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Steel Moment-Frame Structures




DISCLAIMER

This document provides recommendations to supplement industry standard specifications for
structural steel construction of steel moment frames intended for seismic applications. In addition it
presents recommended guidelines for implementation of construction quality control and quality
assurance programs for these structures. These recommendations were developed by practicing
engineers, based on professiona judgment and experience, and by a program of laboratory, field
and analytical research. While every effort has been made to solicit comments from a broad
selection of the affected parties, thisis not a consensus document. It isprimarily intended asa
resource document for organizations with appropriate consensus processes for the development of
future design standards and building code provisons. No warranty isoffered, with regard to the
recommendations contained herein, either by the Federal Emer gency Management Agency,
the SAC Joint Venture, theindividual Joint Venture partners, or their directors, membersor
employees. These organizationsand their employees do not assume any legal liability or
responsibility for the accuracy, completeness, or usefulness of any of the information,
productsor processesincluded in thispublication. Thereader iscautioned to review
carefully the material presented herein and exer cise independent judgment asto its
suitability for application to specific engineering projects. These recommended criteria have
been prepared by the SAC Joint Venture with funding provided by the Federal Emergency
Management Agency, under contract number EMW-95-C-4770.

Cover Art. The beam-column connection assembly shown on the cover depicts the standard
detailing used in welded steel moment-frame construction prior to the 1994 Northridge
earthquake. This connection detail was routinely specified by designersin the period 1970-1994
and was prescribed by the Uniform Building Code for seismic applications during the period
1985-1994. Itisno longer considered to be an acceptable design for seismic applications.
Following the Northridge earthquake, it was discovered that many of these beam-column
connections had experienced brittle fractures at the joints between the beam flanges and column
flanges.
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THE SAC JOINT VENTURE

SAC isajoint venture of the Structural Engineers Association of California (SEAOC), the Applied
Technology Council (ATC), and California Universities for Research in Earthquake Engineering
(CUREe), formed specifically to address both immediate and long-term needs related to solving
performance problems with welded, steel moment-frame connections discovered following the 1994
Northridge earthquake. SEAOC is a professional organization composed of more than 3,000 practicing
structural engineersin California. The volunteer efforts of SEAOC’s members on various technical
committees have been instrumental in the devel opment of the earthquake design provisions contained in
the Uniform Building Code and the 1997 National Earthquake Hazards Reduction Program (NEHRP)
Recommended Provisions for Seismic Regulations for New Buildings and Other Sructures. ATCisa
nonprofit corporation founded to develop structural engineering resources and applications to mitigate
the effects of natural and other hazards on the built environment. Sinceitsinception in the early 1970s,
ATC has devel oped the technical basis for the current model national seismic design codes for buildings;
the de-facto national standard for postearthquake safety evaluation of buildings; nationally applicable
guidelines and procedures for the identification, evaluation, and rehabilitation of seismically hazardous
buildings; and other widely used procedures and data to improve structural engineering practice. CUREe
isanonprofit organization formed to promote and conduct research and educational activities related to
earthquake hazard mitigation. CUREE€'s eight institutional members are the California Institute of
Technology, Stanford University, the University of California at Berkeley, the University of California at
Davis, the University of Californiaat Irvine, the University of Californiaat Los Angeles, the University
of Californiaat San Diego, and the University of Southern California. These university earthquake
research laboratory, library, computer and faculty resources are among the most extensive in the United
States. The SAC Joint Venture allows these three organi zations to combine their extensive and unique
resources, augmented by consultants and subcontractor universities and organizations from across the
nation, into an integrated team of practitioners and researchers, uniquely qualified to solve problems
related to the seismic performance of steel moment-frame structures.
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1. INTRODUCTION

1.1  Purpose

This report, FEMA-353 — Recommended Specifications and Quality Assurance Guidelines for
Seel Moment-Frame Construction for Seismic Applications has been prepared by the SAC Joint
Venture, under contract to the Federal Emergency Management Agency, to indicate those
standards of workmanship for structural steel fabrication and erection deemed necessary to
achieve reliably the design performance objectives contained in the set of companion
publications prepared under this same contract:

FEMA-350 — Recommended Seismic Design Criteria for New Steel Moment-Frame
Buildings, which provides recommended criteria, supplemental to FEMA-302, 1997 NEHRP
Recommended Provisions for Seismic Regulations for New Buildings and Other Structures,
for the design and construction of steel moment-frame buildings and provides aternative
performance-based design criteria;

FEMA-351 — Recommended Seismic Evaluation and Upgrade Criteria for Existing Welded
Seel Moment-Frame Buildings, which provides recommended methods to evaluate the
probable performance of existing steel moment-frame buildings in future earthquakes and to
retrofit these buildings for improved performance; and

FEMA-352 — Recommended Postearthguake Evaluation and Repair Criteria for Welded,
Seel Moment-Frame Buildings, which provides recommendations for performing
postearthquake inspections to detect damage in steel moment-frame buildings following an
earthquake, evaluating the damaged buildings to determine their safety in the postearthquake
environment, and repairing damaged buildings.

The recommended design criteria contained in these three companion reports are based on the
material and workmanship standards contained in this document, which also includes discussion
of the basis for the quality control and quality assurance criteria contained in the recommended
specifications.

This document has been prepared in two parts.

Part |, Recommended Specifications, provides recommended supplemental requirements, for
typical project specifications for structural steel fabrication and erection, which should be
included in specifications for the construction of steel moment frames designed for seismic
applications. These recommendations have not been subjected to aformal consensus adoption
process, nor was formal review or approval obtained from technical committees of the Structural
Engineers Association of California (SEAOC). However, these recommendations have received
extensive review by practicing engineers, researchers, fabricators and erectors, and the standards
of construction indicated by these recommendations were presumed to exist during the
development of the design criteria contained in FEMA-350, FEMA-351, and FEMA-352. Itis
anticipated that these recommendations will be submitted for consideration by the applicable
standards committees of the American Institute of Steel Construction (A1SC), American Society
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for Testing and Materials (ASTM), American Society for Nondestructive Testing (ASNT), and
American Welding Society (AWS). These organizations are expected to subject these
recommendations to a consensus review process, the result of which may be the modification of
the industry standard specifications to incorporate these recommendations, perhaps in modified
or abbreviated form. Intheinterim, it is recommended that the applicable portions of these
Recommended Specifications be included in construction documents where the design is based
on FEMA-350, FEMA-351, or FEMA-352.

Part 11, Recommended Quality Assurance Guidelines, has been prepared to provide design
professionals, building officials, and contractors with recommended procedures for performing
quality control and quality assurance functions in the construction of steel moment frames
designed for seismic applications. These recommendations are non-mandatory but are deemed
appropriate to achieving the construction standards presumed in the design criteria presented in
FEMA-350, FEMA-351 and FEMA-352, and may be used as aresource in developing Quality
Assurance Plans as required in FEMA-302, 1997 NEHRP Recommended Provisions for Seismic
Regulations for New Buildings and Other Structures.

This document is not intended to serve as a complete model for direct adoption as building
code provisions, nor isit intended to supplant existing building code, design specification or
material specification provisions, except as specifically noted in the text. Because building
codes, design specifications, and material specifications are constantly being revised, users of
this document are cautioned to review its provisions to verify their suitability and compliance
with current governing standards. This document has been prepared using standards in existence
or soon to be adopted at the time of publication.

Some of the material contained in this document replicates provisions of existing codes and
standards. This has been done for the following reasons: to provide a complete document using
astyletypical of building project specifications; to highlight critical portions of existing
standards that are commonly missed because the contents are contained within larger codes,
specifications and standards, and may be atypical of common requirements for genera steel
construction; and to establish the basis for the provisions themselves.

Detailed explanations of the basis for these recommended specifications and quality
assurance guidelines, hereinafter referred to as Recommendations, may be found in a series of
State of the Art Reports prepared in parallel with these criteria. These reports include:

FEMA-355A — Sate of the Art Report on Base Metals and Fracture. This report summarizes
current knowledge of the properties of structural steels commonly employed in building
construction, and the production and service factors that affect these properties.

FEMA-355B — Sate of the Art Report on Welding and Inspection. This report summarizes
current knowledge of the properties of structural welding commonly employed in building
construction, the effect of various welding parameters on these properties, and the
effectiveness of various inspection methodologies in characterizing the quality of welded
construction.
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FEMA-355C — Sate of the Art Report on Systems Performance. This report summarizes an
extensive series of analytical investigations into the demands induced in steel moment-frame
buildings designed to various criteria, when subjected to arange of different ground motions.
The behavior of frames constructed with fully restrained, partially restrained and fracture-
vulnerable connections is explored for a series of ground motions, including motion
anticipated at near-fault and soft-soil sites.

FEMA-355D — Sate of the Art Report on Connection Performance. This report summarizes
the current state of knowledge of the performance of different types of moment-resisting
connections under large inelastic deformation demands. It includes information on fully
restrained, partially restrained, and partial strength connections, both welded and bolted,
based on laboratory and analytical investigations.

FEMA-355E — State of the Art Report on Past Performance of Steel Moment-Frame
Buildings in Earthquakes. This report summarizes investigations of the performance of steel
moment-frame buildings in past earthquakes, including the 1995 Kobe, 1994 Northridge,
1992 Landers, 1992 Big Bear, 1989 Loma Prieta and 1971 San Fernando events.

FEMA-355F — Sate of the Art Report on Performance Prediction and Evaluation. This
report describes the results of investigations into the ability of various analytical techniques,
commonly used in design, to predict the performance of steel moment-frame buildings
subjected to earthquake ground motion. Also presented isthe basis for performance-based
evaluation procedures contained in the design criteria and guideline documents, FEMA-350
to FEMA-353.

In addition to the recommended design criteria and the State of the Art Reports, a companion
document has been prepared for building owners, local community officials and other non-
technical audiences who need to understand thisissue. A Policy Guide to Steel Moment-Frame
Construction (FEMA-354), addresses the social, economic, and political issues related to the
earthquake performance of steel moment-frame buildings. FEMA-354 also includes discussion
of the relative costs and benefits of implementing the recommended criteria.

1.2 Intent

The recommended specifications contained in Part | are primarily intended as a resource
document for organizations engaged in the development of industry standard codes and
consensus standards for the construction of buildings intended to resist the effects of earthquake
ground shaking. These specifications have been developed by professiona engineers and
researchers, based on the findings of alarge multi-year program of investigation and research
into the performance of steel moment-frame structures. This process included broad external
review by practicing engineers, researchers, fabricators, and the producers of steel and welding
consumables, including two workshops convened to obtain direct comment from these
stakeholders on the proposed recommendations. These recommended specifications are intended
to provide engineers, specifiers, and those involved in the devel opment of project specifications
with guidance in writing provisions appropriate for their particular projects. The provisions of
this document have been established to provide a concise, detailed set of requirements for steel
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moment-frame construction in seismic applications. Currently, there are numerous and widely
diverse requirements being specified by practicing engineers and building authorities for steel
moment-frame construction in seismic applications. These Recommendations provide abasis for
standardization of those requirements within the industry, consistent with design
recommendations devel oped by this project.

The recommended quality assurance guidelines contained in Part 11 are intended to provide
engineers, building officials, inspection agencies and contractors with an understanding of the
important features of a quality control and quality assurance program for steel moment-frame
construction for seismic applications. It provides information and recommended guidelines
relative to the appropriate qualifications and roles of the various parties engaged in the
construction of these structures. In addition, it provides a recommended system of classification
for welded joints in seismic applications that may be used to select and specify appropriate
quality control and quality assurance measures for these joints. This system has been used to
develop the recommended quality assurance categories referenced in the design criteria
documents produced by this project, including FEMA-350, FEMA-351 and FEMA-352. This
same classification system is used in Part | of these Recommendations to determine the
applicable recommended quality control and quality assurance specification provisions.

1.3 Background

For many years, the basic intent of the building code seismic provisions has been to provide
buildings with an ability to withstand intense ground shaking without collapse, but potentially
with some significant structural damage. In order to accomplish this, one of the basic principles
inherent in modern code provisionsis to encourage the use of building configurations, structural
systems, materials and details that are capable of ductile behavior. A structureis said to behave
in aductile manner if it is capable of withstanding large inelastic deformations without
significant degradation in strength, and without the devel opment of instability and collapse. The
design forces specified by building codes for particular structural systems are related to the
amount of ductility the system is deemed to possess. Generally, structural systems with more
ductility are designed for lower forces than less ductile systems, as ductile systems are deemed
capable of resisting demands that are significantly greater than their elastic strength limit.
Starting in the 1960s, engineers began to regard welded steel moment-frame buildings as being
among the most ductile systems contained in the building code. Many engineers believed that
steel moment-frame buildings were essentially invulnerable to earthquake-induced structural
damage and thought that should such damage occur, it would be limited to ductile yielding of
members and connections. Earthquake-induced collapse was not believed possible. Partly asa
result of this belief, many large industrial, commercial and institutional structures employing
steel moment-frame systems were constructed, particularly in the western United States.

The Northridge earthquake of January 17, 1994 challenged this paradigm. Following that
earthquake, a number of steel moment-frame buildings were found to have experienced brittle
fractures of beam-to-column connections. The damaged buildings had heights ranging from one
story to 26 stories, and arange of ages spanning from buildings as old as 30 years to structures
just being erected at the time of the earthquake. The damaged buildings were spread over alarge
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geographical area, including sites that experienced only moderate levels of ground shaking.
Although relatively few buildings were located on sites that experienced the strongest ground
shaking, damage to buildings on these sites was extensive. Discovery of these unanticipated
brittle fractures of framing connections, often with little associated architectura damage to the
buildings, was alarming to engineers and the building industry. The discovery also caused some
concern that similar, but undiscovered, damage may have occurred in other buildings affected by
past earthquakes. Later investigations confirmed such damage in alimited number of buildings
affected by the 1992 Landers, 1992 Big Bear and 1989 L oma Prieta earthquakes.

In general, steel moment-frame buildings damaged by the 1994 Northridge earthquake met
the basic intent of the building codes. That is, they experienced limited structural damage, but
did not collapse. However, the structures did not behave as anticipated and significant economic
losses occurred as aresult of the connection damage, in some cases, in buildings that had
experienced ground shaking less severe than the design level. These losses included direct costs
associated with the investigation and repair of this damage as well asindirect losses relating to
the temporary, and in afew cases, long-term, loss of use of space within damaged buildings.

Steel moment-frame buildings are anticipated to develop their ductility through the
development of yielding in beam-column assemblies at the beam-column connections. This
yielding may take the form of plastic hinging in the beams (or, less desirably, in the columns),
plastic shear deformation in the column panel zones, or through a combination of these
mechanisms. It was believed that the typical connection employed in steel moment-frame
construction, shown in Figure 1-1, was capable of developing large plastic rotations, on the order
of 0.02 radians or larger, without significant strength degradation.

: [

N
Figure1l-1 Typical Welded M oment-Resisting Connection Prior to 1994
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Observation of damage sustained by buildings in the 1994 Northridge earthquake indicated
that, contrary to the intended behavior, in many cases, brittle fractures initiated within the
connections at very low levels of plastic demand, and in some cases, while the structures
remained essentially elastic. Typicaly, but not always, fractures initiated at, or near, the
complete joint penetration groove weld between the beam bottom flange and column flange
(Figure 1-2). Onceinitiated, these fractures progressed along a number of different paths,
depending on the individual joint conditions.

In some cases, the fractures progressed completely through the thickness of the weld, and
when fire protective finishes were removed, the fractures were evident as a crack through
exposed faces of the weld, or the metal just behind the weld (Figure 1-3a). Other fracture
patterns also developed. 1n some cases, the fracture developed into a crack of the column flange
material behind the complete joint penetration groove weld (Figure 1-3b). In these cases, a
portion of the column flange remained bonded to the beam flange, but pulled free from the

Column flange

17 Fused zone
Peam flange

J\

d

Backing bar

L, AL

Figure1-2 Common Zone of Fracture Initiation in Beam-Column Connection

Fracture

a. Fracture at Fused Zone

b. Column Flange "Divot" Fracture
Figure 1-3 Fracturesof Beam to Column Joints
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remainder of the column. This fracture pattern has sometimes been termed a*“divot” or “nugget”
failure.

A number of fractures progressed completely through the column flange, along a near-
horizontal plane that aligns approximately with the beam lower flange (Figure 1-4a). In some
cases, these fractures extended into the column web and progressed across the panel zone (Figure
1-4b). Investigators have reported some instances where columns fractured entirely across the
section.

a. Fractures through Column Flange b. Fracture Progresses into Column Web

Figure1-4 Column Fractures

Figure1-5 Vertical Fracturethrough Beam Shear Plate Connection

Once such fractures have occurred, the beam-column connection has experienced a
significant loss of flexural rigidity and strength to resist those |oads that tend to open the crack.
Residual flexura strength and rigidity must be devel oped through a couple consisting of forces
transmitted through the remaining top flange connection and the web bolts. However, in
providing this residual strength and stiffness, the bolted web connections can themselves be
subject to failures. These include fracturing of the welds of the shear plate to the column,
fracturing of supplemental welds to the beam web or fracturing through the weak section of shear
plate aligning with the bolt holes (Figure 1-5).
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Despite the obvious local strength impairment resulting from these fractures, many damaged
buildings did not display overt signs of structural damage, such as permanent drifts or damage to
architectural elements, making reliable postearthquake damage evaluations difficult. In order to
determine reliably if abuilding has sustained connection damage it is necessary to remove
architectural finishes and fireproofing, and perform detailed inspections of the connections.
Even if no damageisfound, thisisacostly process. Repair of damaged connectionsis even
more costly. At least one steel moment-frame building sustained so much damage that it was
deemed more practical to demolish the building than to repair it.

Initially, the steel construction industry took the lead in investigating the causes of this
unanticipated damage and in devel oping design recommendations. The American Institute of
Steel Construction (AISC) convened a special task committee in March, 1994 to collect and
disseminate available information on the extent of the problem (AISC, 1994a). In addition,
together with a private party engaged in the construction of amajor steel building at the time of
the earthquake, the American Institute of Steel Construction (Al1SC) participated in sponsoring a
limited series of tests of aternative connection details at the University of Texas at Austin
(AISC, 1994b). The American Welding Society (AWS) a so convened a special task group to
investigate the extent that the damage related to welding practice and to determine if changesto
the welding code were appropriate (AWS, 1995).

In September, 1994, the SAC Joint Venture, AISC, the American Iron and Steel Institute and
National Institute of Standards and Technology jointly convened an international workshop
(SAC, 1994) in Los Angelesto coordinate the efforts of the various participants and to lay the
foundation for systematic investigation and resolution of the problem. Following this workshop,
FEMA entered into a cooperative agreement with the SAC Joint Venture to perform problem-
focused studies of the seismic performance of steel moment-frame buildings and to develop
recommendations for professional practice (Phase | of SAC Stedl Project). Specificaly, these
recommendations were intended to address the following: the inspection of earthquake-affected
buildings to determine if they had sustained significant damage; the repair of damaged buildings;
the upgrade of existing buildings to improve their probable future performance; and the design of
new structures to provide reliable seismic performance.

During the first half of 1995, an intensive program of research was conducted to explore
more definitively the pertinent issues. This research included literature surveys, data collection
on affected structures, statistical evaluation of the collected data, analytical studies of damaged
and undamaged buildings, and laboratory testing of a series of full-scale beam-column
assemblies representing typical pre-Northridge design and construction practice as well as
various repair, upgrade and aternative design details. The findings of these tasks formed the
basis for the development of FEMA-267 — Interim Guidelines: Evaluation, Repair, Modification,
and Design of Welded Seel Moment Frame Structures, which was published in August, 1995.
FEMA-267 provided the first definitive, abeit interim, recommendations for practice, following
the discovery of connection damage in the 1994 Northridge earthquake.

In September 1995 the SAC Joint Venture entered into a contractual agreement with FEMA
to conduct Phase |1 of the SAC Stedl Project. Under Phase Il, SAC continued its extensive
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problem-focused study of the performance of moment resisting steel frames and connections of
various configurations, with the ultimate goal of develop seismic design criteriafor steel
construction. Thiswork hasincluded: extensive anayses of buildings; detailed finite element
and fracture mechanics investigations of various connections to identify the effects of connection
configuration, material strength, and toughness and weld joint quality on connection behavior; as
well as more than 120 full-scale tests of connection assemblies. Asaresult of these studies, and
independent research conducted by others, it is now known that the typical moment-resisting
connection detail employed in steel moment-frame construction prior to the 1994 Northridge
earthquake, and depicted in Figure 1-1, had a number of features that rendered it inherently
susceptible to brittle fracture. These included the following:

The most severe stresses in the connection assembly occur where the beam joins to the
column. Unfortunately, thisis aso the weakest location in the assembly. At thislocation,
bending moments and shear forces in the beam must be transferred to the column through the
combined action of the welded joints between the beam flanges and column flanges and the
shear tab. The combined section properties of these elements, for example the cross sectiona
area and section modulus, are typically less than those of the connected beam. Asaresult,
stresses are locally intensified at thislocation.

The joint between the bottom beam flange and the column flange is typically made as a
downhand field weld, often by awelder sitting on top of the beam top flange, in a so-called
“wildcat” position. To make the weld from this position each pass must be interrupted at the
beam web, with either a start or stop of the weld at thislocation. Thiswelding technique
often results in poor quality welding at this critical location, with slag inclusions, lack of
fusion and other defects. These defects can serve as crack initiators, when the connection is
subjected to severe stress and strain demands.

The basic configuration of the connection makes it difficult to detect hidden defects at the
root of the welded beam-flange-to-column-flange joints. The backing bar, which was
typically left in place following weld completion, restricts visual observation of the weld
root. Therefore, the primary method of detecting defects in these jointsis through the use of
ultrasonic testing. However, the geometry of the connection also makesit very difficult for
ultrasonic testing to detect flaws reliably at the bottom beam flange weld root, particularly at
the center of the joint, at the beam web. Asaresult, many of these welded joints have
undetected significant defects that can serve as crack initiators.

Although typical design models for this connection assume that nearly al beam flexural
stresses are transmitted by the flanges and all beam shear forces by the web, in redlity, dueto
boundary conditions imposed by column deformations, the beam flanges at the connection
carry asignificant amount of the beam shear. Thisresultsin significant flexural stresseson
the beam flange at the face of the column, and also induces large secondary stressesin the
welded joint. Some of the earliest investigations of these stress concentration effectsin the
welded joint were conducted by Richard, et al. (1995). The stress concentrations resulting
from this effect resulted in severe strength demands at the root of the complete joint
penetration welds between the beam flanges and column flanges, aregion that often includes
significant discontinuities and slag inclusions, which are ready crack initiators.
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In order that the welding of the beam flanges to the column flanges be continuous across the
thickness of the beam web, this detail incorporates a series of weld access holes in the beam
web, at the beam flanges. Depending on their geometry, severe strain concentrations can
occur in the beam flange at the toe of these weld access holes. These strain concentrations
can result in low-cycle fatigue and the initiation of ductile tearing of the beam flanges after
only afew cycles of moderate plastic deformation. Under large plastic flexural demands,
these ductile tears can quickly become unstable and propagate across the beam flange.

Steel material at the center of the beam-flange-to-column-flange joint is restrained from
movement, particularly in connections of heavy sections with thick column flanges. This
condition of restraint inhibits the development of yielding at thislocation, resulting in locally
high stresses on the welded joint, which exacerbates the tendency to initiate fractures at
defectsin the welded joints.

Design practice in the period 1985-1994 encouraged design of these connections with
relatively weak panel zones. In connections with excessively weak panel zones, inelastic
behavior of the assembly is dominated by shear deformation of the panel zone. This panel
zone shear deformation resultsin alocal kinking of the column flanges adjacent to the beam-
flange-to-column-flange joint, and further increases the stress and strain demandsin this
sensitive region.

In addition to the above, additional conditions contributed significantly to the vulnerability of
connections constructed prior to 1994.

In the mid-1960s, the construction industry moved to the use of the semi-automatic, self-
shielded, flux-cored arc welding process (FCAW-S) for making the joints of these
connections. The welding consumables that building erectors most commonly used
inherently produced welds with very low toughness. The toughness of this material could be
further compromised by excessive deposition rates, which unfortunately were commonly
employed by welders. Asaresult, brittle fractures could initiate in welds with large defects,
at stresses approximating the yield strength of the beam steel, precluding the devel opment of
ductile behavior.

Early steel moment frames tended to be highly redundant and nearly every beam-column joint
was constructed to behave as part of the lateral-force-resisting system. Asaresult, member
sizesin these early frames were small and much of the early acceptance testing of this typical
detail was conducted with specimens constructed of small framing members. Asthe cost of
construction labor increased, the industry found that it was more economical to construct
steel moment-frame buildings by moment-connecting arelatively small percentage of the
beams and columns and by using larger members for these few moment-connected elements.
The amount of strain demand placed on the connection el ements of a steel moment frameis
related to the span-to-depth ratio of the member. Therefore, as member sizesincreased,
strain demands on the welded connections also increased, making the connections more
susceptible to brittle behavior.

In the 1960s and 1970s, when much of the initial research on steel moment-frame
construction was performed, beams were commonly fabricated using A36 material. Inthe
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1980s, many steel mills adopted more modern production processes, including the use of
scrap-based production. Steels produced by these more modern processes tended to include
micro-alloying elements that increased the strength of the materials so that despite the
common specification of A36 material for beams, many beams actually had yield strengths
that approximated or exceeded that required for grade 50 material. Asaresult of this
increase in base meta yield strength, the weld metal in the beam-flange-to-column-flange
joints became under-matched, potentially contributing to its vulnerability.

At thistime, it isclear that in order to obtain reliable ductile behavior of steel moment-frame
construction a number of changes to past practicesin design, materials, fabrication, erection and
quality assurance are necessary. The recommended criteria contained in this document, and the
companion publications, are based on an extensive program of research into materials, welding
technology, inspection methods, frame system behavior, and laboratory and analytical
investigations of different connection details. The guidelines presented herein are believed to be
capable of addressing the vulnerabilities identified above and providing for frames capable of
more reliable performance in response to earthquake ground shaking.

1.4  Application

These Recommendations supersede the quality assurance guidelines contained in FEMA-267,
Interim Guidelines: Evaluation, Repair, Modification and Design of Welded Steel Moment
Frame Structures, and the Interim Guidelines Advisories, FEMA-267A and FEMA-267B. Itis
intended to be used in coordination with and in supplement to the locally applicable building
code and those national standards referenced by the building code. Building codes are living
documents and are revised on a periodic basis. These Recommendations have been prepared
based on the provisions contained in the 1997 FEMA-302 NEHRP Recommended Provisions for
Seismic Regulations for New Buildings and Other Structures, the 1997 AISC Seismic
Specification (AISC, 1997) and the 1998 AWS D1.1 Sructural Welding Code - Seel, asthese
documents form the basis for the 2000 edition of the International Building Code. Some users
may wish to apply the recommendations contained herein to specific engineering projects, prior
to the adoption of these recommendations by future codes and standards. Such users are
cautioned to consider carefully any differences between the aforementioned documents and those
actually enforced by the building department having jurisdiction for a specific project and to
adjust these recommendations accordingly. These users are also warned that these
recommendations have not undergone a consensus adoption process. Users should thoroughly
acquaint themselves with the technical data upon which these recommendations are based and
exercise their own independent engineering judgment prior to implementing these
recommendations in practice.

1.5 Overview

The following is an overview of the general contents of chapters contained in these
Recommendations, and their intended use. Many of the specification provisions contained in Part
| are aready included in industry standard specification and building code requirements.
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When this document is used as a basis for the development of project specifications, users
should include those paragraphs specifically applicable to the individual project. Thisincludes
provisions of ageneral nature that may be necessary for the overall project, as well as specific
provisions applicable to the connection systems and details being utilized. The recommended
specifications contained in Part | are not intended as a stand-alone specification. They are
intended to be used as a supplement to, and in coordination with, a complete specification for
structural steel construction.

The user should aso review the incorporated provisions for compliance with local building
code requirements, particularly in those jurisdictions that may not have adopted the latest model
specifications, and those with specific provisions not found in model specifications. In some
cases, a variance may be needed to utilize these provisions where revisions to the existing codes
and standards are recommended.

Recommendations for new requirements applicable to the construction of seismic-force-
resisting systems are indicated in these Recommendations by underlined text.

Part | — Recommended Specifications

Chapter 1: General. This chapter provides definitions for use throughout Part 1. It also
contains provisions pertaining to submittal of information regarding material, material
certifications, procedures, personnel records, quality control plan, and samples. The use of a
pre-fabrication, pre-erection conference is also established.

Chapter 2: Products. This chapter lists the applicable material specifications, both generic
and specific, for structural steel, welding material, bolting material, and shear connectors.

Chapter 3: Execution. This chapter provides generic and specific recommendations for the
fabrication and erection of the structural steel frames, bolting, and welding. Included are
several specific recommendations regarding welding operations that are not currently in the
welding codes.

Chapter 4: Welded Joint Details. This chapter provides detailing and welding
recommendations for specific types of welded joints, including backing bars, weld tabs,
reinforcing fillet welds, weld access holes, web connections, doubler plates, continuity plates,
cover-plated connections, welded overlay connections, and haunched connections.

Chapter 5: Fabrication Details. This chapter provides detailing and quality
recommendations for steel fabrication, welding, cutting, bolting, and repairs. Quality
recommendations for beam-flange-to-column-flange moment-connection welds are provided
in this chapter.

Chapter 6: Quality Control and Quality Assurance. This chapter lists governing
specifications and practices, the requirements and recommendations for a Written Practice for
quality assurance and nondestructive testing, inspector qualifications, nondestructive testing
technician qualifications, and a detailed list of quality control and quality assurance tasks for
welding, bolting, and shear connector inspection. Specific recommendations for
nondestructive testing for various joints are included.
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Appendices. Several appendices are provided with details for various recommended test
procedures for welding material, welding personnel qualification, and nondestructive testing
technician qualification. Recommended provisions for magnetic particle testing procedures
are also provided.

Part 11 —Quality Assurance Guidelines

Chapter 1. General. Thischapter provides discussion of various termsrelating to the
process of ensuring that workmanship and materials conform to the applicable standards. In
addition it describes the various phases of the quality process and the recommended role of
various participants in these phases.

Chapter 2: Contractor Qualifications and Quality Tasks. This chapter describes
methods for determining whether contractors have adequate qualifications to perform the
work, and aso provides recommended contractor responsibilitiesin the quality process.

Chapter 3: Quality Assurance Agency Qualifications and Quality Assurance Tasks.
This chapter describes methods for determining whether inspection agencies and testing
laboratories that perform quality control and assurance tasks, and their personnel engaged in
these tasks, have adequate qualifications for thiswork. It aso includes recommendations for
inspection agency work scope as part of the quality process.

Chapter 4: Structural Steel. This chapter provides recommendations for proceduresto
ensure that structural steel materials meet the applicable standards. Checklists for assisting in
the verification of steel quality are included.

Chapter 5: Welding. This chapter presents recommended methods for ensuring that welded
joints meet the applicable materials and workmanship standards. Included in this chapter isa
description of the basis for determining the quality assurance category for awelded joint,

used in Part | of these Recommendations as an index to recommended quality assurance
measures.

Chapter 6: Bolting. This chapter presents recommended procedures for determining
whether bolted joints meet the applicable materials and workmanship requirements.

