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SECTION 1:

GENERAL

1.1—SCOPE

These Specifications shall govern vehicular
steel bridge fabrication. This work shall consist
of furnishing and fabricating steel structures and
structural steel portions of other structures in
accordance with these Specifications and the contract
documents.

Details of design which are permitted to be
selected by the Fabricator or Contractor shall conform
to the provisions of the current AASHTO LRFD
Bridge Design Specifications (BDS). All numbered
references herein to specific Articles in the BDS shall
refer to the 9™ Edition.

Fabrication and welding, in addition to the
requirements of these Specifications, shall conform to
the provisions of the current AASHTO/AWS D1.5M/
D1.5 Bridge Welding Code (D1.5M/DL.5).

Primary members or portions thereof designated in
the contract documents as fracture critical members
(FCMs) or system redundant mmbers (SRMs) shall
conform to the provisions of Clause 12 of the current
D1.5M/D1.5.

Coatings shall be considered outside the scope
of these Specifications. Fabrication of pedestrian
bridges, non-bridge structures or components such
as expansion joints, bearings, or tubular members
shall also be considered outside the scope of this
specification.

1-1

Cl1

The primary objective of these Specifications
is to achieve quality and value in the fabrication
of vehicular steel bridges and to help standardize
vehicular steel bridge fabrication across the nation.

Historically, state Departments of Transportation
(DOTs) have written their fabrication specifications
based on AASHTO standards and their own
individual experiences. Though this approach has
worked reasonably well, many owners and fabricators
recognized that all would benefit from a common
specification because:

* Variations among projects in the shop would be
minimized because fabricators would not need
different practices, procedures, and operations for
each owner, and minimizing variation improves
quality and reduces errors.

* Economy in bridge fabrication would improve be-
cause fabricators would not have to change their
methods and production variables from owner to
owner.

» Expertise in steel bridge fabrication could be
shared among states, resulting in a well-rounded,
consistent fabrication standard.

« Owners would be able to share their resources,
minimizing the effort each would otherwise have
to expend to maintain a bridge fabrication speci-
fication.

These Specifications are based on existing state
specifications, the AASHTO/NSBA Steel Bridge
Collaboration S2.1, Steel Bridge Fabrication Guide
Specification (S2.1); the AASHTO L RFD Bridge
Construction Specifications (BCS); the AASHTO
LRFD Bridge Design Specifications (BDS); and
the AASHTO/AWS DI1.5M/D1.5 Bridge Welding
Code (D1.5M/D1.5). These Specifications defer
to D1.5, the U.S. customary units specification in
AASHTO/AWS DI1.5M/D1.5, for specific welding
requirements and for weld qualification testing
requirements. The Owner is also encouraged to refer to
the FHWA Welding Reference Manual for additional
detailed information on welding. More information
about AWS is available from their website at https://
WWW.aWs.org.

These Specifications assume that coating
provisions are addressed in the referring Owner’s
standard specifications. For painting, the Owner is
encouraged to refer to Steel Bridge Collaboration
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LRFD STEEL BRIDGE FABRICATION SPECIFICATIONS

1.2—DEFINITIONS

1.2.1—Contractor

The Contractor shall be defined as the entity or
its authorized representative responsible for proper
completion of all tasks required by the contract
documents. Subcontractors, including fabricators,
erectors, and field painters, may be used by
the Contractor, but the Contractor shall retain
responsibility for conformance of the final product
to contract requirements. The Contractor may
permit direct subcontractor interaction with the
Owner to expedite the project, but subcontractors
shall inform the Contractor of any proposed
modifications to contract requirements accepted by
the Owner. The Contractor may permit or reject the
changes.

1.2.2—Fabricator

The Fabricator shall be defined as the entity
performing shop activities including the procurement,
detailing, and manufacture of the structural steel
and related components in their scope of supply.
The Fabricator shall also include any agents of the
Fabricator, such as subcontract fabricators. In some
cases, the Fabricator may also be the Contractor,
but usually the Fabricator is subcontracted by the
Contractor. In these Specifications, the term Fabricator
shall be used to describe roles usually performed by
the Fabricator, but these roles could also be performed
by the Contractor.

1.2.3—Owner
The Owner shall be defined as the entity or its

authorized representative who has authority to define
or accept changes to contract requirements.

S8.1, Guide Specification for Application of Coating
Systems with Zinc-Rich Primers to Steel Bridges.
ASTM AI123/A123M, Standard Specification for
Zinc (Hot-Dip Galvanized) Coatings on Iron and
Steel Products is a commonly specified standard for
galvanizing. For thermal-sprayed coatings, the Owner
is encouraged to refer to Steel Bridge Collaboration
S8.2, Specification for Application of Thermal Spray
Coating Systems to Steel Bridges.

C1.2.3

The Owner may have multiple representatives for
various aspects or phases of the work, either as direct
employees or through professional firms contracted
for the work. Typically, the party responsible for
the structure’s adequate design is referred to as the
Designer or the Engineer of Record (EOR). The
Verification Inspector, defined in Article 1.2.5,
represents the Owner in the shop or field, but is often
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1.2.4—Quality Control Inspector

The Quality Control (QC) Inspector shall be defined
as the duly designated person who acts for, and on behalf
of, the Fabricator on inspection, testing, and quality
matters to ensure that materials and workmanship
satisfy the requirements of the contract documents.

1.2.5—Verification Inspector

The Verification Inspector shall be defined as the
Owner’s representative who has the responsibility to
accept the fabricated product based on conformance
with the contract documents.

1.2.6—Contract Documents

The contract documents shall be defined as
any codes, specifications, drawings, or additional
requirements that are contractually specified by the
Owner.

