinkage.

Corrosion Protection — The higher permeability of shotcrete places the

steel reinforcement (whether mesh or bars) at a higher risk of corrosion than
conventional concrete applications. Consideration for corrosion protection may
be necessary for some critical shotcrete applications.

Safety — Carved shotcrete and shotcrete that needs a high degree of relief to
accent architectural features lead to areas of 4”-6" of unreinforced shotcrete.
These areas can be prone to an accelerated rate of deterioration. This, in
turn, places pedestrians, bicyclists, and traffic next to the wall at risk of
falling debris.

Visual Quality and Corridor Continuity — As shotcrete is finished by hand,
standard architectural design, as defined in the Design Manual M 22-01,
typically cannot be met. This can create conflicts with the architectural
guidelines developed for the corridor. Many times the guidelines are developed
with public input. If the guidelines are not met, the public develops a distrust of
the process. In other cases, the use of faux rock finishes, more commonly used
by the private sector, can create the perception of the misuse of public funds.

K. Lightweight Aggregate Concrete — Lightweight aggregate concrete may be
used for precast and CIP members upon approval of the WSDOT Bridge Design
Engineer.

L. Concrete Cover to Reinforcement — Concrete cover to reinforcement shall
conform to AASHTO LRFD, Section 5.12.3.

1.

Precast Prestressed Concrete Girders — Cover to prestressing strands
in precast prestressed concrete girders may be measured to the center of
the strand.

Cover to mild steel reinforcement in precast prestressed concrete girders

shall conform to AASHTO LRFD, Section 5.12.3. However, cover to ties and
stirrups may be reduced to 1.0 inch in “Exterior other than above” applications.
See Section 5.6.7.A for additional cover requirements for deck girders.
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5.1.2 Reinforcing Steel

A. Grades — Reinforcing bars shall be deformed and shall conform to Section 9-07.2
of the Standard Specifications. ASTM A706 Grade 60 reinforcement is preferred
for WSDOT bridges and structures.

1. Grade 80 Reinforcement — Reinforcement conforming to ASTM A706 Grade
80 may be used in Seismic Design Category (SDC) A for all components. For
SDCs B, C and D, ASTM A706 Grade 80 reinforcing steel shall not be used
for elements and connections that are proportioned and detailed to ensure
the development of significant inelastic deformations for which moment
curvature analysis is required to determine the plastic moment capacity of
ductile concrete members and expected nominal moment capacity of capacity
protected members.

ASTM A706 Grade 80 reinforcing steel may be used for capacity-protected
members such as footings, bent caps, oversized shafts, joints, and integral
superstructure elements that are adjacent to the plastic hinge locations if the
expected nominal moment capacity is determined by strength design based on
the expected concrete compressive strength with a maximum usable strain of
0.003 and a reinforcing steel yield strength of 80 ksi with a maximum usable
strain of 0.090 for #10 bars and smaller, 0.060 for #11 bars and larger. The
resistance factors for seismic related calculations shall be taken as 0.90 for
shear and 1.0 for bending.

ASTM A706 Grade 80 reinforcing steel shall not be used for oversized shafts
where in-ground plastic hinging is considered as a part of the Earthquake-
Resisting System (ERS).

ASTM A706 Grade 80 reinforcing steel shall not be used for transverse and
confinement reinforcement.

For seismic hooks, fy shall not be taken greater than 75 ksi.

B. Sizes — Reinforcing bars are referred to in the contract plans and specifications
by number and vary in size from #3 to #18. For bars up to and including #8, the
number of the bar coincides with the bar diameter in eighths of an inch. The #9,
#10, and #11 bars have diameters that provide areas equal to 1” x 1" square bars,
16" x 14" square bars and 1'4"” x 14" square bars respectively. Similarly, the
#14 and #18 bars correspond to 12" x 1'4" and 2" x 2" square bars, respectively.
Appendix 5.1-A3 shows the sizes, number, and various properties of the types of
bars used in Washington State.

C. Development

1. Tension Development Length — Development length or anchorage of
reinforcement is required on both sides of a point of maximum stress at any
section of a reinforced concrete member. Development of reinforcement in
tension shall be per AASHTO LRFD, Section 5.11.2.1.

Appendix 5.1-A4 shows the tension development length for both uncoated and
epoxy coated Grade 60 bars for normal weight concrete with specified strengths
0f'4.0 to 6.0 ksi.
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2. Compression Development Length — Development of reinforcement in
compression shall be per AASHTO LRFD, Section 5.11.2.2. The basic
development lengths for deformed bars in compression are shown in Appendix
5.1-A5. These values may be modified as described in AASHTO. However, the
minimum development length shall be 1'-0".

3. Tension Development Length of Standard Hooks — Standard hooks are used
to develop bars in tension where space limitations restrict the use of straight
bars. Development of standard hooks in tension shall be per AASHTO LRFD,
Section 5.11.2.4. Tension development lengths of 90° & 180° standard hooks
are shown in Appendix 5.1-A6.

D. Splices — The Contract Plans shall clearly show the locations and lengths of splices.
Splices shall be per AASHTO LRFD, Section 5.11.5.

Lap splices, for either tension or compression bars, shall not be less than 2'-0".

1. Tension Lap Splices — Many of the same factors which affect development
length affect splices. Consequently, tension lap splices are a function of the
bar’s development length, 1 " There are two classes of tension lap splices: Class
A and B. Designers are encouraged to splice bars at points of minimum stress
and to stagger lap splices along the length of the bars.

Appendix 5.1-A7 shows tension lap splices for both uncoated and epoxy coated
Grade 60 bars for normal weight concrete with specified strengths of 4.0 to
6.0 ksi.

2. Compression Lap Splices — Compression lap splice lengths are shown in
Appendix 5.1-AS5 for concrete strengths greater than or equal to 3.0 ksi.

3. Mechanical Splices — Mechanical splices are proprietary splicing mechanisms.
The requirements for mechanical splices are found in Standard Specifications
Section 6-02.3(24)F and in AASHTO LRFD, Sections 5.5.3.4 and 5.11.5.2.2.

4. Welded Splices - ASHTO LRFD, Section 5.11.5.2.3 describes the
requirements for welded splices. On modifications to existing structures,
welding of reinforcing bars may not be possible because of the non-weldability
of some steels.

E. Hooks and Bends — For hook and bend requirements, see AASHTO LRFD,
Section 5.10.2. Standard hooks and bend radii are shown in Appendix 5.1-Al.

F. Fabrication Lengths — Reinforcing bars are available in standard mill lengths of
40" for bar sizes #3 and #4 and 60’ for bar sizes of #5 and greater. Designers shall
limit reinforcing bar lengths to the standard mill lengths. Because of placement
considerations, designers should consider limiting the overall lengths of bar size #3
to 30" and bar size #5 to 40'.

Spirals of bar sizes #4 through #6 are available on 5,000 b coils. Spirals should be
limited to a maximum bar size of #6.
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G. Placement — Placement of reinforcing bars can be a problem during construction.
Sometimes it may be necessary to make a large scale drawing of reinforcement
to look for interference and placement problems in confined areas. If interference
is expected, additional details are required in the contract plans showing how to
handle the interference and placement problems. Appendix 5.1-A2 shows the
minimum clearance and spacing of reinforcement for beams and columns.

H. Joint and Corner Details

1. T-Joint — The forces form a tension crack at 45° in the joint. Reinforcement
as shown in Figure 5.1.2-1 is more than twice as effective in developing the
strength of the corner than if the reinforcement was turned 180°.

2. “Normal” Right Corners — Corners subjected to bending as shown in Figure
5.1.2-2 will crack radially in the corner outside of the main reinforcing steel.
Smaller size reinforcing steel shall be provided in the corner to distribute the
radial cracking.

3. Right or Obtuse Angle Corners — Corners subjected to bending as shown in
Figure 5.1.2-3 tend to crack at the reentrant corner and fail in tension across the
corner. If not properly reinforced, the resisting corner moment may be less than
the applied moment.

Reinforced as shown in Figure 5.1.2-3, but without the diagonal reinforcing
steel across the corner, the section will develop 85 percent of the ultimate
moment capacity of the wall. If the bends were rotated 180°, only 30 percent of
the wall capacity would be developed.

Adding diagonal reinforcing steel across the corner, approximately equal to
50 percent of the main reinforcing steel, will develop the corner strength to
fully resist the applied moment. Extend the diagonal reinforcement past the
corner each direction for anchorage. Since this bar arrangement will fully

develop the resisting moment, a fillet in the corner is normally unnecessary.

Nﬁ’ or more
|
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“Normal” Right Corner Right or Obtuse Angle Corner
T-Joint Reinforcing Details Reinforcing Details Reinforcing Details
Figure 5.1.2-1 Figure 5.1.2-2 Figure 5.1.2-3
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L.

Welded Wire Reinforcement in Prestressed Concrete Girders, Walls, Barriers
and Deck Panels —

Welded wire reinforcement may be used to replace steel reinforcing bars in
prestressed concrete girders, walls, barriers, and deck panels.

Welded wire reinforcement shall meet all AASHTO requirements (see AASHTO
LRFD, Sections 5.8.2.6, 5.8.2.8, 5.10.3, 5.10.6.3, 5.10.7, 5.10.8, 5.10.10, 5.11.2.5,
5.11.2.6.3, 5.11.6, etc.).

Welded wire reinforcement shall be deformed. The yield strength shall be limited
to a maximum of 75 ksi.

Longitudinal wires and welds shall be excluded from regions with high shear
demands, including girder webs, and are limited to the flange areas as described in
AASHTO LRFD, Section 5.8.2.8. Longitudinal wires for anchorage of welded wire
reinforcement shall have an area of 40 percent or more of the area of the wire being
anchored as described in ASTM A497 but shall not be less than D4.

Epoxy-coated wire and welded wire reinforcement shall conform to Std. Spec.
Section 9-07.3 with the exception that ASTM A884 Class A Type I shall be used
instead of ASTM A775.

Headed Steel Reinforcing Bars — Headed steel reinforcing bars conforming to
ASTM A970 Class HA may be used to develop reinforcement in tension. Use and
development length shall be in accordance with ACI 318 (see Section 25.4.4 for
development length). Minimum concrete cover and clearances to headed steel
reinforcing bars shall also be provided to the outermost part of the head of the

bar. Designers shall provide main bar (unheaded portion) location requirements in
contract documents and verify that cover and clearance requirements to the head
of the bar can be satisfied. ASTM A970 Class HA requires that the net bearing area
of the head shall not be less than four times the nominal cross-sectional area of the
bar. However, the head shape and an upper limit to the head net bearing area are
not specified. A gross head area of ten times the bar area (a net bearing area of the
head of nine times the bar area) could be used as an estimate of the upper limit of
the head area.

5.1.3 Prestressing Steel

A. General — Three types of high-tensile steel used for prestressing steel are:

1. Strands - AASHTO M 203 Grade 270, low relaxation or stress relieved
2. Bars —AASHTO M 275 Type I
3. Parallel Wires - AASHTO M 204 Type WA

All WSDOT designs are based on low relaxation strands using either 0.5” or 0.6”
diameter strands for girders, and 35" or 746" diameter strands for stay-in-place
precast deck panels. Properties of uncoated and epoxy-coated prestressing stands
are shown in Appendix 5.1-A8. 0.62" and 0.7" diameter strands may be used for
top temporary strands in prestressed concrete girders.

Provide adequate concrete cover and consider use of epoxy coated prestressing
reinforcement in coastal areas or where members are directly exposed to salt water.
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B. Allowable Stresses — Allowable stresses for prestressing steel are as listed in
AASHTO LRFD, Section 5.9.3.

C. Prestressing Strands — Standard strand patterns for all types of WSDOT
prestressed concrete girders are shown throughout Appendix 5.6-A and
Appendix 5.9-A.

1.

Straight Strands — The position of the straight strands in the bottom flange
is standardized for each girder type.

Harped Strands — The harped strands are bundled between the harping points
(the 0.4 and 0.6 points of the girder length). The girder fabricator shall select
a bundle configuration that meets plan centroid requirements.