References, Bibliography, and Acronyms.

Commentary: The Recommended Specifications and Quality Assurance
Guidelines contained in these Recommendations are applicable to the
construction of moment-resisting frames used as the seismic-force-resisting
elements of buildings and other structures, designed in accordance with the
recommendations of FEMA-350, FEMA-351 and FEMA-352. Asused in these
Recommendations, the terms “ steel structure” or “ steel framing” apply only to
the structural steel elements of the seismic-force-resisting system as defined in
FEMA-302. The quality assurance guidelines and quality control guidelines
contained in these Recommendations could be extended to the construction of
other types of seismic-force-resisting systems and even to elements of structures
that are not intended to be part of the seismic-force-resisting system. However,
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extension of these recommendations to these other construction types and
elements could result in significant construction cost premiums. These
Recommendations are deemed appropriate to application to the construction,
upgrade and repair of Special Moment Frames and Ordinary Moment Frames
used in seismic-force-resisting systems due to the severe service conditions
anticipated for these frames and the proven sensitivity of their performance to
construction quality. Such determination has not been made for other elements or
systems. Further discussion may be found in FEMA-354, A Policy Guide to Seel
Moment-Frame Construction.
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Part |: RECOMMENDED SPECIFICATIONS
1. GENERAL

1.1 Scope

The provisions of Part | apply to fabrication, erection and inspection of steel moment frames
asfollows:

new Ordinary Moment Frames (OMF) or Special Moment Frames (SMF) designed in
accordance with the recommended criteria of FEMA-350;

upgrade of existing steel moment frames designed in accordance with the recommended
criteriaof FEMA-351; or

repair of damaged steel moment frames designed in accordance with the recommended
criteria of FEMA-352.

Fabrication, erection and inspection shall be as shown on the approved drawings, including
schedules, notes and details, and as further provided in the specifications of Part I.

Commentary: Throughout Part I, references are made to sectionsin Part Il of
these Recommendations, Chapters 1 to 6, where pertinent supplemental
information may be found. These references are provided for information only
and the supplemental information itself should not typically be included within the
body of specifications, nor should the references to this information.

1.2 Governing Specifications

Structural steel framing shall comply with the requirements of the governing specifications
listed in the subsections that follow.

Commentary: In some cases, several alternative specifications may apply. In
these cases, the alternatives are preceded by a sequence letter, e.g., (a), (b), (c).
In such cases, the specifier should select the entry appropriate to the individual
project. Specifications without a sequence letter should always be included in
project specifications.

1.2.1 American Institute of Steel Construction

(a) Load and Resistance Factor Design Specification for Sructural Seel Buildings, December 1,
1993, with Supplement No. 1, January 30, 1998; or

(b) Metric Load and Resistance Factor Design Specification for Sructural Steel Buildings,
December 1, 1994, with Supplement No. 1, January 30, 1998; or

(c) Specification for Sructural Steel Buildings (Allowable Stress Design and Plastic Design),
June 1, 1989.
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Seismic Provisions for Structural Steel Buildings, April 15, 1997, with Supplement No. 1,
February 15, 1999;

Code of Sandard Practice for Steel Buildings and Bridges, March 7, 2000.

1.2.2 American Welding Society

(& AWS D1.1-98 Structural Welding Code — Steel, 1998; or
(b) AWS D1.1:2000 Structural Welding Code — Steel, 2000.

1.2.3 Research Council on Structural Connections

(8) LRFD Specification for Sructural Joints Using ASTM A325 and A490 Bolts, June 3, 1994; or

(b) Allowable Stress Design Specification for Structural Joints Using ASTM A325 or A490 Bolts,
November 13, 1985, reaffirmed June 3, 1994.

1.2.4 Building Code

(&) 1CC International Building Code — 2000; or
(b) 1CBO Uniform Building Code — 1997; or
(c) BOCA National Building Code — 1999; or
(d) SBCCI Sandard Building Code —1997; or
(e) thelocally applicable building code.

Commentary: In addition to referencing the above building codes, these
Recommendations make reference to, or are referenced by, the following Federal
Emergency Management Agency publications. Reference to the following
publications should not normally be included in project specifications.

FEMA-350 — Recommended Seismic Design Criteria for New Seel Moment-Frame
Buildings

FEMA-351 — Recommended Seismic Evaluation and Upgrade Criteria for Existing
Welded Steel Moment-Frame Buildings

FEMA-352 — Recommended Postearthquake Evaluation and Repair Criteria for Welded
Seel Moment-Frame Buildings
1.3 Definitions

1.3.1 Building Official

The term Building Official is applied to the regulatory agency having jurisdiction of the
building. (See Part 11, Section 1.2.9)
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1.3.2 Contractor

The Contractor is the firm performing the fabrication or erection of the structural steel
framework. The Contractor may be the steel fabricator responsible for the shop fabrication of the
structural steel, and/or the steel erector, responsible for all field erection and field welding. (See
Part 11, Section 1.2.8)

1.3.3 Contract Documents

The Contract Documents include the design drawings, including schedules, notes and details,
the project specifications, and the Quality Assurance Plan. (See Part |1, Section 1.2.5)

1.3.4 Engineer

The Engineer isthe registered design professional in responsible charge of the design of the
structural steel framing system. (See Part 11, Section 1.2.7)

Commentary: Section 202 of the International Building Code (IBC) definesa
Registered Design Professional as being the person responsible for design.
Throughout this specification, the term Engineer is used for this person.

1.3.5 Heavy Structural Sections

The following rolled sections and built-up sections shall be considered as Heavy Sections,
subject to specia notch toughness, fabrication, welding and inspection requirements as specified
herein.

ASTM A6 Group 3 shapes with flanges thicker than 1-1/2 in.
ASTM A6 Group 4 and Group 5 shapes
Welded built-up members with web or flange plates exceeding 2 inches in thickness.

Commentary: The requirements of this section as applied to Group 3 shapes with
flanges thicker than 1-1/2 in. is contained in the AISC Seismic Provisions (AISC,
1997, 1999). Therequirement for Group 4 and 5 shapesis contained in AISC
LRFD and the AISC Seismic Provisions.

1.3.6 Hold Point

A stage in the work beyond which the work shall not proceed until the designated inspector
has compl eted specified inspection tasks. (See Part 11, Section 1.2.16 and Table 5-5)

1.3.7 Nondestructive Testing

Nondestructive testing (NDT) includes magnetic particle testing (MT), penetrant testing (PT),
radiographic testing (RT), and ultrasonic testing (UT). The terms nondestructive examination
(NDE) and nondestructive testing (NDT) are synonymous. (See Part |1, Section 1.2.13)
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1.3.8 Observation Point

A stage in the work beyond which the work may proceed after the workman has compl eted
his or her own inspection, with special inspection provided by the designated special inspector
through observation of the work operations on a routine, occasional, random basis. (See Part I,
Section 1.2.17 and Table 5-5)

1.3.9 Owner

The Owner is the entity responsible for providing Quality Assurance. (See Part 11,
Section 1.2.6)

1.3.10 Quality Assurance

Quality Assurance (QA) consists of those inspection and testing services to be performed by
an agency or firm other than the Contractor to ensure that the material and workmanship of
structural steel construction meet the project specifications, applicable standards, and the Quality
Assurance Plan. (See Part I1, Section 1.2.2)

1.3.11 Quality Assurance Agency

The Quality Assurance (QA) Agency is the independent testing organization selected by the
Owner, or Owner’ s designee, to perform the Quality Assurance inspection and testing required
by the Quality Assurance Plan, specifications and contract documents. (See Part |1,

Section 1.2.10)

1.3.12 Quality Assurance Plan

The Quality Assurance Plan (“Plan”) is the written requirements containing the set of
procedures that are to be followed to confirm compliance with these requirements. The Quality
Assurance Plan shall be part of the Contract Documents. (See Part |1, Section 1.2.4)

Commentary: QA Plansarerequired by IBC Section 1705.1

1.3.13 Quality Control

Quality Control includes those functions to be performed by the Contractor to ensure that the
material and workmanship of structural steel construction meet the project specifications,
applicable standards, and the Quality Assurance Plan. (See Part |1, Section 1.2.1)

1.3.14 Quality Control Plan

The Quality Control (QC) Plan is the written statement, prepared by the Contractor, of all
measures that will be taken to ensure that construction conforms to the applicable standards,
project specifications, and the Quality Assurance Plan. (See Part 11, Sections 1.2.3, and 2.2)

Commentary: QC Plansarerequired by IBC Section 1704.2.1
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1.3.15 Special Inspection

Specia Inspection isa Quality Assurance activity comprising inspection of the installation,
fabrication, erection or placement of components and connections requiring special expertise to
ensure adequacy. (See Part 11, Section 1.2.12)

Commentary: Special Inspection isdefined in IBC Section 1702. Note that
Special Inspection is one of several types of inspection that should be performed
as part of structural steel construction. Refer to Part Il of these
Recommendations for supplemental information on the various types of inspection
that should be performed.

1.3.16 Special Inspector

The Special Inspector isthe individual or firm employed by the Owner, to provide the specid
inspection required. In most cases, the Special Inspector and the Quality Assurance Agency are
the same entity. (See Part I, Section 1.2.11)

1.3.17 Seismic-Force-Resisting System

The Seismic-Force-Resisting System (SFRS) is defined as the assembly of structural
elementsin the building that resists seismic forces. Included in the SFRS are the columns, beams,
girders and braces, and the connections between these elements, specifically designed to resist
seismic forces, as designated on the contract documents. The SFRS does not include members
that provide out-of-plane bracing to components of the SFRS, nor does it include other structural
members designed to resist only gravity loads.

Commentary: The construction documents should clearly identify those members
and connections that are part of the Seismic-Force-Resisting System (SFRS) so
that the extent of applicability of special fabrication, erection and inspection
requirements may be fully understood by all parties. Failure to designate the
extent of the SFRS could result in substantial construction cost premiums.

1.3.18 Seismic Weld Demand and Seismic Weld Consequence Categories

Structural welds that are a part of the Selsmic-Force-Resisting System are identified on the
design drawings as Seismic Weld Demand Category A, B or C, and as Seismic Weld
Consequence Category H, M and L. (See Part I, Tables 5-1 and 5-2)

Commentary: The required extent of inspection and special inspection of welded
jointsin this specification is keyed to the Seismic Weld Demand Category, the
Seismic Weld Consequence Category and the primary loading direction. The
contract documents must clearly identify the Seismic Weld Demand Category and
Saismic Weld Consequence Category for all welded jointsin the SFRS. In
addition, each such welded joint should be identified as to whether the primary
loading of the joint islongitudinal or transverse. If a welded joint is subjected to
loading in both directions, it should be classified as that direction in which the
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loading is most severe. |If the loading severity in both directions is comparable,
loading direction should be classified as transverse.

FEMA-350, FEMA-351, and FEMA-352 provide recommended Seismic Weld
Demand Category, Seismic Weld Consequence Category, and Loading Direction
classifications for welds in prequalified connections and repairs. These
classifications are of the form AH/T where thefirst letter (A, B, or C) represents
the Seismic Weld Demand Category, the second letter (H, M, or L) represents the
Seismic Weld Consequence Category and the final letter (T or L) represents the
primary loading direction. Refer also to Part Il of these Recommendations,
Chapter 5, for additional information on this classification system.

1.3.19 Structural Observation

Structural Observation isthe visual observation of the structural system by aregistered
design professional, for general conformance to the approved construction documents, at
significant construction stages and at completion of the structural system. (See Part 1,
Section 1.2.14)

Commentary: Structural Observation is defined in IBC Section 1702 and in
FEMA-302, Section 3.5.

1.3.20 Structural Steel Framing

Structural steel framing shall be as defined in the AISC Code of Standard Practice,
Section 2.1.

1.3.21 Written Practice

The Written Practice is the Quality Assurance Agency’s procedures for determining and
ensuring the acceptability of the structure in accordance with the applicable codes, standards,
specifications and procedures, including general inspection, material controls, visual welding
inspection, and bolting inspection. The Written Practice also describes the selection and
administration of inspection personnel, and the training, experience and examination
requirements for qualification and certification of inspection personnel. (See Part |1,

Sections 1.2.15, and 3.4)

1.4 Submittals

1.4.1 Shop Drawings

The Contractor shall submit to the Engineer detailed, coordinated and checked shop drawings
for al structural steel for review prior to the start of fabrication and/or erection. (SeePart |1,
Section 1.4) Shop drawings shall show:

1. sizeand location of all structural members and connection materia,
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2. complete information necessary for the fabrication of membersincluding cuts, copes, holes,
doubler plates, stiffeners, and camber,

type, size and location of bolts and welds,
surface preparation and finishes,
details of assembly,

the Seismic Weld Demand Category and Seismic Weld Consequence Category of welded
joints in the Seismic-Force-Resisting System,

o 0~ w

7. identification of shop-installed high-strength bolted connections as snug-tight, pretensioned
or dlip-critical, as required by the Contract Documents, and

8. identification of Welding Procedure Specification (WPS) applicable to each shop weld.

Welded connections shall be identified using standard AWS symbols as given in AWS A2.4,
Standard Symbols for Welding, Brazing and Nondestr uctive Testing, and shall clearly distinguish
between shop and field welds.

1.4.2 Erection Drawings

The Contractor shall submit to the Engineer detailed, coordinated and checked erection
drawings for all structural steel for review prior to the start of fabrication and/or erection. (See
Part I, Section 1.4) Erection drawings shall be submitted that show:

location of all structural material,

identification mark of members,

orientation and relation of membersto appropriate grid lines,
setting elevations for column bases,

standard and special details for bolted and welded field connections,

Seismic Weld Demand Category and Seismic Weld Consequence Category for field-welded
joints in the Seismic-Force-Resisting System,

o 0k~ 0w DN P

7. identification of field-installed high strength bolted connections as snug-tight, pretensioned
or dlip-critical, as required by the Contract Documents, and

8. identification of WPS applicable to each field weld.

Welded connections shall be identified using standard AWS symbols as given in AWS A2.4,
Standard Symbols for Welding, Brazing and Nondestr uctive Testing, and shall clearly identify
field welds.

1.4.3 Erection Plans

Prior to starting erection, the Contractor shall submit to the Engineer, for record purposes, a
description of the methods, scheme of erection, sequence of erection, and type of equipment
proposed for use in erecting the structural steel work. Included shall be design information, plans
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and elevations showing proposed temporary bracing and shoring systems, with the magnitudes,
locations and directionality of construction loads imposed on the permanent structure. The
Engineer will have no responsibility to review this submittal nor to approve of the Contractors
means and methods.

The steel erector shall also submit for record purposes, written procedures indicating field
welding sequences for each type of welded moment connection, and field welding sequences for
moment connections at each level. The Engineer will have no responsibility to review this
submittal nor to approve of the Contractors means and methods.

Commentary: The Engineer is not obligated to review and provide comment on
these submittals. Rather, the purpose of the submittal isto ensure that the
Contractor actually does prepare these documents prior to performing the work.

1.4.4 Contractor’s Statement of Responsibility

Each Contractor responsible for the work shall submit a written Statement of Responsibility
to the Owner and Building Official prior to commencement of the work. (See Part I, Section
2.3) The statement shall contain the following:

acknowledgment of awareness of the specia requirements contained in the Quality
Assurance Plan,

acknowledgment that control will be exercised to obtain conformance with the construction
documents,

procedures for exercising control within the Contractor’ s organization, the method and
frequency of reporting, and the distribution of reports, and

identification and qualifications of the persons exercising such control and their positionsin
the organization.

Commentary: The requirement for Contractor’s Satement of Responsibility is
contained in IBC Section 1705.3 and FEMA-302, Section 3.2.2.

1.4.5 Certificates of Compliance

Coincident with the submittal of manufacturer’s test reports and certifications for structural
stedl, fasteners, welding filler metals, and shear studs, the Contractor shall submit aletter stating
that the Contractor has reviewed the submitted manufacturer’ s certifications and test reports, and
that the materials being furnished for the project are in conformance with the applicable
standards, specifications and project documents. (See Part 11, Sections 4.2, 5.2.1, and 6.2.1)

Commentary: Requirements for Certificates of Compliance are contained in IBC
Section 1702.1 and Table 1704.3.
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1.4.6 Manufacturer’s Test Reports

1.4.6.1 Structural Steel

The fabricator shall submit, for record, copies of material test reports, commonly called mill
test reports, for al structural steel in the Seismic-Force-Resisting System. Material test reports
shall comply with the requirements of ASTM A6. Material test reports shall be accompanied by a
Certificate of Compliance from the fabricator. (See Part 11, Section 4.2)

Commentary: Requirements for Manufacturer’s Test Reports for structural steel
are contained in IBC Section 1702.1 and Table 1704.3(3). However, submittal to
the Engineer isnot required under the IBC.

1.46.2 Fastening Material

The Contractor supplying fastener products shall submit, for record, copies of all
Manufacturer’s Certifications for al fastener components, including bolts, nuts, washers, and
direct tension indicators, if used in the Seismic-Force-Resisting System. Fastener
Manufacturer’s Certifications shall be accompanied by a Certificate of Compliance from the
Contractor. (See Part I, Section 6.2.1)

Manufacturer certifications for bolts shall contain at least the following information:

heat analysis, heat number, and a statement certifying that heats having prohibited elements
intentionally added were not used to produce the bolts,

results of hardness, tensile, and proof load tests, as required and performed,

if galvanized, the results of rotational capacity tests, including the test method used (solid
plate or tension measuring device) and the [ubricant present,

if galvanized, measured zinc coating weight or thickness,

results of visual inspection for bursts,

statement of compliance with dimensional and thread fit requirements,
lot number and purchase order number,

complete mailing address of responsible party, and

title and signature of the individual assigned certification responsibility by the company
officers.

For A490 boalts, only the Production Lot Method of testing and certification is acceptable.
The Shipping Lot Method is unacceptable.

Commentary: Requirements for Manufacturer’s Test Reports for fastening
materials are contained in IBC Section 1702.1 and Table 1704(1). The suggested
list of information to be provided is based on the certification requirements
contained in ASTM A325. The IBC does not require submittal of these reports.
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1.4.6.3  Welding Material

The Contractor supplying welding filler metal and shielding gas products shall submit copies
of all Manufacturer’s Certifications for al electrodes, fluxes and shielding gasses to be used.
Certifications shall satisfy the applicable AWS A5 requirements. The welding material’s
Manufacturer’s Certifications shall be accompanied by a Certificate of Compliance from the
Contractor supplying the materials. (See Part I, Section 5.2.1)

The Contractor shall also submit the applicable manufacturer’s supplemental certifications
that the product meets any additional requirements of the project beyond that required by
standard AWS A5 specification. Should the welding material manufacturer not supply such
supplemental certifications as required, the Contractor shall have the necessary testing performed
and provide the applicable test reports.

Commentary: Basic requirements for Manufacturer’s Certificates for welding
materials are contained in IBC Section 1702.1 and Table 1704.3(4).

1464 Shear Connectors (Shear Studs)

The Contractor shall submit the following items:

stud manufacturer’ s Manufacturer’ s Certification that the studs, as supplied, meet the
requirements of AWSD1.1, Sections 7.2 and 7.3,

certified copies of the stud manufacturer’ stest reports covering the last completed set of in-
plant quality control mechanical tests for the diameter supplied, and

certified material test reports from the steel supplier indicating diameter, chemical properties
and grade on each heat number supplied.

The stud manufacturer’ s Manufacturer’ s Certification shall be accompanied by a Certificate
of Compliance from the Contractor. (See Part 11, Sections 4.2 and 5.2)

Commentary: Requirements for Manufacturer’s Certification of Shear
Connectors are contained in IBC 1702.1 and AWSD1.1, Section 7.3.3. AWSD1.1
does not require submittal of these certifications unless requested by the
Engineer.

1.4.7 Procedures

Procedures shall assign responsibility to a person or position in the organization and shall
contain enough detail to be useful to the workforce without reference to governing specifications.
The procedures need not act as work instructions. Procedures shall be dated and indicate the
person or position that has the authority to maintain the procedure.

1.4.7.1 Fastener Installation Procedures

The Contractor shall submit written procedures for the pre-installation testing, installation,
snugging, pretensioning , and post-installation inspection of fasteners. The procedures shall meet
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al reguirements of the Research Council on Structural Connections (RCSC) Specification and
the project documents. Procedures need be submitted only for the methods of installation to be
used by the Contractor, which may include the turn-of-nut, calibrated wrench, twist-off type
tension control bolt, and direct tension indicator methods. (See Part I1, Section 6.2.2)

1.4.7.2 Welding Procedure Specifications (WPSs)

The Contractor shall submit all Welding Procedure Specifications (WPSs) to be used by the
Contractor on the project. For WPSs that are not prequalified per AWS D1.1, the supporting
Procedure Qualification Record (PQR) shall also be submitted with the WPS. The Contractor
shall also submit the manufacturer’s product data sheets for all welding material to be used. The
data sheets shall describe the product, limitations of use, recommended welding parameters, and
storage and exposure requirements, including baking and rebaking, if applicable. (See Part 11,
Section 5.2.2)

Welding Procedure Specifications (WPSs) shall be categorized by and specify the following
items:

steel specifications and grades to be welded,
thickness range of material to be joined,
type of joint,

type of weld (groove, fillet, plug, slot),

size of weld, and

position of welding.

Based upon the application, the WPS shall specify, as a minimum, the following items, as
applicable for the welding process:

power supply (constant current or constant voltage),

welding electrode, flux, and shielding gas classifications,
welding electrode and flux manufacturer and trade name,
electrode diameter,

voltage (except for shielded metal arc welding),

current (amperage) or wire feed speed,

electrical stick-out or contact tube-to-work distance (wire fed),
travel speed,

minimum preheat and interpass temperatures,

maximum preheat and interpass temperatures (if applicable),

number and placement of passes,
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technique (stringer or weave bead),
shielding gas flow rate,
for groove welds, the joint configuration and tolerances, and

other pertinent information specific to the weld to be made.

Tolerances, or the acceptable range of values, applicable to the various welding parameters
shall also be noted in the WPS.

Commentary: AWSD1.1 Section 4.1.1 requires WPS submittal only for
nonprequalified procedures. The AISC Seismic Provisions, Section 7.3a requires
submittal for all procedures.

1.4.7.3 Welding Performance Qualification Records (WPQRS)

The Contractor shall submit written Welding Performance Qualification Records (WPQRS)
for al welding personnel under the Contractor’ s supervision who will be performing services on
the project. The WPQR shall document the successful completion of the appropriate welding
personnel qualification test. All welder qualification testing shall be performed in accordance
with the current or a previous version of AWS D1.1. The Contractor shall also submit additional
documentation that the welder has passed all designated supplemental welder qualification
testing required for the types of welding to be performed. (See Section Part 11, 5.2.3)

Should the WPQR testing have been performed more than six months prior to the start of the
welding by the welder, documentation shall aso be submitted showing that the welder has
continued to use the applicable welding process on an ongoing basis since the test was
conducted, with no lapse in service exceeding six months.

The Welding Performance Qualification Records shall, as a minimum, provide the following
information:

welding process,

type of weld,

welding position,

thickness of test plate,

thickness and nominal diameter of tubular test piece, if applicable,

if vertical position, whether upward or downward progression,

electrode group (F-number) classification (if SMAW),

test results,

signature of Contractor’sindividual responsible for the test, and

date of test.
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If the supplemental testing in Appendix B is required, the Contractor shall submit additional
WPORs for those tests.

Commentary: AWSD1.1, Section 4.1.2 sets the requirements for WPQRS,
although submittal is not required under that document.

1.4.7.4 Inspector Qualifications

The Contractor shall submit written qualifications for all inspectors to be assigned Quality
Control functions for the structural stedl work, including general inspection, bolting inspection,
welding inspection, and nondestructive testing. (See Part 11, Section 2.2)

1475 Contractor’s Quality Control Plan

The Contractor shall submit the contractor’ s written Quality Control Plan, including any
required modifications to satisfy the requirements for the project, and the Quality Assurance
Plan. (SeePart 11, Section 2.2)

Commentary: 1BC Section 1704.2.1 requires that the Contractor have a Quality
Control Plan, although it does not require submittal.

1.4.7.6 Samples

Material samples shall be provided as requested by the Engineer or Quality Assurance
Agency. Routine physical verification of structural steel, fastener, or welding material
composition or mechanical propertiesisnot required. (See Part 11, Section 4.5)

Commentary: It isnot common to require submittal of sample materials of
structural steel or connection materials. If the Engineer desires such samples,
this requirement and the number and type of samples required must specifically
be identified in the Contract Documents.

15 Pre-Fabrication / Pre-Erection Conferences

Prior to performing any fabrication or erection work, the Engineer, Quality Assurance
Aqgency, and Special Inspector, together with Steel Fabricator personnel and Steel Erector
personnel supervising the shop, field and Quality Control work shall hold a Pre-Fabrication and
Pre-Erection Conference to review welding procedures, bolting procedures, and inspection
reguirements for all welding and bolting operations. (See Part |1, Section 1.3)

Commentary: Conferences between the Engineer, Special Inspector and
fabrication and erection personnel are not required by code but are an effective
means of ensuring that all responsible parties understand the quality
requirements of the project and how they are to be monitored. It isadvisableto
hold this conference early in the project, before any actual construction work
starts. In most cases, it may be appropriate to hold separate conferences with
shop fabrication and field erection personnel. Welding Procedure Specifications,
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Quality Control (QC) Plan and Quality Assurance (QA) Written Practice
submittals and reviews should be made befor e the conferences.
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2. PRODUCTS

2.1 Structural Steel

Structural steel, of the strength and grade shown on the design drawings shall conform to the
requirements of the following ASTM standards, as applicable.

(d) A36 — Soecification for Carbon Sructural Seel
(b) A572 — Specification for High-Strength Low-Alloy Columbium-Vanadium Structural Steel

(c) A913 — Specification for High-Srength Low-Alloy Steel Shapes of Sructural Quality,
Produced by Quenching and Self-Tempering Process

(d) A992 — Sandard Specification for Seel for Structural Shapes for Use in Building Framing

Commentary: Project specifications should list only those material specifications
that are actually intended to be incorporated on the project. Those specifications
that are not applicable to a specific project should be deleted. It is recommended
that structural shapes used in new steel moment-frame seismic-force-resisting
systems conform either to ASTM 913, or ASTM 992. Refer to FEMA-350 for
additional information on appropriate material specifications for various
applications.

2.1.1 Supplemental Requirements for Structural Steel
2.1.1.1  Wide-Flange Structural Sections

All wide-flange steel members comprising the Seismic-Force-Resisting System shall conform
to ASTM A992 or ASTM A913. Shapes of ASTM A572, grade 50, mill-certified to AISC
Technical Bulletin No. 3 requirements, may be substituted for A992 with the Engineer’s
approval. Shapes of ASTM A913, grade 50, shall satisfy ASTM Supplementary Requirement
S75.

21.1.2 Heavy Sections

Heavy Sections, as defined in Section 1.3.15, shall be supplied with Charpy V-notch (CVN)
testing in accordance with ASTM A6, Supplementary Requirement 5. The test shall meet a
minimum average absorbed energy value of 20 ft-Ibf at +70°F. Testing shall be in accordance
with the current AISC Specification.

All Heavy Section column flanges located at welded moment connections shall be
ultrasonically examined, prior to welding, for evidence of |laminations, inclusions, or other
discontinuities in accordance with ASTM A435, Straight Beam Ultrasonic Examination of Seel
Plates, or ASTM A898, Sraight Beam Ultrasonic Examination of Rolled Seel Sructural
Shapes, as applicable. The areato be tested isa zone 3 in. above and below each beam flange
connection. For plates, any discontinuity causing atotal loss of back reflection that cannot be
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contained within a circle the diameter of which is 3 inches, or one-half the plate thickness,
whichever is greater, shall be rejected. For shapes, ASTM 898 Level | criteriaare applicable.

If beams in the Seismic-Force-Resisting System are moment-connected to the weak axis of
columns, the column web shall be similarly examined to the above criteria, if greater than 2
inches thick.

Commentary: Thisrequirement is applicable to structural steel in building
applications that are normally enclosed and heated. For applicationsin cold
regions, where structural steel will be exposed to low service temperatures,
supplemental toughness requirements may be appropriate. Additional
information on these toughness requirements may be found in the Commentary to
Section A.3C of the AISC LRFD Specifications.

2.2 Fasteners

Fasteners shall conform to the requirements of the following ASTM standards, as applicable,
for the strength, grade and type shown on the design drawings:

() A325— Specification for Sructural Bolts, Steel, Heat-Treated, 120/105 ksi Minimum Tensile
Strength

(b) A490 — Specification for Heat-Treated Seel Sructural Bolts, 150 kst Minimum Tensile
Strength

(c) A563 — Specification for Carbon and Alloy Steel Nuts
(d) F436 — Specification for Hardened Steel Washers

(e) F959 — Specification for Compressible-Washer-Type Direct Tension Indicators for Use with
Sructural Fasteners

(f) F1852 — Soecification for “ Twist-Off” Type Tension Control Sructural Bolt/Nut/\Washer
Assemblies, Seel, Heat Treated, 120/105 ksi Minimum Tensile Srength

Commentary: Bolts connecting structural steel components of the Seismic-Force-
Resisting System should normally conformto ASTM A325, ASTM A490, or ASTM

F1852 pretensioned as for dlip-critical applications. Other bolt materials may be
used for connection of other components of the steel structure or for connection of
the Seismic-Force-Resisting System to the foundation. See also Section 3.2.2.

2.3 Anchor Rods

Anchor rods shall conform to the requirements of the following ASTM standard:
(a) F1554 - Specification for Anchor Bolts, Steel, 36, 55, and 105 ksi Yield Strength

Other material may be used for anchor rods as permitted by current AISC Specifications.
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2.4  Welding Material

Welding materials shall conform to the following AWS specifications, as applicable:
(&) ANSI/AWS A5.1-91, Specification for Carbon Seel Electrodes for Shielded Metal Arc
Welding

(b) ANSI/AWS A5.5-96, Specification for Low-Alloy Steel Electrodes for Shielded Metal Arc
Welding

(c) ANSI/AWS A5.17/A5.17M-97, Specification for Carbon Seel Electrodes and Fluxes for
Submerged Arc Welding

(d) ANSI/AWS A5.18-93, Specification for Carbon Steel Electrodes and Rods for Gas Shielded
Arc Welding

(e) ANSI/AWS A5.20-95, Specification for Carbon Steel Electrodes for Flux-Cored Arc
Welding

(f) ANSI/AWS A5.23/A5.23M-97, Specification for Low-Alloy Steel Electrodes and Fluxes for
Submerged Arc Welding

(g) ANSI/AWS A5.25/A5.25M-97, Specification for Carbon and Low-Alloy Steel Electrodes
and Fluxes for Electroslag Welding

(h) ANSI/AWS A5.26/A5.26M-97, Specification for Carbon and Low-Alloy Sedl Electrodes for
Electrogas Welding

(i) ANSI/AWS A5.28-96, Specification for Low-Alloy Steel Electrodes and Rods for Gas
Shielded Arc Welding

(1) ANSI/AWS A5.29-98, Specification for Low-Alloy Steel Electrodes for Flux-Cored Arc
Welding

(k) ANSI/AWS A5.32/A5.32M-97, Specification for Welding Shielding Gases

2.4.1 Supplemental Requirements for Welding Materials

2411 Toughness, Strength and Elongation

All welds on members comprising the Seismic-Force-Resisting System, except as noted
below for joining of material conforming to ASTM A913, grade 65, shall employ weld filler
metals classified for nominal 70 ksi tensile strength, referred to as E70 electrodes, meeting the
following minimum mechanical property reguirements:

1. CVN toughness of 20 ft-1b at 0°F, using AWS A5 classification test methods
2. CVN toughness: 40 ft-1b at 70°F, using the test procedures prescribed in Appendix A
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3. vidd strength: 58 ksi minimum, using both the AWS A5 classification test (for E70
classification electrodes) and the test procedures prescribed in Appendix A

4. tensile strength: 70 kst minimum, using both the AWS A5 classification test (for E70
classification electrodes) and the test procedures prescribed in Appendix A

5. dongation: 22% minimum, using both the AWS A5 classification test and the test procedures
prescribed in Appendix A.