1.2.7—Primary and Secondary Members

The terms “primary member” and “secondary
member” are defined in the BDS.

given only limited decision-making authority. The
party authorized to make engineering decisions during
fabrication or construction may be the EOR or some
other designated individual such as a Construction
Engineer or Materials Engineer. In these Specifications,
the term “Owner” is usually used to encompass any
relevant roles, except that “Verification Inspector” and
“Designer” are used when those specific roles are
discussed. In some cases, such as on public—private
partnership projects and some design—build projects,
the Owner is a private entity who has been granted
contract authority by the government who might
otherwise own the completed structure.

C1.2.5

This function is sometimes referred to as the
Owner’s Inspector or as the Quality Assurance (QA)
Inspector. The use of “QA” to refer to this function
is avoided because the term is also frequently used
to describe higher-level quality functions within the
Fabricator’s quality management system.

C1.2.6

Appendix A includes items not specified in these
Specifications that Owners should address elsewhere
in their contract documents.

C1.2.7

The term “primary member” is defined in the 9th
Edition of the BDS as follows: “a steel member or
component that transmits gravity loads through a
necessary as-designed load path. These members are
therefore subjected to more stringent fabrication and
testing requirements; considered synonymous with
the term ‘main member’.”

The term “secondary member” is defined in the
9th Edition of the BDS as follows: “a steel member
or component that does not transmit gravity loads
through a necessary as-designed load path.”

Primary and secondary members are more
specifically defined in BDS Table 6.6.2.1-1, which is
provided for reference in Appendix B. Cross-frames
and diaphragms in horizontally curved bridges are
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LRFD STEEL BRIDGE FABRICATION SPECIFICATIONS

1.2.8—Fracture-Critical Members

The term “fracture-critical member” or FCM is
defined in the BDS.

1.2.9—System Redundant Members

The term “system redundant member” is defined
in the BDS.

1.3—FABRICATOR CERTIFICATION
1.3.1—Requirements

Unless otherwise specified, certification from the
American Institute of Steel Construction (AISC)
Quality Certification Program shall be required
for Fabricators to the standard and supplemental
requirements appropriate for the type of work being
performed. The standards include:

* AISC 207, Standard for Certification Programs,
Chapters 1 and 4—required for vehicular steel bridge
superstructures; and

e AISC 420/SSPC-QP 3, Certification Standard for
Shop Application of Complex Protective Coating

defined as primary members, but do not require shop
assembly.

Because it is not the Fabricator’s responsibility
to understand and apply design principles, the BDS
requires the Designer to note all primary members
or components, or portions thereof, subject to tension
under Strength Load Combination I on the contract
plans.

C1.2.8

The term “fracture-critical member” or FCM is
defined in the 9 Edition of the BDS as follows: “a
steel primary member or portion thereof subject to
tension whose failure would probably cause a portion
of or the entire bridge to collapse.”

The BDS requires the Designer to designate which
primary members or portions thereof are fracture-
critical.

C1.2.9

The term “system redundant member” is defined
in the 9" Edition of the BDS as follows: “A steel
primary member or portion thereof subject to
tension for which the redundancy is not known by
engineering judgment, but which is demonstrated to
have redundancy through a refined analysis.”

In essence, SRMs are members that appear to be
fracture-critical based on traditional conventions but
can be shown to have alternate load paths and are
therefore designated as redundant. They have the same
fabrication requirements as FCMs but do not become
part of the Owner’s fracture-critical inventory.

The BDS requires the Designer to designate which
primary members or portions thereof are SRMs.

C1.3.1

Certification is intended to help ensure that the
Fabricator has the needed expertise and commitment
to quality to achieve a successful project.

The Owner is advised not to require certification
endorsements for categories of a higher complexity
than the structure warrants. The AISC endorsement
requirements have been written to be pertinent to
specific structure types and may not be relevant for
simpler bridges.
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Systems—required for any shop painting per-
formed on steel bridges.

The base level of certification of bridge fabricators
to AISC 207 shall apply to simple bridges, which
are bridges consisting of unspliced rolled sections.
The following supplements to the bridge fabrication
requirements of AISC 207 shall also be required, as
applicable:

» Fracture Critical Endorsement—required for any
fabrication conducted on fracture-critical mem-
bers, system redundant members, or internally re-
dundant members.

» Intermediate Bridges—required for bridges in the
following categories:

1. Rolled beam bridges with field or shop splices,
either straight or with a radius over 500 ft;

2. Built-up I-shaped plate girder bridges with
constant web depth (except for dapped ends),
with or without splices, either straight or with a
radius over 500 ft;

3. Built-up I-shaped plate girder bridges with
variable web depth (e.g., haunched), either
straight or with a radius over 1000 ft;

4. Other bridges determined by the Owner to
require a similar level of skill as Categories 1
through 3.

* Advanced Bridges—bridges that do not fall under
the definition of simple or intermediate bridges.

1.3.2—Review of Audit Results

The Owner shall be allowed to review the closing
report from the most recent AISC audit.

An example of what might be designated an
intermediate bridge that does not meet the typical
Categories 1 through 3 listed in this Article would be a
“prefabricated” truss bridge, which would be entirely
or substantially pre-assembled at the certified facility
and shipped in only a few sub-assemblies. Because
most of the connections are made in the shop and not
the field, the geometric control required to ensure fit
of field connections is not as rigorous as a truss bridge
fully assembled in the field. Furthermore, many
fabricators of “prefabricated” truss bridges produce
only this sort of bridge, and thus would not be able
to qualify for the advanced bridge endorsement by
fulfilling the prerequisite of producing a more typical
intermediate bridge made of plate girders.

Examples of typical advanced bridges include tub
or trapezoidal box girders, closed box girders, large
or non-preassembled trusses, arches, bascule bridges,
cable-supported bridges, moveable bridges, and
bridges with particularly tight curve radius.

Chapters 1 and 3 of AISC 207 (“Metal Component
Manufacturer Requirements”) are typically required
for manufacturers of components such as bearings.
Components are not currently included in the scope
of this document.

More information, including a list of all AISC-
certified fabricators, is available from the AISC
website at https:/www.aisc.org.
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SECTION 2:

COMMUNICATION

2.1—GENERAL

Lines of communication should be developed
amongst the various parties to the Contract.