There are practical limitations to how close the centroid of harped strands

can be to the bottom of a girder. The minimum design value for this shall be
determined using the following guide: Up to 12 harped strands are placed in a
single bundle with the centroid 4” above the bottom of the girder. Additional
strands are placed in twelve-strand bundles with centroids at 3" spacing
vertically upwards.

At the girder ends, the strands are splayed to a normal pattern. The centroid of
strands at both the girder end and the harping point may be varied to suit girder
stress requirements.

The slope of any individual harped strands shall not be steeper than 8 horizontal
to 1 vertical for 0.6” diameter strands, and 6 horizontal to 1 vertical for 0.5"”
diameter strands.

The harped strand exit location at the girder ends shall be held as low as
possible while maintaining the concrete stresses within allowable limits.

Temporary Strands — Temporary strands in the top flanges of prestressed
concrete girders may be required for shipping (see Section 5.6.3). These strands
may be pretensioned and bonded only for the end 10 feet of the girder, or may
be post-tensioned prior to lifting the girder from the form. These strands can

be considered in design to reduce the required transfer strength, to provide
stability during shipping, and to reduce the “A” dimension. These strands must
be cut before the CIP intermediate diaphragms are placed.

D. Development of Prestressing Strand —

1.

General — Development of prestressing strand shall be as described in
AASHTO LRFD, Section 5.11.4.

The development length of bonded uncoated & coated prestressing strands are
shown in Appendix 5.1-A8.

Partially Debonded Strands — Where it is necessary to prevent a strand from
actively supplying prestress force near the end of a girder, it shall be debonded.
This can be accomplished by taping a close fitting PVC tube to the stressed
strand from the end of the girder to some point where the strand can be allowed
to develop its load. Since this is not a common procedure, it shall be carefully
detailed on the plans. It is important when this method is used in construction
that the taping of the tube is done in such a manner that concrete cannot leak
into the tube and provide an undesirable bond of the strand.
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Partially debonded strands shall meet the requirements of AASHTO LRFD,
Section 5.11.4.3.

Strand Development Outside of Prestressed Concrete Girders —
Extended bottom prestress strands are used to connect the ends of girders
with diaphragms and resist loads from creep effects, shrinkage effects, and
positive moments.
Extended strands must be developed in the short distance within the diaphragm
(between two girder ends at intermediate piers). This is normally accomplished
by requiring strand chucks and anchors as shown in Figure 5.1.3-1. Strand
anchors are normally installed at 1’-9” from the girder ends.
The designer shall calculate the number of extended straight strands needed to
develop the required capacity at the end of the girder. The number of extended
strands shall not be less than four.
For fixed intermediate piers at the Extreme Event I limit state, the total number
of extended strands for each girder end shall not be less than:
1
Nps = 12[Mgp; - K — Mgjp] - —————
ps sei SIDL 5.1.3-1
0.9¢ Ay f,yd ( )
Where:

M., = Momentdue to overstrength plastic moment capacity of the column
and associated overstrength plastic shear, either within or outside
the effective width, per girder, kip-ft

Mg, = Moment due to superimposed dead loads (traffic barrier, sidewalk,
etc.) per girder, kip-ft

K = Span moment distribution factor as shown in Figure 5.1.3-2
(use maximum of K1 and K2)

Ass = Area of each extended strand, in?

Foy = Yield strength of prestressing steel specified in AASHTO LRFD
Table 5.4.4.1-1, ksi

d = Distance from top of deck slab to c.g. of extended strands, in

0] = Flexural resistance factor, 1.0

The plastic hinging moment at the c.g. of the superstructure is calculated using
the following:
MfOP + Mbase)
__ agtop ( po po
M5S = My,o” + L h (5.1.3-2)
Where:

Mf,‘f,” = Plastic overstrength moment at top of column, kip-ft

mbgse = Plastic overstrength moment at base of column, kip-ft

h = Distance from top of column to c.g. of superstructure, ft

L, = Column clear height used to determine overstrength
shear associated with the overstrength moments, ft
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For prestressed concrete girders with cast-in-place deck slabs, where some
girders are outside the effective widths and the effective widths for each
column do not overlap, two-thirds of the plastic hinging moment at the c.g. of
the superstructure shall be resisted by girders within the effective width. The
remaining one-third shall be resisted by girders outside the effective width. The
plastic hinging moment per girder is calculated using the following:

CG
= 2:53 For girders within the effective width (5.1.3-3)
MCG
MEX = Tzoﬂ For girders outside the effective width (5.1.3-4)
g
If Mipf = MZE then Mo = Mip! (5.1.3-5)
Int Ext M,%"
If Msei < Mge; then Mse; = Sme yeme (5.1.3-6)
g g
Where:
Nt = Number of girders encompassed by the effective width
NEXt = Number of girders outside the effective width

For prestressed concrete girders with cast-in-place deck slabs, where all girders
are within the effective width or the effective widths for each column overlap,
the plastic hinging moment at the c.g. of the superstructure shall be resisted by
all girders within the effective width. The plastic hinging moment per girder is
calculated using the following:

CcG
Myo

Mse; = W (5.1.3-7)

The effective width for the extended strand calculation shall be taken as:

Beff = Dc + Ds (5.1.3-8)
Where:
D, = Diameter or width of column, see Figure 5.1.3-3
D, = Depth of superstructure from top of column to top of deck slab,

see Figure 5.1.3-3
See Appendix 5-B10 for a design example.
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Continuity of extended strands is essential for all prestressed concrete girder bridges
with fixed diaphragms at intermediate piers. Strand continuity may be achieved by
directly overlapping extended strands as shown in Figure 5.1.3-4, by use of strand
ties as shown in Figure 5.1.3-5, by the use of the crossbeam ties as shown in Figure

5.1.3-6 along with strand ties, or by a combination of all three methods. The following

methods in order of hierarchy shall be used for all prestressed concrete girders for

Chapter 5

creating continuity of extended strands:

Method 1 — Direct extended strands overlapping shall be used at intermediate piers
without any angle point due to horizontal curvature and for any crossbeam width.
This is the preferred method of achieving extended strand continuity. Congestion
of reinforcement and girder setting constructability shall be considered when large
numbers of extended strands are required. In these cases, strand ties may be used in
conjunction with extended strands.

Method 2 — Strand ties shall be used at intermediate piers with a girder angle point
due to horizontal curvature where extended strands are not parallel and would cross
during girder placement. Crossbeam widths shall be greater than or equal to 6 ft
measured along the skew. It is preferable that strand ties be used for all extended
strands, however if the region becomes too congested for rebar placement and
concrete consolidation, additional forces may be carried by crossbeam ties up to a
maximum limit as specified in equation 5.1.3-8.

Method 3 — For crossbeams with widths less than 6’ and a girder angle point due
to horizontal curvature, strand ties shall be used if a minimum of 8 of lap can be
provided between the extended strand and strand tie. In this case the strand ties
shall be considered fully effective. For cases where less than 8” of lap is provided,
the effectiveness of the strand tie shall be reduced proportional to the reduction in
lap. All additional forces not taken by strand ties must be carried by crossbeam ties
up to the maximum limit as specified in equation 5.1.3-8. If this limit is exceeded,
the geometry of the width of the crossbeam shall be increased to provide sufficient
lap for the strand ties.

The area of transverse ties considered effective for strand ties development in the
lower crossbeam (4,) shall not exceed:

A = é(A_vsff::"s) (5.1.3-9)
Where:
A,s = Area of strand ties, in2
f,, = Yield strength of extended strands, ksi
n, = Number of extended strands that are spliced with strand and crossbeam ties
f. = Expected yield strength of transverse tie reinforcement, ksi

Two-thirds of 4 shall be placed directly below the girder and the remainder of A
shall be placed outside the bottom flange width as shown in Figure 5.1.3-6.

The size of strand ties shall be the same as the extended strands, and shall be placed
at the same level and proximity of the extended strands.
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5.1.4 Prestress Losses

AASHTO LRFD Specifications outline the method of predicting prestress losses for
usual prestressed concrete bridges that shall be used in design except as noted below.

A. Instantaneous Losses

1. Elastic Shortening of Concrete — Transfer of prestress forces into the
prestressed concrete girder ends results in an instantaneous elastic loss. The
prestress loss due to elastic shortening shall be added to the time dependent
losses to determine the total losses. The loss due to elastic shortening shall be
taken as per AASHTO LRFD, Section 5.9.5.2.3.

For pretensioned member and low-relaxation strands, f_may be calculated
based on 0.7f e FOT post-tensioned members with bonded tendons, fcgp may be
calculated based on prestressing force after jacking at the section of maximum
moment.

2. Anchorage Set Loss — The anchor set loss shall be based on %" slippage for
design purposes. Anchor set loss and the length affected by anchor set loss is
shown in Figure 5.1.4-1.

x = AsetAPTEpL 51 4-1
Pj—left_Pj—right ( S )
Zx(P. —P. . )
_ j-left ° j-right R
Afpa = o (5.1.4-2)
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"Anchorage Set Loss
Figure 5.1.4-1

3. Friction Losses — Friction losses occurring during jacking and prior to
anchoring depend on the system and materials used. For a rigid spiral
galvanized ferrous metal duct system, p shall be 0.20 and K = 0.0002. For
plastic ducts, the designer shall use the values shown in AASHTO LRFD
Table 5.9.5.2.2b.

To avoid the substantial friction loss caused by sharp tendon curvature in the
end regions where the tendons flare out from a stacked arrangement towards
the bearing plates, use 0.10 times the span length or 20 feet as the minimum
flare zone length. The recommended minimum radius (horizontal or vertical) of
flared tendons is 200 feet. In the special cases where sharp curvature cannot be
avoided, extra horizontal and vertical ties shall be added along the concave side
of the curve to resist the tendency to break through the web.

Afpr = fpj(1 — e~ kxtua)) (5.1.4-3)

When summing the o angles for total friction loss along the structure,
horizontal curvature of the tendons as well as horizontal and vertical roadway
curvature shall be included in the summation. The a angles for horizontally and
vertically curved tendons are shown in Figure 5.1.4-2.
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o = \/(aH)2+(0LV)Z

20
where: o , =

L
S
ay =

The a Angles for Curved PT Tendons
Figure 5.1.4-2

B. Approximate Estimate of Time-Dependent Losses — The Approximate Estimate
of Time-Dependent Losses of AASHTO LRFD, Section 5.9.5.3 may be used for
preliminary estimates of time-dependent losses for prestressed concrete girders
with composite decks as long as the conditions set forth in AASHTO are satisfied.

C. Refined Estimates of Time-Dependent Losses — Final design calculations of
time-dependent prestress losses shall be based on the Refined Estimates of Time-
Dependent Losses of AASHTO LRFD, Section 5.9.5.4.

D. Total Effective Prestress — For standard precast, pretensioned members with CIP
deck subject to normal loading and environmental conditions and pretensioned
with low relaxation strands, the total effective prestress may be estimated as:

fpe =fpj _Apr_AprS_AprD _AfpSS (514-4)
The total prestress loss may be estimated as:
Afpr = Afpro + Afprr (5.1.4-5)

Initial relaxation that occurs between the time of strand stressing and prestress
transfer may be estimated as:

8o = 2430 (121 — 055 £, (5.1.4-6)
Where:
t = Duration of time between strand stressing and prestress transfer, typically 1
day.
f, = Jacking stress
f,, = Yield strength of the strand

py

Long term time dependent losses, Af,, , are computed in accordance with the
refined estimates of AASHTO LRFD, Section 5.9.5.4 or a detailed time-step
method. Elastic gain due to deck shrinkage shall be considered separately.