Welded joints of ASTM A913, grade 65 material shall be made with weld filler metals
classified as E80 el ectrodes with a minimum yield strength of 68 ksi, minimum tensile strength
of 80 ksi, and a minimum elongation of 19%. CVN toughness requirements of (1) and (2) above

shall apply.

Commentary: For applications where the Seismic-Force-Resisting Systemis
subjected to service temperatures below 50°F following completion of the
construction, the CVN toughness requirement for item (2) above should be
conducted at a test temperature not less than 20°F above the lowest anticipated
service temperature.

For all other joints, welding materials shall meet the requirements of the
designated A5 classification test. A minimum CVN toughness is not required,
except for the specific joints and designs described in Table 2.3 in the AISC
LRFD Specification for Structural Steel Buildings dated December, 1999.

2412 Hydrogen Level

For welded joints designated as Seismic Weld Demand Category A or B, welding filler
metals, as supplied by the manufacturer, shall meet the requirements for H16 (16 ml diffusible
hydrogen per 100 grams deposited weld metal) as tested using the mercury or gas chromatograph
method as specified in AWS A4.3, Sandard Methods for Determination of the Diffusible
Hydrogen Content of Martensitic, Bainitic, and Ferritic Seel Weld Metal Produced by Arc
Welding. The manufacturer’s Certificate of Conformance shall be considered adequate proof that
the supplied el ectrodes meet this requirement, and no additional testing of filler metal samples or
of production weldsis required.

For all other welds on members of the Seismic-Force-Resisting System, the weld filler metals
shall be considered classified as low-hydrogen under the provisions of AWSD1.1.

Commentary: All electrodes and fluxes for FCAW, GMAW, SAW, GTAW, ESW
and EGW processes are considered low-hydrogen. For SMAW, electrodes listed
in AWS Table 3.1 for steelsin Group Il or higher are considered low-hydrogen.

24.1.3 Packaging Requirements
Packaging of weld filler metals shall conform to the requirements of AWSD.1.1. FCAW

electrodes shall be received in moisture-resistant packages that are undamaged. They shall be
protected against contamination and injury during shipment and storage. Electrode packages shall
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remain effectively sealed against moisture until the electrode is required for use. When removed
from protective packaging and installed on machines, care shall be taken to protect the electrodes
and coatings, if present, from deterioration or damage. Modification or lubrication of an
electrode after manufacture for any reason is not permitted, except that drying shall be permitted
when recommended by the manufacturer.

2.5 Shear Connectors (Shear Studs)

Stud Shear Connectors shall be AWSD1.1 “Type B” headed studs made from ASTM A108,
Grade 1015 or 1020, cold-finished carbon steel, with dimensions complying with AWSD1.1 for
the type and sizes shown.
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3. EXECUTION

3.1 Fabrication
3.1.1 General

Structural steel shall be shop fabricated in accordance with the applicable AlSC Specification,
AISC Code of Sandard Practice, and AWSD1.1, as modified by the provisions of the contract
documents.

High-strength structural steel shall be identified according to grade.

Members shall be marked and match-marked as needed for field assembly. Members shall be
fabricated for delivery in a sequence that will expedite erection and minimize field handling of
structural steel.

Cuts, holes, and openings in structural steel members, shown on the design drawings, shall
also be shown on the shop drawings for structural steel and shall be done in the shop.

The Contractor shall cooperate fully with requests from inspection and testing personnel for
access to the connections and joints to be inspected or tested. This includes beam and column
turning in the shop, weld backing remova when nondestructive examination indicates rejectable
conditions, and access to platforms or scaffolding as required to perform the work safely. Weld
backing removal shall also be performed where required by the Contract Documents. When
weld backing must be removed for test verification, the inspection must be performed in atimely
manner so as not to hinder production nor require duplication of effort.

The Contractor shall conduct all necessary corrections of deficienciesin material and
workmanship. Repair procedures shall be submitted to the Engineer for review and acceptance.
The Contractor shall comply with requests to correct deficiencies, when such corrections are
required by the Engineer or other designated responsible party. The Quality Assurance Inspector
and NDT Technician shall be apprised of any repairs made by the Contractor.

3.1.2 Bolted Construction

Standard holes shall be used, unless otherwise indicated on the Drawings. Holes shall be
drilled or punched at right anglesto the surface of the metal, not more than 1/16 inch larger than
the fastener diameter, except where oversize holes are specified. Making or enlarging holes by
burning is prohibited, unless hole slotting is required between two punched or drilled holes.
Center piercing with atorch and reaming to the required diameter is permitted. Material having a
thickness in excess of the connector diameter plus 1/8 inch shall be drilled rather than punched.
Burrs that would prohibit solid seating of the connected parts shall be removed.

Connections shall be assembled in accordance with the RCSC Specification, using provisions
for pretensioned joints, unless snug-tight bolts are indicated on the Drawings. Faying surfaces of

PartI: 3-1



FEMA-353 Recommended Specifications and Quality
Part I: Recommended Specifications Assurance Guidelines for Steel Moment-Frame
Chapter 3: Execution Construction for Seismic Applications

pretensioned joints shall be prepared as for Class A or better slip-critical joints unless otherwise
indicated on the Drawings.

3.1.3 Welded Construction

Each welder working on the project shall be assigned an identification symbol or mark. Each
welder shall mark or stamp this identification symbol at each weldment completed. Stamps, if
used, shall be the low-stress type.

Welding personnel shall be qualified in accordance with AWSD1.1, Section 4, Parts A and C.
WPQR testing performed more than six months prior to the start of the welding by the welder is
acceptable, provided written documentation is submitted showing that the welder has continued
to use the applicable welding process on an ongoing basis since the test was conducted, with no
lapse in service exceeding six months. Welders whose work routinely exhibits poor
workmanship shall be requalified before performing further welding.

WPSs shall be available to welders and inspectors prior to and during the welding process.
Prior to welding, joint fit-up shall be verified by the welder for conformance with the WPS and
AWSDL1.1.

For all complete joint penetration (CJP) and partial joint penetration (PJP) groove welds
subjected to ultrasonic testing (UT), avisible mark, “for UT,” shall be accurately placed on the
steel a distance of 4 inches away from the root of the edge preparation.

Welding shall be performed in accordance with the appropriate WPS for the joint.

Groove welds shall be complete joint penetration groove welds, unless specifically
designated otherwise on the Drawings. Groove preparation details are at the Contractor’s
selection, subject to qualification, if required, in accordance with AWSD1.1.

Weld tabs shall be in accordance with AWSD1.1, Section 5.31, as modified by Section 4.2 of
this specification. End dams shall not be used.

Backing bars shall be in accordance with AWSD1.1, Section 5.10, as modified by Section 4.1
of this specification.

Faces of fillet and groove welds exposed to view shall have as-welded surfaces that are
reasonably smooth and uniform. No finishing or grinding shall be required, except where
clearances or fit of other items may so necessitate, or as preparation for coating.

3.1.4 Headed Shear Studs

Shear studs shall be welded in accordance with AWS D1.1, Section 7, and the manufacturer’s
recommendations. Shear studs shall not be attached in the area designated in Section 5.5 of this

specification.
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3.2 Erection

3.2.1 General

Structural steel shall be erected in accordance with the AISC Specification and the AISC Code
of Sandard Practice, as modified by the project documents.

Where erection requires performing fabrication work on site, the work shall conform to the
applicable standards of Section 3.1, Fabrication.

The Contractor shall cooperate fully with requests from inspection and testing personnel for
access to the connections and joints to be inspected or tested. This includes weld backing
remova when non-destructive testing indicates rejectable conditions, and access to platforms or
scaffolding as required to perform the work safely. When such services are required, the
inspection must be performed in atimely manner so as not to hinder production nor require
duplication of effort.

The Contractor shall perform all necessary corrections of deficienciesin material and
workmanship. The Contractor shall comply with requests to correct deficiencies, when such
corrections are required by the Engineer or other designated responsible party. The Quality
Assurance Inspector and NDT Technician should be apprised of any repairs to be made by the
Contractor, prior to performance.

3.211 Storage and Handling

Structural steel shall be stored and handled in a manner that prevents damage or distortion.
Do not store materials on the structure in amanner that might cause distortion or damage to
members of the supporting structure. Store materials to permit easy access for inspection and
identification. Keep steel members off the ground by using blocking, cribbing, platforms, or
other supports.

3.21.2 Temporary Shoring and Bracing

Contractor’ s erection scheme and temporary bracing and shoring shall provide lateral support
and stability for al columns until permanent lateral-support systems (for example: wind bracing
bents and horizontal deck/slab diaphragms) are in place and complete. Provide temporary shoring
and bracing membersin vertical and horizontal planes as required, with connections of sufficient
strength to bear the imposed |oads. Remove temporary members and connections when
permanent support systems are in place and final connections are made.

3.2.1.3 Erection Procedures

The Contractor shall be responsible for the control of all erection procedures and sequences
including but not limited to temperature differentials and weld shrinkage.
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3.2.14 Field Work for Other Trades

There shall be no field cutting of structural steedl membersin the Sei smic-Force-Resisting
System for the work of other trades without written prior approval of the Engineer.

3.2.2 Bolted Construction

Fasteners shall be stored in a protected place. Except for ASTM F1852 “twist-off” type
assemblies, clean and relubricate bolts, nuts and washers that become dry or rusty before use.
F1852 fastener components may be rel ubricated following the manufacturer’ s written
instructions, and must be retested after relubrication and prior to use to verify suitability for
installation.

Do not use flame cutting to align bolt holes except as permitted by RCSC specifications.

Ream holes that must be enlarged to admit bolts. Do not enlarge holes by more than
1/32 in. Additiona reaming beyond 1/32 in. shall not be performed without approval of
Engineer. When reaming beyond 1/32 in. is approved, drill or ream to the next larger hole size
and use the next larger size bolt.

Bolt holes may be made by punching or drilling. Bolt holes may also be made by thermal
cutting to asmaller diameter, followed by reaming to the required diameter.

3.2.3 Welded Construction
See Section 3.1.3.

3.2.4 Headed Shear Studs
See Section 3.1.4.

3.2.5 Corrective Work

There shall be no field cutting or ateration of structural steel members or connectionsin the
Seismic-Force-Resisting System without prior review by the Engineer. Structural elements
having fabrication errors or which do not satisfy tolerance limits shall be repaired. Submit
drawings showing reasons for, and details of, proposed corrective work for approval by the
Engineer prior to performing corrective work. Corrective work shall be performed in accordance
with the requirements of the Contract Documents. Pre-approved repair and correction
procedures may be used when authorized by the Engineer for specific conditions.

3.2.6 Thermal Cutting

Thermal cutting torches may be used in the field for correcting fabrication errorsin structural
framing only with the approval of the Engineer. When thermal cutting is permitted, cutting shall
be done only with a mechanically guided torch or atorch controlled using a guide bar, except as
permitted below:
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1. Thermal-cut edgesthat are not welded and will be free of substantial stresses, as determined
by the Engineer, may be cut manually with an unguided torch provided the specified AISC
edge distances to holes are maintained.

2. Other thermal-cut edges and edges to be welded may be cut manually with an unguided torch
to aline within 1/8 in. of the finished dimension, with final removal of material completed by
chipping or grinding to produce a surface quality equal to that of the base metal edges.

Cuts shall be smooth and regular in contour, and free of notches. The radius of reentrant
corners shall be no less than one-half inch. Cuts performed to modify beam copes may be made
with asmaller radius, but shall not be cut square.

Commentary: Thermal cutting of main members of the seismic-force-resisting
systemin the field should be performed with caution. If members are under load,
when thermally cut, the resulting loss of strength could result in damage or
failure of the member. Particular caution should be exercised with regard to
thermal cutting in areas anticipated to experience yielding or buckling during
earthguake response as the formation of martensite or the presence of excessive
surface roughness or nicks resulting from such cutting can serve as initiators for
fractures under high-strain cyclic loading. If proper precautions are taken,
including shoring of heavily loaded members, use of preheat prior to cutting, and
grinding to remove surface defects, field thermal cutting can be safely performed.

3.3 Supplemental Welding Requirements

3.3.1 Welding Personnel Qualification

3.3.1.1 Supplemental Welding Personnel Testing

Welders and welding operators performing work on welds classified as Seismic Weld
Demand Categories A or B shall pass Supplemental Welder Qualification Testing, as prescribed
in Appendix B, on special test joint mock-ups. Testing shall be performed using the process to be
used in the work, with the WPS set at the highest deposition rate to be used in the work. FCAW-
S and FCAW-G shall be considered separate processes for welding personnel gualification. Tack
welders need not perform such Supplemental Testing.

3.3.1.2 Qualification Period

Welding personnel required to be tested using the Supplemental Welding Personndl Testing
prescribed in Section 3.3.1.1 shall be qualified by test within 12 months prior to beginning
welding on the project.

Should the 12-month period elapse during welding on the project, the Supplemental Welder
Qualification remains valid. It is not required to repeat the testing during the course of the
project, unless the quality of the workmanship for that welder routingly fails to meet the
applicable project weld quality standards.
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3.3.2 Intermix of Filler Metals

For welded joints requiring CVN toughness in Seismic Weld Demand Categories A and B |
when FCAW-Sfiller metals will be used in combination with filler metals for other processes,
including FCAW-G, supplemental toughness testing shall be conducted as prescribed in

Appendix C.

3.3.3 Electrode Storage and Exposure Limits

FCAW € ectrodes shall be received and stored in the original, undamaged manufacturer
packaging, until ready for use. Electrodes in packages that have had the internal plastic wrapping
damaged shall not be used for welds in Seismic Weld Demand Category A or B. Modification or
lubrication of an electrode after manufacture is not permitted, except that drying is permitted as
recommended by the manufacturer.

The exposure time limit for all FCAW electrodes shall be based upon the results of tests as
prescribed in Appendix D. These tests may be conducted by the electrode manufacturer or
supplier, by the Contractor, or by an independent testing agency or laboratory with suitable

equipment.

In lieu of testing, when welding is to be suspended for more than 8 hours, electrodes shall be
removed from the machines and stored in an €l ectrode wire oven maintained at atemperature
between 250° and 550° F, or as recommended by the manufacturer. Electrodes not consumed
within 24 hours of accumulated exposure outside closed or heated storage shall not be used for
welds in Seismic Weld Demand Category A or B. Electrode spools shall be identified to facilitate
monitoring of total atmospheric exposure time. FCAW electrodes that have been exposed for
periods exceeding an accumulated 24 hours may be dried if manufacturer’s testing and
recommendations show that drying is effective at removing moisture and restoring el ectrodes to
their designated diffusible hydrogen level.

3.3.4 Wind Velocity Limits

In lieu of AWSD1.1-98, Section 5.12.1, GMAW, FCAW-G, GTAW and EGW shall not be
performed when the wind velocity in the immediate vicinity of the weld exceeds three miles per
hour. Welding performed within an enclosed area, and not subject to drafts may be deemed to
satisfy this requirement.

SMAW, FCAW-S, and SAW may be performed without limitation to wind velocity,
provided the wind does not affect the appearance of the molten weld puddle.

3.3.5 Minimum Preheat and Interpass Temperature

Minimum preheat and interpass temperatures shall be provided for all welds, including tack
welds, in accordance with AWSD1.1, Table 3.2. The Contractor may specify higher minimum
temperatures, if desired, as a part of the Contractor’s WPS for a particular application. In such
cases, the WPS minimum preheat and interpass temperatures shall be provided. For weldsin

Part1: 3-6



Recommended Specifications and Quality FEMA-353
Assurance Guidelines for Steel Moment-Frame Part I: Recommended Specifications
Construction for Seismic Applications Chapter 3: Execution

Seismic Demand Categories A, B, or C, preheat and interpass temperatures shall be in the range
tested in accordance with Appendix A.

Preheat and interpass temperatures lower than those required by AWSD1.1, Table 3.2, are
permitted provided the WPS has been qualified by test, and the WPS and PQR have been
accepted by the Engineer.

Minimum preheat and interpass temperatures shall be verified at a distance of 3 in. from the
weld, at the point of arc initiation or for materials over 3 in. in thickness, at a distance equal to
the thickness of the part.

3.3.6 Maximum Preheat and Interpass Temperature

The maximum preheat and maximum interpass temperature permitted is 550°F, measured at a
distance of 1 in. from the point of arc initiation. This maximum temperature may not be
increased by the WPS, regardless of qualification testing.

Commentary: Limitations on maximum preheat and inter pass temperature are
imposed because laboratory data indicates that high heat input resultsin
degradation of weld toughness. Use of qualified-by-test procedures with high
heat inputs are not permitted because standard procedure qualification tests do
not include evaluation of CVN toughness.

3.3.7 Nonfusible Backing

The use of nonfusible backing materials, including ceramic and copper, is permitted only
with satisfactory welder qualification testing performed using the type of backing proposed for
use, using the test plate shown in AWS D1.1-98, Figure 4.21, except that groove dimensions shall
be as provided in the WPS and PQR. Should the joint to be welded include welding a beam
flange to a column flange through an access hole, the Supplementary Welder Qualification Test
of Appendix B shall be performed using the type of backing proposed for use.

For nonfusible weld tabs and short segments of nonfusible backing bars used at the ends of
welds between shear tabs and column faces, or at the ends of continuity plate welds, specia
welding personnel and welding procedure qualification testing is not required. The welder shall
be trained in the proper welding techniques for using such nonfusible weld tabs and backing bars
prior to performing such welding on the project.

3.3.8 Peening

The use of peening is permitted at the Contractor’s option, but is not required. See AWS
D1.1-98, Section 5.27. If the Contractor elects to use peening, awritten procedure for performing
peening shall be incorporated into the WPS for the joints to be peened.
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3.3.9 Controlled Cooling

The use of controlled cooling is permitted at the Contractor’s option, but is not required. If
the Contractor elects to use controlled cooling, awritten procedure for controlling cooling after
welding shall be incorporated into the WPS for the joints to receive such treatment. The
procedure shall include the method of heating, the maximum temperature permitted, cooling rate
range to be provided, and the method and frequency of temperature measurements.

The use of insulating blankets after completion of welding, without the addition of heat, is
permitted at the Contractor’s option, but is not required. For the use of insulating blankets only, a
written procedure and temperature measurements are not required.

3.3.10 Post Weld Heat Treatment

The use of Post Weld Heat Treatment (PWHT) is permitted at the Contractor’ s option, but is
not required. The use of PWHT shall meet the Stress-Relief Heat Treatment limitations of AWS
D1.1-98, Section 5.8. If the Contractor elects to use PWHT, awritten procedure for performing
PWHT shall be incorporated into the WPS for the joints to be treated.

Controlled cooling, or the application of heat immediately following completion of ajoint to
maintain anominal temperature at or below 550°F, is not considered PWHT.

Part1: 3-8



Recommended Specifications and Quality FEMA-353
Assurance Guidelines for Steel Moment-Frame Part I: Recommended Specifications
Construction for Seismic Applications Chapter 4: Welded Joint Details

Part |
4. WELDED JOINT DETAILS

4.1 Backing Bars

The use of backing bars shall be in accordance with AWSD1.1-98, Section 5.10. All tack
welds attaching backing bars to the steel prior to the welding of the joint shall be made within the
joint. Preheat for such tack welds as required by AWSD1.1, Table 3.2, or by the WPS, as
applicable, shall be provided. Backing bars may remain in place unless required to be removed
by Section 4.1.1 or 4.1.2 of this specification, by AWSD1.1-98, Section 5.10.4, or by AISC
Specification Section J1.5.

4.1.1 Heavy Section Splices Requiring Removal of Backing Bars

All welded tension splices of Heavy Sections, as defined in Section 1.3.5, shall have the
backing bars removed. Where fusible backing material is used, the root pass area shall be
backgouged after backing bar removal, and backwelded until flush or with slight reinforcement.
The surface shall then be ground smooth, to a surface roughness not to exceed 500 microinches.
Notches and gouges shall be repaired to the requirements of AWS D1.1-98, Section 5.15.4.4.

4.1.2 Moment Connection Joints Requiring Removal of Backing Bars

Backing bars shall be removed from the joint when required on the design drawings.
Following removal of backing, the root pass shall be backgouged to sound weld metal, and
backwel ded.

Backing bar removal may be performed by air carbon arc cutting (CAC-A), commonly
referred to as air carbon arc gouging (ACAG), grinding, chipping, or thermal cutting. The
process shall be controlled to minimize gouging and removal of base metal except for material
immediately adjacent to the weld.

Following backgouging, the root shall be backwelded. A reinforcing fillet weld with a
minimum leg size of 5/16 inch or the root opening plus 1/16 inch, whichever is larger, shall be
provided. The reinforcing fillet weld need not be ground. Following completion of the
reinforcing fillet weld, MT shall be performed on the fillet weld and the immediately adjacent
area.

Should these joints be made with nonfusible backing, the backing material shall be removed,
any unacceptable weld discontinuities removed by backgouging, the root backwelded as needed,
the reinforcing fillet added as described above, and M T performed on the completed fillet weld
and the immediately adjacent area. If visual inspection of the root shows no unacceptable
discontinuities, no backgouging and backwelding is required.

Commentary: Backing removal isrequired at the beam-bottom-flange-to-column
joint of the following types of prequalified moment-resisting connections:. Welded
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Unreinforced Flange (WUF) connections, Reduced Beam Section (RBS)
connections, and Free Flange (FF) connections, Welded Flange Plate (WFP)
connections, Bolted Flange Plate (BFP) connections. In addition, backing should
be removed from any connections subject to project-specific qualification testing,
if the backing was removed from the qualification test specimens.

4.2 Weld Tabs

4.2.1 Use of Weld Tabs

Welds shall be terminated at the end of ajoint in amanner that will ensure sound welds.
Whenever necessary, this shall be done by use of weld tabs, also called extension bars and run-
off tabs. Weld tabs shall extend beyond the edge of the joint a distance equal to a minimum of
the part thickness, but not less than one inch. Weld tabs shall be oriented parallel to the joint
preparation and to the weld direction. No weld dams are allowed.

Except as noted in the following sections, weld tabs shall meet the requirements of AWS
D1.1-98, Section 5.31. Fusible weld tabs may remain in place unless their removal isrequired by
the following sections, by AWS D1.1-98, Section 5.31, or by AISC Specification Section J1.5.
Nonfusible weld tabs may be used in applications and locations where qualified in accordance
with AWSD1.1, Section 4.

4.2.2 Heavy Section Joint Weld Tab Removal and Finish

All welded tension splicesin Heavy Sections, as defined in Section 1.3.5, shall have the weld
tabs removed and ground smooth to afinish of 500 microinches or better. Gouges and notches
shall satisfy the requirements of AWS D1.1-98, Section 5.15.4.4, or shall be repaired to the
provisions of AWSD1.1-98, Section 5.15.4.4.

4.2.3 Moment Connection Weld Tab Removal and Finish

Weld tabs shall be removed when required by the design drawings. Weld tab removal may
be performed by air carbon arc cutting (CAC-A), grinding, chipping, or thermal cutting to within
1/8 inch of the base metal surface. For weld tabs used on continuity plates, removal within %
inch of the plate edge is adequate. The process shall be controlled to minimize gouging and
removal of base metal except for that material immediately adjacent to the weld.

The edges where the weld tabs have been removed shall be finished to a surface roughness
value of 500 microinches or better. Grinding to aflush condition is not required. Gouges and
notches are not permitted, and must be removed by grinding. The transitional slope of any area
where gouges and notches have been removed shall not exceed 1:5. Material removed by
grinding that extends more than 1/16 inch below the surface of the base metal shall be filled with
weld metal using approved weld repair procedures.
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The contour of the weld at the ends shall provide a smooth transition, free of notches and
sharp corners. A minimum radius at the corner need not be provided.

Following removal and finishing to the required smoothness and contour, and the completion
of any necessary repairs, the exposed ends of the weld shall be inspected using magnetic particle
testing (MT).

Commentary: Weld tabs should be specified to be removed from each end of both
the top and bottom beam flanges for the following prequalified beam-to-column
connections: Welded Unreinforced Flange (WUF) connections, Reduced Beam
Section (RBS) connections, Welded Flange Plate (WFP) connections, Free Flange
(FF) connections, Bolted Flange Plate (BFP) connections, Welded Bottom
Haunch (WBH) connections, Welded Top and Bottom Haunch (WTBH)
connections, Welded Cover Plated Flange (WCPF) connections, and Improved
Welded Unreinforced Flange (IWURF) connections. Weld tabs should also be
removed from connections subject to project specific qualification if the tabs were
removed from the qualification test specimens.

4.3 Weld Toes

Weld toes, whether for groove welds or fillet welds, shall provide a smooth transition
between the weld and base metal. The as-welded profile is adequate provided it satisfies the
criteriaof AWSD1.1, Section 5.24. No grinding is required.

4.4 Weld Access Holes

Weld access holes shall meet the dimensional, surface finish, and testing requirements of
AISC LRFD Specification Section J1.6 and AWS D1.1-98, Section 5.17.1 and Figure 5.2, except
as otherwise required by the Contract Documents. The provisionsin AWSD1.1 Section 5.17.2
and Figure 5.2, Note 1 shall apply to all Heavy Sections as defined in this document.

The access hole shall be ground smooth to a surface roughness value not to exceed 500
microinches, and shall be free of notches and gouges. For this purpose, a notch or gouge is any
depression deegper than the overall surface roughness.

Notches or gouges present from thermal cutting shall be removed by grinding, faired to a
sope of not more than 1:5 against a straight cut surface, or to aradius of not lessthan 3/8 inch if
in the curved portion of the cut surface. The depth of notches and gouges that may be repaired by
grinding is not limited, provided the required dimensions, including tolerances, of the access hole
are maintained.

Notches deeper than can be repaired by grinding (as above) may be repaired by welding. Prior
to welding, the notch or gouge shall be ground to provide a smooth contour with a radius not |less
than 3/8 inch. The repair area shall be preheated to a temperature between 400°F and 550°F,
measured at the point of welding immediately prior to welding. Filler metal meeting the
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requirements for Seismic Weld Demand Categories A and B shall be used. A written repair WPS
for the application shall be followed. Following completion of welding, the area shall be ground
smooth and flush to meet the contour and finish requirements for the access holes, with fairing of
the welded surface to adjoining surfaces.

Prior to acceptance, the weld access hole shall be inspected using magnetic particle testing
(MT) or liguid penetrant testing (PT) and shall be free of cracks. If awelded repair has been
performed, magnetic particle testing (M T) shall be performed.

45 Web Weld Details

Unless otherwise shown on the drawings, shear tabs may be welded to the column using fillet
welds, partial joint penetration (PJP) groove welds with reinforcing fillet welds, a combination of
fillet weld and PJP groove weld, or a CJP groove weld.

When reguired by the design drawings, the beam web shall be welded to the shear tab using
fillet welds. A minimum clear distance of ¥ inch shall be provided between the weld access hole
and the toe of thefillet weld connecting the shear tab and beam web.

Fillet welds should terminate a distance equal to or greater than the leg size from the beam
end.

4.6 Doubler Plate Details

Web doubler plates, if required, may be welded using any of the three details of the AISC
Seismic Provisions, Figure C-9.3.

When Figure C-9.3(a) is used, the edges of the doubler plate shall be chamfered to an
adequate bevel to facilitate access to the root of the weld. A sguare-edge plate and square
groove weld between doubler plate and column is not acceptable. No grinding of the completed
weld isrequired.

When Figure C-9.3(b) is used, the plate shall be chamfered to miss the radius of the column.
Thefillet weld, in both throat and leg size, as a minimum, shall be equal to or larger than the
chamfer dimensions used for the doubler plate. No grinding of the completed weld is required.

4.7  Column Continuity Plate Details

Continuity plates, also referred to as stiffeners, shall have clips, sized to avoid interference
with the radius of the column. Against the column flange, the size of the clip may exceed the
radius (k; dimension) by no more than 1/2 inch. Along the web, the clip shall extend a distance
of approximately 1-1/2 inches beyond the published k dimension. The clip shall be detailed to
facilitate suitable weld terminations for both the flange weld and the web weld, with a minimum
radius of ¥z inch.

The weld between the continuity plate and the column flange, unless otherwise shown, shall
be a CJP groove weld for the full length of the groove preparation. The joint may use backing

Part|: 4-4



Recommended Specifications and Quality FEMA-353
Assurance Guidelines for Steel Moment-Frame Part I: Recommended Specifications
Construction for Seismic Applications Chapter 4: Welded Joint Details

bars, or may be made without backing provided the root is backgouged and backwelded. If
backing bars are used and remain in place, they shall recelve areinforcing fillet weld between the
backing bar and column flange. No fillet weld should be placed between backing bar and
continuity plate. The fillet weld size need not exceed the minimum size requirements of AWS
D1.1, Table5.8.

Weld terminations near the end of the column flange tips may be completed using weld tabs.
Weld tabs, if used, may be steel or nonfusible material. After welding completion, weld tabs shall
be removed to within %2 inch of the continuity plate edge and the surface finished to a surface
roughness not to exceed 500 microinches. Removal or grinding to the flush condition is not
required. Following finishing, the edge shall be inspected using magnetic particle testing.

For column flange to continuity plate welds, weld terminations near the radius of the column
need not be made using weld tabs. The use of small nonfusible weld tabs to assist in weld
terminations is permitted. Weld tabs shall be removed following completion of welding, but no
grinding is required.

The weld between the continuity plate and column web may be made with groove welds,
fillet welds, or a combination of the two. The weld termination should be held back from the end
of the joint at each end a distance of approximately %ainch.

4.8 Welding Sequence for Moment Connection of Bottom Beam Flange

When welding the bottom flange to the column flange of welded moment-resisting
connections, the following sequence shall be followed:

1. When welding from Side A (one side of the beam), the root pass shall begin beyond the
center of the joint on Side B, reaching past the beam web (or web plate, for FF connections)
through the weld access hole (or opening, for FF connections). After the arc isinitiated, travel
shall progress toward the edge of the Side A beam flange, and the weld shall be terminated
on the Side A weld tab.

2. The Side A root pass, and the root pass deposit on Side B, shall be thoroughly cleaned and
visually inspected by the welder to ensure fusion, soundness, and freedom from cracks, slag
inclusions and excessive porosity. The resulting bead profile shall be suitable for obtaining
good fusion by the subsequent root pass to beinitiated from Side B. |f the profileis not
conducive to good fusion, the start of the first root pass shall be ground, gouged, chipped, or
otherwise prepared to ensure adequate profile to achieve fusion.