C21

Effective communication between the Owner, the
Fabricator, and the Contractor is essential to a suc-
cessful project. Before work begins, these parties
should establish the simplest, most direct lines of
communication possible and make sure that all par-
ties understand and use them. This is an important
function of the pre-fabrication meeting.

Important considerations for defining lines of
communication include the following:

* Lines of communication should be agreed to by all
parties, including the Designer, the Verification In-
spector, the Owner’s representative for fabrication,
the Fabricator, and the Contractor;

* Lines of communication should be kept as simple
and direct as possible;

e The Fabricator should be allowed to contact the
Designer directly during shop drawing develop-
ment. Without this direct contact, an Owner’s rep-
resentative may need to act as the intermediary to
coordinate inquiries or disagreements between the
Fabricator and Designer.

* On design—build jobs or other situations where the
design is not complete when the Fabricator is en-
gaged, it is particularly useful for the Designer and
Fabricator to discuss complex details as they are
developed in the design.

*  On complex projects, communication about special as-
pects of the job, including tolerances or other require-
ments, should commence very early in the project.

Prior to beginning work, the Owner and Fabricator
should identify individuals who are responsible for
the following functions:

* Preparation, submittal, review, approval, and dis-
tribution of shop drawings;

* Addressing questions about contract requirements
and changes.

* Approving welding and fabrication procedures and
accepting proposed repairs.

* Submittal and control of material test reports (MTRs);

* QC by the Fabricator and quality verification by
the Owner; and
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LRFD STEEL BRIDGE FABRICATION SPECIFICATIONS

2.2—COMMENCEMENT OF WORK

A written advance notice shall be provided to the
Owner a minimum of two weeks before fabrication
begins. “Fabrication” for this purpose shall be consid-
ered to begin with the cutting of material. No material
shall be manufactured or work done in the shop before
the Owner has been so notified.

* Engineering, including the Designer, the Fabrica-
tor’s project engineer (if applicable), and the Own-
er’s engineer for technical submittals during fabri-
cation (if this is not the Designer).

During the project, effective communications
should be maintained between the Fabricator’s and
the Owner’s representatives. Problems and concerns
should be addressed as early as possible in the work.
The Fabricator may propose changes to the structure
that slightly or significantly deviate from the struc-
ture’s design. In such cases, the Owner may prefer
that the Fabricator approach the Designer directly
even if the Designer is not a direct employee of the
Owner, that the Fabricator go through the Owner’s or-
ganization, or that some other procedure be followed.
Contractual relationships often dictate that commu-
nication pass from the Fabricator to the Contractor
to the Owner contact for fabrication to the Designer
but allowing direct contact between various parties is
beneficial.

C2.2

Owners generally provide some level of qual-
ity verification during bridge fabrication, and
they often have projects underway at a number
of locations. When the Fabricator provides the
Owner with an anticipated work schedule, this al-
lows planning and preparation for inspection. The
earlier notification is provided to the Owner the
better, so the Fabricator should provide schedule
information as soon as possible and not simply
follow the prescribed minimum lead times. The
Fabricator can initially provide a general estimate
to the Owner and then provide more precise de-
tails as the commencement date approaches.

Owners have varying practices regarding at
what point they wish to begin requiring quality
verification with onsite verification personnel.
Some begin at the cutting of material; others not
until welding. Requiring notification two weeks
prior to cutting gives the Owner the option to de-
cide whether coverage at this stage is needed and
time to make arrangements if so. The Owner may
have additional requirements in the contract doc-
uments that must be satisfied before fabrication
begins—approved shop drawings (see Article 4.1),
approved welding and fabrication procedures, etc.

For special situations such as overseas fabri-
cation or items requiring unusual inspection ser-
vices, the Owner may elect to require longer no-
tice.
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2.3—PREFABRICATION MEETING

Before work begins, a prefabrication meeting may
be held at the discretion of the Owner or if requested
by the Fabricator or Contractor.

C23

It is not necessary to have a prefabrication meeting
before every project, especially if the Owner and Fab-
ricator work together on a regular basis.

The Owner should provide design, construction,
and verification inspection representatives as appro-
priate.

The Fabricator representatives should include the
plant manager; engineering, production, and quality
control inspection personnel as appropriate; detailer if
desired; and, if applicable, Contractor or subcontrac-
tor representatives, e.g., general contractor, erector,
painter, subcontract fabricators, or testing agencies.

A prefabrication meeting may avert many of the
problems that may complicate or delay fabrication. At
the prefabrication meeting:

e The Owner and Fabricator should review the proj-
ect and discuss specific concerns.

* The Fabricator should describe the expected ap-
proach to the project, including milestones or spe-
cialized work in detail.

* The Owner should describe any unusual require-
ments for the project.

e The Owner should describe how verification in-
spection will be accomplished, including iden-
tification of inspectors, the intended inspection
schedule, level of verification inspector’s authority,
and any special inspection or hold points.

¢ Clear lines of communication should be estab-
lished between all parties.

e The shop drawing review and fabrication sched-
ules should be discussed and mutually understood.

» All parties should be given the opportunity to ask
questions or express concerns.

The review should include, at a minimum, the fol-
lowing aspects of the job:
* Progress on submittal and approval of shop draw-
ings and any other required submittals;

» Fabrication procedures, especially shop assembly,
welding, and painting;

* Plant and personnel certification;

* Organizational structure and primary (lead) plant
personnel;

* Handling of MTRs;

* Traceability of materials;
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2.4—PROGRESS MEETINGS

Progress meetings may be held during the course of

the work at the discretion of the Owner or at the request
of the Fabricator or Contractor.