Elastic shortening, A]; s> 18 computed in accordance with AASHTO LRFD,
Section 5.9.5.2.3a.
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The elastic gain due to deck placement, superimposed dead loads and live loads is
taken to be:

_ Bl (Mslab"'Mdiaphragms)eps _ (Msidl+YLLMLL+IM)(ch_ng+€ps) _
Afpep = £, [ Iy 0 (5.1.4-7)
Where:

E, = Modulus of elasticity of the prestressing strand

E, = Modulus of elasticity of the concrete at the time of loading

M., = Moment caused by deck slab placement

M iaphragms = Moment caused by diaphragms and other external loads applied to the

non-composite girder section
M.y, = Moment caused by all superimposed dead loads including traffic barriers

and overlays

+ Moment caused by live load and dynamic load allowance

Mytm =

'm = Live load factor (1.0 for Service | and 0.8 for Service IlI)

€ps = Eccentricity of the prestressing strand

lg = Moment of inertia of the non-composite girder

I, = Moment of inertia of the composite girder

Yhg = Location of the centroid of the non-composite girder measured from
the bottom of the girder

Yoo = Location of the centroid of the composite girder measured from

the bottom of the girder

The elastic gain due to slab shrinkage, Af , shall be computed in accordance
with AASHTO LRFD, Section 5.9.5.4.3d. Deck shrinkage shall be considered as
an external force applied to the composite section for the Service I, Service III,
and Fatigue I limit states. This force is applied at the center of the deck with an
eccentricity from the center of the deck to the center of gravity of the composite
section. This force causes compression in the top of the girder, tension in the
bottom of the girder, and an increase in the effective prestress force (an elastic
gain). The deck shrinkage strain shall be computed as 50 percent of the strain
determined by AASHTO LRFD Equation 5.4.2.3.3-1.

. Temporary Losses — For checking stresses during release, lifting, transportation,

and erection of prestressed concrete girders, the elastic and time-dependent losses
may be computed based on the following assumptions.

1. Lifting of Girders From Casting Beds — For normal construction, forms are
stripped and girders are lifted from the casting bed within one day.

2. Transportation — Girders are most difficult to transport at a young age. The
hauling configuration causes reduced dead load moments in the girder and
the potential for overstress between the harping points. Overstress may also
occur at the support points depending on the prestressing and the trucking
configuration. This is compounded by the magnitude of the prestress force not
having been reduced by losses. For an aggressive construction schedule girders
are typically transported to the job site around day 10.
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When losses are estimated by the Approximate Estimate of AASHTO LRFD,
Section 5.9.5.3, the losses at the time of hauling may be estimated by:

Afpra = Afpro + Afpes + Afpu (5.1.4-8)
Where:
Af,r, = totalloss at hauling
Af,, = time dependent loss at time of hauling =

fpid
374, st + 3¥nyse + 0.6

3. Erection — During construction the non-composite girders must carry the full
weight of the deck slab and interior diaphragms. This loading typically occurs
around 120 days for a normal construction schedule.

4. Final Configuration — The composite slab and girder section must carry all
conceivable loads including superimposed dead loads such as traffic barriers,
overlays, and live loads. It is assumed that superimposed dead loads are placed
at 120 days and final losses occur at 2,000 days.

5.1.5 Prestressing Anchorage Systems

There are numerous prestressing systems. Most systems combine a method of
prestressing the strands with a method of anchoring it to concrete.

WSDOT requires approval of all multi-strand and/or bar anchorages used in
prestressed concrete bridges as described in Standard Specifications 6-02.3(26).

5.1.6 Post-Tensioning Ducts

Post-tensioning ducts shall meet the requirements of Standard Specifications
6-02.3(26)E.

Ducts for longitudinal post-tensioning tendons in spliced prestressed concrete I-girders
shall be made of rigid galvanized spiral ferrous metal to maintain standard girder
concrete cover requirements.
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5.2 Design Considerations

5.2.1 Service and Fatigue Limit States

A. General — Service limit state is used to satisfy allowable stresses, deflection, and

control of cracking requirements. Design aids for tensile stress in reinforcement at
the service limit state, fss, are provided in Appendices 5.2-A1, 5.2-A2, and 5.2-A3.

. Control of Cracking — Reinforcement shall be provided and spaced to meet

the requirements in AASHTO LRFD, Section 5.7.3.4 “Control of Cracking by
Distribution of Reinforcement.” The exposure factor shall be based upon a Class 2
exposure condition.

C. Allowable Stresses in Prestressed Concrete Members — Under service limit
state the tensile stresses in the precompressed tensile zone shall be limited to zero.
This prevents cracking of the concrete during the service life of the structure and
provides additional stress and strength capacity for overloads. Allowable concrete
stresses for the service and fatigue limit states are shown in Table 5.2.1-1.

Condition Stress Location Allowable Stress
In areas other than the precompressed tensile T ,
.0948,/f.. <0.2
Temporary ] zone and without bonded reinforcement 0.0948 y/fe; < 0.2 (ksi)
Stress at Tensile
Transfer and In areas with bonded reinforcement sufficient to o
at Lifting from resist tensile force in the concrete A9 ei kst
Casting Bed - - ;
Compressive |All Locations 0.65 fo;
In areas other than the precompressed tensile ; .
0.0948 k
zone and without bonded reinforcement ‘/E( s)
In areas other than the precompressed
tensile zone and with bonded reinforcement, plumb 0.19,/f% (ksi)
Temporary . girder with impact
Stress at Tensile In areas other than the precompressed tensile
Shipping and zone and with bonded reinforcement, inclined 0.24\/72 (ksi)
Erection girder without impact
In areas other than the precompressed
tensile zone and with bonded reinforcement, after 0.19,/f% (ksi)
temporary top strand detensioning
Compressive |All locations 0.65 fr
Tensile Precompressed tensile zone 0.0
Final Stresses . ,
at Service . Effective prestress and permanent loads 0.45 f¢
Load Compressive |Effective prestress, permanent loads and transient ’
0.60 f~.
loads
Final Stresses Fatigue | Load Combination plus one-half effective
at Fatigue Compressive |prestress and permanent loads per AASHTO 0.40 f7
Load LRFD, Section 5.5.3.1
Allowable Stresses in Prestressed Concrete Members
Table 5.2.1-1
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5.2.2 Strength-Limit State

A. Flexure — Design for flexural force effects shall be per AASHTO LRFD,
Section 5.7.

For prestressed concrete girders, the approximate methods of AASHTO LRFD,
Section 5.7.3 underestimate the flexural strength of the composite deck-girder
system? 23, Strain compatibility approaches such as the PCI Bridge Design Manual?
method (PCI BDM Section 8.2.2.5) and the Nonlinear Strain Compatibility
Analysis method in the PCI Journal?? are recommended. In addition to the effective
area of the deck, the top flange of the girder and the mild reinforcement in the deck
and the top flange of the girder may be included in the analysis.

The typical section for computation of prestressed concrete girder composite
section properties is shown in Figure 5.6.2-1.

I.

Flexural Design of Nonprestressed Singly-Reinforced Rectangular Beams
— For design purposes, the area of reinforcement for a nonprestressed singly-
reinforced rectangular beam or slab can be determined by letting:

M, = ¢M, = pAf, (d - 3) (5.2.2-1)
However, if:
_ Asly
a= = (5.2.2-2)

Equation (2) can be substituted into equation (1) and solved for A_:

_ <1 fl b _ 2 2My
As = ( fy )[d \]d «; f/ b¢>] (5.2.2-3)

R

Where:
A, = Area of tension reinforcement (in?)
M, = Factored moment (kip-in)
f', = Specified compressive strength of concrete (ksi)
fy = Specified minimum yield strength of tension reinforcement (ksi)
b = Width of the compression face (in)
d = Distance from compression face to centroid of tension reinf. (in)
® = 09

1.

From AASHTO LRFD, Section 5.7.2.2

The resistance factor should be assumed to be 0.9 for a tension-controlled
section for the initial determination of 4. This assumption must then be
verified by checking that the tensile strain in the extreme tension steel is equal
to or greater than 0.005. This will also assure that the tension reinforcement has
yielded as assumed.

e = 0.003 (“==) > 0.005 (5.2.2-4)
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Tensile strain in the extreme tension steel
Distance from extreme compression fiber to centroid of extreme tension
reinforcement (in)

As fy
1 f¢ b Py
By = FromAASHTO LRFD Section 5.7.2.2

B. Shear - AASHTO LRFD, Section 5.8 addresses shear design of concrete members.

1. The shear design of prestressed members shall be based on the general
procedure of AASHTO LRFD, Section 5.8.3.4.2.

2. The shear design of all non-prestressed members shall be based on either
the general procedure, or the simplified procedure of AASHTO LRFD,
Section 5.8.3.4.1.

3. The strut-and-tie model shall be employed as required by AASHTO LRFD,
Section 5.8.1.1 & 2 for regions adjacent to abrupt changes in cross-section,
openings, draped ends, deep beams, corbels, integral bent caps, c-bent caps,
outrigger bents, deep footings, pile caps, etc.

4. AASHTO LRFD, Section 5.8.3.4.3 "Simplified Procedure for Prestressed and
Nonprestressed Sections" shall not be used.

5. The maximum spacing of transverse reinforcement is limited to 18 inches.

For prestressed concrete girders, shear for the critical section at d,, from the internal
face of the support and at the harping point are of particular interest.

. Interface Shear — Interface shear transfer (shear friction) design is to be performed

in accordance with AASHTO LRFD, Section 5.8.4.

If a roughened surface is required for shear transfer at construction joints in new
construction, they shall be identified in the plans. See Standard Specifications
Section 6-02.3(12)A.

When designing for shear transfer between new and existing concrete, the designer
shall consider the high construction cost associated with roughening existing
concrete surfaces. Whenever practical, the design for placing new concrete against
existing concrete shall be completed such that roughening of the existing concrete
surfaces is not required (i.e. use cohesion and friction factors for a surface that is
not intentionally roughened).

When the additional capacity provided by a roughened surface is required, the
surface roughening shall meet the requirements specified in AASHTO LRFD,
Section 5.8.4.3 (i.e. uniform %4"” minimum amplitude). See Standard Specifications
Section 6-02.3(12)B and applicable WSDOT special provisions for concrete
removal for reference.

The spall pattern roughening detail shown in Figure 5.2.2-1 may be included
on plans as an alternative to the default uniform 4" amplitude roughening.
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Figure 5.2.2-1

Interface shear in prestressed concrete girder design is critical at the interface
connection between deck slab and girder, and at the end connection of the girder
to a diaphragm or crossbeam. Shear in these areas is resisted by roughened or saw-
tooth shear keyed concrete as well as reinforcement extending from the girder.

1. Interface Shear Between Deck Slab and Girder — The top surfaces of
prestressed concrete girders with cast-in-place decks shall be roughened as
described in Standard Specifications Section 6-02.3(25)H. The interface shear
is resisted by the girder stirrups which extend up into the deck slab as well as
the roughened top surface of the girder top flange.

It is conservative to compute the interface shear force using the full factored
loading applied to the composite deck slab and girder. However, the interface
shear force need only be computed from factored loads applied to the
composite section after the deck slab is placed such as superimposed dead loads
and live loads.

For Stay-in-Place (SIP) deck systems, only the roughened top flange surface
between SIP panel supports (and the portion of the permanent net compressive
force P, on that section) is considered engaged in interface shear transfer.

2. Interface Shear Friction at Girder End — A prestressed concrete girder may
be required to carry shears at the end surface of the girder.

An end condition at an intermediate pier crossbeam is shown in Figure 5.2.2-2.
The shear which must be carried along the interface A-A is the actual factored
shear acting on the section. The portion of the girder end that is roughened with
saw-toothed shear keys shown on the standard girder plans may be considered
as a “surface intentionally roughened to an amplitude of 0.25 inches”. Shear
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resistance must be developed using interface shear theory assuming the
longitudinal bars and the extended strands are actively participating. The main
longitudinal deck slab reinforcement is already fully stressed by negative
bending moments and thus cannot be considered for shear requirements. All
bars, including the extended strands, must be properly anchored in order to be
considered effective. This anchorage requirement must be clearly shown on
the plans.

Similar requirements exist for connecting the end diaphragm at bridge ends
where the diaphragm is cast on the girders (girder End Type A). In this case,
however, loads consist only of the factored diaphragm dead load, approach
slab dead load, and those wheel loads which can distribute to the interface.
Longitudinal reinforcement provided at girder ends shall be identical in both
ends of the girder for construction simplicity.

The program PGSuper does not check interface shear friction at girder ends.
Standard girder plan details are adequate for girder End Types A and B.
Standard girder plan details shall be checked for adequacy for girder End Types
Cand D.