3. The second half of the weld joint, from Side B, shall have the root pass applied before any
other weld passes are performed. The arc shall be initiated in the area of the start of the first
Side A root pass, and travel shall progress to the end of the joint, terminating on the Side B
weld tab.

4. The above sequence shall be repeated for subsequent weld layers, and each weld layer shall
be completed on both sides of the joint before a new layer is deposited. The order of
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operations (Side A, then Side B, or vice versa) is not restricted and may vary for each weld
layer.

Weld passes shall be placed in horizontal layers. Each pass shall be thoroughly cleaned of
slag and wire brushed. Each pass shall be visually inspected by the welder, as described abovein

Step 2.

Both top and bottom beam flanges should be completely welded prior to any supplemental
welding to the beam web or shear tab, unless otherwise detailed in the approved erection plan
and the WPS.

Commentary: The above welding sequence is recommended for the following
types of joints: Welded Unreinforced Flange (WUF) connections, Reduced Beam
Section (RBS) connections, Welded Free Flange (FF) connections, Welded Bottom
Haunch (WBH) connections, and Welded Top and Bottom Haunch (WTBH)
connections.

4.9 Improved Welded Unreinforced Flange Connection Details

The following provisions are applicable to upgrading existing connections using
improvements to the existing beam flange welds only.

4.9.1 Existing Web Connection Materials and Details

The existing web connection and web access holes may remain as constructed.

4.9.2 Replacement of Beam Flange Welds

Where required on the design drawings, the existing beam-to-column flange welds shall be
removed by air carbon arc cutting (CAC-A), chipping or grinding until only base metal remains.
Thejoint shall be prepared for new groove welding, using ajoint detail that uses a backing bar.
The actual root opening is permitted to exceed the prequalified root opening of AWSD1.1, Figure
3.4, provided a split-layer technigue is used for the placement of the root pass. The groove angle
of the joint shall satisfy the prequalified groove angles of AWS D1.1 Figure 3.4, unless otherwise
qualified under the provisions of AWS D1.1, Section 4.

At the top flange, if the backing bar isleft in place, a5/16 inch reinforcing fillet shall be
placed between the backing bar and the column. No weld should be placed between the backing
bar and beam flange. At the bottom flange, following the provisions of Section 4.1.2 of this
specification, the backing bar shall be removed, the weld root backgouged to solid weld metal,
and the area backwelded until at least flush. A 5/16 inch reinforcing fillet shall be placed between
the weld root and the column at the bottom of the bottom flange.

Continuity plates, if added, shall conform to the requirements of Section 4.8 of this
specification.
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4.9.3 New Welding Material

All new welding filler metals shall meet the reguirements of Section 2.4 of this specification.
Weld tab removal shall be as required in Section 4.2.

4.10 Haunched Connection Welding Details

Thefollowing provisions are applicable to upgrading existing connections with either a
bottom haunch or a top and bottom haunch, as shown on the design drawings.

4.10.1 Existing Web Connection Materials and Details

The existing web connection and web access holes may remain as constructed.

4.10.2 Flange Weld Details

Where shown on the design drawings, the existing beam-to-column flange welds shall be
removed by air carbon arc cutting (CAC-A), chipping or grinding until only base metal remains.
Thejoint shall be prepared for new groove welding, using ajoint detail that uses a backing bar.
The actual root opening is permitted to exceed the prequalified root opening of AWSD1.1, Figure
3.4, provided a split-layer technigue is used for the placement of the root pass. The groove angle
of the joint shall satisfy the prequalified groove angles of AWS D1.1 Figure 3.4, unless otherwise
qualified under the provisions of AWSD1.1, Section 4.

At thetop flange, if the backing bar isleft in place, a5/16 inch reinforcing fillet shall be
placed between the backing bar and the column. No weld should be placed between the backing
bar and beam flange. At the bottom flange, following the provisions of Section 4.1.2 of this
specification, the backing bar shall be removed, the weld root backgouged to solid weld metal,
and the area backwelded until at |east flush. A 5/16 inch reinforcing fillet shall be placed between
the weld root and the column at the bottom of the bottom flange. No fillet weld should be placed
between the backing bar and beam flange.

4.10.3 New Welding Material

All new welding filler metals shall meet the reguirements of Section 2.4 of this specification.
Welding shall be executed in conformance with the reguirements of Chapter 3 of this
specification. Weld tab removal shall be as required in Section 4.2 of this specification.

4.10.4 Haunch Welding Requirements

The groove welds between column and WT haunch may be made with or without backing,
but if backing is used, an access hole meeting the minimum dimensional requirements of AWS
D1.1, Section 5.17.1 and AWS D1.1 Figure 5.2 shall be used. Backing bars, if used, may remain
in place, but if left in place, shall receive areinforcing fillet. The weld between the WT stem and
the beam flange shall be a CJP groove weld. Backing bars, if used, may remain in place, and no
reinforcing fillet is required.
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The weld between the WT stem and the column flange shall be a CIP groove weld. Backing
bars, if used, may remain in place, but if left in place, areinforcing fillet is required.

4.10.5 Continuity Plates and Stiffener Welding Requirements

New continuity plates added to the column shall meet the requirements of Section 4.7 of this
specification. Stiffeners added to the beam web shall meet the requirements of Section 4.7 of this
specification, except that the welds between the stiffener and the beam web may befillet welds
of minimum 5/16 inch leg size.

411 Cover-Plated Moment-Connection Details

Thefollowing provisions are applicable to upgrading existing connections with cover plates
when shown on the design drawings.

4.11.1 Existing Web Connection Materials and Details

The existing web connection and web access holes may remain as constructed.

4.11.2 Flange Weld Details

Where shown on the design drawings, the existing beam-to-column flange welds shall be
removed by air carbon arc cutting (CAC-A), chipping or grinding until only base metal remains.
The joint shall be prepared for new groove welding, using ajoint detail that uses a backing bar.
The actual root opening is permitted to exceed the prequalified root opening of AWSD1.1, Figure
3.4, provided a split-layer technigue is used for the placement of the root pass. The groove angle
of the joint shall satisfy the prequalified groove angles of AWS D1.1 Figure 3.4, unless otherwise
qualified under the provisions of AWSD1.1, Section 4.

4.11.3 New Welding Material

All new welding filler metals shall meet the reguirements of Section 2.4 of this specification.
Welding shall be executed in conformance with the reguirements of Chapter 3 of this
specification. Weld tab removal shall be as required in Section 4.2 of this specification.

4.11.4 Sequence of Assembly

Following compl etion of the replacement groove welds between the existing beam flanges
and the column flange, the top flange groove welds shall have the cap pass surface of the weld
ground flush with the surface of the beam flange to enable the cover plate to fit flat against the
beam flange. At the bottom flange, the backing bar shall be removed, the weld root backgouged
to solid weld metal, and the area backwelded until at [east flush. The weld at the bottom of the
bottom flange shall then be ground flush with the surface of the beam flange to enable the cover
plate to fit flat against the beam flange. Care should be used to avoid over-grinding the existing
weld below the surface of the beam flange and creating a void between cover plate and flange.
The weld shall be tested using UT, using the percentage testing required for Seismic Weld
Demand Category BH/T joints, prior to placement of the cover plate. MT of the cap pass of this
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weld is not required. After acceptance of the beam flange-to-column flange weld, the cover plate
shall be placed and welded. The cover plate to column flange weld shall then be inspected by UT
and MT, using the percentage testing required for Seismic Weld Demand Category BH/T joints.
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Part |
5. FABRICATION

5.1 Reduced Beam Sections (RBSSs)
5.1.1 Holes and Attachments

No holes may be drilled or punched in either flange of the beam within the length that has
received the radius cut, or between the RBS cut and the column. Shear studs and mechanical
deck fasteners to the beam flange within the length of the radius cut are prohibited. Spot welds
for the attachment of metal decking are permitted.

5.1.2 RBS Cut Tolerances

The tolerance on the depth of each RBS cut is plus or minus %4 inch, measured at the mid-
thickness of the flange at the narrowest point of the cut flange. The length of the cut shall be
within plus or minus 15% of the specified length. The depth of cut on each side shall be
balanced, with no more than 3/8 inch total variation in the depth of cut from one side to the other.
(Example: plus 1/8 inch on one side, minus 1/4 inch on other side.) The balance of remaining
flange width about the web of the beam is not a consideration.

5.1.3 Cut Surface Roughness

After thermal cutting, the RBS surface shall have a surface roughness of no more than 500
microinches (AWS sample 3). Grinding of thermally cut edges shall be provided only as
necessary to meet this criteria. Corners between the cut RBS surface and the top and bottom of
the flanges shall be ground to remove sharp edges, but a minimum radius or chamfer is not

required.

5.1.4 Gouges and Notches

Gouges and notches that occur in the thermal cut RBS surface may be repaired by grinding if
not more than % inch deep. The gouged or notched area shall be faired by grinding so that a
smooth transition exists, and the total length of the area ground for the transition shall be no less
than 10 times the depth of the removed gouge. If a sharp notch exists, the area shall be inspected
by MT after grinding to ensure that the entire depth of gouge or notch has been removed.
Grinding may not increase the depth of the RBS cut section more than % inch beyond the
specified depth of cut.

5.1.5 Welded Repair of Notches and Gouges

Gouges and notches that exceed ¥ inch in depth, but not to exceed ¥z inch in depth, and those
notches and gouges where repair by grinding would increase the effective depth of the RBS cut
beyond tolerance, may be repaired by welding. Notches and gouges exceeding %2 inch in depth
may be repaired only with the approval of the Engineer. The notch or gouge shall be removed
and ground to provide a smooth radius of not less than 3/8 inch for welding. The repair area shall
be preheated to a temperature between 400°F and 550°F, measured at the location of the weld
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repair approximately one minute after removal of the heating source. Repair welding shall be
done with notch-tough el ectrodes meeting the requirementsin Part |, Section 2.4. A repair WPS
is required. Following welding, the repair weld shall be ground to a smooth contour meeting the
RBS requirements, with a surface roughness not to exceed 500 microinches. The welded repair
area shall be inspected using magnetic particle testing.

5.2 Heavy Sections

5.2.1 General

See AISC Specification sections A3.1c for materials requirements, J2.8 for preheat
requirements, J1.6 for access hole requirements, and J1.5 for weld tab and backing bar removal
regquirements. See AISC LRFD Figure C-J1.2 for dimensional and fabrication requirements for
standard weld access holes. See Section 4.4 of this specification for further requirements for weld
access holes.

5.2.2 Access Hole Requirements

Weld access holes must be preheated to a minimum of 150°F prior to thermal cutting, ground
to 500 microinches (bright metal), and inspected for cracks using either penetrant testing (PT) or
magnetic particle testing (MT). Optionally, weld access holes may be made by drilling and saw-
cutting without grinding, but PT or MT of the cut surfaceis still required.

5.2.3 Welding

For joint welding, the minimum preheat and interpass temperature shall be 350°F. Weld tabs
and backing bars shall be removed after completion of the joint, ground smooth to a maximum
surface roughness of 500 microinches, with reinforcement not to exceed 1/8 inch, at atransition
slope not to exceed 1:10.

53 End Plate Moment Connections

5.3.1 Flange Welds

Beam-flange-to-end-plate welds shall be detailed and welded as CJIP groove welds, except
that in the area of the flange directly above and below the beam web, backgouging and
backwelding of the weld root is not required.

The groove weld detail shall be such that the root of the weld is located on the beam web side
of the joint. Following backgouging and backwelding of the groove weld root, a5/16 inch
reinforcing fillet weld shall be placed on the inside portion of the flange weld, at the groove root.
Alternatively, the 5/16-inch reinforcing fillet weld located on the beam web side of the beam
flanges may serve as a backing weld. The root of the fillet must then be backgouged to solid weld
metal, and the groove weld placed. No backing is provided in the vicinity of the beam web.

Using either method, no M T of the backgouged areais required prior to placement of the
backweld or the groove weld.
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5.3.2 Web Welds

The beam web shall be welded full length to the end plate using fillet welds on each side of
the beam web. Alternatively, groove welds may be substituted for the fillet welds.

The weld detail limitations of Section 5.6 of this specification regarding the k-area are not
applicable to this connection, but MT following completion of all weldsin this areais required.

5.3.3 Stiffener Welds

When Bolted Stiffened End Plate (BSEP) connections are used, the stiffener shall be welded
to the end plate and the beam flange using CJP groove welds. A stiffener clip (snipe) shall be
provided at the intersection of beam flange and end plate.

5.3.4 Weld Access Hole

No weld access holes are permitted at the intersection of beam web, beam flange and end
plate.

5.3.5 NDT Requirements

The beam flange to end plate welds, and the welds between stiffener and beam flange and
end plate, shall beinspected using MT and UT as QC/QA Category AH/T and between stiffener
and beam flange BH/L. Discontinuities |ocated at the root of the beam flange weld, at the
intersection of the beam web and beam flange, shall not be cause for rejection.

Welds between the beam web and end plate shall be inspected using MT, for QC/QA
Category BM/L, for their full length.

54 Bolted Connections

All bolts used in these connections shall beinstalled asin slip-critical joints with Class A
faying surfaces. Bolts may be installed using any of the pretensioning methods prescribed in the
RCSC Specification.

Bolts holes shall be standard diameter, unless otherwise noted on the drawings.

For all other bolted connections, the connection type shall be as designated on the drawings.

Commentary: The provisions of this section are applicable to the following types
of bolted connections: Bolted Unstiffened End Plate (BUEP) connections, Bolted
Stiffened End Plate (BSEP) connections, Bolted Flange Plate (BFP) connections,
Double Split Tee (DST) connections.

5.5 Repair of Discontinuities in Main Members

In lieu of AISC Seismic Provisions Section 7.3c, the provisions of this section shall apply to
beams in steel moment frames and only to that portion of the beam between the column flange
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and the following locations:

(a) for Welded Unreinforced Flange (WUF), Welded Free Flange (FF), and Improved Welded
Unreinforced Flange (IWURF) connections a point away from the column face located a
distance equal to one-half the depth of the beam

(b) for Reduced Beam Section (RBS) connections a point away from the centerline of the cut
radius |ocated a distance egual to one-half the depth of the beam, but no closer than the far
edge of the radius cut

(c) for Welded Flange Plate (WFP) connections and Welded Cover Plated Flange (WCPF)
connections from the end of the flange plate or cover plate, away from the column face, to a
point located away from the end of the plate at a distance equal to one-half the depth of the
beam

(d) for Welded Bottom Haunch (WBH) connections and Welded Top and Bottom Haunch
(WTBH) connections from the intersection of the haunch and beam flange, to a point located
away from haunch intersection a distance egual to the one-half the depth of the beam

(e) for Bolted Unstiffened End Plate (BUEP) connections to a point away from the column face
located a distance equal to five-sixths the depth of the beam, plus the thickness of the end

plate
(f) for Bolted Stiffened End Plate (BSEP) connections from the end of the stiffener, away from

the column face, to a point located away from the end of the stiffener a distance equal to one-
half the depth of the beam

(g) for Double Split Tee (DST) connections from the stem end of the tee to a point located a
distance equal to one-half the depth of the beam

Commentary: It isrecommended that the design drawings designate these
locations and refer to this section of the specification for specific requirements.

5.5.1 Tack Welds

Tack welds are permitted if made prior to beginning welding of the joint. Tack welds for
backing bars and weld tabs must be made within the groove weld joint. Tack welds for
attachment of parts prior to fillet welding are acceptable, provided they are covered by the
completed fillet weld.

Tack welds outside these locations must be removed by grinding or chipping. Air carbon arc
gouging and thermal cutting to remove tack welds in these areas is not permitted. Following the
removal of unacceptable tack welds, the weld area shall be ground to a depth of 1/16 inch, and
faired to adjacent surfaces on a slope not to exceed 1:5.
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5.5.2 Erection Aids

Unless requested by the Contractor and approved by the Engineer in advance, the use of
welded attachments as erection aids within the designated areas is prohibited. |f erection aids are
placed within the designated areain error, or cannot be avoided, the Engineer’s approval of the
aid’s placement, use, and the repair method is required.

Air carbon arc gouging is permitted for the removal of welds to within 1/8 inch of the base
metal surface. Any remaining weld deposits shall be removed by grinding to a depth 1/16 inch
below the surface, faired to adjacent surfaces on a slope not to exceed 1:5.

5.5.3 Air Carbon Arc Cutting and Thermal Cutting

Air carbon arc cutting (CAC-A) and thermal cutting is permitted within the above regions
when required for the removal of backing bars and weld tabs, as specified in these documents.
The use of these processes for repairs to or removal of base metal or welds in the above region is
permitted only with the prior approval of the Engineer.

5.6 K-Area Welding Limitations

After welding of continuity plates and doubler plates, test column webs for cracking using
liquid penetrant (PT) or magnetic particle testing (MT) over a zone 3 inches above and below the
continuity plate or doubler plate welds. Testing may be performed after the weld has cooled to
ambient temperature.

5.7 Surface Finish

5.7.1 Flush Surfaces

Weldsin butt joints required to be flush shall be finished so as to not reduce the thicknesses
of the thinner base metal or weld metal by more than 1/16 inch, or 5% of the material thickness,
whichever isless. Remaining reinforcement shall not exceed 1/32 inch in height. However, all
reinforcement shall be removed where the weld forms part of afaying or contact surface. All
reinforcement shall blend smoothly into the plate surfaces with the transition areas free from
undercut.

5.7.2 Finish Methods and Values

Chipping and gouging may be used, provided these methods are followed by grinding. Where
surface finishing is required, surface roughness values shall not exceed 500 microinches, unless
otherwise noted or specified in this document. Regardless of the surface finish required, the
direction of grinding marks may be in any direction.

Measurement of surface finish values by visual appearance or tactile comparison is
acceptable.

Partl: 55



FEMA-353 Recommended Specifications and Quality
Part I: Recommended Specifications Assurance Guidelines for Steel Moment-Frame
Chapter 5: Fabrication Construction for Seismic Applications

5.8 Weld Acceptance Criteria

5.8.1 Engineer’s Authority

Welds or portions of welds that fail to meet the acceptance criteria of AWSD1.1 shall be
repaired or replaced. The Contractor may request acceptance by the Engineer of aweld
discontinuity, without repair or replacement, when it can be determined that the effect of the
discontinuity will not be detrimental to the performance of the structure. The Engineer isthe final
authority for acceptance of such welds.

5.8.2 Magnetic Particle Testing

If a surface discontinuity or near-surface discontinuity, within 1/8 inch of the surface, is
detected, the discontinuity shall be rejected and removed. I the separation from the surface
cannot be determined, the discontinuity shall be categorized as a surface flaw, rejected and
removed.

Reqions of welds that cannot be inspected shall be identified and recorded, and the Engineer
shall be notified.

5.8.3 Ultrasonic Testing - Flaw Detection

When ultrasonic testing is required, the joint shall be scanned for flaw detection purposes
following the procedures prescribed in AWS D1.1, Annex K, with exceptions as noted below.
Joints that fail the acceptance criteria described below may be inspected using the Ultrasonic
Testing - Flaw Sizing methods as prescribed in Section 5.8.4 of this specification, or, at the
Contractor’ s option, may be excavated for further investigation and repaired, then reinspected
using these Flaw Detection procedures.

When ultrasonic testing is required, CJP and PJP groove welds in Seismic Weld Demand
Categories A, B and C shall be scanned for flaw detection. Acceptance criteriashall be asfor
statically loaded weldsin Annex K, Table K-1, of AWSD1.1.

Commentary: As an alternative, The engineer may elect to permit CJP and PJP
groove welds in Seismic Weld Demand Categories A, B and C to be scanned for
flaw detection purposes using AWSD1.1, Table 6.2 as the acceptance criteria. In
this case, Note 3 regarding “ tension welds’ is not applicable.

Joints with backing bars remaining in place shall not be rejected on the basis of indication
ratings (db values) from the interfaces between backing bar and base metal or backing bar and
weld. The UT Procedure shall prescribe methods for distinguishing between backing bar
indications and root discontinuities.

PJP groove weld joints shall not be rejected on the basis of indication ratings (db values)
from the root area of the weld. Notches within the weld, located a distance more than 1/8 inch
from the as-welded root, shall be scanned for acceptance using the criteria above.
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Reqgions of welds that cannot be inspected shall be identified and recorded, and the Engineer
shall be notified.

Reqions of welds adjacent to cope holes may be inspected with multiple probe techni ques.

5.8.4 Ultrasonic Testing — Flaw Sizing

Ultrasonic testing for flaw sizing shall be performed following written procedures as required
by AWSD1.1, Annex K. When flaw-si zing techniques are i mplemented, the following
acceptance criteria applies to groove welds:

1. If asurfaceflaw or near-surface flaw (within 1/8 inch of the surface) is detected, the flaw
shall be rejected and removed. | the separation from the surface cannot be measured, the
flaw shall be categorized as a surface flaw, rejected and removed.

2. When backing bars remain in place, the position of notch tips that extend into the weld metal
shall be determined. The notch shall be rejected if it extends greater than 1/8-inch into the
thickness of the weld. The weld present between the backing bar and column face shall not be
considered a part of the weld thickness in determining the depth of notch or thickness of
weld.

3. Embedded flaws, defined as those that do not come within 1/8 inch of the surface, shall be
rejected if their height exceeds Y4 inch.

4. Embedded flaws shall be rejected if their area, as calculated by multiplying the maximum
discontinuity height by the maximum discontinuity length, exceeds the thickness of the
thinner parent metal multiplied by the thickness of the thicker parent metal.

5. Embedded flaws, either individually or as a group within alength of weld 12 inches or less,
shall berejected if they exceed atotal area (the sum of the areas of individual discontinuities)
equal to 10% of the thickness of the thinner parent metal multiplied by the weld length. The
weld length used for this calculation shall not exceed 12 inches, with longer welds being
evaluated in multiple parts.

6. Aligned discontinuities of lengths L1 and L2 separated by less than (L1+L 2)/2 shall be
evaluated as continuous.

7. Pardlel discontinuities of heights H1 and H2 separated by less than (H1+H2)/2 shall be
evaluated as continuous.

Part|: 5-7



Recommended Specifications and Quality FEMA-353
Assurance Guidelines for Steel Moment-Frame Part I: Recommended Specifications
Construction for Seismic Applications Chapter 6: Quality Control and Quality Assurance

Part |
6. Quality Control and Quality Assurance

6.1 Specifications

The specifications and standards listed in this Section govern the execution of Quality
Control and Quality Assurance, including nondestructive testing, except as noted otherwise in
this document.

6.1.1 Codes

Applicable local building code, including standards referenced by the code

6.1.2 Quality Assurance Agency Practices

ASTM E329 - Recommended Practice for Inspection and Testing Agencies for Concrete,
Seel and Bituminous Materials as used in Construction

ASTM E543 - Sandard Practice for Agencies Performing Nondestructive Testing
ASTM E1212 - Standard Practice for Establishment and Maintenance of Quality Control
Systems for Nondestr uctive Testing Agencies

6.1.3 Magnetic Particle Testing (MT)

ASTM E709 - Sandard Guide for Magnetic Particle Examination
ASTM E1444 - Sandard Practice for Magnetic Particle Examination

6.1.4 Ultrasonic Testing (UT)

ASTM E587 - Sandard Practice for Ultrasonic Angle-Beam Examination by the Contact
Method

ASTM E114 - Sandard Practice for Ultrasonic Pulse-Echo Straight-Beam Examination
by the Contact Method

ASTM E164 - Sandard Practice for Contact Examination of Weldments

ASTM A898 - Sandard Specification for Straight Beam Ultrasonic Examination of
Rolled Steel Sructural Shapes

ASTM A435 - Sandard Specification for Straight-Beam Ultrasonic Examination of Seel
Plates

6.1.5 Nondestructive Testing Personnel Qualification

(&) ANSI/ASNT CP-189-1995, ASNT Standard for Qualification and Certification of
Nondestructive Testing Personnel;

or
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(b) ASNT Recommended Practice No. SNT-TC-1A, Personnel Qualification and Certification
in Nondestructive Testing, 1995

6.2 Submittals

The Quality Assurance Agency shall submit the following items:

Qualifications of QA Agency’ s management and QA personnel designated for the project,
QA Agency’ s Written Practice, as defined in Section 6.2.1,
Qualification records for Inspector and NDT technicians designated for the project,

A w D PP

QA Agency’ sNDT procedures, equipment calibration records, and personnel training
records, and

5. QA Agency’s Quality Control Plan for the monitoring and control of the Agency’s
operations.

6.2.1 Written Practice for Quality Assurance Agencies

The Quality Assurance Agency shall maintain a Written Practice for the selection and
administration of inspection personnel, describing the training, experience and examination
reguirements for qualification and certification of inspection personnel. The Written Practice
shall also describe the Agency's procedures for determining the acceptability of the structurein
accordance with the applicable codes, standards, and specifications. The Written Practice shall
also describe the Agency’ s inspection procedures, including general inspection, material controls,
visua welding inspection, and bolting inspection.

Commentary: The Quality Assurance Written Practice submittals should be
furnished to the fabricator and erector, to provide the parties performing the
work with an understanding of the quality assurance measures that will be
employed.

6.2.1.1 Bolting Inspection Procedures

Bolting inspection procedures shall meet the requirements of the RCSC Specification and the
Quality Assurance Plan. Inspection procedures shall be written specifically for the installation
and pretensioning methods to be used, i.e. turn-of-nut method, calibrated wrench method, twist-
off bolt method, or direct tension indicator method. Written procedures shall also be prepared for
the arbitration of disputes, to be used should a dispute arise regarding the pretension of
previoudly installed fasteners.

6.2.1.2  Welding Inspection Procedures

Welding inspection procedures shall meet the requirements of the AWSD1.1 and the Quality
Assurance Plan.
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6.2.1.3 Shear Connector (Stud) Inspection Procedures

Shear connector inspection procedures shall meet the requirements of the AWSD1.1 and the
Quality Assurance Plan.

6.2.2 Written Practice for Nondestructive Testing Agencies

The NDT Agency shall maintain a Written Practice for the control and administration of
NDT personnel training, examination and certification, describing the training, experience and
examination requirements for each level of certification. The Written Practice shall describe the
responsibility of each level of certification for determining the acceptability of material and
weldments in accordance with the applicable codes, standards, specifications and procedures.

6.3 Inspector Qualifications
6.3.1 Special Inspector Qualifications

Special Inspectors shall be trained and competent, to the satisfaction of the party responsible
for the Quality Assurance Plan, to provide the assigned special inspection tasks.

6.3.2 Welding Inspector Qualifications

All Welding Inspectors shall have adequate visual acuity, documented by vision testing
performed within the past three years, in accordance with AWSD1.1, Section 6.1.4.4.

All Welding Inspectors shall be trained and thoroughly experienced in inspecting welding
operations, and qualified in accordance with AWSD1.1, Section 6.1.4.

For welds in Seismic Weld Demand Categories A and B, welding inspectors shall be AWS
Certified Welding Inspectors (CWI), or Senior Certified Welding Inspectors (SCWI), as defined
in AWS QC1, Sandard and Guide for Qualification and Certification of Welding Inspectors,
|atest edition.

For welds in Seismic Weld Demand Category C, welding inspection personnel shall be AWS
Certified Associate Welding Inspectors (CAWI) or higher, or otherwise qualified under the
provisions of AWS D1.1-98, Section 6.1.4, to the satisfaction of the party responsible for the
Quality Assurance Plan.

The use of assistants in inspection operations is permitted, provided the assistants are
adequately trained in their responsibilities, and are under the close supervision of the inspector
responsible for the joint or connection being inspected.

The qualification of an inspector previoudly certified asa CWI is acceptable, although the
certification may have expired, provided the inspector has remained active in the inspection of
welded steel fabrication.
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6.3.3 NDT Personnel Qualifications

Nondestructive testing personnel shall be qualified under either of the American Society for
Nondestructive Testing, Inc. (ASNT) documents referenced in Section 6.1.5.

NDT may be performed by NDT Level | personnel only under the close, direct supervision of
an NDT Levdl II.

For welds in Seismic Weld Demand Categories A and B, UT may be performed only by UT
technicians certified as Level |1 by their employer, or as ASNT Levd 111 certified by examination
by the ASNT, and have passed the Supplementary UT Inspector examination as described in
Section 6.3.3.1.

6.3.3.1 Supplementary NDT Personnel Qualification Testing

Ultrasonic testing technicians who perform flaw detection or sizing shall betrained in
applicable UT procedure and shall demonstrate their competence through testing as prescribed in

Appendix E.

6.3.4 Bolting Inspector Qualifications

Bolting inspectors shall be trained and qualified to inspect bolting operations and high-
strength bolted connections for compliance with the RCSC Specification and the Quality
Assurance Plan. Competency shall be demonstrated through the administration of awritten
examination and through the hands-on demonstration by the Inspector of the methods to be used
for bolt installation and inspection.

6.4 Contractor Tasks

The Contractor shall provide the management, personnel, equipment and services necessary
to perform the Quality Control functions required in Sections 6.6, 6.7, 6.8, and 6.9.

6.5 Quality Assurance Agency Tasks

The Quality Assurance Agency shall provide the management, personnel, equipment and
services necessary to perform the Quality Assurance functions required in Sections 6.6, 6.7, 6.8,
and 6.9.

6.6 Welding Inspection

The welder, QC Welding Inspector, and QA Welding Inspector, as appropriate, shall perform
the QC and QA tasksindicated in the following list, as amplified by Tables 6-1 and 6-2. Table
6-1 assigns a Process and Visual Inspection Welding Category for each welded joint, depending
on the Seismic Weld Demand and Consequence Categories for the joint indicated on the design
drawings. Table 6-2 indicates the specific actions required of the welder, QC Welding | nspector
and QA Welding Inspector for joints of each Process and Visual Inspection Welding Category.
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Thislist shall not be considered exclusive of any additional inspection tasks that may be

necessary to meet the requirements of the codes or the Quality Assurance Plan.

Review and understand the applicable portions of the specifications, the Contract Documents
and the shop drawings for the project.

Verify that all applicable welder qualifications, welding operator qualifications and tack
welder qualifications are available, current and accurate.

Require requalification of any welder, welding operator or tack welder who has, for a period
of six months, not used the process for which the person was qualified.

Verify welder identification and qualification. Verify that any required supplemental welder
gualification testing, if required for the joint, has been executed and that the welder has
passed.

5. Verify that each welder has a unique identification mark or die stamp to identify welds.
6. Verify that all applicable Welding Procedure Specifications (WPSs), with Procedure

10.

11.
12.

13.

14.

15.

Qualification Records (PQRS) as needed, are available, current and accurate.

Verify that an approved Welding Procedure Specification (WPS) has been provided and that
each welder performing the weld has reviewed the WPS. A copy of the appropriate WPSs
shall be available for each joint, although need not be present at each joint location.

Review mill test reports for all main member and designated connection base material for
compliance with the project requirements.

Verify base material identification with the approved shop drawings and specifications,

Verify the electrode, flux and shielding gas certifications for compliance with the Contract
Documents.

Verify welding consumables with the approved shop drawings and approved WPSs.

Verify that electrodes are used only in the permitted positions and within the welding
parameters specified in the WPS.

Verify that electrodes and fluxes are properly stored, and that exposure limits for the welding
materials are satisfied.

At suitable intervals, observe joint preparation, assembly practice, preheat temperatures,
interpass temperatures, welding techniques, welder performance and any postweld controlled
cooling or heat treatment to ensure that the applicable requirements of the WPS and Code are
satisfied.