Full document details: AASHTO LRFDSFS-1-2023

* Supply and sampling of coatings, bolts, and other
materials, if applicable;

¢ Work schedule and milestones;

* Availability and advance notification of verifica-
tion inspectors;

* Hold points;

» Inspector’s office;

* Appropriate lines of communication;

* Restrictions on or requirements for photography,
if any;

* Planned coverage of shop operations by QC per-

sonnel;

* Project-specific areas of concern for fabrication
and inspection, including any special applications
of nondestructive evaluation (NDE);

* Handling of non-conformance and repair issues;

* Project specifications and other special require-
ments, especially any exceptions to these Specifi-
cations;

* Project details, requirements, or processes that
have caused prior difficulties; and

* Loading and shipping.
C24

Progress meetings can be used to resolve disagree-
ments over quality requirements, determine current
status of completed and in-progress work, clarify un-
usual or altered contract requirements, discuss cur-
rent or potential problems and their resolution, and
monitor the anticipated production and completion
schedule.
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SECTION 3:

INSPECTION

3.1—QUALITY CONTROL INSPECTION C3.1

QC inspection shall be performed using trained AASHTO/AWS D1.5M/DL.5 Bridge Welding Code
and qualified personnel in accordance with applicable =~ has requirements for inspectors performing visual
contract documents. Documentation of qualifications  inspection and NDE of welds.
shall be available for review by the Owner.

3.2—VERIFICATION INSPECTION

Verification Inspection shall be the prerogative,
but not the responsibility, of the Owner.

The Verification Inspector shall have the authority
to reject materials or work which does not fulfill
the requirements of these Specifications. In cases
of dispute, the Fabricator may appeal to the Owner,
whose decision shall be final.

Inspection at the Fabricator is intended as a
means of facilitating the work and avoiding errors.
It is expressly understood that it shall not relieve the
Fabricator of any responsibility in regard to defective
material or work and the necessity for replacing the
same at the Fabricator’s cost.

The acceptance of any material or finished
members by the Inspector shall not be a bar to their
subsequent rejection, if found defective. Rejected
materials and work shall be replaced as soon as
practical or corrected by the Fabricator.

The Owner shall have free access at all times to
any portion of the fabrication site where the material
is stored or where work on the material is being
performed.
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SECTION 4:

SHOP DRAWINGS

4.1—APPROVAL

The Fabricator shall submit copies of the detailed
shop drawings for approval by the Owner. Shop
drawings shall be submitted sufficiently in advance of
the start of the affected work to allow time for review
by the Owner and corrections by the Fabricator, if
any, without delaying the work.

The Owner’s approval of the shop drawings
submitted by the Fabricator shall cover the
requirements for “strength and detail,” and the
Owner shall assume no responsibility for errors in
dimensions.

Fabrication shall not commence until shop
drawings are approved or approved-as-noted. Work
performed prior to shop drawing approval is at
the Fabricator’s risk, and may require additional
inspection, non-destructive evaluation (NDE), or
partial disassembly/reassembly to satisfy the Owner’s
quality verification. Approval shall not relieve the
Fabricator of any responsibility under the contract for
the successful completion of the work.

4-1

C4.1

These Specifications use the term “approval.” The
Owner may have other preferred terminology, such as
“acceptance.” Bridge industry documents vary with
respect to usage of these terms.

The Owner’s review of shop drawings is a form
of quality verification and not quality control. The
Owner reviews shop drawings to check that they
accurately reflect the design, but the Owner does not
check every detail and calculation. Regardless of the
Owner’s review and approval, the accuracy of shop
drawings remains the Fabricator’s responsibility.

The Owner should be expedient when reviewing
shop drawings. Fabricators plan the flow of work and
placement of jobs months in advance. They need to
be able to start work on schedule to keep production
moving and to satisfy field delivery requirements.
Because shop drawings must be approved or approved
as noted before work starts, the Owner’s review may
delay the Fabricator if the review takes too long.
Conversely, the Fabricator must provide complete,
legible, and accurate shop drawings to the Owner to
facilitate prompt return. Submitting shop drawings in
packages according to a mutually agreeable review
schedule also facilitates prompt return.

To expedite the review process and to help obtain
consistency in shop drawing review, the AASHTO/
NSBA Steel Bridge Collaboration has developed
a standard for shop and erection detail drawing
approval, Gl.1, Shop Detail Drawings Review/
Approval Guidelines.

In some cases, the Fabricator may decide to
begin fabrication before receiving approved shop
drawings, and the Owner may consider requests from
the Fabricator to proceed without approved shop
drawings. However, work done without approved
shop drawings may have to be changed based on
final, approved shop drawings. No work should be
done before drawings are approved if this work will
be concealed or made inaccessible by later work.

In emergency situations, the Owner may permit
work to proceed before shop drawings have been
submitted for review.

Use of electronic drawings has proven effective and
should be considered if all parties agree on the system
requirements, review and approval authentication,
and the storage and handling of electronic drawings.
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4.2—DETAILS

Separate shop drawings shall be provided for
each steel structure on a project. Dual (twin) bridges
shall have separate drawings for future reference. All
primary members shall have unique piece marks.

Shop drawings for steel structures shall give full,
detailed dimensions and sizes of component parts of
the structure and details of all miscellaneous parts,
such as pins, nuts, bolts, drains, etc.

Where specific orientation of plates is required, the
direction of rolling of plates shall be shown.

Shop drawings shall identify the required material
specification and grade of each piece.

The shop drawings shall include the camber at
each panel point in the cases of trusses or arch ribs,
and at the location of field splices and fractions of
span length (quarter points minimum) in the cases of
continuous beams and girders or rigid frames. The
camber diagram shall show calculated cambers to be
used in preassembly of the structure in accordance
with Article 17.6.

Rolled or fabricated sections of equal or slightly
greater dimensions than the section specified may be
proposed for the Owner’s acceptance. For changes
that affect splice design or may significantly alter
deflection, complete design calculations may be
required.

Cross-frames and diaphragms in horizontally
curved I-girder bridges shall be detailed on the shop
drawings to provide the fit condition specified in the
contract documents. Should a fit condition not be
specified in the contract documents, the assumed fit
condition shall be indicated on the shop drawings.