PRESTRESSED GIRDER

BARS—| " (WF SHOWN, OTHERS

/ SIMILAR)

5/—&&’5\

\
\ | BARS

\— EXTENDED
STRANDS

CAST IN PLACE
CONCRETE
STRAND CHUCK AND ANCHOR
PLATE OR 2%" x 18" STEEL
STRAND ANCHOR
End Connection for Continuous Span Girder

Figure 5.2.2-2
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D.

Shear and Torsion — The design for shear and torsion is based on ACI 318-02
Building Code* Requirements for Structural Concrete and Commentary (318F-02)
and 1s satisfactory for bridge members with dimensions similar to those normally
used in buildings. AASHTO LRFD, Section 5.8.3.6 may also be used for design.

According to Hsu?, utilizing ACI 318-02 is awkward and overly conservative when
applied to large-size hollow members. Collins and Mitchell® propose a rational
design method for shear and torsion based on the compression field theory or
strut-and-tie method for both prestressed and non-prestressed oncrete beams. These
methods assume that diagonal compressive stresses can be transmitted through
cracked concrete. Also, shear stresses are transmitted from one face of the crack to
the other by a combination of aggregate interlock and dowel action of the stirrups.

For recommendations and design examples, the designer can refer to the paper
by M.P. Collins and D. Mitchell, Shear and Torsion Design of Prestressed and
Non-Prestressed Concrete Beams, PCI Journal, September-October 1980, pp.
32-100°.

5.2.3 Strut-and-Tie Model

Strut-and-tie models shall be used near regions of discontinuity or where beam theory
is not applicable. Design and detailing considerations for strut-and-tie modeling is
covered in AASHTO LRFD, Section 5.6.3. See Appendix 5-B for a strut-and-tie design
example for a pier cap.

5.2.4 Deflection and Camber

A.

General — Flexural members are designed to have adequate stiffness to limit
deflections or any deformations which may adversely affect the strength

or serviceability of the structure at service load plus impact. The minimum
superstructure depths are specified in AASHTO LRFD Table 2.5.2.6.3-

1 and deflections shall be computed in accordance with AASHTO LRFD,
Section 5.7.3.6.2.

Accurate predictions of deflections are difficult to determine, since modulus of
elasticity of concrete, E_, varies with stress and age of concrete. Also, the effects
of creep on deflections are difficult to estimate. For practical purposes, an accuracy
of 10 to 20 percent is often sufficient. Prestressing can be used advantageously

to control deflections; however, there are cases where excessive camber due to
prestress has caused problems.

Preliminary Estimate for Prestressed Concrete Members — For preliminary
design, the long term deflection and camber of prestressed concrete members may
be estimated using the procedure given in the PCI Design Handbook10 4.8.4.

Deflection Calculation for Prestressed Concrete Girders — The “D” dimension
is the computed girder deflection at midspan (positive upward) immediately prior
to deck slab placement.

Standard Specifications Section 6-02.3(25)K defines two levels of girder camber
at the time the deck concrete is placed, denoted D @ 40 Days and D @ 120 Days.
They shall be shown in the plans to provide the contractor with lower and upper
bounds of camber that can be anticipated in the field.
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PGSuper calculates estimated cambers at 40 days (D) and 120 days (D,,,). Due
to variations in observed camber, these estimated cambers are generally considered
to be upper bounds at their respective times. This is based on measured girder
cambers of prestressed concrete girders compared with the estimated cambers from
PGSuper.

D @ 120 Days is the upper bound of expected camber range at a girder age of 120
days after the release of prestress and is primarily intended to mitigate interference
between the top of the cambered girder and the placement of concrete deck
reinforcement. It is also used to calculate the “A” dimension at the girder ends. The
age of 120 days was chosen because data has shown that additional camber growth
after this age is negligible. D @ 120 Days may be taken as D120, the estimated
camber at 120 days reported by PGSuper.

D @ 40 Days is the lower bound of expected camber range at a girder age of 40
days (30 days after the earliest allowable girder shipping age of 10 days). To match
the profile grade, girders with too little camber require an increased volume of
haunch concrete along the girder length. For girders with large flange widths, such
as the WF series, this can add up to significant quantities of additional concrete for
a large deck placement. Thus, the lower bound of camber allows the contractor to
assess the risk of increased concrete quantities and mitigates claims for additional
material. D @ 40 Days shall be taken as 50 percent of D40, the estimated camber
at 40 days reported by PGSuper.

Figure 5.2.4-1 shows a typical pattern of girder deflection with time at centerline
span. Portions of this characteristic curve are described below. The subparagraph
numbers correspond to circled numbers on the curve.

1. Elastic Deflection Due to Release of Prestress — The prestress force produces
moments in the girder tending to bow the girder upward. Resisting these
moments are girder section dead load moments. The result is a net upward
deflection.

2. Creep Deflection Before Cutting Temporary Strands — The girder continues
to deflect upward due to the effect of creep. This effect is computed using the
equation stated in Section 5.1.1E.

3. Deflection Due to Cutting of Temporary Strands — Cutting of temporary
strands results in an elastic upward deflection. The default time interval for
creep calculations for release of top temporary strands is 90 days after the
release of prestress during girder fabrication for D, (10 days for D).

4. Diaphragm Load Deflection — The load of diaphragm is applied to the girder
section resulting in an elastic downward deflection. The default time interval
for creep calculations for placing diaphragms is 90 days after the release of
prestress during girder fabrication for D,,, (10 days for D).

5. Creep Deflection After Casting Diaphragms — The girder continues to deflect
upward for any time delay between diaphragms and deck slab casting.
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6.

Deck Slab Load Deflection — The load of the deck slab is applied to the girder
section resulting in an elastic downward deflection. The default time interval
for creep calculations for placing the deck slab is 120 days after the release of
prestress during girder fabrication for D,,, (40 days for D,).

Superimposed Dead Load Deflection — The load of the traffic barriers,
sidewalk, overlay, etc. is applied to the composite girder section resulting in an
elastic downward deflection.

Final Camber — It might be expected that the above deck slab dead load
deflection would be accompanied by a continuing downward deflection due

to creep. However, many measurements of actual structure deflections have
shown that once the deck slab is poured, the girder tends to act as though it is
locked in position. To obtain a smooth riding surface on the deck, the deflection
indicated on Figure 5.2.4-1 as “Screed Camber” (known as “C”) is added to the
profile grade elevation of the deck screeds. The “C” dimension and the “Screed
Setting Dimensions” detail shall be given in the plans.

D. Pre-camber — Prestressed concrete girders may be precambered to compensate for
the natural camber and for the effect of the roadway geometry.
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Prestressed Concrete Girder Camber
Figure 5.2.4-1
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5.2.5 Construction Joints

Construction joints must divide the structure into a logical pattern of separate elements
which also permit ease of manufacture and assembly.

The joint surfaces should be oriented perpendicular to the centroidal axis of the precast
element.

A. Types of Joints

Joints are either wide or match cast. Depending on their width, they may be filled
with CIP concrete or grout. Match cast joints are normally bonded with an epoxy
bonding agent. Dry match cast joints are not recommended.

B. Shear Keys

In order to assist shear transmission in wide joints, use a suitable system of keys.
The shape of the keys may be chosen to suit a particular application and they can
be either single keys or multiple keys. Single keys are generally large and localized
whereas multiple keys generally cover as much of the joint surface area as is
practical.

Single keys provide an excellent guide for erection of elements. Single keys are
preferred for all match cast joints.

For all types of joints, the surfaces must be clean, free from grease and oil, etc.
When using epoxy for bonding, the joints shall be lightly sandblasted to remove
laitance. For CIP or other types of wide joints, the adjacent concrete surfaces shall
be roughened and kept thoroughly wet, prior to construction of the joint. CIP joints
are generally preferred.

5.2.6 Inspection Lighting and Access

A. Confined Spaces — See Section 10.8.1 for design requirements for confined spaces.
B. Access Hatch, Air Vent Holes and Inspection Lighting

Box girders with inside clear height of less than or equal to 4 feet do not require
access, lighting, receptacles and ventilation. Utilities, longitudinal restrainers and
other components requiring inspection or maintenance are not permitted inside the
box girder cells.

Box girders with inside clear height greater than 4 feet but less than 6.5 feet shall
have access, lighting, receptacles and ventilation provided inside each box girder
cell containing utilities, longitudinal restrainers and other components requiring
inspection or maintenance.

Box girders with inside clear height greater than or equal to 6.5 feet shall have
access, lighting, receptacles and ventilation provided inside.

Access, lighting, receptacles and ventilation shall not be provided inside
prestressed concrete tub girder cells. Utilities, longitudinal restrainers and other
components requiring inspection or maintenance are not permitted inside the
girder cells.
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Access doors shall have a minimum 2'-6" diameter or 2'-6" square clear opening.
Lock box latches shall be installed on all access doors accessible from ground
level. Access hatches shall swing into the box girders and shall be placed at
locations that do not impact traffic. Lighting and receptacle requirements shall
conform to Design Manual M 22-01 Chapter 1040. Air vents shall conform to
Figures 5.2.6-1 and 5.2.6-2.

Box girder penetrations greater than one inch in diameter through the exterior shall
be covered with galvanized wire mesh screen to prevent vermin and birds from
accessing the penetration and the interior of the box girder. The wires shall have

a maximum spacing of 1 inch in both directions.
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Figure 5.2.6-2
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5.3 Reinforced Concrete Box Girder Bridges

Post-tensioning shall be required for all new CIP reinforced concrete single-span or
multi-span box girder bridges.

The use of CIP reinforced concrete (RC) box girder bridges without post-tensioning
shall be restricted to widening existing RC box girder bridges. RC box girder bridges
may also be used for bridges with tight curvatures or irregular geometry upon

the WSDOT Bridge Design Engineer’s approval. Partial prestressing shall not be
considered for design of RC box girders.

The performance and longevity of RC box girder bridges have been a major concern.
Cracking in RC box girders are flexural in nature and are an inherent part of reinforced
concrete design. RC box girders are designed for ultimate strength and checked for
distribution of reinforcement for service conditions and control of cracking. This
means that the concrete cracks under applied loads but the cracks are under control.
Open cracks in RC box girders result in rebar corrosion and concrete deterioration,
affecting the bridge longevity. Post-tensioning RC box girders eliminates cracks, limits
corrosion, and improves structural performance.

The above requirements apply equally to RC T-beam and slab bridges. However, these
types of superstructures are not encouraged. See also Sections 2.4.1.C and 2.4.1.D.

5.3.1 Box Girder Basic Geometries

A. Web Spacing — The most economical web spacing for ordinary box girder bridges
varies from about 8 to 12 feet. Greater girder spacing requires some increase in
both top and bottom slab thickness, but the cost of the additional concrete can be
offset by decreasing the total number of girder stems. Fewer girder stems reduces
the amount of form work required and can lower costs.

The number of girder stems can be reduced by cantilevering the top slab beyond
the exterior girders. A deck overhang of approximately one-half the girder spacing
generally gives satisfactory results. This procedure usually results in a more
aesthetic as well as a more economical bridge.

For girder stem spacing in excess of 12 feet or cantilever overhang in excess
of 6 feet, transverse post-tensioning shall be used.

B. Basic Dimensions — The basic dimensions for concrete box girders with vertical
and sloped exterior webs are shown in Figures 5.3.1-1 and 5.3.1-2, respectively.

1. Top Slab Thickness, T1 — (includes }%" wearing surface)
Tl = %;10) but not less than 7" with overlay or 7.5” without overlay.
2. Bottom Slab Thickness, T2 —
a. Near center span
T2 = 121—566” but not less than 5.5” (normally 6.0” is used).
b. Near intermediate piers

Thickening of the bottom slab is often used in negative moment regions
to control compressive stresses that are significant.

Transition slope = 24:1 (see T2 in Figure 5.3.1-1).
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3. Girder Stem (Web) Thickness, T3
a. Near Center Span

Minimum T3 = 9.0” — vertical

Minimum T3 = 10.0" — sloped

b. Near Supports — Thickening of girder stems is used in areas adjacent to
supports to control shear requirements.