At suitable intervals, verify proper current and voltage of the welding equipment in
application of the WPS, if needed, by using a hand held calibrated amp and volt meter.
Current and voltage shall be measured near the arc with this equipment.
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16. Inspect the work to ensure compliance with AWS D1.1 or the specified weld acceptance
criteria. Size and contour of welds shall be measured with suitable gauges. A strong light,
magnifiers, or other devices as needed may be used to aid visual inspection.

17. Schedule NDT techniciansin atimely manner, after the visual inspection is complete and the
assembly has cooled. Thefinal NDT on a specific weld shall not be performed sooner than 24
hours after the welding has been completed. See Section 6.7.3.

18. Mark the welds, parts, and joints that have been inspected, and accepted, with a
distinguishing mark or die stamp, or maintain records indicating the specific welds inspected
by each inspector.

19. Document the accepted and rejected itemsin awritten report. Transmit the report to the
designated recipientsin atimely manner.

Commentary: The Engineer must indicate the appropriate Seismic Weld Demand
Category and Seismic Weld Consequence Category for each welded joint, on the
design drawings. FEMA 350 and FEMA 351 specify the appropriate categories
for welded jointsin prequalified moment resisting connections. Part |1 of this
document provides guidelines for assigning Seismic Weld Demand and Seismic
Weld Consequence categories.

Table6-1 Processand Visual Welding I nspection Categories

Seismic Weld Seismic Weld Demand Category

Consequence
Category A B c

H
M
L

6.7 Nondestructive Testing of Welded Joints
6.7.1 Magnetic Particle Testing

For welds classified into Seismic Weld Demand Categories in the design documents,
Magnetic particle testing (MT) shall be conducted by the Quality Assurance Agency at the
frequency designated in Table 6-3. MT shall be performed in accordance with the requirements
of AWSD1.1, the ASTM standards referenced in Section 6.1.3 of this specification, and the
provisions of Appendix F.

6.7.2 Ultrasonic Testing

For welds classified into Seismic Weld Demand Categories in the design documents,
Ultrasonic testing (UT) shall be conducted by the Quality Assurance Agency for the percentage
of joints designated in Table 6-3. UT shall be performed in accordance with the requirements of
AWSD1.1, and the ASTM standards referenced in Section 6.1 of this specification.
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Table6-2 Processand Visual Welding Inspection Tasks

Process and Visual Welding I nspection
. 1 2 3
Category:
I nspector
. 0]
Inspection o C A c A c A
T asks -g Q Q Q Q Q Q
O|lH|O|H|O|H|O|JH|O]|H]|O
I nspection Prior to Welding

Proper WPS selected for joint detail v v v v 4 v
Proper welding materials selected v v v v v v
WPS settings (voltage, polarity, v vV v v v v
current, wire feed speed) on welding
equipment verified
Shielding gas type (if used) verified v v 4 4 4 v
Shielding gas flow rate setting v v 4 v v v
verified
Fit of backing bar (if used) acceptable | v v v v v v
Measure root opening v v v 4 v v v
Measure groove angle v v v 4 v v v
Verify above dimensionswithinjoint | v v v v v v
tolerance and WPS tolerance
Mark root edge location on beam v v 4 4 v v
flange for UT inspection (if required)
Condition of steel surface acceptable v v v v v 4
Existing tack welds clean and of v v 4 v v v
adequate quality
Wind velocity within limits v v v 4 v v v
Weld joint surfaces free of v v v 4 v v v
discontinuities
Minimum preheat required applied v vV vv v 4 v 4
and verified
Maximum preheat verified v 4 vV v v v v
Observation of welder’ s inspection v vV v v v v v
Observation of QC inspection \a4 4 v v

See Legend and Notes at the end of the table.
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Table6-2 Processand Visual Welding Inspection Tasks (Continued)

Process and Visual Welding Inspection 1 2 3
Category:
I nspector
- 2
I nspection 3 QC QA QC QA QC QA
Tasks =
H|IO|H|O|J]H|O|H|O]JH|O|H|O
I nspection During Welding
WPS followed (voltage, current, wire v Vv vV Vv v v v
feed speed, travel speed, stickout, gas
flow rate, pass location)
Welding materials exposure control v Vv \a4 v v v v
maintai ned
Minimum interpass temperature v vV Vv vV v v v
maintained and verified
Maximum interpass temperature v Vv vV Vv v v v
verified
No detrimental changein v v v v v v v
environmental conditions
Tack welds do not crack during v v v v v v v
welding
Each pass cleaned v 4 4 4 v v v
Each pass within profile limitations v v v v v v v
Each pass meets quality requirements v v v v v v v
Proper technique used (electrode angle, | v v v v v v v
stringer beads)
NDT in process, when required V|V v v 4 v v
Observation of welder’s inspection v v v v v v
Observation of QC process v v v

See Legend and Notes at the end of the table.
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Table6-2 Processand Visual Welding Inspection Tasks (Continued)

Process and Visual Welding I nspection 1 2 3
Category:
I nspector
. z
I nspection T QC QA QC QA QC QA
Tasks =
H O|lH|O|H|O|H|]O]|H]|O]|H O
I nspection after Welding
Welder identification legible v | v v v 4 4 v
Inspection delay period satisfied v v v 4 v v
Weld cleaned 4 v v v v v v
Weld size and length verified v | v Vv vV v
Weld within profile limitations vV V| v v | v v
Weld appearance indicatesthorough | v | v v 4 v v v
fusion
Weld craters acceptable v | v V| v v | v v
Undercut within limitations v | v v v 4 v v
Porosity within limitations vV V| Vv v | v v
Weld free of cracks 4 v v v v v v
Backing bars removed (if required) 2 v v v 4 v
Weld tabs removed (if required) v | v v v v 4 v
Surface finish (grind, contour) as v | v v v 4 v v
required
Observation of welder’s inspection v viiiv |V v v v
Observation of QC process v 4 v
NDT completed 4 v v v v v

See Legend and Notes at the end of the table.
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Table6-2 Processand Visual Welding Inspection Tasks (Continued)

L egend:
v The welder or Inspector, as noted, should perform this function, with measurements as necessary.
24 The Inspector should observe these operations more frequently.

H Hold — The welder shall not proceed with welding until inspection of thisitem is performed by the
designated Inspector. After thisinspection, the welder may proceed with welding until completion, with
observation of welding functions on arandom, periodic basis by the Inspector. For inspection after
welding, this inspection must be performed prior to final acceptance of the item.

@] Observe — The welder may proceed with welding after completing his/ her own inspection. The I nspector
shall perform random, daily, periodic inspection and observation of these welding functions.

Notes:

1 The precise level and frequency of observation by either QC or QA is not specified. Inspection frequency
shall be adequate to provide reasonable confidence in the control of the welding process and the quality of
the completed welds. Consideration shall be made of the consistency achieved in satisfying the required
welding parameters, and the effect of the welding parameter upon weld quality and performance.

2. As aminimum, the observation inspection tasks listed shall be performed on adaily basis.

3. Hold point inspections for WPS selection and welding materials need be performed only when changed by
the welder.

4, Thislist shall not be considered exclusive of any additional inspection tasks that may be necessary to meet

the requirements of the codes or the Quality Assurance Plan.

6.7.3 NDT Delay Periods

Final visua inspection may take place immediately upon cooling to ambient temperature.
Final nondestructive testing, either MT or UT, may not begin until 24 hours after the completion
of welding. If delayed cooling such as insulating blankets or PWHT has been used, the 24-hour
delay period shall begin after the steel has reached ambient temperature.

At the Contractor’ s option, Contractor Quality Control NDT may be performed before the
delay period has expired, but shall not be used for final acceptance. In-process M T, such asfor
verifying the removal of cracks and other discontinuities when backgouging or repairing thermal
cut surfaces, may be performed immediately upon completion of the welding or backgouging. No
cooling period is necessary. Final MT and UT of the joint or repair shall not be performed until
the 24-hour delay period ismet. Final MT of weld tabs may be performed immediately upon

completion.

6.7.4 Nondestructive Testing Requirements

The NDT technician shall perform all NDT, other than visual, required by the Quality
Assurance Plan, Contract Documents and Building Code. NDT shall be performed in atimely
manner, so as not to hinder production, and to detect welding problems soon after occurrence so
that corrective measures may be taken by the Contractor to rectify such problems.
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The NDT technician shall mark the welds, parts, or joints that have been inspected and
accepted with a distinguishing mark or die stamp, or maintain records indicating the specific
welds inspected.

The accepted and rejected items shall be documented in awritten report. The report shall be
transmitted to the designated recipientsin atimely manner.

6.7.4.1 Heavy Sections

Heavy Section column flanges located at welded moment-resisting connections shall be
ultrasonically examined, prior to welding, for evidence of laminations, inclusions or other
discontinuities in accordance with ASTM A435, Sraight Beam Ultrasonic Examination of Steel
Plates, or ASTM A898, Straight Beam Ultrasonic Examination of Rolled Seel Sructural
Shapes, as applicable. The areato be tested is a zone 3 inches above and below each beam flange
connection. For plates, any discontinuity causing atotal 1oss of back reflection that cannot be
contained within acircle the diameter of which is 3 inches, or one-half the plate thickness,
whichever is greater, shall be rejected. For shapes, ASTM 898 Level | criteriais applicable.

If moment connections are made to the weak axis of awide flange column, the column web
shall be similarly examined to the above criteria

6.7.4.2 Lamellar Tearing

After joint completion, base metal thicker than 1-1/2 inches, in Seismic Force Resisting
System joints where subject to through-thickness shrinkage strains from welding, and where UT
isrequired by Table 6-3, shall be ultrasonically tested for discontinuities behind and adjacent to
such welds. Any lamellar tearing discontinuities shall be accepted or rejected on the basis of
criteria established by the Engineer or designated registered design professional in responsible
charge of the work for that specific joint.

6.7.4.3 Column Splices

CJP and PJP groove welded column splices that are a part of the Seismic-Force-Resisting
System, and are subject to applied tension under lateral loading, shall be ultrasonically tested as a
QA Category BH/T weld. Those splices not subjected to applied tension from lateral loading,
need not be ultrasonically tested.

Commentary: Snce the Contractor can not deter mine which column splices may
be subject to applied tension under lateral loading, the Engineer should indicate

these splices on the design drawings. The determination asto whether a spliceis
under tension should be made considering load combinations with seismic loads

amplified by the overstrength factor, W, in accordance with FEMA-302.
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Table6-3 Nondestructive Testing Requirements

Seismic Weld Demand Category

A

B

C

CJP

MT 100% of joints, full
length

UT 100% of jaints, full
length

PJP, fillets

MT 100% of joints, full
length

CJP

MT 100% of joints, full length if transversely
loaded, partial length if longitudinally loaded

UT 100% of joints, full length if transversely
loaded, partial length if longitudinally loaded

(Reduce UT to 25% of joints, of length as
above, with low reject rate)

PJP, fillets

MT 25% of joints, full length if transversely
loaded, partial length if longitudinally loaded

cJpP

UT 10% of joints, full
length if transversely
loaded, partial length if
longitudinally loaded

PJP, fillets

MT 10% of joints, 6" spot
at random

Seismic Weld Consequence Category

CJP

MT 100% of joints, full
length

UT 100% of jaints, full
length

(Reduce UT to 25% of
joints, full length, with
high acceptance rate)
PJP, fillets

MT 100% of joints, full
length

CJP

MT 100% of joints, full length if transversely
loaded, partial length if longitudinally loaded

UT 100% of joints, full length if transversely
loaded, partial length if longitudinally loaded

(Reduce UT to 25% of joints, of length as
above, with low reject rate)

PJP, fillets

MT 25% of joints, full length if transversely
loaded, partial length if longitudinally loaded

No NDT required

CJP

MT 25% of joints, full
length

UT 25% of joints, full
length
PJP, fillets

MT 10% of joints, 6"
spot at random

CJP

UT 10% of joints, full length

PJP, fillets

MT 10% of joints, 6” spot at random

No NDT required

Notes:

UT isrequired only when the weld throat is 5/16” or greater.
Reduce the rate of UT, where noted, if after 40 welds have been inspected, an individual welder’ sreject rateis
less than 5%.

Partial length testing is applicable for longitudinally loaded welds when over 24 inches in length. Inspect the
beginning and end of each weld for a 6 inch length, plus any location along the length of the weld where a start
and restart is visually noted for a distance of 6 inches on either side of the stop/start location, and a 6 inch length

for every 10 feet for a given weld.

For column splices, see Section 6.7.4.3.
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6.7.4.4 Column Webs at Continuity Plates

After welding continuity plates, test column webs for cracking using liquid penetrant testing
(PT) or magnetic particle testing methods over a 3 inch minimum zone above and below
continuity plates.

6.7.4.5 Column Webs at Doubler Plates

Doubler plates that are welded to the column at the intersection of the column web and
flange, either on the radius or in the column “k-ared’, shall have the weld termination areas and
adjacent column web inspected using magnetic particle testing or liguid penetrant testing (PT).

Column doubler plates that are welded only to the column flange need not have the column
web inspected using nondestructive testing.

6.7.4.6 Weld Access Holes

Weld access holes shall be inspected using magnetic particle testing or liquid penetrant
testing (PT) for base metal cracks and cracks from thermal cutting if the member is a part of the
Seismic Force Resisting System framing, regardless of member size, or designated as a Heavy
Section.

If awelded repair has been performed, magnetic particle testing shall be performed in the
areaimmediately adjacent to the welded repair area.

6.7.4.7 Reduced Beam Section Repairs

If repairs to the Reduced Beam Section cut surface are performed by welding, the repair weld
and immediately adjacent area shall be inspected using magnetic particle testing.

Commentary: This section only applies to moment-resisting connections
employing prequalified Reduced Beam Section details. Refer to FEMA-350 for
prequalification details.

6.8 Bolting Inspection
The Bolting Inspector, whether designated QC or QA, shall complete the following items:

1. Review and understand the applicable portions of the specifications, contract drawings, shop
detail drawings and erection plans for the project.

Review al manufacturer certifications for material compliance with the project requirements.
Verify bolting material identification.

Verify suitable, controlled storage conditions.

o &~ w0 DN

Verify that al applicable bolt installation procedures are available, current and accurate.
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6. Verify that the appropriate bolt installation procedure has been provided and reviewed by
each bolting crew member performing the work.

7. Observethe pre-installation testing performed at the start of the work for each assembly |ot.

8. For the calibrated wrench method of installation, observe calibration of the wrench(s) at the
start of each work shift.

9. Verify the suitability of the bolted joints, such as bolt hole size and condition, prior to
assembly. Check for unfair reaming or slotting of poorly aligned holes.

10. For dip-critical joints, verify that the required faying surface conditions are met.

11. Prior to pretensioning, verify that all bolts have been installed and the joint brought to the
snug tight condition.

12. For pretensioned joints, routinely observe, at suitable intervals, the pretensioning operations
to verify the proper application of the bolting procedures.

13. Arbitrate any disputes regarding achieved bolt pretension immediately upon installation of
the boltsin dispute.

14. Complete awritten report recording the joints observed, inspected, and accepted. The report
shall be transmitted to the designated recipientsin atimely manner.

6.9 Shear Stud Welding Inspection

Periodically, the stud welding shall be inspected and tested in accordance with AWSD1.1
Section 7, including the following:

. Witness or review stud base qualification testing, as needed.
. Witness welding operator qualification testing.

1

2

3. Witness or review pre-production testing and qualification.

4. Periodically, inspect welding and perform verification inspection and testing.
6.

10 Special Inspection

The Special Inspector shall perform the following inspection tasks, if so designated in the
Quality Assurance Plan.

1. Ascertain that al material complies with the Contract Documents, either by material and
product certifications and/or by testing.

2. Evaluate the Contractor’s QC program and its effectiveness.

3. Verify that the fabricator is properly implementing the fabrication procedures and quality
control procedures.

4. Verify the quaifications of the QC and QA Inspectors and the NDT technicians.
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5. Inspect the steel frame to verify compliance with the details shown on the approved

construction documents, such as bracing, stiffening, member locations and proper application
of joint details at each connection.

Verify that all fabrication and erection, including welding and bolting, is performed in
accordance with the Contract Documents.

Keep written records of the inspections performed.

Distribute copies of written records to the Owner, Engineer, Contractor and/or Building
Official, as specified in the Quality Assurance Plan. Records documenting correction of
nonconformance shall be distributed to the same organizations as those receiving reports of
nonconformance.

Upon completion of the Inspector’ s tasks, issue a written report stating that all work
inspected under the Inspector’ s charge meets the applicable codes and specifications, and that
nonconformances have been corrected or resolved to the satisfaction of the Engineer or other
persons in responsible charge.
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APPENDIX A. WELD METAL / WELDING PROCEDURE
SPECIFICATION TOUGHNESS VERIFICATION TEST

Scope

This appendix supplements Part |, Section 2.4.1, and provides a standard method for
qualification testing of weld filler metals required to have specified notch toughness for service
in steel moment frames for seismic applications. The WPS Toughness Verification Test may be
performed by the filler metal manufacturer or by the Contractor.

Testing and certification of each lot to be used in production shall be performed on each filler
metal manufacturer’s production lot, as defined in AWS A5.01, Filler Metal Procurement
Guidelines, asfollows:

Class C3 for SMAW €lectrodes,
Class S2 for GMAW-S and SAW €lectrodes,
Class T2 for FCAW and GMAW-C, or

Class F2 for SAW fluxes.

Alternatively, filler metal manufacturers approved for production of products meeting the
above requirements, under a program acceptabl e to the Engineer, need not conduct the
mechanical A5 tests or the Weld Metal / WPS Toughness Verification Test for each lot, and may
rely upon the Manufacturer’ s certifications that the product meets the specified performance
requirements.

A w b

Test Conditions

Tests shall be conducted at the range of heat inputs for which the weld filler metal will be
qualified under the WPS. It is recommended that tests be conducted at the Low Heat Input Level
and High Heat Input Level indicated in Table A-1. Alternatively, the filler metal manufacturer or
Contractor may elect to test awider or narrower range of heat inputs and interpass temperatures.
The range of heat inputs and interpass temperatures tested shall be clearly stated on the test
reports and user data sheets. Regardless of the method of selecting test heat input, the WPS, as
used by the Contractor, must fall within the range of heat inputs and interpass temperatures
tested.

Table A-1 WPS Toughness Verification Test
Welding and Preheat Conditions

Cooling Rate Heat Input Preheat °F I nter pass °F
Low Heat Input Test 30 kJ/in. 70 +/- 25 200 +/- 50
High Heat Input Test 80 kJ/in. 300 +/- 25 500 +/- 50
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Test Specimens

Two test plates shall be used for each heat input level and five CVN test specimens shall be
made per test plate. Each plate shall be stedl, of any AISC-listed structural grade. The test plate
shall be ¥inch thick with a¥2inch root opening and 45° included groove angle. The test plate
and specimens shall be as shown in Figure 2A in AWS A5.20-95, or asin Figure5in AWS
A5.29-89R. A minimum of two passes per layer shall be used to fill the width.

All test specimens shall be taken from near the centerline of the weld at the mid-thickness
location, in order to minimize dilution effects. CVN specimens shall be prepared in accordance
with AWS B4.0-92, Sandard Methods for Mechanical Testing of Welds, Section A3. The test
assembly shall be welded in the flat position and shall be restrained during welding, or preset at
approximately 5 degrees to prevent warpage in excess of 5 degrees. A welded test assembly that
has warped more than 5 degrees shall be discarded. Welded test assemblies shall not be
straightened.

The test assembly shall be tack welded and heated to the specified preheat temperature,
measured by temperature indicating crayons or surface temperature thermometers one inch from
the center of the groove at the location shown in the figures cited above. Welding shall continue
until the assembly has reached the interpass temperature prescribed in Table A-1. The interpass
temperature shall be maintained for the remainder of the weld. Should it be necessary to interrupt
welding, the assembly shall be allowed to cool in air. The assembly shall then be heated to the
prescribed interpass temperature before welding is resumed.

No thermal treatment of weldment or test specimens is permitted, except that machined
tensile test specimens may be aged at 200°F to 220°F for up to 48 hours, then cooled to room
temperature before testing.

Acceptance Criteria

All test samples shall meet the strength requirements for the electrodes as provided in Part I,
Section 2.4.1.1. The lowest and highest values obtained from each of five specimens from a
singletest plate shall be disregarded. Two of the remaining three values shall equal, or exceed,
the specified toughness of 40 ft-Ibf energy level at the testing temperature. One of the three may
be lower, but not lower than 30 ft-1bf, and the average of the three shall not be less than the
required 40 ft-1bf energy level.
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APPENDIX B. SUPPLEMENTAL WELDER QUALIFICATION
TESTING PROCEDURE

Scope

This appendix supplements Part I, Section 3.3.1 and provides for qualification testing of
welders required to perform critical welds in steel moment frames designed for seismic
applications.

Test Plate

Thetest plate thickness shall be 1-1/2 inch. The web plate thickness shall be 1 inch. The
access hole and groove angle shall be asindicated in Figure B-1. The groove angle shall be 30°,
with aroot opening of 3/8 inch. Steel backing shall be 3/8 inch thick and at least 1 inch wide.
Weld tabs 3/8 inch thick and 1-1/2 inches long shall be attached at each end of the joint. The
column plate, representing the column flange and tack welded to the test plate, shall be a
minimum 3/8 inch thick, and shall be separated from the test plate by ¥z inch. The length of test
weld shall be 12 inches minimum, not including weld tabs. See Figure B-1.

Welding Operation

The welder shall fit and tack weld the test assembly from prefabricated parts, and shall
perform al the groove welding. Backgouging, cutting, tack weld removal, and grinding
operations listed in this paragraph may be performed by another welder. Following welding, the
backing bar shall be removed by air carbon arc cutting, the joint root backgouged to solid weld
metal, and the root backwelded until flush. The weld tabs shall be removed by thermal cutting or
air carbon arc cutting, then ground smooth and flush with the test plate. The vertical restriction
plate and web shall then be removed, tack welds ground to a depth 1/8 inch below the surface,
and the weld surface ground smooth. Should another procedure be used on the project for the
removal of the backing bar or weld tabs, then that procedure shall be used for this testing.

Testing

Either radiographic testing (RT) in accordance with AWSD1.1, Section 4.30.3 or side-bend
tests in accordance with this section may be performed. When side-bend tests are to be
performed, the flat test plate shall be cut to prepare three transverse side-bend tests, with each
test specimen ¥z inch thick. Two side-bend specimens shall be from near the middle of the joint
at the web, and one side-bend specimen shall be from near either end of the joint. Testing shall
be in accordance with AWS B4.0-92, Standard Methods for Mechanical testing of Welds,
Section Al.
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Alternatively, radiographic testing may be performed for the full length of the weld in
accordance with AWS D1.1, Section 4.30.3.

Acceptance

All three test specimens must pass the transverse side-bend tests. If radiographic testing is
used, the specimen must satisfy AWSD1.1, Section 4.30.3.1.

Beam Web Interface

Attachment 4-1/ 27
Plate >

— Test Plate

Root Opening ——»; -

>/ 87 1/ 27
. >
Dacking Bar

Figure B-1 Supplemental Welder Qualification Test Assembly
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APPENDIX C. SUPPLEMENTAL CHARPY V-NOTCH TOUGHNESS
TESTING FOR COMBINATIONS OF FILLER METALS

Scope

This appendix supplements Part |, Section 3.3.2 and specifies provisions for testing to
confirm adequate Charpy V-Notch (CVN) toughness of weldments when the Flux-Cored Arc
Welding — Self-Shielded welding process is combined with any other welding process, including
Flux-Cored Arc Welding — Gas Shielded, and the weld is subject to CVN toughness
requirements.

Test Specimens

One test plate as described below shall be used. Five CVN tests shall be made from the test
plate. The sequence of weld layers from the different processes shall be the same as that to be
employed in production. Approximately one-third the thickness of the test joint shall be welded
with the welding material to be used first, or the existing welding material. The balance of the
joint shall be welded with the welding materia to be used following the first.

A singletest plate, which may be of any AISC-listed structural grade, shall be used. The test
plate shall be ¥ inches thick with a 5/8-inch root opening and 20° included groove angle. The
test plate and specimens shall be as shown in Figure 5.1 in AWS D1.5-95, except that only an
adequate length needed to provide the CV N test specimens, but not less than six inches, is
necessary.

All test specimens shall be taken from near the centerline of the weld at the mid-thickness
location, in order to minimize base metal dilution effects. CVN specimens shall be prepared in
accordance with AWS B4.0-92, Standard Methods for Mechanical Testing of Welds, Section A3.

Acceptance Criteria

The lowest and highest values obtained for the five specimens shall be disregarded. Two of
the remaining three values shall equal, or exceed, the specified toughness of 40 ft-1bf energy level
at the testing temperature. One of the three may be lower, but not lower than 30 ft-lbf, and the
average of the three shall not be less than the required 40 ft-Ibf energy level.
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APPENDIX D. SUPPLEMENTAL TESTING FOR EXTENDED EXPOSURE
LIMITS FOR FLUX-CORED ARC WELDING FILLER METALS

Scope

This appendix supplements Part I, Section 3.3.3 and specifies provisions for test procedures
for use in qualifying the extended exposure time for flux-cored arc welding filler metals.

Test Specimens

The electrode shall be exposed to an environment of 80°F (+ 5°F, - 0°F) and 80% (+5%,
- 0%) relative humidity for the period of time desired to be approved for accumulated exposure.
No conditioning of the electrode after exposure and prior to testing is permitted. The
environmental chamber shall meet the requirements of AWS A5.5-96, Section 15.4, except for
Section 15.4(3). Exposure time shall begin when the environmental chamber has reached the
required temperature and humidity. Time, temperature, and humidity shall be continuously
recorded for the period that the electrodes are in the chamber.

All testing for diffusible hydrogen levels shall be performed in accordance with AWS A5.20-
95, Section 15, — Diffusible Hydrogen test, modified as follows:

1. Thediameter of the electrode that will be used shall be tested.

2. Welds shall be made at awire feed rate (or welding current) that is at least 75% of the
manufacturer’ s maximum recommended wire feed rate (or welding current) for the electrode
type and size being tested. The contact tip-to-work distance (TTW) shall be at the minimum
recommended by the manufacturer.

Specification Limits

Based upon test results, the manufacturer of the electrode, or a consultant approved by the
Engineer for such purposes, shall provide recommendations for storage and atmospheric
exposure to ensure that the diffusible hydrogen level will not exceed the limits prescribed in
Part |, Section 2.4.1.2. Such recommendations may take the form of fixed exposure periods,
varying exposure limits using temperature-humidity charts ssimilar to those provided in AWS
D1.1-98, Annex VIII, and may include provisions for heated storage and baking of electrode
wire. Rebaking of wire shall be included only when documented by testing the wire after baking
to verify that the baking procedure returns the electrode to the diffusible hydrogen level
prescribed in Part I, Section 2.4.1.2.
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Part |
APPENDIX E. SUPPLEMENTARY ULTRASONIC TECHNICIAN TESTING

Scope

This appendix supplements Part I, Section 6.3.3 and provides procedures to be used to
demonstrate proficiency in ultrasonic testing. The Quality Assurance (QA) Agency shall require
ultrasonic testing (UT) personnel to demonstrate proficiency by satisfactory performancein a
prequalification examination. The examination shall consist of practical tests that have been
developed by the Agency’ sUT Level 111 Specialist, or an organization approved by the Agency,
and shall incorporate the specific requirements of the Agency’ s procedures and the acceptance
standards contained in Part |, Sections 5.8.3 and 5.8.4 as applicable. The practical examination
shall also test the ability of UT personnel to complete correctly the relevant reports associated
with the examination.

Test Specimens

The QA Agency shall have test coupons prepared that are of the type and number required to
represent the details of the steel moment frame welded joints to be examined. Suitable test pieces
should be full mock-ups of welded joints, with and without backing bars. Typical joint
geometries of butt, corner and tee configurations shall be utilized. A minimum of 20 flaws shall
be embedded in the test samples to provide an adequate test of ability.

Test coupons may contain natural discontinuities, artificial reflectors consisting of non-
metallic inserts in the weld deposit, slots or holes machined in the weld, or thin steel inserts
welded to bevel preparations to simulate incomplete fusion.

Test specimens to be employed in repetitive examinations shall be fabricated to produce
intentional reflectors and to minimize natural flaws. These test pieces shall subsequently be
examined by an ultrasonic specialist to confirm the detectability of the implant and the absence
of unintentional reflectors. The UT Level 111 Specialist should characterize each reflector in the
test plates into one of the categories defined herein. The characterization, size, and placement of
the reflectors may be discussed with the candidate following completion of the examination. If
the test pieces are to be used for later examinations, the examiner shall not reveal the exact
details of the individual test pieces to avoid compromising the results of the subsequent
examinations.

All materials to be employed for test specimen fabrication shall be examined by longitudinal
wave techniques to ensure the absence of lamination and/or inclusions that might render the test
pieces unacceptable for test purposes. Materials with laminations and inclusions may
intentionally be incorporated into selected coupons to eval uate the candidate’ s performance on
these imperfections. Plates for tee joints should be produced from steels with enhanced through-
thickness properties to minimize lamellar tearing within the test coupon.
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The size of discontinuities inserted or induced into the test coupons shall be consistent with
the range of flaw size acceptance criteria set forth in Part I, Sections 5.8.3 and 5.8.4, as

appropriate.

Candidate Scoring — Flaw Detection

Candidates shall submit awritten report of all detected discontinuities found during the
examination. The report shall include the characterization of each flaw type (spherical,
cylindrical, or planar), the size (length and width, but not height unless flaw sizing isto be
employed), the location along the weld, and the relative position within the weld cross-section.

For UT technicians who will perform flaw detection in accordance with Part |, Section 5.8.3,
the following numerical system shall be employed in evaluating the UT technician candidate:

The rate of flaws detected, based upon reporting of the flaw and its location, irrespective of
the indication rating recorded, is:

D = detected flaws/ total flaws

The rate of false indications, based upon arecorded indication that also exceeds the
indication rating defined in Part 1, Section 5.8.3, is:

F =falseindications/ total indications
The UT technicianrating Ris:

n-2

R= - 1)

(1+D- F)" 100% (E-1)

where n isthe total number of flaws in the test specimens.

For technicians who will perform flaw detection in accordance with Part |, Section 5.8.3, the
minimum UT technician rating is 80.

Candidate Scoring — Flaw Sizing

For technicians being qualified to perform flaw sizing in accordance with Part |, Section
5.8.4, the UT technician rating is established by the following equations:

=%' 100% (E-2)
L& Lio
_§1 — = 100% (E-3)
L W
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where:

P = percentage of actual reflectors correctly detected and sized.
R=  overdl rating including penalty for false alarms, O to 100.
Lo= length of actual reflector contained in the test specimen.

L. = indicated length of actual discontinuities that have been correctly sized and
located. (Credit is given for the lesser of the reported length or actual length of the
reflector).

Li= total length of call by the candidate, right or wrong.

Li= length of call to where discontinuity exists.

For flaw sizing ratings, each linear inch of test specimen weld shall be considered
independently in the compilation of the candidate’ s performance. |dentification of the
discontinuity is considered correct when the size and location of the reflector have been
determined with sufficient accuracy to rate the discontinuity in accordance with the acceptance
criteria. For ultrasonic examination, a dimension indicated within a factor of two of true
dimensions (one-half to twice the actual dimension) is considered accurate within the limits of
the examination technique.