Unless permitted otherwise in the contract
documents, bolt holes in girder splices and primary
load-carrying members shall be standard size.

Cambers provided on the contract documents
shall be adhered to unless steel erection or deck
placement is to be performed in a manner that will
lead to deflections different from those used to
determine the camber specified. If the Contractor
or Fabricator intends other procedures or outcomes,
the approach shall be confirmed with the Owner, and
any documentation required for approval shall be
provided at no cost to the Owner.

C4.2

Several of these requirements, as well as many
other details, are covered in AASHTO/NSBA Steel
Bridge Collaboration G1.3, Shop Detail Drawing
Presentation Guidelines. The use of this document in
the development of shop drawings is recommended.

In many cases, substitution of a higher-strength grade
for a lower one, or of a weathering grade for a non-
weathering grade, is acceptable, but cannot always be
assumed to be acceptable. For example, Grade 36 and 50S
have upper limits on strength, and weathering grades can
be problematic when the material is to be galvanized.

The provisions of BDS Article 6.7.2 contain
general recommendations to the Designer regarding
the specification of the fit condition for the detailing of
cross-frames and diaphragms in horizontally curved
I-girder bridges with and without skewed supports.

The provisions of BDS Article 6.7.2 contain
general instructions to the Designer regarding the
camber of girders in straight skewed I-girder bridges
and horizontally curved I-girder bridges with and
without skewed supports.
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SECTION 5

WRITTEN PROCEDURES

5.1—WRITTEN PROCEDURES

Written procedures shall be maintained and
implemented for the fabrication processes listed below
and shall be readily accessible to the production and
inspection staff.

* Material traceability;

* Welding (welding procedure specifications and
supporting documentation must have Owner ap-
proval before they can be used);

* Cold and heat-assisted bending;

* Application of heat for cambering, heat curving,
plate bending, and straightening, including tem-
perature measurement, patterns, sequences, sup-
ports and loading, preload calculations (if applica-
ble), and control of excessive distortion or buckling
(Owner approval shall be required for cambering,
heat curving, and repair of damage);

* Shop assembly/laydown, including drilling and
punching;

» Postheat and stress-relieving procedures;
» Testing and shop installation of fasteners; and

» Inspection and testing procedures as required by
D1.5M/D1.5.

Each procedure shall explain how tasks will
be accomplished, evaluated, and accepted by both
the Quality Control Inspector and the Verification
Inspector (as applicable) prior to subsequent
operations.

The procedures may be standardized and not
require resubmittal and approval for each project.

Cs51

Written procedures are intended to facilitate
understanding between the Owner and the
Fabricator about how various aspects of the work
will progress. These procedures may be included
in the documentation reviewed during the AISC
Certification process. Having these procedures helps
the Fabricator’s employees understand requirements
and providing copies for review by the Owner
helps minimize conflicts once the work has begun.
Most procedures reflect the Fabricator’s standard
practices, so they do not need to be resubmitted for
routine jobs unless a specific aspect of work needs
particular attention. Written procedures provide more
specific guidance than the specification will, but the
Owner should not use written procedures to introduce
requirements beyond the intent of the specification.
For repairs, the Fabricator and Owner should reach
an understanding about NDE methods, scheduling,
and the advance notice needed to coordinate quality
control and quality verification inspections.

Procedures should convey how the Fabricator’s
process will satisfy specification requirements.
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SECTION 6:

MATERIALS

6.1—GENERAL

Materials shall be provided that satisfy contract
requirements. Material meeting equivalent AASHTO
and ASTM specifications may be supplied under
either specification.

6-1

Ceé.1

Material requirements for design are given in the
BDS.

Almost all steel bridges in the United States use
a small group of steel material specifications. Each
of the steels typically used in bridges is available
in both AASHTO and ASTM specifications, but
there are virtually no differences between the two
specifications for each material. However, some
owners prefer to use AASHTO specifications, while
others prefer to use ASTM specifications, so both sets
of specifications continue to be maintained.

The AASHTO and ASTM steel specifications used
for bridge construction have a bridge steel version
(c.g., ASTM A709/A709M Grade 36 or AASHTO
M 270M/M 270 Grade 36) and, for certain grades,
an equivalent ASTM standalone version (e.g., ASTM
A36). Hence, for a given type of steel, there may be
three different specifications. The ASTM “standalone”
versions are identical to the A709/A709M grades
except for mandatory toughness testing, which would
need to be specified for the non-A709/A709M steels
if they are used in tension in bridges. The non-A709/
A709M grades are most likely to be used where steel
greater than 4 in. thick is needed, because A709/
A709M or M 270M/M 270 is only available up to 4
in. thick.

Table C6.1-1 provides a summary of ASTM A709/
A709M or AASHTO M 270M/M 270 grades and
associated standalone ASTM specifications.

Table C6.1-1—Typical Steel Bridge Specifications

ASTM A709/A709M or
AASHTO M 270M/ 270 ASTM Standalone
Grade
36 A36
50 A572
50S A992
50W A588

There are no separate designated grades for
high performance steel (HPS) made by thermo-
mechanically controlled processing (TMCP) or
quenching and tempering (Q&T). TMCP material is
available in limited thicknesses and lengths based on
mill capabilities. Heat treatment temperatures must
be documented on the test reports when the material
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6.2—TEST REPORTS AND CERTIFICATIONS

Material Test Reports (MTRs) shall be provided
for all steel materials used in fabrication, including
plates, bars, shapes, and fasteners. MTRs shall
originate from the producer of the material and not
from a supplier, except that reports for supplemental
tests for toughness or other parameters may come
directly from the party that performs the supplemental
testing.

MTRs shall be checked for conformance with the
applicable material specification, including actual
values from required tests.

MTRs and certificates of compliance, Article 6.2.2,
shall be furnished prior to the start of fabrication of
material covered by these reports.

6.2.1—Buy America

When “Buy America” restrictions apply, MTRs
shall be provided certifying that the materials were
melted and manufactured in the United States and
that all applicable requirements are satisfied.