Changes in girder web thickness shall be tapered for a minimum distance of
12 times the difference in web thickness.

Maximum T3 = T3 + 4.0"” maximum
Transition length = 12 x (difference in web thickness)
4. Intermediate Diaphragm Thickness, T4 and Diaphragm Spacing

a. For tangent and curved bridge with R > 800 feet

T4 = 0" (diaphragms are not required.)
b. For curved bridge with R < 800 feet

T4 =28.0"

Diaphragm spacing shall be as follows:

For 600" <R < 800'at 2 pt. of span.

For 400" <R < 600" at '5 pt. of span.

For R <400" at %4 pt. of span.

C. Construction Considerations — Review the following construction considerations
to minimize constructability problems:

1. Construction joints at slab/stem interface or fillet/stem interface at top slab are
appropriate.

All construction joints to have roughened surfaces.
Bottom slab is parallel to top slab (constant depth).
Girder stems are vertical.

Dead load deflection and camber to nearest '4&".
Skew and curvature effects have been considered.

Thermal effects have been considered.

e A o

The potential for falsework settlement is acceptable. This always requires
added stirrup reinforcement in sloped outer webs.
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D. Load Distribution

1. Unit Design — According to the AASHTO LRFD Specifications, the entire slab
width shall be assumed effective for compression. It is both economical and
desirable to design the entire superstructure as a unit rather than as individual
girders. When a reinforced box girder bridge is designed as an individual girder
with a deck overhang, the positive reinforcement is congested in the exterior
cells. The unit design method permits distributing all girder reinforcement
uniformly throughout the width of the structure.

2. Dead Loads — Include additional D.L. for top deck forms:
5 Ibs. per sq. ft. of the area.
10 Ibs. per sq. ft. if web spacing > 10"-0".

3. Live Load — See Section 3.9.4 for live load distribution to superstructure and
substructure.
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5.3.2 Reinforcement

This section discusses flexural and shear reinforcement for top slab, bottom slab, webs,
and intermediate diaphragms in box girders.

A. Top Slab Reinforcement

1. Near Center of Span — Figure 5.3.2-1 shows the reinforcement required near
the center of the span and Figure 5.3.2-2 shows the overhang reinforcement.

a. Transverse reinforcing in the top and bottom layers to transfer the load to
the main girder stems.

b. Bottom longitudinal “distribution reinforcement” in the middle half of the
deck span in S g is provided to aid distributing the wheel loads.

c. Top longitudinal “temperature and shrinkage reinforcement.”

2. Near Intermediate Piers — Figure 5.3.2-3 illustrates the reinforcement
requirement near intermediate piers.

Transverse reinforcing same as center of span.
b. Longitudinal reinforcement to resist negative moment (see Figure 5.3.2-3).

c. “Distribution of flexure reinforcement” to limit cracking shall satisfy the
requirement of AASHTO LRFD, Section 5.7.3.4 for class 2 exposure
condition.

3. Bar Patterns

a. Transverse Reinforcement — It is preferable to place the transverse
reinforcement normal to bridge center line and the areas near the expansion
joint and bridge ends are reinforcement by partial length bars.

b. Longitudinal Reinforcement

TOP LONGIT. REINF.
#5 @ 1'-0"

4 TRANSV. REINF.
|
e @ A PR I/j/'ﬁ*

7¥%" MAX. SPACING J

/A;:F‘XAREAOF

BOT. TRANSV.
BARS/FT.
2
po 220 (MAX. = .67)
Vs
Partial Section Near Center of Span
Figure 5.3.2-1
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Overhang Detail
Figure 5.3.2-2
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Figure 5.3.2-3
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B. Bottom Slab Reinforcement

1. Near Center of Span — Figure 5.3.2-5 shows the reinforcement required near
the center of the span.

a. Minimum transverse “distributed reinforcement.”
A,=0.005 x flange area with /24 distributed equally to each surface.
b. Longitudinal “main reinforcement” to resist positive moment.

c. Check “distribution of flexure reinforcement” to limit cracking per
AASHTO LRFD, Section 5.7.3.4 for class 2 exposure condition.

d. Add steel for construction load (sloped outer webs).

2. Near Intermediate Piers — Figure 5.3.2-6 shows the reinforcement required
near intermediate piers.

a. Minimum transverse reinforcement same as center of span.
b. Minimum longitudinal “temperature and shrinkage reinforcement.”
A,=0.004 x flange area with /24 distributed equally to each face.
c. Add steel for construction load (sloped outer webs).
3. Bar Patterns

a. Transverse Reinforcement — All bottom slab transverse bars shall be bent
at the outside face of the exterior web. For a vertical web, the tail splice will
be 1’-0" and for sloping exterior web 2’-0” minimum splice with the outside
web stirrups. See Figure 5.3.2-7.

b. Longitudinal Reinforcement — For longitudinal reinforcing bar patterns,
see Figures 5.3.2-5 and 5.3.2-6.

C. Web Reinforcement

1. Vertical Stirrups — Vertical stirrups for a reinforced concrete box section is
shown in Figure 5.3.2-8.

The web reinforcement shall be designed for the following requirements:

Vertical shear requirements.

* Out of plane bending on outside web due to live load on
cantilever overhang.
* Horizontal shear requirements for composite flexural members.
* Minimum stirrups shall be:
4y _ 5obw (5.3.2-1)
s fy
but not less than #5 bars at 1'-6",

Where: by is the number of girder webs x T3
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2.

Web Longitudinal Reinforcement — Web longitudinal reinforcement for
reinforced concrete box girders is shown in Figures 5.3.2-8 and 5.3.2-9. The
area of skin reinforcement A per foot of height on each side face shall be:

Ag = 0.012(d — 30) (5.3.2-2)
Reinforcing steel spacing < Web thickness (T3) or 12".

The maximum spacing of skin reinforcement shall not exceed the lesser of d/6
and 12". Such reinforcement may be included in strength computations if a
strain compatibility analysis is made to determine stresses in the individual bars
or wires. The total area of longitudinal skin reinforcement in both faces need
not exceed one half of the required flexural tensile reinforcement.

For CIP sloped outer webs, increase inside stirrup reinforcement and bottom
slab top transverse reinforcement as required for the web moment locked-in
during construction of the top slab. This moment about the bottom corner of the
web is due to tributary load from the top slab concrete placement plus 10 psf
form dead load. See Figure 5.3.2-10 for typical top slab forming.

D. Intermediate Diaphragm — Intermediate diaphragms are not required for bridges
on tangent alignment or curved bridges with an inside radius of 800 feet or greater.
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Bottom Slab Reinforcement Near Center of Span
Figure 5.3.2-5
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Figure 5.3.2-6
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| % 1
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1. Stirrup hanger must be placed above longitudinal steel when
diaphragm is skewed and slab reinforcement is placed
normal to center of roadway. (Caution: Watch for the
clearance with longitudinal steel.)

2. The reinforcement should have at least one splice to
facilitate proper bar placement.

Web Reinforcement Details
Figure 5.3.2-9
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TRIBUTARY LOAD
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Notes:

1. The diagonal brace supports web forms during web pour. After cure, the web is stiffer than the brace,
and the web attracts load from subsequent concrete placements.

2. The tributary load includes half the overhang because the outer web form remains tied to and transfers
load to the web which is considerably stiffer than the formwork.

3. Increase web reinforcement for locked-in construction load due to top slab forming for sloped web
box girders.

\

[ |

Typical Top Slab Forming for Sloped Web Box Girder
Figure 5.3.2-10
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5.3.3 Crossbeam

A. General — Crossbeam shall be designed in accordance with the requirements of
strength limit state design of AASHTO LRFD Specifications and shall satisty the
serviceability requirements for crack control.

B. Basic Geometry — For aesthetic purposes, it is preferable to keep the crossbeam
within the superstructure so that the bottom slab of the entire bridge is a continuous
plane surface interrupted only by the columns. Although the depth of the crossbeam
may be limited, the width can be made as wide as necessary to satisfy design
requirements. Normally, it varies from 3 feet to the depth of box but is not less
than the column size plus 1'-0” to allow placement of the column reinforcement as
shown in see Figures 5.3.3-1 and 5.3.3-2.

Crossbeams on box girder type of construction shall be designed as a T beam
utilizing the flange in compression, assuming the deck slab acts as a flange for
positive moment and bottom slab a flange for negative moment. The effective
overhang of the flange on a cantilever beam shall be limited to six times the flange
thickness.

The bottom slab thickness is frequently increased near the crossbeam in order to
keep the main box girder compressive stresses to a desirable level for negative
girder moments as shown in Figures 5.3.3-1 and 5.3.3-2. This bottom slab flare also
helps resist negative crossbeam moments. Consideration should be given to flaring
the bottom slab at the crossbeam for designing the cap even if it is not required for
resisting main girder moments.

C. Loads — For concrete box girders the superstructure dead load shall be considered
as uniformly distributed over the crossbeam. For concrete box girders the live
load shall be considered as the truck load directly to the crossbeam from the wheel
axles. Truck axles shall be moved transversely over the crossbeam to obtain the
maximum design forces for the crossbeam and supporting columns.

D. Reinforcement Design and Details — The crossbeam section consists of
rectangular section with overhanging deck and bottom slab if applicable. The
effective width of the crossbeam flange overhang shall be taken as the lesser of:

* 6 times slab thickness,
* Y0 of column spacing, or
* Y50 of crossbeam cantilever as shown in Figure 5.3.3-3.

The crossbeam shall have a minimum width of column dimension plus 6".

Crossbeam is usually cast to the fillet below the top slab. To avoid cracking of
concrete on top of the crossbeam, construction reinforcement shall be provided at
approximately 3" below the construction joint. The design moment for construction
reinforcement shall be the factored negative dead load moment due to the weight
of crossbeam and adjacent 10’ of superstructure each side. The total amount of
construction reinforcement shall be adequate to develop an ultimate moment at the
critical section at least 1.2 times the cracking moment M,,,.
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CONSTRUCTION JOINT [~ INTERIM REINFORCEMENT
WITH ROUGHENED SURFACEJ
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Crossbeam Top Reinforcement for Skew Angle < 25°
Figure 5.3.3-1

9" MIN. GAP FOR
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. . ALL REINFORCEMENT SIMILAR
TO FIGURE 5.5.3-1
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Crossbeam Top Reinforcement for Skew Angle > 25°
Figure 5.3.3-2
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Special attention should be given to the details to ensure that the column and
crossbeam reinforcement will not interfere with each other. This can be a problem
especially when round columns with a great number of vertical bars must be
meshed with a considerable amount of positive crossbeam reinforcement passing
over the columns.

1. Top Reinforcement — The negative moment critical section shall be at the
Y4 point of the square or equivalent square columns.

a. When Skew Angle < 25° — If the bridge is tangent or slightly skewed
deck transverse reinforcement is normal or radial to centerline bridge, the
negative cap reinforcement can be placed either in contact with top deck
negative reinforcement (see Figure 5.3.3-1) or directly under the main
deck reinforcement.

b. When Skew Angle > 25° — When the structure is on a greater skew and the
deck steel is normal or radial to the longitudinal centerline of the bridge,
the negative cap reinforcement should be lowered to below the main deck
reinforcement (see Figure 5.3.3-2).

c. To avoid cracking of concrete — Interim reinforcement is required below
the construction joint in crossbeams.

2. Skin Reinforcement — Longitudinal skin reinforcement shall be provided per
AASHTO LRFD, Section 5.7.3.4.

5.3.4 End Diaphragm

A. Basic Geometry — Bearings at the end diaphragms are usually located under the

girder stems to transfer loads directly to the pier as shown in Figure 5.3.4-1. In this
case, the diaphragm width shall be equal to or greater than bearing grout pads as
shown Figure 5.3.4-2.

Designer shall provide access space for maintenance and inspection of bearings.

Allowance shall be provided to remove and replace the bearings. Lift point
locations, jack capacity, number of jacks, and maximum permitted lift shall be
shown in the plan details.