Equation E-2 indicates the ability of the candidate to locate and size discontinuities that exist
in the test pieces. A candidate must achieve a score of 70 or above on Equation E-2 as minimum
performance.

Equation E-3 indicates the ability of the candidate to accept the areas of weldsin the test
pieces where no flaws exist. A low score indicates the candidate may call for alarge number of
unnecessary repairs during the course of the actual construction work. The Agency should
consider, in evaluating the required performance, the consequences of unnecessary repairs,
including the fact that weld repairs are made under less-favorable conditions than the original
weld, thereby increasing the potential for a defective repair weld. Consequently, a score of 50 or
above on Equation E-3 is minimum performance.

Reexamination

Previoudly qualified personnel shall be reexamined when they have not performed
nondestructive UT examination of steel moment frame construction for a period not to exceed
six months, when a specific cause to question performance arises, or more frequently when
required by the QA Agency as apart of their Written Practice. Technicians shall be tested under
this system, as a minimum, every three years.
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Part |
APPENDIX F. SUPPLEMENTARY MAGNETIC PARTICLE
TESTING PROCEDURES

Scope

This appendix supplements Part I, Section 6.7.1 and provides guidelines for preparation of
procedures for magnetic particle testing (MT).

Written Procedures

Written MT examination procedures shall be prepared by the Quality Assurance Agency
responsible for nondestructive testing, and approved by the designated party responsible for the
Quality Assurance Plan. The procedures shall be developed considering the geometry of the
work to be inspected, yoke application, light levels, accessibility, and safety.

The following items shall be detailed in the written procedure:

type of weld to be examined,

type of magnetizing equipment, including type of current employed,
surface preparation,

examination sequence,

magnetization plan,

magnetic field direction,

magnetic field strength at inspection location,

magnetic particle type and color,

© © N o g s~ wDdhPE

interpretation of indications,
10. acceptance criteria, and
11. reporting forms and procedures.

Procedure Evaluation

An evaluation of the system performance and sensitivity shall be demonstrated prior to the
beginning of any testing work. A magnetic particle test bar shall be used to verify sensitivity to a
depth of 1/8 inch. This requirement shall be included within the written procedure.
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Method

Prior to MT, the weld shall be inspected visually for detection of grossimperfections. The
inspected surface shall be cleaned where necessary.

The continuous method, using an aternating current (AC) electromagnetic yoke (double leg
or single leg configuration) with dry white-light-visible magnetic particles, may be used as a
preliminary examination. Rectified AC (that is, DC) and residual induction methods may also be
employed for preliminary examination.

Final examination shall use DC current of the strength required to achieve a depth of
examination of 1/8 inch. The examination shall take place while the magnetizing current is on,
including application of particles, removal of excess particles, and indication interpretation.

Yoke

The yoke shall be of the articulating-leg rectified AC (DC) type to allow for the inspection of
various geometries. A single-leg yoke may be used in areas of tight access. Fixed-leg yokes are
not permitted. Rectified AC (DC) yokes shall have a minimum lifting power of 40 pounds when
the legs are spaced at the inspection distance. Y okes shall be routinely tested to ensure that the
required magnetization performance and sensitivity levels are met during inspection.

Magnetization

A magnetizing current at 50 to 60 Hertz AC electromagnetization may be used for detection
of surface-breaking discontinuities. System sensitivity shall be checked with a suitably located
pie gauge. The current shall then be changed from AC to rectified AC (DC) for deeper
penetration of the magnetizing field into the part.

Particles

The magnetic particles shall be dry, finely divided high-permeability ferromagnetic material
with low retentivity and a suitable size range. The particles shall have 75 percent (by weight)
particles finer than a120 ASTM sieve mesh, aminimum of 15 percent (by weight) dry particles
being finer than a 325 ASTM sieve mesh. Their color shall provide high contrast to the
background on which applied. Particles shall be free from rugt, fillers, or other material that
could interfere with their use. Magnetic particle materials shall be used only once.

Particle application and removal equipment (powder bulbs, aerosol sprays) shall be such that
fine indications are not removed by excessive force.
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Lighting

Adequate light shall be present for observation of particle indications. A minimum of 100
foot-candles (1000 lux) shall be present at the inspection location, measured with a calibrated
light meter.

Surface Condition

The surface shall be cleaned to bare metal prior to magnetic particle testing by grinding, wire
brushing, hand scraping, or a combination of these. Welds shall be dry and free from foreign
materials such as dirt, grease, rust, and excessive weld spatter. A thin, light coating of contrasting
paint may be applied to assist in the detection of smaller imperfections.

Equipment Performance Checks

The performance and sensitivity of the magnetic particle inspection system and procedures
shall be checked at regular intervals. The following parameters shall be checked each day, prior
to performing any examination, and shall be documented:
yoke magnetizing strength,
sensitivity to imperfections at a depth of 1/8 inch, using atest bar,
yoke set-up,
magnetizing field direction,
magnetic particle performance, and

o 0~ 0w DN P

particle removal force, using standard samples with discontinuities.
Yoke Placement

Examination shall be conducted with sufficient overlap to ensure 100% coverage. However,
if the geometry of the piece does not permit 100% evaluation of the piece, this shall be stated on
the test report.

For inspection for discontinuitiesin the longitudinal direction, the yoke shall be placed
astride and perpendicular to the weld. The yoke legs shall be positioned such that they are
approximately %2 inch from the toe of the weld. The effective area of inspection is between the
yoke legs, with alateral area of approximately 1-1/2 inches on either side of the centerline
between the yoke legs. The total length weld coverage for one position of the yokeis
approximately 3 inches. Sufficient overlap should be used to ensure 100% coverage when
moving along the weld length. Y oke movement in 2-inch intervals should ensure adequate
overlap.
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For inspection for discontinuitiesin the transverse direction, the yoke shall be oriented so that
the yoke legs are approximately paralel to the weld, approximately %2 inch from the toe of the
weld. If the yoke has to be placed on top of the weld to gain access, the technician should ensure
the best contact possible of the yoke legs to the weld. The effective area of inspection is between
the yoke legs, with a 4-inch leg spacing recommended. Sufficient overlap may be achieved by
moving the yoke to a position which overlaps the last position by at least 1 inch.

Particle Application and Removal

Dry particles shall be applied in such a manner that alight, uniform, dust-like coating of
particles settles on the part while it is being magnetized. Particle indications shall be observed
when being formed as the particles are being applied, and while the excess particles are being
removed.

Sufficient air velocity for particle remova must be directed at the area of inspection to
remove the excess particles entrapped in areas such as weld undercuts, while retaining the
particles held by magnetic flux leakage from any discontinuities.

Interpretation and Evaluation of Indications

Relevant magnetic particle testing indications are those that result from magnetic flux
leakage fields formed by discontinuities that attract and hold magnetic particles. False indications
are those held primarily by nonmagnetic means such as mechanical entrapment in the toe of a
weld. Nonrelevant indications are those particles held in place by magnetic attraction, but not
originating from a structural discontinuity such as the boundary of two steels having significantly
different magnetic properties or the boundary at the hardened heat-affected zone of aweld.

Testing personnel shall verify indications by performing the following steps:
1. Retest with the yoke field perpendicular to the discontinuity indication, if not already

perpendicular.

2. Retest, confirming that excess particles are removed. If the suspect indication is removed
during the retest, the indication is interpreted as nonrelevant or as afalse indication.

3. If theindication has alight particle buildup and weak particle adhesion, and if doubt exists as
to whether the indication is relevant or false, the area of the indication shall be lightly
surface-ground and retested.
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Part |I: RECOMMENDED QUALITY ASSURANCE GUIDELINES
1. GENERAL

1.1 Scope

Part |1 of these Recommendationsisto provide information relevant to the quality control
(QC) and quality assurance (QA) of the seismic-force-resisting systems of steel moment-frame
buildings, in regions subject to potential damaging earthquake ground motion. It isintended to be
used in coordination with, and in supplement to, locally applicable building codes and those
national standards referenced by the building code. Included are discussions on:

the various terms used regarding inspection functions (Part |1, Chapter 1),
basic quality control and quality assurance issues (Part 11, Chapter 1),

recommended Contractor (fabricator or erector) qualifications and Quality Control Program
for the control of the quality of fabricated and erected structural steel (Part |1, Chapter 2),

recommended Quality Assurance (inspection and testing) Agency qualifications and the
qualifications and duties of individual inspection and testing personnel (Part |1, Chapter 3),

recommended requirements and practices for structural steel material (quality, control, and
inspection) (Part |1, Chapter 4),

recommended requirements and practices for welding material (quality, control, and
inspection); and welding operations (quality and inspection) (Part 11, Chapter 5),

recommended requirements and practices for bolting material (quality, control, and
inspection); and bolting operations (quality and inspection) (Part |1, Chapter 6).

Commentary: These Recommended Quality Assurance Guidelines apply to the
construction of steel moment frames used as the seismic-force-resisting elements of
buildings and other structures. As used in these Recommendations, the terms

“ steel structure” or “ steel framing” apply to the structural steel elements of the
seismic-force-resisting system as defined in FEMA-302. The quality assurance
and control guidelines contained in these Recommendations could be extended to
the construction of other types of seismic-force-resisting systems and even to
elements of structures that are not intended to be part of the seismic-force-resisting
system. However, extension of these Recommendations to these other construction
types and elements could result in a significant construction cost premium. These
Recommendations are deemed appropriate to application to the construction of
steel moment frames used in seismic-force-resisting systems due to the severe
service conditions anticipated for those frames and the proven sensitivity of frame
performance to construction quality. Specifically, investigations of damaged steel
moment-frame connections following the 1994 Northridge earthquake reveal ed
numerous instances of construction that did not conform to the applicable
standards. Common deficiencies included the use of improper weld tabs, welded

Part Il: 1-1



FEMA-353 Recommended Specifications and Quality
Part 1I: Recommended QA Guidelines Assurance Guidelines for Steel Moment-Frame
Chapter 1: Genera Construction for Seismic Applications

joints with excessive bead size and, frequently, large zones at the roots of critical
welded joints with lack of fusion and with slag inclusions. These defects
contributed directly to the initiation of fracturesin these joints. Further,
investigations performed as part of this project confirm the following: the
importance of weld quality and toughness to connection performance; the
sensitivity of welded joint toughness to welder technique; and the general inability
of inspection practices commonly employed in the past to provide adequate control
to obtain reliable performance. The Quality Assurance Guidelines recommended
herein are intended to address these issues directly. Although quality control of
other construction systems is also important, it has not been demonstrated that the
specific recommendations contained herein are either appropriate or necessary to
obtaining reliable performance of those other construction systems.

1.2 Terms

This section describes some of the basic elements of a program necessary to ensure that
construction meets the required standards. It also describes the recommended roles and
responsibilities of key project participants in this process.

1.2.1 Quality Control

Quality Control (QC) includes those functions to be performed by the Contractor to ensure
that the material and workmanship of construction meet the Quality Requirements. QC includes
inspection and testing of fabrication and erection, as defined by AWS D1.1-2000, unless otherwise
provided for in the Quality Assurance Plan or the Contract Documents. Fabrication and erection
inspection includes routine welding inspection items such as personnel control, material control,
dimensional control, preheat measurement, monitoring of welding procedures, visual inspection
and nondestructive testing when specified.

Commentary: QC functions vary considerably between shop and field operations.
For field work, less QC is typically provided, and there is a higher reliance upon
Quality Assurance. Nonetheless, field QC is necessary to ensure quality in field
operations, and must be provided by the Contractor performing field welding, field
bolting, and related steel construction work.

1.2.2 Quality Assurance

Quality Assurance (QA) consists of those inspection services to be performed by an agency or
firm other than the Contractor. QA is performed at the prerogative of the Owner, and may be
mandated by the building code. QA includes monitoring the performance of the Contractor in
implementing the Contractor’s QC Program, ensuring that designated QC functions are performed
properly by the Contractor on aroutine basis. To ensure compliance, QA may also include
performance of specific inspection tasks that may be similarly included in the Contractor’s QC
Plan, including the performance of nondestructive testing. Quality Assurance istermed
“Verification Inspection” in AWS D1.1-2000.
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1.2.3 Quality Control Plan

The Quality Control Plan is awritten statement, prepared by the Contractor, of al measures
that will be taken to ensure that steel moment-frame construction conforms to the applicable
standards, project specifications, and the Quality Assurance Plan. Key parts of the QC Plan should
include a description of the organizational structure, responsibilities, practices, procedures,
processes, and resources for implementing and maintaining the project quality requirements, and
ongoing efforts to monitor the effectiveness of the Plan. The Contractor’s QC Plan should ensure
that all parties understand what isto be constructed and the standards that apply.

1.2.4 Quality Assurance Plan

The Quality Assurance Plan is awritten statement of the quality requirements for the project,
prepared by the Engineer and typically containing two components: (1) the set of material and
workmanship standards that the finished construction must meet, and (2) the set of procedures that
are to be followed to confirm compliance with these requirements.

Elementsin an acceptable Quality Assurance Plan must meet or exceed the requirements of
the building code.

The Quality Assurance Plan should include:

identification of the seismic force resisting system elements subject to the Plan,

required Contractor Quality Control procedures,

required services of the Engineer, including but not limited to the following:

- review of required Contractor submittals,

- monitoring of required inspection reports and test results,

- construction consultation as required by the Contractor on the intent of the construction
documents,

- procedures for modification of the construction documents to reflect the demands of
unforeseen field conditions discovered during construction,

alisting of all Special Inspections and testing required by the building code, supplemental
inspections and testing required by the Engineer, as well as the reference standards and the
project standards,

the type and frequency of Special Inspections, including a schedule for any periodic
inspections,

the type and frequency of testing,
the frequency and distribution of special inspection and testing reports,
the structural observations to be performed, and

the frequency and distribution of structural observation reports.
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The Quality Assurance Plan istypically prepared using reference to building code
requirements and approved national standards, and supplemented by individual project
specifications.

Commentary: A Quality Assurance Plan isrequired under the provisions of IBC
Section 1705. The minimum requirements for the Plan are provided in IBC Section
1705.2.

A registered design professional must prepare the Quality Assurance Plan. See
IBC Section 1705.2. Commonly, the Owner contracts with the engineer in respon-
sible charge of the design for the preparation of the Quality Assurance Plan for the
structural system. It is recommended in FEMA-302 that this engineer prepare the
Quality Assurance Plan for the structural system, as this person is most familiar
with the critical features of the designs that are important to its performance.

1.2.5 Contract Documents

The Contract Documents are all those drawings, specifications, notes and other documents
prepared by the Engineer or other registered design professional, that define the structural system
and quality requirements. The Contract Documents should include the specification of:

the Quality Assurance Plan,
the construction material,
the requirements for Contractor material controls,

if necessary, special material inspection requirements beyond standard practice or those
designated in ASTM, AISC or AWS requirements,

quality acceptance criteria,

fabrication, erection, and installation tolerances, by reference to industry standards, and
supplemented as needed for project-specific conditions, and

the method of resolution of disputes regarding structural integrity.

The basic code requirements for structural welding of steel structures are contained in AWS
D1.1 - Sructural Welding Code — Steel. AWSD1.1 uses the term “Fabrication/Erection
Inspection” synonymously with the Quality Control function. The term “Verification I nspection”
is used to describe the Quality Assurance function. AWSD1.1 requires inspection for many items
in Section 6, Part A, but does not specify whether the inspection is performed as either QC or QA.
For this reason, distinction between QC and QA must be provided in the Quality Assurance Plan
and Contract Documents.

Fabrication/Erection Inspection (or Quality Control), Verification Inspection (or Quality
Assurance), and Nondestructive Testing should be performed at the same time whenever possible,
to ensure that the Contractor's QC program is meeting the requirements of the Contract
Documents.
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1.2.6 Owner

Construction is performed on behalf of the owner. The Owner isresponsible for providing
Quality Assurance. The Owner must ensure that a suitable Quality Assurance Plan is established
and implemented. The Owner should employ one or more Special Inspectors to observe the
construction for compliance with the applicable standards and project specifications. The Owner
may also direct the Engineer or other registered design professional to oversee the Quality
Assurance function.

Commentary: Should the Owner have insufficient expertise or knowledge related
to construction, the Owner should retain a qualified Engineer or other registered
design professional to advise the Owner, prepare the Quality Assurance Plan, and
over see the QA program.

1.2.7 Engineer

The Engineer isthe registered design professional in responsible charge of the design of the
structural steel framing system. The Owner may select other registered design professionals for
other related functions, including the preparation of the Quality Assurance Plan.

Commentary: The Engineer or other registered design professional may assist the
Owner in:

establishing the Quality Requirements for the project, including the standards
that the construction must meet and the QC and QA measures that are to be
followed,

establishing the Quality Assurance Plan for the project,
establishing the necessary qualifications of the Contractor,

establishing the necessary qualifications of the Quality Assurance Agency or
firm,

establishing the necessary qualifications of the individuals responsible for
inspection and testing,

evaluating the Contractor’s Quality Control Plan, and

evaluating the Quality Assurance Agency' s Written Practice.

The Engineer should additionally review Contractor submittals and prepare revisions to the
structural drawings when necessitated by changes in the work.

1.2.8 Contractor

For the purposes of these Recommendations, the Contractor is the firm performing the
fabrication or erection of the structural steel framework.
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1.2.9 Building Official

As used in these Recommendations, the term Building Official is applied to the regulatory
agency having jurisdiction of the building.
The Building Officia should:

require that construction documents, including the Quality Assurance Plan with at |east the
following items, be submitted prior to the issuance of a building permit:

- acomplete list of material and work requiring special inspections,
- theinspections to be performed, and

- alist of the individuals, approved agencies or firms intended to be retained for conducting
such inspections,

approve the final selection of Special Inspectors;
maintain files of inspection reports for a defined length of time following completion;

ascertain that all reported noncompliances have been rectified, or accepted by the Engineer as
acceptable; and

issue a certificate of occupancy.

Commentary: Section 1704.1.1 of the International Building Code requires the
listed items to be submitted prior to issuance of a building permit. Section 1704.1
requires the approval of the Special Inspector by the Building Official.

1.2.10 Quality Assurance Agency

The Quality Assurance (QA) Agency is the independent testing organization selected by the
Owner, or Owner’s designee, to perform the Quality Assurance inspection and testing required by
the Quality Assurance Plan, the specifications and the Contract Documents.

1.2.11 Special Inspector

The Special Inspector, asrequired by International Building Code (IBC) Section 1704.1, must
be “aqualified person who shall demonstrate competence, to the satisfaction of the Building
Official, for inspection of the particular type of construction or operation requiring special
inspection.” The Special Inspector is employed by the Owner, to provide the special inspections
required. “Employed” in this case may be through a contractual relationship.

1.2.12 Special Inspection

Specia Inspection is a Quality Assurance activity mandated by the Building Code. Specia
Inspection is defined by the IBC Section 1702.1 as “inspection as herein required of the materials,
installation, fabrication, erection or placement of components and connections requiring special
expertise to ensure compliance with approved construction documents and referenced standards.”
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Specia Inspection is the detailed and specific inspection to ensure compliance with the Building
Code. The duty of a Special Inspector is defined in IBC Section 1704.

1.2.12.1 Continuous Special Inspection

Continuous Special Inspection is the full-time observation and inspection of work requiring
Special Inspection by an approved Special Inspector who is present in the area where the work is
being performed.

1.2.12.2 Periodic Special Inspection

Periodic Special Inspection is the part-time or intermittent observation of work requiring
Special Inspection by an approved Special Inspector who is present intermittently in the area
where the work is being performed and who is present at the completion of the work.

1.2.13 Nondestructive Testing

Nondestructive testing (NDT) includes magnetic particle testing (MT), liquid dye penetrant
testing (PT), radiographic testing (RT) and ultrasonic testing (UT). For the purpose of these
Recommendations, the terms nondestructive examination (NDE) and nondestructive testing
(NDT) areidentical.

Commentary: The purpose of NDT isto serve as a backup to Visual Inspection (VI)
and to detect flaws and defects in base metals and welds that are not otherwise
visible. NDT is not a replacement for an adequate program of QC, QA and VI, and
should not be used as such.

1.2.14 Structural Observation

Structural Observation is defined by the IBC in Section 1702.1 as “the visual observation of
the structural system by aregistered design professional for general conformance to the approved
construction documents at significant construction stages and at completion of the structural
system.”

Structural Observation should also include review of testing and inspection reports for genera
compliance with the construction documents. Observed deficiencies should be reported in writing
to the Owner’ s representative, Specia Inspector, Contractor, and Building Official. A report to the
same parties should be made at the completion of the structural work regarding the observations
that have been made.

Structural Observation does not replace or waive Special Inspection, nor does it serve the
same function. Requirements for Structural Observation are contained in IBC Section 1709. A
recommended checklist for structural observation isincluded in Figure 1-1.
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Structural Observation Checklist
(Steel Moment Framesfor Seismic Application)

Perform Structural Observation upon completion of the first few moment connections and
column splices, prior to placement of decking, covering by fireproofing, encasement in concrete
or placement of other finishes. After verification of these moment connections, conduct
Structural Observation on a periodic basis or when structural details or requirements change, and
also upon completion of the structural framing.

Observation of welded jointsisfor general configuration of the joint only (for example,
placement of components, weld type, backing presence, joint finishing), not for weld quality.

Measurement of members, connection material and weldsis not a part of Structural
Observation, asthisis performed as a part of inspection.

Checklist

Orientation and placement of connected components
Removal of backing bars, as required

Placement of reinforcing fillets, as required
Removal and finishing of runoff tabs, as required
Presence of continuity plates, as required

Welding of continuity plates, as required

Presence and type of doubler plates, as required
Welding of doubler plates, asrequired
Configuration and finish of access holes

Placement of beam stiffeners, as required

Contour and finish of RBS profile, if applicable
Placement of welds for web connection, as required
Type and placement of bolts

Inaccessible conditions

[y Sy ey [y Ry Iy Ay S

Figure1-1 Structural Observation Checklist

Commentary: Structural Observation, when required, must be performed by a
registered design professional, typically the Engineer or the Engineer’ s designated
representative.

1.2.15 Written Practice

The Written Practice is a document prepared by the Quality Assurance Agency describing its
procedures for determining and ensuring the acceptability of the structure in accordance with the
applicable codes, standards, specifications and procedures, including general inspection, materia
controls, visual welding inspection, and bolting inspection.
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The Written Practice should describe the selection and administration of inspection personnel,
and the training, experience and examination requirements for qualification and certification of
inspection personnel.

1.2.16 Hold Point

A Hold Point is a stage of interim construction completion, beyond which the work should not
proceed until the designated inspector has completed the inspection tasks specified for this stage.

1.2.17 Observation Point

An Observation Point is a stage of interim construction completion, beyond which work may
proceed after the worker has completed the worker’ s own inspection, with further inspection
provided by the designated inspector through observation of the work operations on aroutine,
occasional, random basis.

1.3 Pre-Job Meeting

It is recommended that a pre-job meeting or series of meetings be held with the Owner’s
representative responsible for the preparation and administration of the Quality Assurance Plan,
the Fabricator’s and Erector’s Quality Control personnel, and the Quality Assurance Agency’s
personnel to plan and discuss the project, fabrication procedures, erection procedures, and
inspection procedures. Topics of discussion at such meetings should include:

overall scope of work for the project,
any special construction required by the Contract Documents,

inspection responsibilities, including the duties of welding, bolting and other fabrication and
erection personnel, the Fabricator’s and Erector’s QC personnel, and the QA Agency’s
personnel,

the use of hold and observation points,

any specific nondestructive testing requirements that apply to the project, particularly those
exceeding Code requirements or typical practice,

method of notification and approval relative to determining correction of nonconforming
work,

locations and production schedules for off-site work,
schedule and application of any approved periodic inspection,
conditions requiring notification of the Engineer or Building Official, or both, and

reporting procedures and frequency.

Either through a meeting or by direct dissemination of the information, inspection personnel
should also be provided information regarding project-specific requirements.
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1.4 Fabrication and Erection Drawings

The Contract Documents should require submittal of erection and shop drawings for the work.
Shop drawings should provide sufficient information to allow fabrication to be performed. The
erection drawings should identify piece marks for each fabricated element to be incorporated into
the work, coordinated with the individual shop drawings. Any special erection sequence or
erection instructions should be included on the erection drawings. The Engineer should review the
shop and erection drawings to ensure that the overall structural configuration and detailing
requirements conform to the design intent.
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Part |1
2. CONTRACTOR QUALIFICATIONS AND QUALITY TASKS

2.1 Scope

This chapter outlines the general qualifications and quality responsibilities of the Contractor.
Asused in this chapter, the “ Contractor” is the steel fabricator, responsible for the shop
fabrication of the structural steel, or the steel erector, responsible for all field erection and field
welding. The general contractor or construction manager is not the “ Contractor” as used in this
section, unless performing some or all of the duties of fabricator or erector.

The Owner should ensure that the Contractor has established and put into practice an
adequate Quality Control Plan (QCP). The Quality Assurance Plan should provide oversight to
the Contractor's QCP. This may range from simple records and report reviewsto a full testing
and inspection program, depending upon the effectiveness of the Fabricator’s or Erector’s QCP,
and the requirements of both the Quality Assurance Plan and the Building Code.

The Owner should be involved in the selection or approval of the Contractor. In order to
establish the necessary level of Quality Control (QC) and Quality Assurance (QA) for a particular
project, it is necessary to establish the level of experience and competence of the Contractor.
Adjustments to the QA Plan may be appropriate after the Contractor has been selected.

Commentary: Although Section 1702.2 of the IBC exempts work performed by

“ Approved Fabricators’ from some inspections, the use of “ certified” or
“qgualified” fabrication shops, in lieu of requiring independent Quality Assurance
provided by the Owner, is not recommended. However, a fabrication shop that is
certified or qualified by a recognized program, such as the American Institute of
Seel Construction (AISC) Quality Certification Program, does provide a level of
assurance that the fabricator has the capability of providing good fabrication
performance.

2.2  Contractor Quality Control Plan

The Contractor must establish, implement and maintain a suitable QCP for in-process quality
control of the work.

The Contractor’s QCP should, as a minimum, include the following:

designation and qualifications of project QC personnel,

designation and qualifications of personnel responsible for supervision of the work,
Contractor’ s written QC and procedures manual,

Contractor’ s written weld repair procedures, and

Contractor’ s Nondestructive Testing (NDT) procedures and NDT personnel training records.
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The Contractor’s QCP must be in writing, enabling others to make an effective evaluation of
its adequacy. The Contractor should also make periodic reviews, at least annually, of the QCP to
verify its adequacy and to determine that it is being followed at all levels of the Contractor’s
operations.

The Contractor’s QC function should be isolated from the production department, and the
QC Manager should report directly to ahigh level company officer to avoid conflicts of interest
with production.

2.3 Contractor’s Statement of Responsibility

Prior to the commencement of work on the structural system, the Contractor should submit to
the Owner, and the authority having jurisdiction, a written statement of responsibility containing
the following:

acknowledgment of awareness of the specia requirements contained in the Quality
Assurance Plan,

acknowledgment that control will be exercised to obtain conformance with the Contract
Documents approved by the authority having jurisdiction,

procedures for exercising control within the Contractor’s organization, the method and
frequency of reporting, and the distribution of reports, and

identification and qualifications of the persons exercising such control and their positionsin
the organization.

Commentary: In many cases, one firm performs fabrication, defined as work
performed in a fabricating shop, and another firm performs erection, defined as
work performed at the jobsite. Often, the fabrication and erection are under one
contract, but the erection portion is sublet to an erection specialty subcontractor.
When a single firm directly performs both functions, the management of each
operation is often separate, and therefore the fabrication and erection operations,
and the statement of responsibility, should be evaluated as though coming from
separate organizations.

This Section 2.3 is similar to that recommended in FEMA-302, Section 3.2.2,
and adopted as IBC Section 1705.3.

2.4  Certification Programs

To assist in evaluating the adequacy of a Contractor’ s qualifications, Contractor certification
under one or more of the programs indicated in this section may be considered.

2.4.1 AISC Quality Certification

The American Institute of Steel Construction, Quality Certification Program, is a voluntary
program under which owners, engineers and building officials can evaluate the quality of steel
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fabricators. Steel fabricators are evaluated on the basis of their overall quality control program,
judging the general management, engineering and drafting, purchasing, shop operations and
quality control functions of theindividual plant. Fabricating companies having more than one
plant are certified on a plant-by-plant basis. The AISC Quality Certification Program is used to
determine if the plant “has the personnel, organization, experience, procedures, knowledge,
equipment, capability and commitment to produce fabricated steel of the required quality for a
given category of structural steel work.”

There are two categories of certification for steel buildings, plus two categories for steel
bridge structures. Conventiona Steel Building Structures, previously known as Category |,
include, but are not limited to:

small public service and institutional buildings (for example, schools),
shopping centers,

low-rise truss and beam / column structures,

light manufacturing plants,

miscellaneous and ornamental iron fabricated to A1SC Specifications,
warehouses, and

sign structures.

Complex Steel Building Structures, previously known as Category |1, include, but are not
limited to:

large public service and institutional buildings,
high rise buildings,

stadiums,

auditoriums,

heavy manufacturing plants,

power plants (fossil, non-nuclear),

metal producing and metal rolling facilities,
crane girders,

bunkers and bins,

chemical processing plants, and

petroleum processing plants.

Fabricating plants certified for Complex Steel Building Structures are automatically certified
for Conventional Steel Building Structures.
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The AISC Quality Certification Program, Category MB - Metal Building Systems, refersto
pre-engineered metal buildings. This category of certification includes areview of the design
procedures used by the manufacturer of the building system in designing the structure, as well as
the manufacturer’ s fabrication capabilities and systems.

2.4.2 AISC Erector Certification

The American Institute of Steel Construction, Erector Certification Program, is avoluntary
program under which the construction industry can evaluate the quality of steel erectors. Steel
erectors are evaluated on the basis of their overall quality control program, judging the
management and operations of the erector.

The AISC Erector Certification Program is used to determine if the erector “has the
personnel, organization, experience, procedures, knowledge, equipment, capability and
commitment to erect fabricated steel of the required quality for a given category of structural
steelwork.”

There are two categories of certification for structural steel erectors. These are Certified
Steel Erectors and Certified Advanced Steel Erectors.

A Certified Steel Erector may provide services on the same types of structures included under
fabricator certification for Conventional Steel Building structures, as described in Part 11, Section
2.4.1. Inaddition, a Certified Steel Erector may provide services for steel frame buildings up to
ten storiesin height.

A Certified Advanced Steel Erector may provide services on the same types of structures for
fabricator certification for Complex Steel Building Structures, under Part 11, Section 2.4.1. In
addition, Certified Advanced Erectors may provide services for repair and upgrade of existing
stedl buildings.

2.4.3 Building Code Evaluation Services

The International Conference of Building Officials (ICBO) Evauation Services, Inc. and
Building Officials and Code Administrators (BOCA) Evaluation Services, Inc. provide
evaluations of various manufacturers and products. Under ICBO Evaluation Services, steel
fabricators are listed as Fabricators of Prefabricated Buildings and Components (064). BOCA
Evaluation Services listings of steel fabricators and steel fabrications are contained in Division 5,
but no specific category exists for structural steel fabricators.