6.2.2—Certificates of Compliance

With the approval of the Owner, certificates of
compliance shall be furnished in lieu of mill test
reports for material that normally is not supplied
with mill test reports and for items such as filler
plates, minor gusset plates, and similar material when
quantities are small and the material is taken from
stock. The certificate of compliance shall be signed
by the manufacturer and shall certify that the material
is in conformance with the specifications to which it
has been manufactured.

is Q&T. There is no performance difference between
materials made from either process, so the Owner
should not require one process over the other.

Until 2008, Charpy V-notch (CVN) requirements
in ASTM A709/A709M, although mandatory for
components in tension, were located in supplementary
provisions of the standard. As of 2008, however, the
CVN requirements are stated within the body of the
standard for components. Thus, the Owner need no
longer specify supplementary requirements for CVN
testing for the specific materials where toughness is
required but should indicate tension and fracture-
critical components and temperature zone.

Information about welding consumables is
available in D1.5M/DL.5 and associated AWS filler
metal specifications.

C6.2

Requirements for Material Test Reports (MTRs)
are generally found in the material specification or
an associated specification. For example, ASTM
A709/A709M requires that MTRs be in accordance
with ASTM AG6. In turn, ASTM A6 provides specific
details about the information that must be present
in the MTR. ASTM A6 does not require a signature
or certification of domestic production on the MTR,
but these may be required under “Buy America”
mandates.
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SECTION 6: MATERIALS

6.3—IDENTIFICATION AND TRACEABILITY

All structural steel materials shall be identified
in accordance with ASTM A6 or other applicable
requirements.

Material from stock shall be used only if it can be
positively identified, if the appropriate documentation
is provided, and if the direction of rolling, when
required, can be established.

The Fabricator’s system of assembly-marking
individual pieces, and the issuance of cutting
instructions to the shop, shall be such as to maintain
identity of the original piece.

During fabrication, up to the point of assembling
members, each piece of steel shall show clearly and
legibly its material specification.

6.3.1—Heat Number Traceability for Primary
Members

Heat numbers shall be maintained on all primary
bridge materials until the material is permanently
joined into a piece-marked member. Paint stick or
other suitable method not detrimental to the member’s
function shall be used.

All primary member material identification shall
be documented for shop records and copies of this
documentation shall be provided to the Verification
Inspector for the Owner’s records.

6.3.2—Preservation of Markings

Any piece of steel which will be subject to
fabricating operations such as blast cleaning,
galvanizing, heating for forming, or painting which
might obliterate marking prior to assembling into
members, shall be required to have traceability
information (grade or heat number, as applicable)
marked by steel die stamping or by a substantial tag
firmly attached. Steel die stamps shall be low-stress
type. Other means may be used if they have been
demonstrated by test to meet Fatigue Category B.

Ce6.3

Material traceability must be maintained
throughout fabrication for all materials. The Fabricator
should have an effective method for material control
in the Quality Control Plan. Identification information
(heat number, project number, material grade, plate
dimensions) should be kept visible on stockpiled
material by staggered stacking whenever possible.

Assembly-marking individual pieces and the
issuance of cutting instructions to the shop are
generally done by cross-referencing of the assembly
marks shown on the shop drawings with the
corresponding item covered on the mill purchase
order.

Color codes for steels, as listed in previous versions
of ASTM A6/A6M, may also be used for identification
purposes. This method, which is no longer shown in
ASTM A6/A6M, is being eliminated by many owners
due to the complexity of the code with the many new
material grades.

C6.3.2

To facilitate the low-stress condition, die stamp
marks should not be too deep but need to be deep
enough such that the marks are readily legible under
typical paint systems.

There is no defined radius for a “low stress” die
stamp but accomplishing marks with stamps that have
aradius instead of a sharp point is suitable. Examples
of stamps that are considered to be low-stress include
dot, vibration, and rounded-V stamps. MIL-STD-792
provides a definition of low-stress die stamp in terms
of tip radius and impression width and depth and
describes other methods of marking as well.

It is known that surface imperfections can
compromise fatigue performance of the otherwise
smooth plate or rolled section. However, experience
demonstrates that die stamp marks are innocuous
for steels typically used for new bridges, particularly
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6.4—IMPACT TESTING

All steel for use in primary member components
subject to tensile stress shall conform to the applicable
Charpy V-Notch (CVN) impact test requirements
of ASTM A709/A709M (AASHTO M 270M/M
270), except for cross-frames and diaphragms in
horizontally curved bridges.

6.5—IRON CASTINGS
6.5.1—Work Quality and Finish

Iron castings shall be true to pattern in form and
dimensions, and free from pouring faults, sponginess,
cracks, blow holes, and other defects in positions
affecting their strength and value for the service
intended.

Castings shall be boldly filleted at angles and the
arrises shall be sharp and perfect.

6.5.2—Cleaning

All castings shall be sandblasted or otherwise
effectively cleaned of scale and sand so as to present a
smooth, clean, and uniform surface.

6.6—TURNED BOLTS

The surface of the body of turned bolts shall meet
the ANSI B46.1 roughness rating value of 125 pin.
Heads and nuts shall be hexagonal with standard
dimensions for bolts of the nominal size specified
or the next larger nominal size. Diameter of threads
shall be equal to the body of the bolt or the nominal
diameter of the bolt specified. Threads shall be located
to fall entirely outside of the bolt holes.

when precautions are taken to ensure the marks are
not sharp. Modern computer-controlled stamping
equipment has demonstrated the capacity to provide
markings with fatigue strengths equal to or exceeding
Fatigue Category B.

Cé6.4

Because they are classified as primary members,
some cross-frames and diaphragms and their
components in curved bridges have become subject
to CVN testing requirements, yet in many years of
practice, no specific concerns related to the fatigue
and fracture performance of these members have
been demonstrated.
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SECTION 7:

HANDLING AND STORAGE

7.1—HANDLING AND STORAGE

Raw and fabricated materials shall be handled,
stored, and shipped in a manner that protects them
from damage, facilitates subsequent inspections, and
does not compromise the safety of personnel.