S P

<
\ \
Bearing Locations at End Diaphragm
Figure 5.3.4-1
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¢ BRG.
P
VARIES ‘
- BLOCKOUT FOR
EXP. JOINT

/7 '

41 2. 0"%

7

* WIDTH 2 BEARING SOLE
PLATE GROUT FAD

OUT TO OUT LENGTH
OF BRIDGE > 400FT.
(NO REINFORCEMENT SHOWN)

L-shape Abutment End Diaphragm
Figure 5.3.4-2

The most commonly used type of end diaphragm is shown in Figure 5.3.4-3. The
dimensions shown here are used as a guideline and should be modified if necessary.
This end diaphragm is used with a stub abutment and overhangs the stub abutment.
It is used on bridges with an overall length less than 400 feet. If the overall length
exceeds 400 feet, an L-shape abutment should be used.

4& BRG.
220 |

10" 1'-4" | 10"

—

1

@

IN.

End Diaphragm with Stub Abutment
Figure 5.3.4-3

WSDOT Bridge Design Manual M 23-50.15
December 2015

Page 5-52



Chapter 5 Concrete Structures

B. Reinforcing Steel Details — Typical reinforcement details for an end diaphragm
are shown in Figure 5.3.4-4.

i BRG.

CONST. JOINT W/ ‘

ROUGHENED SURFACE —\WW’#@ /TTOF SLAB REINF.
7 T |

. ° (o) o[ X

. (o] . .

) & 6" FILLET |

#5— #4
o
46 < #10
%EOK SLAB REINF.
° 0 (o) I'I- !
#4 TIE —~ J J (=) =

#5 —|

Typical End Diaphragm Reinforcement
Figure 5.3.4-4

5.3.5 Dead Load Deflection and Camber

Camber is the adjustment made to the vertical alignment to compensate for the
anticipated dead load deflection and the long-term deflection caused by shrinkage and
creep. Estimating long-term deflection and camber for reinforced concrete flexural
members shall be based on the creep coefficient given in Section 5.1.1E. Alternatively,
Table 5.3.5-1 may be used for long-term camber multipliers.

Multiplier
Coefficient
Girder Adjacent to Existing/Stage Construction
Deflection (downward) — apply to the elastic deflection due to the weight of 1.90
member
Deflection (downward) — apply to the elastic deflection due to superimposed 2.20
dead load only
Girder Away From Existing/Stage Construction
Deflection (downward) — apply to the elastic deflection due to the weight of 2.70
member
Deflection (downward) — apply to the elastic deflection due to superimposed 3.00
dead load only
Long-term Camber Multipliers
Table 5.3.5-1
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In addition to dead load deflection, forms and falsework tend to settle and compress
under the weight of freshly placed concrete. The amount of this take-up is dependent
upon the type and design of the falsework, workmanship, type and quality of materials
and support conditions. The camber shall be modified to account for anticipated take-
up in the falsework.

5.3.6 Thermal Effects

Concrete box girder bridges are subjected to stresses and/or movements resulting from
temperature variation. Temperature effects result from time-dependent variations in
the effective bridge temperature and from temperature differentials within the bridge
superstructure.

A. Effective Bridge Temperature and Movement — Proper temperature expansion
provisions are essential in order to ensure that the structure will not be damaged
by thermal movements. These movements, in turn, induce stresses in supporting
elements such as columns or piers, and result in horizontal movement of the
expansion joints and bearings. For more details see Chapter 8.

B. Differential Temperature — Although time-dependent variations in the effective
temperature have caused problems in both reinforced and prestressed concrete
bridges, detrimental effects caused by temperature differential within the
superstructure have occurred only in prestressed bridges. Therefore, computation
of stresses and movements resulting from the vertical temperature gradients is
not included in this chapter. For more details, see AASHTO Guide Specifications,
Thermal Effects on Concrete Bridge Superstructures dated 1989.

5.3.7 Hinges

Hinges are one of the weakest links of box girder bridges subject to earthquake forces
and it is desirable to eliminate hinges or reduce the number of hinges. For more details
on the design of hinges, see Section 5.4.

Designer shall provide access space or pockets for maintenance and inspection
of bearings.

Allowance shall be provided to remove and replace the bearings. Lift point locations,
maximum lift permitted, jack capacity, and number of jacks shall be shown in the
hinge plan details.

5.3.8 Drain Holes

Drain holes shall be placed in the bottom slab at the low point of each cell to drain
curing water during construction and any rain water that leaks through the deck slab.
Additional drains shall be provided as a safeguard against water accumulation in the
cell (especially when waterlines are carried by the bridge). In some instances, drainage
through the bottom slab is difficult and other means shall be provided (i.e., cells

over large piers and where a sloping exterior web intersects a vertical web). In this
case, a horizontal drain shall be provided through the vertical web. Figure 5.3.8-1
shows drainage details for the bottom slab of concrete box girder bridges with steel
wire screen.
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5.4 Hinges and Inverted T-Beam Pier Caps

Hinges and inverted T-beam pier caps require special design and detailing
considerations. Continuous hinge shelves (both top and bottom projecting shelves) and
continuous ledges of inverted T-beam pier caps, which support girders, are shown in
Figure 5.4-1. In each case, vertical tensile forces (hanger tension) act at the intersection
of the web and the horizontal hinge shelf or ledge. In the ledges of inverted T-beam
pier caps, passage of live loads may also cause reversing torsional stresses which
together with conventional longitudinal shear and bending produce complex stress
distributions in the ledges’- 8.

Figure 5.4-2 provides minimum shelf or ledge support lengths (N) and provides
positive longitudinal linkage (e.g., earthquake restrainers) in accordance with the
current AASHTO LRFD Specifications for Seismic Design requirements. Design
considerations for beam ledges, inverted T-beam and hinges are given in AASHTO
LRFD, Section 5.13.2.5.

Inverted T-beam pier caps shall not be used for prestressed concrete girder bridges
unless approved by the WSDOT Bridge Design Engineer.
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5.5 Bridge Widenings

This section provides general guidance for the design of bridge widenings. Included
are additions to the substructure and the superstructure of reinforced concrete box
girder, flat slab, T-beam, and prestressed concrete girder bridges. For additional
information, see ACI Committee Report, Guide for Widening Highway Bridges®.

5.5.1 Review of Existing Structures

A. General — Obtain the following documents from existing records for preliminary
review, design, and plan preparation:

1. The “As-Built” contract plans, usually available from the ”Bridge Engineering
Information System” on the Bridge and Structures Office website.

2. The original contract plans and special provisions, which can be obtained from
Engineering Records (Plans Vault), Records Control or the ”Bridge Engineering
Information System” on the Bridge and Structures Office website.

3. Check with the Bridge Preservation Unit for records of any unusual
movements/rotations and other structural information.

4. Original design calculations, which are stored in State Archives.

5. Current field measurements. Current field measurements of existing pier
crossbeam locations are recommended so that new prestressed concrete girders
are not fabricated too short or too long. This is particularly important if piers
have been constructed with different skews.

6. Original and current Foundation Reports from the Materials Lab or from the
Plans Vault.

7. Change Order files to the original bridge contract in Records Control Unit.

B. Original Contract Plans and Special Provisions — Location and size of
reinforcement, member sizes and geometry, location of construction joints, details,
allowable design soil pressure, and test hole data are given on the plans. Original
contract plans can be more legible than the microfilm copies.

The special provisions may include pertinent information that is not covered on the
plans or in the AASHTO LRFD Specifications.

C. Original Calculations — The original calculations should be reviewed for any
“special assumptions” or office criteria used in the original design. The actual
stresses in the structural members, which will be affected by the widening, should
be reviewed. This may affect the structure type selected for the widening.

D. Final Records — For major widening/renovation projects, the Final Records
should be reviewed particularly for information about the existing foundations
and piles. Sometimes the piles indicated on the original plans were omitted,
revised, or required preboring. Final Records are available from Records Control
or Bridge Records (Final Records on some older bridges may be in storage at the
Materials Lab).
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5.5.2 Analysis and Design Criteria

A. General — Each widening represents a unique situation and construction operations
may vary between widening projects. The guidelines in this section are based on
years of WSDOT design experience with bridge widenings.

1.

Appearance — The widening of a structure should be accomplished in such a
manner that the existing structure does not look “added on to.” When this is not
possible, consideration should be given to enclosure walls, cover panels, paint,
or other aesthetic treatments. Where possible and appropriate, the structure’s
appearance should be improved by the widening.

Materials — Preferably, materials used in the construction of the widening shall
have the same thermal and elastic properties as the materials in the original
structure.

Load Distribution and Construction Sequence

The members of the widening should be proportioned to provide similar
longitudinal and transverse load distribution characteristics as the existing
structure. Normally this can be achieved by using the same cross sections and
member lengths that were used in the existing structure.

The construction sequence and degree of interaction between the widening and
the existing structure, after completion, shall be fully considered in determining
the distribution of the dead load for design of the widening and stress checks
for the existing structure.

A suggested construction sequence or stage construction shall be clearly shown
in the plans to avoid confusion and misinterpretation during construction. A
typical construction sequence may involve placing the deck concrete, removing
the falsework, placing the concrete for the closure strip, and placing the
concrete for the traffic barrier.

Specifications — The design of the widening shall conform to the current
AASHTO LRFD Specifications and the Standard Specifications for Road,
Bridge, and Municipal Construction.

Geometrical Constraints — The overall appearance and geometrical
dimensions of the superstructure and columns of the widening should be the
same or as close as possible to those of the existing structure. This is to ensure
that the widening will have the same appearance and similar structural stiffness
as the original structure.

Overlay — It should be established at the preliminary plan stage if an overlay is
required as part of the widening.

Strength of the Existing Structure — A review of the strength of the main
members of the existing structure shall be made for construction conditions
utilizing AASHTO LRFD Specifications.

A check of the existing main members after attachment of the widening shall be
made for the final design loading condition.

If the existing structural elements do not have adequate strength, consult your
Design Unit Manager or in the case of consultants, contact the Consultant
Liaison Engineer for appropriate guidance.
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If significant demolition is required on the existing bridge, consideration should
be given to requesting concrete strength testing for the existing bridge and
including this information in the contract documents.

8. Special Considerations

a. For structures that were originally designed for HS-20 loading, HL-93 shall
be used to design the widening. For structures that were originally designed
for less than HS-20, consideration should be given to replacing the structure
instead of widening it.

b. Longitudinal joints are not permitted in order to eliminate potentially
hazardous vehicle control problems.

c. The Standard Specifications do not permit falsework to be supported from
the existing structure unless the Plans and Specifications state otherwise.
This requirement eliminates the transmission of vibration from the existing
structure to the widening during construction. The existing structure may
still be in service.

d. For narrow widenings where the Plans and Specifications require that
the falsework be supported from the original structure (e.g., there are no
additional girders, columns, crossbeams, or closure strips), there shall be
no external rigid supports such as posts or falsework from the ground.
Supports from the ground do not permit the widening to deflect with the
existing structure when traffic is on the existing structure. This causes
the uncured concrete of the widening to crack where it joins the existing
structure. Differential dead load deflection during construction shall be
given consideration.

e. Precast members may be used to widen existing CIP structures. This
method is useful when the horizontal or vertical clearances during
construction are insufficient to build CIP members.

f. The alignment for diaphragms for the widening shall generally coincide
with the existing diaphragms.

g. When using battered piles, estimate the pile tip elevations and ensure that
they will have ample clearance from all existing piles, utilities, or other
obstructions. Also check that there is sufficient clearance between the
existing structure and the pile driving equipment.

B. Seismic Design Criteria for Bridge Widenings — Seismic design of bridge
widenings shall be per Section 4.3.

C. Substructure
1. Selection of Foundation

a. The type of foundation to be used to support the widening shall generally
be the same as that of the existing structure unless otherwise recommended
by the Geotechnical Engineer. The effects of possible differential settlement
between the new and the existing foundations shall be considered.
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b. Consider present bridge site conditions when determining new foundation
locations. The conditions include: overhead clearance for pile driving
equipment, horizontal clearance requirements, working room, pile batters,
channel changes, utility locations, existing embankments, and other
similar conditions.

2. Scour and Drift — Added piles and columns for widenings at water crossings

may alter stream flow characteristics at the bridge site. This may result in pier
scouring to a greater depth than experienced with the existing configuration.
Added substructure elements may also increase the possibility of trapping drift.
The Hydraulics Engineer shall be consulted concerning potential problems
related to scour and drift on all widenings at water crossings.