2.4.4 Alternatives to Certification
2441 International Standardization Organization (ISO) 9000

The use of 1S0O 9000 or related credentials of the stedl fabricator may be considered as an
aternative to certification programs such as the A1SC Quality Certification Program or ICBO
Evaluation Services, as described above. A review of the fabricator’s program and the audits
conducted is advisable.
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Commentary: Few fabricators have presently sought such SO certification.

2.4.4.2 Jurisdiction Evaluation

Some local jurisdictions, such as the cities of Los Angeles and Houston, have programsin
place to evaluate steel fabricators. Before relying on such evaluation programs, the Owner or
Owner’s designated representative should review the adequacy of such programsto qualify the
Contractor for the type of work being undertaken.

Commentary: Although some jurisdictions exempt from inspection work
performed in approved shops, this practice is not recommended.

2.4.4.3 Individual Evaluation

The Owner or adesignated representative may evaluate the fabricator and erector individually
to ascertain their levels of experience and skill, and to evaluate their Quality Control Plans. Such
evaluations should be undertaken by personnel experienced in the field of structural fabrication
or erection, including material control, welding, and bolting. Recommended checklists for
evaluation of fabricators and erectors are presented in Figures 2-1 and 2-2, respectively.

When inspection or Nondestructive Testing (NDT) is performed by the Contractor (the
fabricator or erector) as a part of the Quality Control function, the qualifications of the
individual s performing such inspection or NDT should meet the same standards as the
individual s performing Quality Assurance. It is not expected that the Contractor, asafirm, has
the same qualifications or certifications as a Quality Assurance Agency performing such work,
but it isimportant that the actual work be done in a satisfactory manner.

2.5 Contractor Obligations

The Contractor should cooperate fully with requests from inspection and testing personnel for
access to the connections and joints to be inspected or tested. This includes beam and column
turning in the shop, weld backing removal when NDT indicates a rejectable condition, and access
to platforms or scaffolding as required to perform the work safely. When such services are
required, the inspection must be performed in atimely manner so as not to hinder production or
require duplication of effort.

The Contractor is responsible for all necessary corrections of deficienciesin material and
workmanship. The Contractor should comply with requests of the Inspector to correct
deficiencies, when such corrections are required by the Engineer or other designated responsible
party. The NDT Technician should be apprised of any repairs made by the Contractor. Disputes
regarding acceptance, rejection, repair and replacement of welds should be resolved by the
Engineer or designated design professional.
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Fabricator Evaluation Checklist

Note: Thislist is adapted from AISC Quality Certification for Complex Seel Building Sructures.

A more complete checklist is available from AISC, upon request.

Management

1.

Does management review project quality requirements prior to production?
Does management assign or contract for project activities to suitably qualified personnel?
Does management select or create necessary quality procedures for the work?

Are specia project quality requirements (for example, material controls, weld restrictions)
communicated to plant departments?

Are fabrication and erection requirements (adjustment needs, erection aids, sequencing of
NDT) and priorities reviewed prior to production?

I's shop supervision conversant with current provisions of AWS and AISC specifications?
Has the fabricator previously fabricated structures of similar complexity?

If fabrication is subcontracted to another fabricator, is the subcontractor evaluated and
approved in asimilar manner?

Page 1

Figure2-1 Fabricator Evaluation Checklist
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Fabricator Evaluation Checklist

Engineering and Detailing

1.

o g bk w

Is there a qualified person supervising in-house detailing, and evaluating and coordinating
outside detailing?

Does the company have capable in-house staff or consultants qualified by registration or
experience?

Are requests for information documented?
Are detailed drawings checked by qualified personnel ?
Areall detail drawings reviewed or approved by the Engineer?

Isthere a current library of standards and specifications?
AISC

(0]

(0]

(0]

(0]

Manual of Steel Construction, including Volume Il Connections
Seismic Provisions for Structural Steel Buildings
Code of Sandard Practice

Quality Criteriaand Inspection Standards

ANSI/AWS

(0]

D1.1 — Sructural Welding Code — Steel

0 Ab.xx — specifications for electrodes and shielding gases being used
ASTM

(0]

(0]

Volume 1.04 — Steel-Sructural, or separate specifications for the material used
Volume 1.08 or 15.08 — Fasteners, or separate specifications for the material used

RCSC

(0]

Soecification for Sructural Joints Using ASTM A325 or A490 Bolts

Applicable building codes

Page 2

Figure2-1 Fabricator Evaluation Checklist (continued)
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Fabricator Evaluation Checklist

Structural Steel

A WD

Are controls established to ensure adequate identification of incoming purchased items?
Are mill test reports kept on file?
Is material inspected for conformance to ASTM A6?

Is awritten procedure used to provide identification of steel grade, and where required, heat
numbers and material test reports for specia requirements?

Isthe grade of material and marking verified prior to fabrication, during fabrication, and
restocking?

Welding

1.

o M W D

© © N o

10.

Are all electrodes, fluxes and shielding gases checked upon receipt for conformance to
purchasing documents?

Are manufacturer’ s certifications of conformance kept on file?
Are welding electrodes, flux, and shielding gases stored properly and identified?
Are flux and rod ovens adequate and operating according to AWS specifications?

Are wire-feed welding machines (FCAW, GMAW, SAW) periodically checked to ensure
correct current and voltage readings, and is arecord kept?

Is SMAW welding equipment in use in acceptable operating condition?
Does the fabricator have mechanically-guided burning equipment?
Have welding personnel been qualified to AWS requirements?
Isawelder identification system in place and used?

Do welders inspect their welds to AWS workmanship provisions?

11. Are approved written WPSs in close proximity to, and used by, the welders?

12.
13.

Is a check made to ensure that approved WPSs are disseminated and followed in the shop?

Does the fabricator have a competent welding technician, supervisor or consultant available
on call to resolve welding problems?
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Figure2-1 Fabricator Evaluation Checklist (continued)
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1

2.

Fabricator Evaluation Checklist

Bolting

1. Areadl bolts, nuts and washers checked upon receipt for conformance to purchasing documents?
2. Aremanufacturer’s certificates of conformance kept on file?

3. Arefasteners suitably stored and identified by production lot?

4. Doesthe fabricator have adequate and accurate punching equipment, drilling equipment, or both?
5. Isabolt tension calibration device available for pre-installation testing and wrench calibration?
6. Arewritten bolt installation and tightening procedures available and used?

General Fabrication

Does the fabricator have adequate and accurate material cutting and finishing equipment?

Does the fabricator have material handling equipment, including cranes, to move material without
damage?

Is fabrication in accordance with approved shop detail drawings?

Is fabrication in accordance with Contract Documents and specifications?
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Figure2-1 Fabricator Evaluation Checklist (continued)
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Fabricator Evaluation Checklist
Quality Control
1. Isthereawritten Quality Control Plan?
2. Isworkmanship checked throughout the fabrication process?
3. Are Quality Control procedures followed?
4. Isinspection in accordance with the company inspection procedure?
5. Isarecord kept of al inspections, such as by noted detail drawings?
6. Do al piecesreceive afina inspection, and isarecord kept of thisinspection?
7. Are shop ingpectors trained and qualified to perform inspection?

8. Do ingpectors have the following equipment available: tapeline, welding gages, tag
system?

9. Arethere adequate procedures for coordination with outside inspectors and NDT
technicians?

10. Isthere a separation of responsibility between production and Quality Control?

11. Does Quality Control have the authority to stop the work, and the responsibility to inform
the operating supervisor of non-conforming work?

12. Isthere afunctioning, written procedure for the disposition of non-conforming material or
work?
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Figure2-1 Fabricator Evaluation Checklist (continued)
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Erector Evaluation Checklist

Note: Thislist isadapted from AISC Quality Certification for Complex Seel Building Structures

and fromthe AISC Erector Certification Program.

Management

1.

2.

3.

Does management review project quality requirements prior to erection?
Does management select or create necessary quality procedures for the work?

Are special project quality requirements (for example, material controls, weld restrictions)
communicated to purchasing and field supervision?

Does management assign or contract for project inspection to suitably qualified personnel ?

Are erection requirements (adjustment needs, erection aids, sequencing of NDT) and
priorities reviewed prior to erection?

Are field superintendents and foremen conversant with the current provisions of AWS and
AISC specifications?

Has the erector previously erected structures of similar complexity?

If erection or inspection is subcontracted to another firm, is the subcontractor evaluated and
approved in asimilar manner?

Page 1

Figure2-2 Erector Evaluation Checklist
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Erector Evaluation Checklist

Project Engineering

1. Isthereaqualified person supervising in-house project engineering and coordinating outside
engineering services?

2. Arerequests for information, and responses, documented?
3. Isthereacurrent library of standards and specifications?
AISC
0 Manual of Seel Construction, including Volume Il Connections
0 Seismic Provisions for Sructural Seel Buildings
0 Code of Sandard Practice
0 Quality Criteriaand Inspection Standards
ANSI/AWS
o D1.1-Structural Welding Code — Steel
RCSC
0 Specification for Sructural Joints Using ASTM A325 or A490 Bolts

Applicable building codes

Fabricated Structural Steel
1. Arecontrols established to ensure adequate identification of delivered items?
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Figure2-2 Erector Evaluation Checklist (continued)
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1

10.

11.

12.

13.

14.

Erector Evaluation Checklist

Welding

Are all electrodes, fluxes and shielding gases checked upon receipt for conformance to
purchasing documents?

Are welding material manufacturer’ s certifications of conformance kept on file?
Are welding electrodes, flux, and shielding gases stored properly and identified?
Are electrode ovens adequate and operating according to AWS specifications?
Are electrode ovens placed in reasonable proximity to the welding operations?

Are wire-feed welding machines (FCAW, GMAW, SAW) periodically checked to ensure
correct current and voltage readings, and is arecord kept?

Is SMAW welding equipment in use in acceptable operating condition?

Does the erector have suitable thermal cutting, air arc gouging, grinding and hole-reaming
equipment?

Have welding personnel been qualified to AWS requirements?
Isawelder identification system in place and used?

Do welders inspect their welds to the workmanship provisions of the applicable AWS
specifications?

Are approved written weld procedures in close proximity to and used by the welders?

Is a check made to ensure that approved welding procedures are disseminated and
followed?

Does the erector have a competent welding technician, supervisor or consultant available
on call to resolve welding problems?
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Figure2-2 Erector Evaluation Checklist (continued)
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Erector Evaluation Checklist

Bolting

1

Areall bolts, nuts and washers checked upon receipt for conformance to purchasing or
shipping documents?

If supplied by the erector, are manufacturer’ s certificates of conformance kept on file?
Are fasteners suitably stored and identified by production lot?

Is abolt tension calibration device available for pre-installation testing and wrench
calibration?

Are written bolt installation and tightening procedures available and used?

General Erection

1

Does the erector have erection equipment, including cranes, to move material without
damage?

Is acomplete set of erection drawings and shop detail drawings maintained at the jobsite?

Are project specifications or summaries of specifications and special instructions kept at
the jobsite?

Isacomplete set of erection procedures maintained at the jobsite?
I's erection in accordance with approved erection plans and procedures?
I's erection in accordance with Contract Documents and specifications?
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Figure2-2 Erector Evaluation Checklist (continued)
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1

2.

3.

10.

11.

Erector Evaluation Checklist

Quality Control

Isthere awritten Quality Control system?

Is workmanship checked throughout the erection process?

Are Quality Control procedures followed?

I's inspection in accordance with the company inspection procedure?

Isarecord kept of all inspections, such as by noted detail drawings or erection drawings?
Do al connections receive afinal inspection, and is arecord kept of this inspection?
Arefield inspectors trained and qualified to perform inspection?

Do ingpectors have the following equipment available: tapeline, welding gages, tag
system?

Are there adequate procedures for coordination with outside inspectorsand NDT
technicians?

Is there a separation of responsibility between production and Quality Control?

Does Quality Control have the authority to stop the work, and the responsibility to inform
the field superintendent of non-conforming work?

Page 5

Figure2-2 Erector Evaluation Checklist (continued)
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Part |1
3. Quality Assurance Agency Qualifications and
Quality Assurance Tasks

3.1 Scope

This section defines the appropriate qualifications for organizations and individuals
performing Quality Assurance (QA) of steel construction, the systems to be used, and the tasks to
be performed by those Quality Assurance firms and individuals.

3.2  Evaluation of Quality Assurance Agencies

The firm or agency responsible for the Quality Assurance function, whether an independent
testing laboratory or an individual, must be capable of performing the work, and should be
evaluated and approved by the Owner, with the assistance of the Engineer or other qualified
designated design professional, regarding the capability to perform such functions. The Building
Officia may aso have requirements regarding the qualification of firms or individuals who will
be performing the work. The level of expertise and experience necessary to perform such
functions depends upon the specific role of the Inspector, namely as a Special Inspector, Welding
Inspector, or NDT (nondestructive testing) technician.

3.3  Quality Assurance Agency Qualifications

The submittal of the Quality Assurance Agency’s qualifications should be required. The
submittal should include:

gualificationsof QA Agency’s management and QA personnel designated for the project,

QA Agency’ s written inspection procedures manual, and operations Quality Control manual
(Written Practice),

gualification records for Inspector and NDT technicians designated for the project, and
QA Agency’ sNDT procedures, equipment calibration records, and personnel training
records.

The review of QA Agency qualifications should be performed in atimely manner.

Each agency performing welding-related Quality Assurance should employ an individual
qualified asan ASNT NDT Level 111 for the type of Nondestructive Testing to be performed.
Thisindividua should specify and oversee equipment calibration, inspection procedures,
personnel certification, and training for the project.

3.3.1 Testing Laboratory Accreditation Programs

There are several accreditation programs available to independent testing laboratories to
demonstrate, to third parties, the expertise of the QA Agenciesin a particular field. Such
programs include:
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3.3.1.1 National Voluntary Laboratory Accreditation Program (NVLAP)

NVLAP isadministered by the National Institute of Standards and Technology (NIST), and
accredits public and private laboratories based upon evaluation of their technical qualifications
and competence, following 1SO/IEC Guide 25, General Requirements for Accreditation of
Laboratories, and SO 9002. Laboratories are reviewed in the following areas. accommodation
and environment, calibration and test methods, certificates and reports, complaints, equipment
and reference material, handling of calibration and test items, measurement traceability and
calibration, organization and management, outside support services, personnel, quality system,
audit and review, records, and subcontracting. Fields of accreditation include Construction
Materia Testing, and Fasteners and Metals.

Commentary: Fewer than 20 agencies are currently accredited for Construction
Material under the NVLAP.

3.3.1.2  American Association for Laboratory Accreditation (A2LA)

A2LA isamembership organization that offers accreditation in avariety of fields, including
Construction Material and Nondestructive Testing. A2LA follows ISO/IEC Guide 25 inits
accreditation process.

Commentary: Approximately 100 agencies are accredited for Construction
Material under A2LA.

3.3.1.3 International Conference of Building Officials Evaluation Services, Inc.
(ICBO ES)

ICBO ES conducts eval uations and issues reports on a variety of material and services,
including Testing Laboratories (268). Specific areas of testing are listed in bi-monthly Evaluation
Reports listings. However, published reports for Testing Laboratories are not made available.

3.3.14 Building Officials and Code Administrators Evaluation Services, Inc.
(BOCA-ES)

BOCA-ES conducts evaluations and issues reports on avariety of material and services,
including Testing Laboratories (Section 01410) and Inspection Services (Section 01420). Testing
Laboratories are typically facilities performing product testing such as physical testing or fire
testing. Inspection Services are typically firms providing product manufacturers with QC
services, athough some firms offer jobsite services.

3.3.1.5 Southern Building Code Congress International, Public Safety Testing, and
Evaluation Services, Inc. (SBCCI PST & ESI)

SBCCI PST & ESI conducts evaluations and issues reports on a variety of materials and
services, including “Testing Laboratories” and “Quality Assurance and/or Inspection Agencies.”
Inspection Services are typically firms providing product manufacturers with QC services,
although some firms offer jobsite services.
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3.3.1.6 National Evaluation Service (NES)

NES, operated jointly by BOCA and SBCCI, conducts evaluations and issues reports on a
variety of materials and services, including “ Testing Laboratories” and “Compliance Assurance
and/or Inspection Agencies’. National Evaluation Reports are identified as NER-TL for a
“Testing Laboratory”, and NER-QA for a* Compliance Assurance and/or Inspection Agency”.
Inspection Services are typically firms providing product manufacturers with QC services,
although some firms offer jobsite services.

3.3.1.7  American Welding Society (AWS)

The AWS offers an accreditation program for testing laboratories that wish to conduct AWS
Certified Welder Program tests. AWS does not eval uate inspection services beyond the scope of
welding personnel testing.

3.3.1.8  American Council of Independent Laboratories (ACIL)

ACIL isamembership organization of approximately 350 firmsin various disciplines,
operating approximately 1500 facilities. No accreditation program is currently offered.

3.3.2 Alternatives to Certification

The Owner and Owner’ s representative may refer to the following ASTM standards for
guidelines and assistance in evaluating inspection and testing agencies.

ASTM E329 - Sandard Specification for Agencies Engaged in the Testing and/or Inspection
of Material Used in Construction

ASTM E543 - Sandard Practice for Agencies Performing Nondestructive Testing

ASTM E548 - Standard Guide for General Criteria Used for Evaluating Laboratory
Competence

ASTM E994 - Sandard Guide for Laboratory Accreditation Systems

ASTM E1212 - Standard Practice for Establishment and Maintenance of Quality Control
Systems for Nondestructive Testing Agencies

ASTM E1359 - Sandard Guide for Surveying Nondestructive Testing Agencies
Figure 3-1 isachecklist that may be used in the evaluation of Quality Assurance agencies.

3.4  Written Practice
3.4.1 Written Practice for Quality Assurance Agencies

The Quality Assurance Agency should maintain a Written Practice for the selection and
administration of inspection personnel. The Agency's Written Practice should describe the
training, experience and examination requirements for qualification and certification of
inspection personnel.
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The Written Practice should describe the Agency's procedures for determining the
acceptability of the structure in accordance with the applicable codes, standards, specifications
and procedures, including general inspection, materia controls, visual welding inspection, and
bolting inspection.

3.4.2 Written Practice for Nondestructive Testing Agencies

The NDT Agency should maintain a Written Practice for the control and administration of
NDT personnel training, examination and certification. The Agency’s Written Practice should
describe the training, experience and examination requirements for each level of certification.
The Agency’ s written practice should describe the responsibility of each level of certification for
determining the acceptability of material and weldments in accordance with the applicable codes,
standards, specifications and procedures.

Commentary - The NDT Agency' s Written Practice should be based upon either of
two documents: ASNT Recommended Practice No. SNT-TC-1A (1996), Personnel
Qualification and Certification in Nondestructive Testing; or ANSI/ASNT CP-
189-95, ASNT Sandard for Qualification and Certification of Nondestructive
Testing Personnel.

3.5 Qualification of Inspection Personnel

Inspectors responsible for acceptance or rejection of material and workmanship shall be
qualified to perform such inspection whether acting in a QC or QA role. The necessary level of
expertise of the individual inspector depends upon the specific inspection role assigned and the
complexity of the project. Inspectors are selected by the Agency responsible for the work,
although the Engineer has the authority to verify the qualification of welding inspectors (AWS
D1.1 Section 6.1.4.5), and the Building Official has the right of approval of inspectors (IBC
Section 1704.1).

The Inspector may use assistants who are formally designated, made aware of their assigned
responsibility and the acceptance criteria, and work under the direct supervision and monitoring
of aqualified Inspector.

General Welding Inspector qualifications are defined by AWSD1.1 in Section 6.1.4. For
nondestructive testing, ANSI/ASNT CP-189 defines the education, skills, training, knowledge,
and experience required for personnel to perform properly to a specified NDT Level. ASNT SNT-
TC-1A defines the demonstrated skill, demonstrated knowledge, documented training, and
documented experience required for personnel to perform properly the duties of a specific job.

AWS defines certification as the act of determining, verifying, and attesting in writing to the
gualification of personnel in accordance with specified requirements. ASNT defines certification
in ANSI/ASNT CP-189 as written testimony that an individual has met the applicable
requirements of the standard; ASNT defines certification in ASNT SNT-TC-1A as written
testimony of qualification.
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3.5.1 Special Inspector Qualification and Certification

The requirements for qualification of the Special Inspector must be established by the
organization responsible for the Special Inspection, whether the Owner or the Owner’s
representative. The qualifications and selection of the Special Inspector must be approved by the
Building Official, as a part of the issuance of the building permit (IBC Section 1704.1.1). The
Specia Inspector may be either an individual or afirm. If afirm, the individuals performing the
Specia Inspection function should meet the minimum qualifications to perform such work as
established by the Quality Assurance Plan.

The Owner, the Owner’ s designated representative, or the Building Official may require the
Special Inspector to maintain certification by an outside agency, such as International Conference
of Building Officia¢/International Code Conference (ICBO/ICC), American Welding Society
(AWS), or another independent accreditation agency.

3.5.1.1 ICBO Certified Special Inspector for Structural Steel and Welding

|CBO maintains a certification program for inspectors of steel-framed structures. This
program consists of atest of an inspector’s knowledge of the steel and special inspection related
sections of the Uniform Building Code, AlSC Specification for Sructural Steel Buildings, AISC
Manual of Steel Construction, AWSD1.1, D1.3 and D1.4 Sructural Welding Codes, AWS A2.4
Standard Symbols for Welding, Brazing and Nondestr uctive Testing, and the inspector’ s ability to
read and interpret structural steel erection drawings. No experience is required to take the test or
to receive certification.

Commentary: Building Officials may elect to take certification examsrelative to
their respective model building code. Such exams cover the broad extent of the
entire code, and may not deal with the specific provisions and inspection
procedures or issues directly related to steel construction. Additional education
and training relative to steel construction and inspection is generally needed.

3.5.2 Welding Inspector Qualification and Certification

Visual welding inspection personnel shall be qualified in accordance with AWSD1.1, Section
6.1.4. The basis of qualification should be specified in the Quality Assurance Plan. Acceptable
qualification bases under AWSD1.1 are:

current or previous certification as an AWS Certified Welding Inspector (CWI) in accordance
with the provisions of AWS QC1, Standard for AWS Certification of Welding Inspectors, or

current or previous qualification by the Canadian Welding Bureau (CWB) to the
reguirements of the Canadian Standard Association (CSA) Standard W178.2, Certification of
Welding Inspectors, or

an engineer or technician who, by training or experience, or both, in metals fabrication,
inspection and testing, is competent to perform inspection work.
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The qualification of an inspector remains in effect indefinitely, provided the inspector
remains active in the inspection of welded steel fabrication, or unless there is a specific reason to
guestion the inspector's ability.

Although AWS D1.1 alows inspector qualification without the CWI certification, it is
recommended that the welding inspection personnel for critical welding be AWS QCL1 certified
(or previoudly certified) by experience and written examination.

All Welding Inspectors must have adequate visual acuity, documented by vision testing
performed within the past three years. See AWSD1.1, Section 6.1.4.4.

Commentary: The American Welding Society offers certification to welding
inspectors in the form of Certified Welding Inspectors, Certified Associate
Welding Inspectors, and Certified Senior Welding Inspectors. ANS/AWS QC-1-
96, Sandard for AWS Certification of Welding Inspectors, governs the
requirements and testing of such inspectors, including experience level. The CWM
examination tests the inspector’ s knowledge of welding processes, welding
procedures, welder qualification, destructive testing, nondestructive testing,
terms, definitions, symbols, reports, records, safety and responsibilities. Although
assumed to be competent to inspect welded construction, the AWS Certified
Welding Inspector may not have the background or expertise in other areas of
steel construction such as general fabrication and erection, bolted connections,
steel bar joists, and metal decks, and additional education and training relative to
these areas may be needed to perform inspections of those elements.

It should also be verified that the AWS Certified Welding Inspector is familiar
with the AWSD1.1 Structural Welding Code. It is permitted to take the AWS
examinations using AWS D1.1, American Petroleum Institute (API) 1104 Welding
of Pipelines and Related Facilities, or American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code, and the required welding inspection
experience may be in any area of welding.

AWSD1.1 does not recognize the AWS Certified Associate Welding Inspector
(CAW) as qualified to perform the work solely based upon this certification.
Typically, a CAW has passed the same accreditation examination as the CW, but
has less experience, with two years minimum experience rather than five years, in
the field of welding inspection. A CAWI may also have the required experience,
but may not have achieved the test score required for CW status, but adequate
for CAWM status. A CAWI could be considered qualified under the third condition
listed above. The Senior Certified Welding Inspector is a relatively new program
offered by the AWS, and this recent certification option has not been specifically
included in the D1.1 code. A SCWI should at present be considered the equivalent
of a CWI.
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3.5.3 NDT Personnel Qualification and Certification

Certification of al levelsof NDT personnel isthe responsibility of the employer of the NDT
technician. The certification of NDT personnel should be administered by an ASNT NDT Level
[11 in the specific areaof NDT.

Commentary: Theterm*“ ASNT NDT Level 111" identifies individuals who have
taken and passed a specific examination administered by ASNT. It isalso possible
to be “ self-certified” asan NDT Level |11 under the SNT-TC-1A Recommended
Practice. Such individuals are not permitted to use the acronym“ ASNT” prior to
“NDT Level I11".

Nondestructive testing personnel should be qualified under the American Society for
Nondestructive Testing, ANS/ASNT CP-189, ASNT Sandard for Qualification and Certification
of Nondestructive Testing Personnel, or ASNT Recommended Practice No. SNT-TC-1A,
Personnel Qualification and Certification in Nondestructive Testing.

Certification of NDT personnel should be based on demonstration of satisfactory
qualification in accordance with Sections 4, 5 and 6 of ANSI/ASNT CP-189, as modified by the
employer's Written Practice, or in accordance with Sections 6, 7 and 8 of ASNT SNT-TC-1A.
Personnel certifications must be maintained on file by the employer and a copy should be carried
by the technician.

Employers may rely upon outside training and testing for NDT personnel for certification,
however, the employer should supplement such certification testing with areview of the
technician’s experience and skill levels. As an example, the technician may have successfully
passed the NDT Level 11 examination for that NDT process as administered by either the AWS or
ASNT.

3.5.3.1 NDT Level Requirements

AWSD1.1, Section 6.14.6 requires that nondestructive testing be performed by NDT Level Il
technicians, or by NDT Level | technicians only when working under the direct supervision of an
NDT Leve Il technician.

Commentary: Inspection by an NDT Level [11 technician is not recognized, as the
NDT Level 111 may not perform actual testing regularly enough to maintain the
special skillsrequired to set up or to conduct the tests. AWS D1.5-96 requires
similar qualification, except in the case of Fracture Critical Members. Under
AWSD1.5 Section 12.16.1.2, testing of fracture critical members must be done by
either a qualified NDT Level 11 under the supervision of a qualified NDT Level
[11, or by an ASNT NDT Level 111 (certified by ASNT examination), unless the
Engineer accepts other forms of qualification.
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3.5.3.2 Levels of NDT Qualification
ASNT identifies four qualification levels, as defined in ANSI/ASNT CP-189:

3.5.3.2.1 Trainee

A person who is not yet certified to any level. Trainees must work with a certified person,
under the direction of an NDT Level 11 or NDT Leve I11, and should not independently conduct
any tests or write areport of test results.

3.5.3.2.2 NDT Level |

AnNDT Levde | individual should have the skillsto properly perform specific calibrations,
specific NDT, and with prior written approval of the NDT Level 111, perform specific
interpretations and evaluations for acceptance or rejection and document the results. The NDT
Level | should be able to follow approved nondestructive testing procedures and should receive
the necessary guidance or supervision from acertified NDT Level Il or NDT Level 111 individual.

3.5.3.23 NDT Level Il

AnNDT Leve Il individual should have the skills and knowledge to set up and calibrate
equipment, to conduct tests, and to interpret, evaluate, and document results in accordance with
procedures approved by an NDT Level I11. The Level |1 should be thoroughly familiar with the
scope and limitations of the method to which certified and should be capable of directing the
work of traineesand NDT Level | personnel. The NDT Level 11 should be able to organize and
report nondestructive test results.

Commentary: The NDT Level |l technician may have taken written and practical
tests as administered directly by either the ASNT or the AWS. Such independent
testing of the NDT Level 1l technician isnot required of a Level I1.

3.5.3.24 NDT Level Il

AnNDT Leve Il individual should have the skills and knowledge: to establish techniques;
to interpret codes, standards, and specifications; to designate the particular technique to be used;
and to verify the accuracy of procedures. The individual should also have general familiarity with
the other NDT methods. The NDT Level 111 should be capable of conducting or directing the
training and examining of NDT personnel in the methods for which the NDT Level 11 is
qualified.

Commentary: Additional provisions from SNT-TC-1A include: The NDT Level 111
should be responsible for the NDT operations for which qualified and assigned
and should be capable of interpreting and evaluating results in terms of existing
codes, standards, and specifications. The NDT Level 111 should have sufficient
practical background in applicable material, fabrication, and product technology
to establish techniques and to assist in establishing acceptance criteria when
none are otherwise available.
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The NDT Level 111 technician may have taken written and practical tests
administered directly by either the ASNT or the AWS. Such independent testing of
the NDT Level I11 technician is not required for an NDT Level 11 under SNT-TC-
1A. Such independent testing of NDT Level [11 techniciansis highly
recommended. It isrequired under CP-189.

3.5.3.3 Recertification of NDT Personnel

Under ANSI/ASNT CP-189, NDT Level | and 11 personnel must be recertified by written and
practical examination in accordance with Section 6. Individual certifications expire at the end of
threeyears. NDT Level 111 personnel must be recertified by the employer every five years by
verifying that the individual’s ASNT NDT Level 1l certificate is current in each method for
which recertification is sought. Should the ASNT NDT Level 11 certificate expire prior to the
five years, the individual must retest for that certificate.

Under ASNT SNT-TC-1A, all levels of NDT personnel should be recertified periodically, with
evidence of continuing satisfactory performance, or by re-examination in those portions of the
examinationsin Section 8 deemed necessary by the employer'sNDT Level 111. The maximum
recommended recertification intervals are three yearsfor Levels| and 11, and five yearsfor Level
1.

The employer's Written Practice should include rules covering the duration of an interruption
to service that triggers re-examination and recertification.

3.5.34 Suspension of Certification

The employer should suspend an individual’ s certification if:

the vision examination interval exceeds one year, with certification reinstated concurrently
with passing the vision examination, or

the individua has not performed the duties in the methods for which certified during the
previous twelve months, or

the individual’ s performance is determined to be deficient in the method or technique for
specific documented reasons, or

for ASNT NDT Leve 11l personnel, when the ASNT Level 111 certificate has not been
renewed.

3.5.35 Revocation of Certification

The employer should revoke an individual’ s certification when:

the individual has not performed the duties in the methods for which certified within the past
24 months, or

for NDT Level 11l personnel, the ASNT NDT Level 111 certificate has been revoked, or
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an individual’ s conduct is deemed by the employer to be, or to have been, unethical or
incompetent.

3.6 Inspection Tasks — General

The Quality Assurance Plan should clearly define the roles and responsibilities of Quality
Control inspectors, Quality Assurance inspectors, and the other individuals involved in the QA
function.

Commentary: The definitions of these roles can directly affect the project
structure and associated budgets. To alleviate this dilemma, the Owner must
tightly specify the requirements for both the QC and QA programs.