Raw and fabricated materials shall be placed above
the ground on platforms, skids, or other supports.

Materials shall be kept free from dirt, grease, and
other foreign matter, and proper drainage shall be
provided for materials stored outside.

Materials shall be protected from detrimental
corrosion or coating deterioration.

7-1

C7.1

Plate sagging between dunnage is not detrimental
as long as the material is not kinked or permanently
deformed.

Storing material outside is acceptable, provided the
material is protected from water ponding, damage,
and salt spray or other deleterious substances.
Concentrated corrosion or pitting due to prolonged
damp storage must be avoided, especially for stacked
plates and unpainted splices loosely assembled for

shipping.
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SECTION &:

CUTTING AND SHEARING PLATES AND SHAPES

8.1—THERMAL CUTTING

In all thermal cutting, the cutting flame shall be
so adjusted and manipulated as to avoid cutting
beyond (inside) the prescribed lines. Steel and weld
metal may be thermally cut, provided that a smooth
and regular surface free from cracks and notches is
secured and an accurate profile is secured by the use
of a mechanical guide. Freehand thermal cutting shall
be done only where approved by the Owner.

The maximum cut surface roughness value, as
defined by ANSI B46.1, Surface Texture (Roughness,
Waviness, and Lay), shall be as follows:

* For material up to 4 in. thick where no calculated
stress is present, the ends of members shall have a
maximum cut surface roughness value of 2000 pin.

* For material up to 4 in. thick in all other cases, the
maximum cut surface roughness value shall be
1000 pin.

» For material over 4 in. through 8 in. thick, the
maximum cut surface roughness value shall be
2000 pin.

8.2—DIRECTION OF ROLLING

Steel plates for primary member components
and splice plates shall be cut and fabricated with the
direction of rolling parallel to the direction of primary
stresses, except that the direction of rolling may be in
either direction for web splice plates, gusset plates not
serving as chord splices, and connection plates.

8-1

C8.1

Proper cutting and surface preparations are
important for fatigue resistance. Special care must be
exercised when cutting and repairing quenched and
tempered steels.

Torch cutting notches should be minimized but
may still occur.

The effect of thermal cutting on steel is complex.
Thermal cutting is generally either oxygen cutting or
plasma cutting. Performance of steel bridge members
constructed with plates or shapes with thermal cut
edges may be affected by both the mechanical and
metallurgical properties of the cut surfaces that are
subject to tensile stress. Maximum surface roughness
and freedom from unrepaired notches are specified to
avoid stress concentrations.

Both plasma and oxygen cutting can produce
acceptable cut surfaces if the equipment is properly
operated and guided. Free-hand cutting should not
normally be allowed because it is difficult to achieve
uniform, regular cut surfaces with this technique.
However, free-hand cutting is sometimes necessary.
When the Owner approves freechand cutting (without
a mechanical guide), the cut surfaces still need to
conform to all requirements. Thermal cutting should
be done with great care, avoiding any damage to the
adjacent steel.

Deviations above or below the surface
corresponding to allowable roughness in this Article
generally do not cause significant stress concentrations
unless extremely sharp. Inspectors are not expected
to measure surface roughness directly, so visual
and tactile comparison with a surface roughness
gauge is acceptable. AWS C4.1-G, Oxygen Cutting
Surface Roughness Gauge, may be used as a guide
for evaluating surface roughness of these edges. For
materials up to and including 4 in. thick, use Sample
No. 3, and for materials over 4 in. up to 8 in. thick, use
Sample No. 2.

C8.2

Plates and shapes generally have superior properties
in the direction of rolling, and the direction of rolling
is normally prescribed for material property tests.
Therefore, the direction of rolling is required to be
the direction of the primary design stress for primary
components. Orientation with stress is a lesser issue
with webs than with flanges since web splices carry
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8.3—SHEARED EDGES

For primary member plate more than % in. in
thickness and carrying calculated stress, sheared edges
that remain exposed after fabrication shall be planed,
milled, ground, or thermal cut to a depth of V4 in.

84—THERMAL-CUT EDGES TO BE COATED

For steel that will be coated, it shall be ensured
that hardening of thermal cut edges does not prevent
achieving the required surface profile. If it is necessary
to eliminate a hardened layer, the steel shall be ground,
machined, or heated.

longitudinal (bending) stress and vertical (shear)
stress. Web splice plates may therefore be ordered
with the direction of rolling parallel to either their
vertical or horizontal axes. Web splice plates are often
ordered with the direction of rolling parallel to their
vertical axes because obtaining small quantities of
wide plate may be uneconomical.

C8.3

The word “exposed” here means any sheared
surfaces that are still visible after fabrication is
complete, as opposed to sheared edges that are
enclosed by welds and therefore are no longer exposed
(e.g., web plates).

The AREMA commentary provides this
explanation concerning the need for planing of sheared
members: “Any sheared edge may have incipient
cracks resulting from the shearing operation, which
literally tears the material apart. Since such cracks
might be harmful, the requirements for edge planing
of sheared material have been included in these
[AREMA] and other specifications for many years.
The planing requirements need not be applied to thin
A36 material because the shearing operation does not
produce structurally damaging defects therein.”

C8.4

Thermal-cut surfaces do not always have the
same surface condition as uncut surfaces after blast
cleaning. These surfaces may have been affected by
the cutting process. The surfaces may have striations
or marks that interfere with the use of replica tape.
They may also have a condition (such as increased
hardness) which inhibits the blast media from
producing the same surface profile as uncut surfaces.
Determination of adequate profile is best performed
visually with magnification and a profile comparator.