D. Superstructure

1.

Camber — Accurate prediction of dead load deflection is more important for
widenings than for new bridges, since it is essential that the deck grades match.

To obtain a smooth transition in transverse direction of the bridge deck, the
camber of the girder adjacent to the existing structure shall be adjusted for the
difference in camber between new and existing structure. A linear interpolation
may be used to adjust the camber of the girders located away from the existing
structure. The multipliers for estimating camber of new structure may be taken
as shown in Table 5.3.5-1.

Closure Strip — Except for narrow deck slab widenings a closure strip is
required for all CIP widenings. The width shall be the minimum required

to accommodate the necessary reinforcement and for form removal.
Reinforcement, which extends through the closure strip shall be investigated.
Shear shall be transferred across the closure strip by shear friction and/or
shear keys.

All falsework supporting the widening shall be released and formwork
supporting the closure strip shall be supported from the existing and newly
widened structures prior to placing concrete in the closure strip. Because of
deck slab cracking experienced in widened concrete decks, closure strips are
required unless the mid-span dead load camber is /2" or less.

Stress Levels and Deflections in Existing Structures — Caution is necessary
in determining the cumulative stress levels, deflections, and the need for
shoring in existing structural members during rehabilitation projects.

For example, a T-beam bridge was originally constructed on falsework and the
falsework was released after the deck slab concrete gained strength. As part
of a major rehabilitation project, the bridge was closed to traffic and the entire
deck slab was removed and replaced without shoring. Without the deck slab,
the stems behave as rectangular sections with a reduced depth and width. The
existing stem reinforcement was not originally designed to support the weight
of the deck slab without shoring. After the new deck slab was placed, wide
cracks from the bottom of the stem opened, indicating that the reinforcement
was overstressed. This overstress resulted in a lower load rating for the newly
rehabilitated bridge. This example shows the need to shore up the remaining
T-beam stems prior to placing the new deck slab so that excessive deflections
do not occur and overstress in the existing reinforcing steel is prevented.
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It is necessary to understand how the original structure was constructed,

how the rehabilitated structure is to be constructed, and the cumulative stress
levels and deflections in the structure from the time of original construction
through rehabilitation.

E. Stability of Widening — For relatively narrow box girder and T-beam widenings,
symmetry about the vertical axis should be maintained because lateral loads
are critical during construction. When symmetry is not possible, use pile cap
connections, lateral connections, or special falsework. A minimum of two webs
is generally recommended for box girder widenings. For T-beam widenings
that require only one additional web, the web should be centered at the axis of
symmetry of the deck slab. Often the width of the closure strip can be adjusted to
accomplish this.

In prestressed concrete girder bridge widenings with one or two lines of new
girders, the end and intermediate diaphragms shall be placed prior to the deck slab
casting to ensure the stability of the girders during construction. The closure shall
be specified for deck slab but shall not be required for diaphragms. The designer
shall investigate the adequacy of the existing girder adjacent to the widening for
the additional load due to the weight of wet deck slab transferred through the
diaphragms, taking into account the loss of removed overhang and barrier. The
diaphragms must be made continuous with existing diaphragms.

5.5.3 Removing Portions of the Existing Structure

Portions of the existing structure to be removed shall be clearly indicated on the plans.
Where a clean break line is required, a %" deep saw cut shall be specified for a deck
slab with normal wear and a 2" deep saw cut for worn deck slabs. In no case, however,
shall the saw blade cut or nick the main transverse top slab reinforcement. The special
provisions shall state that care will be taken not to damage any reinforcement which

is to be saved. Hydromilling is preferred where reinforcing bar cover is shallow and
can effectively remove delaminated decks because of the good depth control it offers.
When greater depths of slab are to be removed, special consideration should be given
to securing exposed reinforcing bars to prevent undue vibration and subsequent fatigue
cracks from occurring in the reinforcing bars.

The current General Special Provisions should be reviewed for other specific
requirements on deck slab removal.

Removal of any portion of the main structural members should be held to a minimum.
Careful consideration shall be given to the construction conditions, particularly when
the removal affects the existing frame system. In extreme situations, preloading by
jacking is acceptable to control stresses and deflections during the various stages of
removal and construction. Removal of the main longitudinal deck slab reinforcement
should be kept to a minimum. See “Slab Removal Detail” Figure 5.5.4-1 for

the limiting case for the maximum allowable removal.

The plans shall include a note that critical dimensions and elevations are to be verified
in the field prior tothe fabrication of precast units or expansion joint assemblies.
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In cases where an existing sidewalk is to be removed but the supporting slab under the
sidewalk is to be retained, Region personnel should check the feasibility of removing
the sidewalk. Prior to design, Region personnel should make recommendations on
acceptable removal methods and required construction equipment. The plans and
specifications shall then be prepared to accommodate these recommendations. This
will ensure the constructibility of plan details and the adequacy of the specifications.

5.5.4 Attachment of Widening to Existing Structure
A. General

1.

Lap and Mechanical Splices — To attach a widening to an existing structure,
the first choice is to utilize existing reinforcing bars by splicing new bars to
existing. Lap splices or mechanical splices should be used. However, it may not
always be possible to splice to existing reinforcing bars and spacing limitations
may make it difficult to use mechanical splices.

Welding Reinforcement — Existing reinforcing steel may not be readily
weldable. Mechanical splices should be used wherever possible. If welding is
the only feasible means, the chemistry of the reinforcing steel must be analyzed
and acceptable welding procedures developed.

Drilling Into Existing Structure — It may be necessary to drill holes and set
dowels in epoxy resin in order to attach the widening to the existing structure.

When drilling into heavily reinforced areas, chipping should be specified to
expose the main reinforcing bars. If it is necessary to drill through reinforcing
bars or if the holes are within 4 inches of an existing concrete edge, core
drilling shall be specified. Core drilled holes shall be roughened before resin

is applied. If this is not done, a dried residue, which acts as a bond breaker and
reduces the load capacity of the dowel, will remain. Generally, the drilled holes
are 5" in diameter larger than the dowel diameter for #5 and smaller dowels
and 74" in diameter larger than the dowel diameter for #6 and larger dowels.

In special applications requiring drilled holes greater than 12" diameter
or deeper than 2', core drilling shall be specified. These holes shall also be
intentionally roughened prior to applying epoxy resin.

Core drilled holes shall have a minimum clearance of 3" from the edge of
the concrete and 1" clearance from existing reinforcing bars in the existing
structure. These clearances shall be noted in the plans.

Dowelling Reinforcing Bars Into the Existing Structure

a. Dowel bars shall be set with an approved epoxy resin. The existing
structural element shall be checked for its adequacy to transmit the load
transferred to it from the dowel bars.

b. Dowel spacing and edge distance affect the allowable tensile dowel loads.
Allowable tensile loads, dowel bar embedment, and drilled hole sizes
for reinforcing bars (Grade 60) used as dowels and set with an approved
epoxy resin are shown in Table 5.5.4-1. These values are based on an edge
clearance greater than 3", a dowel spacing greater than 6”, and are shown
for both uncoated and epoxy coated dowels. Table 5.5.4-2 lists dowel
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embedment lengths when the dowel spacing is less than 6”. Note that in
Table 5.5.4-2 the edge clearance is equal to or greater than 3", because this
is the minimum edge clearance for a drilled hole from a concrete edge.

If it is not possible to obtain these embedments, such as for traffic railing
dowels into existing deck slabs, the allowable load on the dowel shall

be reduced by the ratio of the actual embedment divided by the required
embedment.

¢. The embedments shown in Table 5.5.4-1 and Table 5.5.4-2 are based on
dowels embedded in concrete with ' =4,000 psi.

Bar | Allowable Design | Drill Hole Required Embedment, L,

Size |Tensile Load, T* (kips)| Size (in) Uncoated (in) |Epoxy Coated (in)
#4 12.0 % 7 8

#5 18.6 % 8 9

#6 26.4 1 9 10

#7 36.0 1% 11 12

#8 47.4 1V 13 14.5

#9 60.0 1% 16 17%

#10 73.6 1% 20 22

#11 89.0 1% 25 28

* Allowable Tensile Load (Strength Design) = (f,)(As).

Allowable Tensile Load for Dowels Set With Epoxy Resin f'. = 4,000
psi, Grade 60 Reinforcing Bars, Edge Clearance 2 3", and Spacing 2 6"

Table 5.5.4-1
Bar | Allowable Design | Drill Hole Required Embedment, L,
Size |Tensile Load, T* (kips)| Size (in) Uncoated (in) |Epoxy Coated (in)
#4 12.0 % 9% 10%
#5 18.6 % 10% 1%
#6 26.4 1 1% 12%
#7 36.0 1% 13% 15
#8 47.4 1% 16% 18
#9 60.0 1% 20 22
#10 73.6 1% 24 27
#11 89.0 1% 30 33

*Allowable Tensile Load (Strength Design) = (f,)(As).

Allowable Tensile Load for Dowels Set With Epoxy Resin, f'.=4,000
psi, Grade 60 Reinforcing Bars, Edge Clearance 2 3", and Spacing < 6"
Table 5.5.4-2
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5. Shear Transfer Across a Dowelled Joint — Shear shall be carried across the
joint by shear friction. The existing concrete surface shall be intentionally
roughened. Both the concrete and dowels shall be considered effective
in transmitting the shear force. Chipping shear keys in the existing concrete can
also be used to transfer shear across a dowelled joint, but is expensive.

6. Preparation of Existing Surfaces for Concreting — See “Removing Portions
of Existing Concrete” in the General Special Provisions and Standard
Specifications Section 6-02.3(12) for requirements. Unsound, damaged, dirty,
porous, or otherwise undesirable old concrete shall be removed, and the
remaining concrete surface shall be clean, free of laitance, and intentionally
roughened to ensure proper bond between the old and new concrete surfaces.

7. Control of Shrinkage and Deflection on Connecting Reinforcement —
Dowels that are fixed in the existing structure may be subject to shear as a
result of longitudinal shrinkage and vertical deflection when the falsework
is removed. These shear forces may result in a reduced tensile capacity of
the connection. When connecting the transverse reinforcing bars across
the closure strip is unavoidable, the interaction between shear and tension
in the dowel or reinforcing bar shall be checked. The use of wire rope or
sleeved reinforcement may be acceptable, subject to approval by your
Design Unit Manager.

Where possible, transverse reinforcing bars shall be spliced to the existing
reinforcing bars in a blocked-out area which can be included in the closure
strip. Nominal, shear friction, temperature and shrinkage, and distribution

reinforcing bars shall be bent into the closure strip.

Rock bolts may be used to transfer connection loads deep into the existing
structure, subject to the approval of your Design Unit Manager.

8. Post-tensioning — Post-tensioning of existing crossbeams may be utilized
to increase the moment capacity and to eliminate the need for additional
substructure. Generally, an existing crossbeam can be core drilled for post-
tensioning if it is less than 30" long. The amount of drift in the holes alignment
may be approximately 1” in 20". For crossbeams longer than 30’, external
post-tensioning should be considered.

For an example of this application, refer to Contract 3846, Bellevue Transit
Access — Stage 1.
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B. Connection Details — The details on the following sheets are samples of details
which have been used for widening bridges. They are informational and are not
intended to restrict the designer’s judgment.

1. Box Girder Bridges — Figures 5.5.4-1 through 5.5.4-6 show typical details for
widening box girder bridges.

Welding or mechanical butt splice are preferred over dowelling for the main
reinforcement in crossbeams and columns when it can be done in the horizontal
or flat position. It shall be allowed only when the bars to be welded are free
from restraint at one end during the welding process.