Normal blasting practices will typically allow the
formation of an anchor profile adequate for paint.
However, the hardness of thermal-cut edges may be
too much to allow the formation of the deeper and
more angular profile required for thermal-sprayed
metallic coatings. In such cases, the hardness
may be reduced by machining, grinding, or a local
application of heat. Heating should be performed in
accordance with a procedure developed meeting the
requirements set forth in Section 14 and submitted to
and approved by the Owner. Grinding and machining
should remove sufficient material to eliminate the
hardened surface (typically no more than % in.), but
not enough to reduce the width of the plate beyond
allowable tolerances.
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SECTION 9:

BASE METAL REPAIR

9.1 —REPAIRS OF NOTCHES OR GOUGES
IN THERMAL-CUT EDGES

9.1.1—Repairs by Grinding

The following conditions may be faired by
machining or grinding, provided that the actual net
cross-sectional area which will remain after fairing is
98 percent or greater of the material’s nominal area:

* Roughness exceeding that permitted in Article 8.1.

* Occasional notches or gouges no more than
5 mm [¥%s in.] deep on surfaces that are otherwise
satisfactory and on material edges not to be welded.

Fairing to the material surface shall have a slope
not steeper than one in ten, with final machining or
grinding striations parallel to the primary direction of
stress. Cut surfaces and edges shall be left free of slag.

9.1.2—Repairs by Welding

Welded repairs shall be made in accordance with
the provisions for welded repair of notches and gouges
in thermal-cut edges in D1.5M/D1.5.

9.2—REPAIR OF LAMINAR DISCONTINU-
ITIES IN BASE METAL CUT EDGES

9.2.1—Scope

The following provisions shall apply to allowable
repairs to discontinuities discovered by either (1) visual
inspection of base metal cut edges before fabrication or
welding, or (2) during routine examination of welded
joints by radiographic testing (RT) or ultrasonic testing
(UT), in all steels listed in D1.5M/D1.5, in thicknesses
up to and including 4 in. maximum.

These provisions shall not apply to discontinuities
in rolled base metal surfaces. Such discontinuities may
be corrected by the Fabricator in conformance with the
provisions of Article 9.3.

9-1

C9.1.1

Small repairs by grinding are preferred to welded
repairs, which have the possibility of introducing
new discontinuities. The number of repairs allowed
in one region is not limited, but if repeated attempts
to repair are required, the technique used should be
investigated.

CI9.2.1

This Article addresses the significance of visually
apparent discontinuities in cut edges. These edges
are generally thermal cut edges, but may also include
sheared, machined, and air carbon arc gouged edges.
Most indications in edges of base metal are parallel
to the rolled surface. There may be several planes of
indications throughout the thickness of the material.
Minimizing repair welding is desirable to avoid
residual stresses and fatigue issues. However, shallow
repairs may not be adequate when tensile stresses are
applied through-thickness in the material.

Most indications are the result of nonmetallic
inclusions, such as manganese sulfides and silicates,
or are the remnants of voids left by escaping gases
that are flattened out during rolling. Laminations and
inclusions are generally more prevalent in thicker
sections.

In ingot cast steels, there is a shrinkage cavity at
the top of an ingot after solidification. The size of the
cavity, called “pipe,” depends on the method of casting
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9.2.2—-Limits

The limits of acceptability and the repair of visually
observed edge discontinuities shall be in conformance
with Table 9.2.2-1. The length of discontinuity
referred to in the table is the visible long dimension
on the cut edge of the base metal, and the depth is the
distance that the discontinuity extends into the base
metal from the cut edge. Base metal edges may be at
any angle with respect to the direction of rolling, but
the direction of discontinuities shall be considered
with respect to the direction of the base metal edges.
The limits of all internal discontinuities required to be
explored, which are not explored to their full depth by
other means, shall be determined by UT.

Multiple discontinuities located in the same
plane shall be considered continuous when they are
separated by a distance less than 5 percent of the base
metal thickness, or the length of the smaller of two
adjacent discontinuities.

Gouging of the discontinuity may be done from
either the base metal surface or edge.

and the effectiveness of “killing” the steel. Killing is a
degassing process through the addition of aluminum
or silicon. The top of the ingot is to be “cropped,”
cut off, and discarded. When there is insufficient
cropping at the top of an ingot, major discontinuities
may be found in the plates or shapes produced from
that ingot. Plates ripped along the centerline are
more likely to exhibit laminations along the edge.
Many fabricators “nest” plates in odd quantities to
ensure that “splitting” the plate along the centerline
is avoided. Today, most structural steels are produced
through a process known as continuous casting. The
use of ingots is eliminated, as steel in the molten state
is tapped directly from ladles into casting units. The
potential problem of “pipe” is eliminated. However,
there is still the possibility of small inclusions in the
steel from fluxes and other foreign elements within
the steel, which is subsequently cast and rolled out
in the section. Weathering steels seem to have more
nonmetallic inclusions than other structural steels.
Most of these indications have no bearing on the
capacity of the steel to carry stress parallel or transverse
to the rolling direction, and do not adversely affect
weldability. Inclusions and laminations can seriously
impair the capacity of steel to carry stress in the short
transverse, or through-thickness “Z” direction.

C9.2.2

Edges of base metal should be inspected and required
repairs completed early in the fabrication sequence.
This allows maximum opportunity for the Fabricator to
incorporate repaired plates in the least critical areas. Edge
discontinuities should be repaired and inspected before
the material is incorporated into fabricated members.
If a portion of the steel is unacceptable and cannot be
repaired, it needs to be replaced. In other cases, it may
be desirable to put repaired plates in compression areas
of the structure. This can often be done by switching top
and bottom flange plates with common dimensions or
turning them end for end.

In making any repairs, the amount of metal removed
should be the minimum necessary to remove the
discontinuity or determine that the allowable limit is
exceeded.

Laminations may be discovered and mapped using
longitudinal wave (straight beam) UT. Laminations
are generally undetected by RT because they have no
significant depth parallel to the inspecting radiation.
The exception to this RT limitation is created when
adjacent welds cause gases to expand out of a
lamination, forming porosity that can be recorded by
RT. However, what is detected is the porosity, not the
lamination.
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