SAVE EXIST. TRANSY. SLAB
REINF. CLEAN AND STRAIGHTENI

D
REMOVE PORTION OF EXIST. (MAY VARY) A
STRUCTURE TO THIS LINE Ol
(SEE "REMOVING PORTIONS OF |
EXISTING STRUCTURE" IN THE A ____ T LI
GENERAL SPECIAL PROVISIONS.)7 | s saw cur
/4
|
I
/ |
_____ 1
SAVE MAIN
LONGIT. REINF.
1“
— | |-——
1%”
——
~— OUTSIDE FACE OF
EXISTING STRUCTURE
Deck Slab Removal Detail
Figure 5.5.4-1
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STAGE 1 OR EXISTING BRIDGE,

FOR NEW CONSTRUCTION, USE
" X 3¥%" SHEAR KEYS. FOR
EXISTING BRIDGE WIDENING, CLEAN
AND ROUGHEN SURFACE IN
ACCORDANCE WITH STANDARD
SPECIFICATION 6-02.5(12)

=]

.

11”

N
\

1_411

oL

/

L WEB
STAGE 2 OR BRIDGE WIDENING
1'-1" DOWEL REQUIRED

IF WIDENING
#& BARS LAFP SPLICED

'

STAY IN PLACE FORM
PLACE WITH RIBS
HORIZONTAL *

/—QHEAR KEYS TO BE IN
ACCORDANCE WITH STANDARD
SPECIFICATION 6-02.3(12)

—

— iy

L

#6 BAR, 9" DOWEL
REQUIRED IF WIDENIN

A

L 5/8”

|
AN SOFFIT

&" CLOSURE

STAY IN PLACE FORM DETAIL

FOR BOX GIRDER STAGED CONSTRUCTION

OR WIDENING

* STAY IN PLACE FORMS SHALL BE SOLID GALVANIZED SHEET

METAL.

FORMS MUST BE VERTICALLY BRACED AS NECCESSARY

TO PREVENT BOWING DURING CONCRETE FLACEMENT.
TIMBER BRACING MUST BE REMOVED. IF STEEL WALES

OR TIES ARE USED, THEY MAY BE LEFT IN PLACE. THE
CONTRACTOR SHALL SUBMIT DESIGN CALCULATIONS IN
ACCORDANCE WITH STANDARD SPECIFICATIONS 6-02.3(16)

AND 6-02.3(17).

Box Girder Section in Span
Figure 5.5.4-2
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OUTSIDE FACE OF
EXTERIOR GIKDEK\
TO BE DETERMINED BY DESIGNER — [=—

LAF SFPLICE TOFP TRANSVERSE SLAB
BARS OF WIDENING TO EXISTING
TOP TRANSVERSE SLAB BARS.

END OF EXISTING TOP
TRANSVERSE SLAB BAR
% | %" DEEP SAW CUT IN EXIST. SLAB
| For worN or RUTTED DECKS
P

- ] 4 ry . . - = "
— — =
} — L] s T T
T Sy |
S A I | — ROUGHEN AND CLEAN
=13 fr’i ! THIS SURFACE
L SHEAR KEYS
BOT. TRANSV. STIRR. :
SLAB BAR C——+}—SEE TABLE 5.5.4-1 OR
— o __ 5.5.4-2 FOR MIN. DOWEL
“ EMBEDMENT
%" RECESS IN AREA OF CLOSURE STRIP
WIDENING EXISTING STRUCTURE

6" MIN. - CLOSURE STRIFP - FROVIDE
SUFFICIENT SFACE FOR REINFORCING
FPLACEMENT AND FORM REMOVAL.

THIS BAR SHALL BE LONG ENOUGH TO LAF
WITH TRANSV. REINF. IN WIDENING

IF DOWELS ARE EXTENDED STRAIGHT INTO WIDENING,
CHECK ADDITIONAL STRESSES DUE TO DEAD LOAD
DEFLECTION AND SHRINKAGE.

DROFP MAIN LONGITUDINAL
REINFORCING BELOW CLOSURE STRIF.

Box Girder Section Through Crossbeam
Figure 5.5.4-3
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MOMENT
SHEAR KEYS

CONNECTION BARS

DEFTH AND WIDTH OF CLOSURE

STRIP AT X-BEAM MAY BE ADJUSTED

/ TO PROVIDE REQ'D CLEARANCE.

*, KX

%" SAW CUT
J— ‘\ _____
/ I ROUGHEN & CLEAN
\ // THIS SURFACE
T \ Z

‘ E;H? B
2" RECESS IN AREA
| OF CLOSURE STRIP

ADJUST FLACEMENT OF 6" MIN. CLOSURE STRIP
BOT. SLAB TO FROVIDE

1%" MIN. COYER FOR

BOTTOM MOMENT

CONNECTION BARS.

1%" CLR

T \J
==

CONSTRUCTION JOINT —

WIDENING EXISTING STRUCTURE

SEE "BOX GIRDER - SECTION IN SFAN" FOR ADDITIONAL DETAILS.

*X SEE TABLE 5.5.4-1 OR 5.5.4-2
FOR MINIMUM DOWEL EMBEDMENT

Box Girder Section in Span at Diaphragm Alternate |
Figure 5.5.4-4
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SECOND STAGE CONSTRUCTION OR
CLOSURE STRIFP BETWEEN FIERS

FIRST STAGE CONSTRUCTION BETWEEN 2'-3" EXIST. BRIDGE
PIERS (EXCEFT TRAFFIC BARRIER) MIN.*

LAP SPLICE TRANSV. SLAB BARS TO
EXIST. TOP TRANSV. SLAB BARS AND =
BOTTOM SLAB DOWEL BARS
ROUGHEN AND
CLEAN THIS SURFACE
SHEAR KEYS %" SAW CcUT
CONSTR. JOINT

CLOSURE STRIP

SEE "SLAB REMOVAL
DETAIL" FIGURE 5.5.4-1

DIAPHRAGMJ /

LAFP SFLICE (TYF.) SEE TABLE 5.5.4-1 OR

5.5.4-2 FOR MINIMUM
DOWEL EMBEDMENT

WIDENING EXISTING STRUCTURE

* |F LAP SFPLICE EXCEEDS 2'-0", INCREASE WIDTH OF CLOSURE
STRIP TO ACCOMMODATE INCREASED LAF SFLICE.

Box Girder Section in Span at Diaphragm Alternate Il
Figure 5.5.4-5
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FINAL CLOSURE

TO BE DETERMINED BY ENGINEER

SEE TABLE 5.5.4-1 OR 5.5.4-2
FOR MIN. DOWEL EMBEDMENT
AND DRILLED HOLE SIZE

CONST. JT. ROUGHEN & CLEAN THIS
SURFACE AT INT. DIAFPH.

SEE DETAIL/ P\ OR ALT. DETAIL/ P
NV =/

HOLE SIZE AND
EMBEDMENT DEFPTH
PER TABLE 5.5.4-1 OR 5.5.4-

FINAL CLOSURE
AT INT. DIAPH.

NOTE: THIS ALTERNATE AFPFPLIES TO NARROW
WIDENINGS WHERE SHEAR IN THE EXTERIOR
WEB 1S NOT CRITICAL. THIS IS TYFICAL FOR ROUGHEN & CLEAN
SHORT TO MEDIUM SFANS OR WHERE THE THIS SURFACE
EXISTING SLAB OVERHANG 1S CONSIDERABLY
LESS THAN HALF THE WEB SFACING.

8"

EMBEDMENT LENGTH (PER TABLE 5.5.4-1, 5.5.4-2, #4 3 é
OR MANUFACTURER'S RECOMMENDATION #4 T

DEVELOPMENT LENGTH

L = THREADED [ A
COUFPLER CLR |lom BOT. OF EXIST.
LENGTH [ R STRUCTURE
z e, 7 FINAL CLOSURE

;é»‘ gz | s
[%IN' R B . 1 DETAIL m

COUPLER MAY BE USED IN N, ¥ 9=/~ THREADED ANCHOR BOLT
LIEU OF FULL LENGTH BOL N WITH EPOXY RESIN SYSTEM
OUTSIDE FACE OF E e .
EXIST. CONCRETE V" WASHER
ALT. DETAIL KP\ STD. NUT (PROOF LOAD TO
25% BOLT CAPACITY)

N

NOTE: INSTALL ANCHOR BOLT WITH EFOXY
RESIN SYSTEM FER MANUFACTURER'S
RECOMMENDATIONS IN DRY CONDITIONS.

Narrow Box Girder Widening Details
Figure 5.5.4-6
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2. Flat Slab Bridges — It is not necessary to remove any portion of the existing

slab to expose the existing transverse reinforcing bars for splicing purposes,
because the transverse slab reinforcement is only distribution reinforcement.
The transverse slab reinforcement for the widening may be dowelled directly
into the existing structure without meeting the normal splice requirements.

For the moment connection details, see Figure 5.5.4-7.
Note: Falsework shall be maintained under pier crossbeams until closure pour

is made and cured for 10 days.

CLOSURE STRIF

EXISTING WIDENING

STRUCTURE

STEEL REINFORCEMENT
31
/4! DEEF SAW CUT IN CLOSURE STRIP

IN EXISTING QLABj\ 1S NOT SHOWN.
- |l o e Y e o
'T?—' — ! ./¢
== Il_o

4 SHEAR KEYS
- — — — - ____T____7Z_'

| ‘

><7 | _J——‘:‘:__—"__L

| - —
L/ == |
LKOUGHEN AND CLEAN

THIS SURFACE

SEE TABLE 5.5.4-1 OR 5.5.4-2
FOR MINIMUM DOWEL
EMBEDMENT (TYFICAL)

NOTE: FALSEWORK SHALL BE MAINTAINED UNDER FPIER CROSSBEAMS
UNTIL CLOSURE FPOUR IS MADE AND CURED 10 DAYS.

Flat Slab - Section Through Crossbeam
Figure 5.5.4-7
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3. T-Beam Bridges — Use details similar to those for box girder bridges for
crossbeam connections. See Figure 5.5.4-8 for slab connection detail.

WIDENING

CLOSURE STRIP CONCRETE
WIDTH SHALL ACCOMMODATE
REQUIRED LAP SPLICE.

EXISTING STRUCTURE_

LAP TOP TRANSY. SLAB
BARS WITH EXIST. TOP
TRANSY. SLAB BARS

Y

(AFTER REMOVAL)

EDGE OF
EXISTING WEB

END OF EXISTING TOFP
i TRANSY. SLAB BAR

LAP SPLICE TRANSY.
EXIST. BOT. TRANSY.

2" |- ‘ %" DEEP SAW CUT

[!N EXISTING SLAB

I - — — — — — —

Vad Va —_——

,,,,,,,, CLEAN THIS
SURFACE

CONTINUOUS
SHEAR KEY

SEE "SLAB REMOVAL
DETAIL" IN FIG. 5.5-1
FOR ALTERNATE DETAIL.

SLAB BARS TO
SLAB BARS

T-Beam - Section in Span
Figure 5.5.4-8
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4. Prestressed Concrete Girder Bridges — Use details similar to those for box
girder bridges for crossbeam moment connections and use details similar to
those in Figure 5.5.4-9 for the slab connection detail.

FPORTION OF EXIST. DECK
SLAB TO BE REMOVED

S5AVE EXISTING TRANSY.
SLAB BARS

LAP SPLICE TOP TRANSY.
SLAB BARS TO EXIST. TOF
TRANSV. SLAB BARS.

EDGE OF EXIST. SLAB —

TOP FLANGE WIDTH

X =

4" < B

2

CLOSURE STRIP WITH
2'-0" MIN. LAP SPLICE

% EXT. GIRDER

|
X
|
%" DEEP SAW CUT

IN EXIST. SLAB
FXIET TRANSV TOFP

C

LLAF SPLICE BOTTOM TRANSY.
SLAB BARS TO EXIST. BOTTOM
TRANSY. SLAB BARS. *

AND BOTTOM SLAB BARS
= e
m
CONTINUOUS \ | TJ—CLEAN THIS
SHEAR KEY g SURFACE
MECHANICAL

BUTT SPLICE *

-

(

WIDENING

EXISTING STRUCTURE
(AFTER REMOVAL)

* JF EXISTING TRANSVERSE BOTTOM SLAB BARS ARE TOO SHORT
FOR A CONVENTIONAL LAP SPLICE THEY SHOULD BE BUTT
SPLICED WITH A MECHANICAL COUFPLER.

Prestressed Concrete Girder - Section in Span

Figure 5.5.4-9
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