Depending upon the structure of the QC and QA functions for the particular
project, the role of the visual inspector may vary considerably. Ideally, the QC
Inspector is an employee of the Contractor and answers to a department head
who is not connected with production. If thisis not the case, an inherent conflict
of interest may be present.

The level of involvement required of the QA Agency is highly dependent upon
the requirements for the Contractor's QC program. If the Contractor's QC Plan is
well organized, has competent inspection and testing personnel, and will be truly
independent of production, the outside QA function can be designated to operate
as an overseer where random spot inspection and testing will be sufficient. In the
opposite case, where the QC department is permitted to be less competent or is
managed by production, more thorough QA may be appropriate. In any case, QA
must meet the minimum requirements of the building code.

3.7 Special Inspector Tasks
3.7.1 Quality Assurance Plan

The specific tasks of the Special Inspector should be defined in the Quality Assurance Plan
and Contract Documents. The Special Inspector may be assigned all QA responsibilities, or may
be assigned the task of supervising or monitoring QA performed by specific Welding Inspectors,
NDT technicians or other Inspectors. Special Inspection may also include monitoring QC
inspection performed by the Contractor.

Commentary: See IBC Section 1704 for specific tasks assigned to the Special
I nspector.

3.7.2 Material

The Special Inspector should ascertain that all materials comply with the Contract
Documents, by mill and product certifications, by testing, or by both.
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3.7.3 Contractor’'s QC Program

The Special Inspector may be assigned the task of evaluating the Contractor’s QC program
and its effectiveness. If so assigned, the Special Inspector should verify that the fabricator is
properly implementing the fabrication and Quality Control procedures outlined.

Requirements for Special Inspection of the fabricator’s Quality Control Program are waived
when the fabricator maintains an agreement with an approved independent inspection or quality
control agency to conduct periodic in-plant inspections at the fabricator’s plant, at a frequency
that will ensure the fabricator’ s conformance to the requirements of the inspection agency’s
approved Quality Control program.

3.7.4 Inspector Qualifications

The Special Inspector should verify the qualifications of the QC and QA Inspectors and the
NDT technicians.

3.7.5 Steel Frame

The Special Inspector should inspect the steel frame to verify compliance with the details
shown on the approved construction documents, such as bracing, stiffening, and member
locations, and the joint details at each connection.

3.7.6 Welding and Bolting

The Special Inspector should verify that all fabrication and erection, including welding and
bolting, is performed in accordance with the Contract Documents.

3.7.7 Records

All individuals performing Special Inspection, regardless of classification, should keep
written records of the inspections performed. Copies of these records should be distributed to the
parties designated in the Quality Assurance Plan. Documents reporting nonconformance should
be distributed to the Owner, Engineer, Contractor and Building Official as specified in the Plan.
Records documenting correction of nonconformance should be distributed to the same parties as
those receiving reports of nonconformance.

3.7.8 Reports

Upon completion of the Special Inspector’ s tasks, the Special Inspector shall issue awritten
report stating that all work inspected under the Inspector’s charge is in accordance with the
approved Construction Documents and meets the applicable codes and specifications, and that
instances of nonconformance have been corrected to the satisfaction of the Engineer or other
persons in responsible charge.
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Quality Assurance Agency Evaluation Checklist

Note: Thislist isadapted from ISO/IEC Guide 25-1990, “ General Requirements for the

Competence of Calibration and Testing Laboratories,” and ASTM E1359, “ Sandard Guide for

Surveying Nondestructive Testing Agencies.”

Organization and Management

1.

10.

Does the Agency have manageria staff with the authority and resources needed to discharge
their duties?

Does the Agency have arrangements to ensure that its personnel are free from any
commercial, financial and other pressures that might adversely affect the quality of their
work?

Isthe Agency organized in such away that confidence in its independence of judgement and
integrity is maintained at all times?

Does the Agency specify and document the responsibility, authority, and interrelation of all
personnel who manage, perform or verify work affecting the quality of inspections and tests?

Does the agency provide supervision by persons familiar with the inspection disciplinesin
which it employs inspectors?

Does the Agency provide supervision by persons familiar with the test methods and
procedures, the objectives of the testing and the assessment of the results?

Does the Agency have atechnical manager who has overall responsibility for the technical
operations?

Does the Agency have a quality manager who has responsibility for the quality system and
its implementation?

Isthe quality system reviewed at least once a year by the management to ensure its
continuing suitability and effectiveness?

When the Agency procures outside services and supplies, does the Agency use only those
outside support services and supplies that are of adequate quality?
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Figure3-1 Quality Assurance Agency Evaluation Checklist
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Quality Assurance Agency Evaluation Checklist

Quality Control Manual

1. Doesthe Agency maintain a Quality Control Manual containing, as a minimum, the

following:

a. aquality policy statement, including objectives and commitments, by top management,

b. the organization and management structure of the Agency,

c. thereationship between management, technical operations, support services and the
quality system,

d. proceduresfor control and maintenance of documentation,

e. job descriptions of key staff and reference to the job descriptions of other staff,
identification of the Agency’s approved signatories,

g. the Agency scope of laboratory and field tests,

h. the Agency’s scope of inspection services,

i. arrangements for ensuring that the Agency reviews all new work to ensure that the
Agency has the appropriate facilities and resources before commencing such work,

j. referenceto the test procedures used,

k. referenceto proceduresfor calibration, verification and maintenance of equipment,

I. list of codes and standards maintained for reference by the Agency, and

m. procedures for audit and review?
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Figure3-1 Quality Assurance Agency Evaluation Checklist (continued)
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Quality Assurance Agency Evaluation Checklist

Personnel

1. Doesthe Agency have sufficient personnel, with the necessary education, training, technical
knowledge and experience for their assigned functions?

2. Arerecords on the relevant qualifications, training, skills and experience of the technical
personnel maintained by the laboratory?

Isthere awritten practice for personnel certification?
Isthere atraining program described in the Agency’ s written practice?

5. Areal personnel certified by examination for al levels of certification in each discipline for
which they perform inspection or testing?

Are eye examinations required for all inspection and NDT personnel ?
Areall personnel certifications available for review?

8. Arethe minimum American Society for Nondestructive Testing recommendations of
ASNT-TC-1A met for al NDT personnel for:

a. training hours,
b. experience, and
c. test questions?

9. Areoutside agencies used to train and examine NDT personnel ?

Facilities and Equipment

1. Arethefacilities, equipment, instructions, and specifications adequate for the type of work
to be performed?

2. Areadequate proceduresin effect to control the maintenance, calibration, and use of
equipment including applicable tools, gages, and other instrumentation?

3. Isequipment (tools, gages, and other instruments) identified to reflect:
a datelast calibrated,
b. date of next calibration, and

c. identification or serial number?
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Figure3-1 Quality Assurance Agency Evaluation Checklist (continued)
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Quality Assurance Agency Evaluation Checklist

Project Administration

1.

Are contract requirements reviewed to ensure NDT specification compliance with applicable
codes, standards and NDT specifications?

Are NDT specification or contract requirements passed on to NDT Level | and Il personnel
by written procedures and instructions approved by an NDT Level [11?

Areinspection and test results documented and reported as required?
Does the Agency have a documented system for uniquely identifying the work to be tested?

Arethe results of each test, or series of tests, reported accurately, clearly, unambiguously
and objectively?

Does the Agency have experience with work of similar size and complexity?

Does the Agency have sufficient staff with relevant experience and qualifications to meet
the needs of the project?

Does the Agency have the ability to provide inspection services at offsite fabrication
facilities?

Page 4

Figure3-1 Quality Assurance Agency Evaluation Checklist (continued)
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Part |1
4. STRUCTURAL STEEL

4.1  Specification of Material

The Contract Documents should specify the American Society for Testing and Materials
(ASTM) specification and grade of steel used for all structural steel elements of the building.
Any Supplementary Requirements to the ASTM steel specifications, including identification of
the members of the steel frame subjected to such requirements, should be clearly defined in the
construction documents.

4.2 Submittals

The Contract Documents should contain requirements for the submittal of certified material
test reports for all main members of the steel frame. These reports should identify the
manufacturer, size, heat number, chemistry, yield strength, and ultimate tensile strength, plus any
other properties required. These properties may include Charpy V-Notch toughness or other
Supplementary Requirements listed in the Contract Documents and supplied by the mill. Main
members include beams, girders, columns and bracing elements.

Mill test reports for material used in the connections of the seismic-force-resisting system,
including web doubler plates, stiffeners (continuity plates), and beam web connection material
should be submitted to, and should be reviewed by, the designated inspector. Test reports for
other connection material such as clip angles, single plate framing connections (shear tabs),
gusset plates, beam web stiffeners, need not be submitted. Material used by the fabricator for
such connection material may be drawn from fabricator stock of known grade, provided the stock
has had material test reports previously received and reviewed by the fabricator.

4.3 Material Control

The Contract Documents should specify requirements for fabrication material control, if
controls beyond the specification of the grade of steel are required.

The Fabricator should establish written procedures for fabrication material control. The
minimum acceptable level of control isfor steel grade identification.

4.4  Quality Control - Structural Steel

The Fabricator’s Quality Control Plan for materia quality control should include, asa
minimum:

procedures for visual inspection of steel material upon receipt,
procedures for verification of heat numbers and material test reports upon receipt,

an adequate system of material control by grade, and also by heat number when required,
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review procedures for material test reports for project requirements, and

afiling system for material test reports for al structural steel.

A sample checklist form is provided in Figure 4-1 to assist in the development of a suitable
document for usein afabricator’s QC activities.

4.5 Extent of Steel Inspection

The Quality Assurance Plan and Contract Documents should clearly identify the extent of
steel material inspection to be performed by the Contractor and by the Inspector or NDT
Technician. QA mill inspection, prefabrication steel inspection, testing, or verification of
chemistry or mechanical properties, if required, must be designated in the Contract Documents.
Steel material inspection is generally limited to visual inspection of the surface condition of the
steel, aswell as visual inspection of thermal cut surfaces for indications of laminations.
Requirements for additional physical sampling and testing are discouraged.

4.6  Structural Steel Inspection Tasks

Prior to fabrication, the Inspector should review submitted certified material test reports.

The QA Inspector, whether a Special Inspector or other Inspector, should verify that the
Contractor follows the prescribed Quality Control Plan for structural steel. Verification of the
system for maintaining steel grade and heat number identification, when required, should be
performed. Thisincludes random spot checks verifying material controls by grade identification,
and specific verification, including traceability when required, of material grade and any other
special requirements for those elements of the structure identified by the Quality Assurance Plan
as needing QA verification.
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Structural Steel Material Inspection Checklist

Project
Inspector Name Date of Inspection / /
Producing Mill Member Size

ASTM Grade Identification
o A36
o A992
o A572, grade
o A913, grade
o Other
Heat Number (Required for specified main members only)
Piece Mark(s)
o ASTM AG tolerances satisfied
o Straightness (camber, sweep)
Flanges out-of-square
Member depth
Flangetilt
Web off-center

0O 0D 0O O

Description and location of any unacceptable conditions

o Surface quality adequate — seams, laps, tears, nicks

Description and location of any surface discontinuities

If UT of section isrequired for laminations check, prior to assembly or use, provide UT
inspection report.

Number

Page 1

Figure4-1  Structural Steel Material Inspection
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Structural Steel Material Inspection Checklist

MATERIAL TEST REPORT (MTR) REVIEW

Inspector Name Date of MTR Review

o 0o o 0o b 0o 0D 0000 O O O O

(On the back of thisform, or below, provide information on unacceptable ASTM A6 tolerances,

Materia test report on file

Material test report satisfactory

Yield Strength

Tensile strength

Elongation

Chemical analysis

Supplementary requirements (if required)

Technical Bulletin #3 compliance (A572, grade 50 only)
Maximum Tensile Strength (S18)

Carbon equivalent (weldability)(S74)

CVN toughness (S5)

Ultrasonic Examination (S8)

Maximum Yield Point and Yield-to-Tensile Ratio (S75)

Charpy V-Notch Impact Test for Group 4 and 5 Structural Shapes— All Grades (S76)

Fine austenitic grain size (S91)
Other

Recommended Specifications and Quality
Assurance Guidelines for Steel Moment-Frame
Construction for Seismic Applications

and a description of unacceptable surface defects and acceptance levels.)
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Figure4-1  Structural Steel Material Inspection (continued)
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Part |1
5. WELDING

5.1 Specifications
5.1.1 Welding Material

All electrodes, fluxes and shielding gases should conform to the latest American Welding
Society (AWS) A5-series specifications.

The Contract Documents should specify the appropriate AWS specifications for welding
material to be used. Any specia requirements, including identification of the joints of the steel
frame subjected to such requirements, must be clearly defined in the Contract Documents. Such
requirements may include control of CV N toughness, diffusible hydrogen levels, and additional
manufacturer or contractor testing. Where specified CVN toughness for filler metal is required
for designated joints, the minimum CV N toughness value(s), testing temperature(s), and special
testing parametersif required, shall be specified.

5.1.2 Weld Acceptance Criteria

The Contract Documents should establish the level of welding quality required for the
project. Quality requirements for members of the seismic-force-resisting system may be different
from the requirements for other members. Such criteria may be those established in AWSD1.1, or
other suitable criteria as suggested in the technical literature. The use of acceptance criteria other
than that prescribed in AWSD1.1 is permitted by AWSD1.1, Section 6.8.

Welds executed by welding personnel who do not satisfy the personnel performance
qualifications, and welds not executed in conformance with the approved Welding Procedure
Specification (WPS), may be considered rejectable and require evaluation by a qualified
Engineer or welding consultant.

5.2  Submittals
5.2.1 Welding Material

The Contract Documents should require the submittal of certifications for all welding
material, including electrodes, fluxes and shielding gases. The manufacturer’ s certification
should state that the welding electrodes, fluxes and shielding gases, as supplied, meet the
applicable AWS A5 specifications. The manufacturer’ s data sheets for the welding materials
should also be submitted. A copy should be provided to the appropriate Inspectors for review.

Commentary: Manufacturer’s certifications are for compliance with the
appropriate AWS A5 Specification, and are not a material test report taken from
the specific lot of material being used. Such lot-specific tests are not required.
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5.21.1 Supplemental CVN Toughness Verification Tests

The Contract Documents should require the submittal of results of specified tests conducted
to verify the CVN toughness achieved using the filler metal selected for joints with special
toughness requirements. The test protocol should follow that specified in Part | of these
Recommendations for such purpose. Tests may be conducted by the filler metal manufacturer,
contractor, or by athird party laboratory or agency. Testing by production lot is required unless a
manufacturer testing and certification program acceptable to the Engineer isin use for thefiller
metal.

5.2.2 Welding Procedure Specifications

The Contract Documents should require the submittal of Welding Procedure Specifications
(WPSs) for each weld to be made on the project. For shop welds, the Fabricator is responsible for
developing and supplying the WPSs. For field welds, the Erector is responsible for developing
and supplying the WPSs. The WPSs may also be developed and prepared by other competent
sources, but remain the responsibility of the Fabricator or Erector.

Procedure Qualification Records (PQRs) shall be supplied for all non-prequalified WPSs.

The Contract Documents should require submittal of the WPSs to the Engineer for review.
The WPSs should also be distributed to the Inspectors responsible for welding inspection.

The Engineer should review the WPSs for general suitability and adequacy, but need not take
responsibility for the suitability or quality of the welds made using such procedures. Such
responsibility remains with the Contractor responsible for the welding.

Commentary: WPSs, as with other Contractor-devel oped documents such as shop
drawings, erection drawings and product data, should be reviewed by the
Engineer to confirm conformance with the Contract Documents and design intent.
Historically, Engineers and other design professionals routinely reviewed and
approved Contractor submittals and recent editions of AISC and AWS
specifications and codes have required that the Engineer approve such submittals.
For example:

AISC Seismic Provisions for Structural Steel Buildings, Section 7.3a states:

“Welding shall be performed in accordance with a Welding Procedure
Soecification (WPS) asrequired in AWS D1.1 and approved by the
Engineer of Record.”

AWSD1.1, Section 6.3.1 (1998 edition) states:

“The Inspector shall verify that all WPSs have been approved by the
Engineer in accordancewith 4.1.1.”
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AWSD1.1, Section 4.1.1 states:

“ Except for prequalified WPSs, a WPSfor use in production welding shall
be qualified ... and approved by the Engineer.”

However, over the past 20 years, there has been an evolution in design
practice with design professionals refusing to approve submittals, and instead,
reviewing submittals for general conformance and either taking exception or not.
The 2000 edition of AWS D1.1 acknowledges this changing practice and in
Section 6.3.1, replacing the earlier Section 6.3.1, states:

“The Inspector shall review all WPSs to be used in the work and shall
make certain that the procedures conform to the requirements of this
code.”

Thisrevision is not intended to preclude critical Contractor submittals, such
as WPSs to the design professional, but rather isintended to acknowledge that the
Engineer’ s review of such submittals does not constitute an approval.

5.2.3 Other Submittals

The Contractor should maintain at the jobsite and make available to the Engineer, Inspector
and NDT Technician al drawings, project specifications, material certifications, welder
qualification records, WPSs and PQRs applicable to the project.

Commentary: Asused in this section, jobsite applies both to the fabrication shop
while fabrication work is being performed, and the construction site during
erection.

53 Material Control

| dentification of welding material should be maintained. Control should be exercised to
verify that welding material with adequate notch toughnessis used. Special welding material
control requirements such as lot traceability are not required for standard welding material. Lot
control may be advisable for welding material with special notch toughness requirements, should
significant variations between lots, as established by tests, result in samples failing to achieve the
required toughness.

Commentary: Manufacturer certifications document the overall quality of all
welding material supplied, and variation fromlot to lot is generally not
significant.

5.3.1 Storage

The Contract Documents should specify special storage or material control requirements, if
necessary. Welding material storage controls, such as requiring rod storage ovens and having
limited atmospheric exposure times for SMAW low-hydrogen el ectrodes, must be as prescribed
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in AWSD1.1, Section 5. Supplemental storage requirements for FCAW electrodes may be
advisable for certain conditions and €l ectrodes as well.

5.4  Quality Control and Quality Assurance

The Quality Assurance Plan should contain alist of all welding inspections required and
designate the party responsible for each task. Inspections may be provided by the Contractor (the
Fabricator or the Erector), by the Special Inspector, by the Welding Inspector, or by the
Nondestructive Testing Technician.

The Contract Documents should specify the type and location of any joints requiring NDT
other than visual. The extent of NDT, whether full length, partial length, or spot testing should be
clearly stated. See AWSD1.1, Section 6.15.

In the series of design criteria and specification documents developed under this project,
Quality Control and Quality Assurance tasks are recommended depending on the severity of
loading (Seismic Weld Demand Categories) on aweld and the consequences of adverse welded
joint performance (Seismic Weld Consequence Categories). Figure 5-1 provides arecommended
checklist for prefabrication inspection for welding, applicable to al elements of the seismic force
resisting system. Table 5-1 defines three Seismic Weld Demand Categories and provides
guidance as to which welded joints should be assigned to each category. Table 5-2 defines three
Seismic Weld Consequence Categories and provides guidance as to which consequence category
various welded joints should be assigned. Table 5-3 assigns each type of welded joint to a
Process and Visual Inspection class, depending on the Seismic Weld Demand Category and
Seismic Weld Consequence Category for the joint. Table 5-4 provides recommendations for
Nondestructive Testing for each class of welded joint. Table 5-5 is a checklist summarizing all
recommendations for process and visual inspection for the various classes.

Commentary: The basic code requirements for structural welding of steel
structures are contained in AWSD1.1 - Sructural Welding Code - Seel. AWS
D1.1 uses the term " Fabrication/Erection Inspection” synonymously with the
"Quality Control" function. Theterm* Verification Inspection” is used to
describe the * Quality Assurance” function. AWSD1.1 requiresinspection for
many itemsin Section 6, Part A, but does not specify whether the inspection is
performed as either QC or QA. Such distinction must be provided in the Contract
Documents.

In these Recommendations, the extent of inspection and other Quality Control
and Quality Assurance measures recommended for a specific joint is dependent
on the severity of joint loading or demand and the consequences of adverse joint
performance. FEMA-350 — Recommended Seismic Design Criteria for New Steel
Moment-Frame Buildings, FEMA-351 — Recommended Seismic Evaluation and
Upgrade Criteria for Existing Welded Steel Moment-Frame Buildings and FEMA-
352 — Postearthquake Evaluation and Repair Criteria for Steel Welded Moment-
Frame Buildings, indicate the required quality control and quality assurance
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classes for welded jointsin steel moment frames, using prequalified connections.
The criteria shown in the Tables 5-1 through 5-3 may be used to select
appropriate inspection classes for joints that are not prequalified under these
companion publications.

5.5 Quality Control Tasks
5.5.1 Welding Quality Control Program

The Contractor’s QC program for welding should, as a minimum, include:

Welders must be qualified for the work in accordance with AWSD1.1, Section 4, Parts A and
C.

Welding personnel should be knowledgeable regarding the use of Welding Procedure
Specifications (WPSs), basic workmanship provisions, and in the use of weld gages and
temperature measurement devices such as temperature indicating crayons.

Suitable WPSs must be provided for all welding to be performed, and must be available to
welding personnel at the place of work.

Welding equipment must be adequate and functioning properly, and calibrated for accuracy
within the past year.

Welding material storage equipment such as rod ovens and flux ovens must be available and
functional, if required by the process, the filler metal or the flux.

Welding inspectors must be qualified in accordance with AWSD1.1, Section 6.1.4 to perform
QC inspection.

If not provided by the Contractor’s QC personnel, outside NDT services must be available to
the Contractor on an as-needed basis.

Table 5-5 provides recommendations for QC in-process inspections for a variety of welded
joint classifications.

Commentary: The Contractor should require and ensure that welders meet
established minimum requirements. Execution of critical welds requires skilled
welders who will follow the project welding requirements.

5.6 Extent of Welding Inspection and Nondestructive Testing

The Quality Assurance Plan, the information furnished for bidding, and the Contract
Documents should clearly identify the extent of inspection and Nondestructive Testing (NDT) to
be performed by the Contractor and by the Quality Assurance Agency’s Inspector or NDT
Technician. Any approved periodic inspection should clearly be identified by type and frequency.
Weld joints for which the Contract Documents require NDT should be tested for their full length,
unless partial or spot testing is specified. When partial or spot testing is specified, the location
and lengths of welds or categories of weld to be tested should be clearly designated in the
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Contract Documents, or identified using NDT symbolsin conjunction with the welding symbols
on the design drawings. See AWSD1.1, Section 6.15.

Tables5-1, 5-2, 5-3, 5-4, and 5-5 provide recommendations for the classification of welded
joints, NDT requirements and in-process welding inspection requirements. Refer also to the
Quality Control and Quality Assurance requirements specified in FEMA-350, FEMA-351 and
FEMA-352 for prequalified moment-resisting connections.

On projects where a sliding sampling scale is used, the Inspector should keep records on each
welder or welding operator. These records may be used as a basis for sampling rate reduction.

Commentary: See Notesto Table 5-4 for anillustration of a sampling scale
method for UT inspection.

5.7 Welding Inspector Tasks
The duties of the Welding Inspector, whether designated as QC or QA, should include the
following items.

a. Review and understand the applicable portions of the specifications, the Contract Documents
and the shop drawings for the project.

b. Review material test reports for all main member and designated connection base material for
compliance with the project requirements, prior to shop fabrication.

c. Verify that all applicable welder, welding operator and tack welder qualifications are
available, current and accurate.

d. Requirerequalification of any welder, welding operator or tack welder who has, for a period
of six months, not used the process for which the welder was qualified.

e. Verify welder identification and qualification. Verify that any required supplemental
qualification tests have been passed, and joint mock-ups, if required by the Contract
Documents, have been executed.

f. Verify that each welder has a unique identification mark or die stamp to identify his or her
welds.

g. Verify that al applicable Welding Procedure Specifications, with Procedure Qualification
records as needed, are available and current.

h. Verify that an approved Welding Procedure Specification (WPS) has been provided and that
each welder performing the weld has reviewed the WPS. A copy of the appropriate WPSs
should be available for each joint.

i. Verify base material identification checks against approved shop drawings and specifications.

j.  Verify the electrode, flux and shielding gas specification sheets for compliance with the
Contract Documents.

k. Verify welding consumables comply with approved shop drawings and the approved WPSs.
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I.  Verify that electrodes are used only in the permitted positions and within the welding
parameters specified in the WPS.

m. At suitableintervals, observe joint preparation, assembly practice, preheat temperatures,
interpass temperatures, welding techniques, welder performance and any postweld heat
treatment to ensure that the applicable requirements of the WPS and Code are satisfied.

n. At suitable intervas, verify that the current and voltage of the welding equipment arein
accordance with the WPS, if needed, by using a hand-held, calibrated, amp and volt meter.
With this equipment, current and voltage should be measured near the arc.

0. Inspect the work to ensure compliance with AWS D1.1 or the specified weld acceptance
criteria. Size and contour of welds should be measured with suitable gauges. A strong light,
magnifiers, or other devices, as needed, may be used to aid visual inspection.

p. Schedule NDT techniciansin atimely manner, after the visual inspection is complete and the
assembly has cooled. A delay period may be required by the Contract Documents for final
QA acceptance. For repair welding, the Nondestructive Testing should not be performed
sooner than 24 hours after the repair welding has been completed and cooled to ambient
temperature.

g. Mark those welds, parts, and joints, that have been inspected and accepted, with a
distinguishing mark or die stamp, or alternatively, maintain records indicating the specific
welds inspected by each person.

r. Document the accepted and rejected items in awritten report. The report should be
transmitted to the designated recipientsin atimely manner.

Table 5-5 may be used as a guide for in-process welding inspection tasks. The sample
checklists and forms in Figure 5-1 and Tables 5-1 through 5-5 are provided to assist in the
development, understanding, and reporting of welding inspection tasks.

5.8 NDT Technician Tasks

The NDT technician should coordinate the NDT work with the Welding Inspector. The NDT
technician must perform all NDT, other than visual, required by the Quality Assurance Plan,
Contract Documents or Building Code. NDT should be performed in atimely manner, so as not
to hinder production, and to detect welding problems soon after occurrence so that corrective
measures may be taken by the Contractor to rectify such problems.

The NDT technician should mark those welds, parts, and joints, which have been inspected
and accepted, with a distinguishing mark or die stamp, or aternatively, maintain records
indicating the specific welds inspected.

The accepted and rejected items should be documented in awritten report. The report should
be transmitted to the designated recipientsin atimely manner.
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Project

Checklist for Prefabrication Inspection for Welding

Fabricator/Erector

Welding Systems Verification

O 0o 0O 0o 0 O O

O O 0O O O

Welding personnel qualification records available
Audit of welding personnel performed

List of needed WPSs prepared for project

WPSs for project complete

WPSs reviewed and approved by Engineer

WPSs available to welding personnel

WPSs available to QC/QA personnel
(Note: prepare separate WPS log if needed)

Welding equipment calibration records available
Audit of welding equipment operation performed
Filler metal storage systemsin place

Filler metal storage systems followed

SMAW electrode ovens

o Temperature verified

o Continuous operation verified

SAW flux ovens

o Temperature verified

o Continuous operation verified

FCAW wires suitably protected

GMAW wires suitably protected

SAW wires suitably protected

Page 1

Date / / By

Date / / By

Date / / By

Figure5-1 Checklist for Prefabrication I nspection for Welding
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Checklist for Prefabrication Inspection for Welding
Project Material Verification (Welding)

Welding Electrodes

Process (SMAW, FCAW, GMAW, SAW)

Electrode class (A5 designation)

Manufacturer

Trade name

Diameter

Packaging type (for example, can, box, oven)

Packaging condition (good, damaged, open)

Certification papers available (yes, no)

Certification papers reviewed (date)

Shielding Gas
Supplier

Type (for example, CO,)

Certification papers available (yes, no)

Certification papers reviewed (date)

SAW Flux
Manufacturer

Trade Name

Type (active, neutral, aloy)

Packaging type (for example, bag, oven)

Packaging condition (good, damaged, open)

Certification papers available (yes, no)

Certification papers reviewed (date)

Page 2

Figure5-1 Checklist for Prefabrication Inspection for Welding (continued)
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Table5-1 Seismic Weld Demand Categories

Demand

Examples

High

Welds in which service stresses are anticipated to be at
or beyond the yield level, with some inglastic strain
demand into the strain hardening region anticipated.

Beam-flange-to-column-flange CJP groove
weldsin:
unreinforced connections,
RBS connections, with “weak” panel
Zones,
free-flange connections.

Medium

Welds in which service stresses are anticipated to be
near or dlightly exceed yield level, but for which
negligible inelastic strain demand is anticipated.

Beam-flange-to-column-flange CJP groove
weldsin:
RBS connections with “strong” panel
Zones,
haunched connections,
cover-plated connections,
“Overlay” connections.

In haunched connections, haunch-to-beam-
flange and haunch-flange-to-column-
flange CJP groove welds.

Fillet welds in cover-plated and haunched
connections.

Web welds (shear tab or direct welded) in
all moment connections.

Doubler plate and continuity plate welds
(both groove and fillet welds).

CJP and PJP groove welded splicesin butt
joints with applied tension.

In braced frames, all CJP and PJP groove
welds between brace and beam or column
(but not including gusset plates).

Low

Welds in which service stresses are anticipated to
remain below stresses permitted for design, or will
remain in compression.

Note: For LRFD, permitted design stress is defined as
using (f F,, as0.80(0.6Fgxx) ) or lower as the design
strength. For ASD, permitted design stress is defined as
using an allowabl e stress of 0.3Fgxx.

All other CJP and PJP groove welds in
shear or compression, or a combination of
shear and compression.

All other fillet welds.

All plug and slot welds.
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Table5-2 Seismic Weld Consequence Categories

Steel moment frames with low redundancy (4 or fewer beams per floor resisting lateral forcesin
H principal direction).
High Any shear joint supporting gravity loads from two or more floors.
Splices resisting applied tension.
Joints in steel moment frames, with redundancy.
M Joints in steel moment frames with a designed secondary system for lateral loading.
Medium Any shear joint supporting gravity loads from more than one member at a given floor level.
Splices resisting only shear or compression or both.
L Shear, compression and tension joints supporting single members only, and not part of the lateral-
force-resisting system.
Low
Joints not required to carry gravity loads.
Table5-3 Processand Visual Inspection Categories
Demand
Consequence A B C
H 1 1 2
M 1 2 3
L 2 3 3

Note: Refer to Table 5-5 Welding Inspection Checklist
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Table5-4 Nondestructive Testing

Demand
Consequence A B C

cJpP cJP CJP
MT 100% of joints, full MT 100% of joints, full length if UT 10% of joints, full
length transversely loaded, partial length if length if transversely
UT 100% of joints, full longitudinally loaded loaded, partial length if
length UT 100% of joints, full length if longitudinally loaded
PJP, fillets transversely loaded, partia length if PJP, fillets

H MT 100% of joints full longitudinally loaded MT 10% of joints, 6”
length (Reduce UT to 25% of joints, of length | spot at random

as above, with high acceptance rate)
PJP, fillets

MT 25% of joints, full length if
transversely loaded, partial length if
longitudinally loaded

CJP CJP No NDT required
MT 100% of joints, full MT 100% of joints, full length if
length transversely loaded, partial length if
UT 100% of joints, full longitudinally loaded
length UT 100% of jaints, full length if
(Reduce UT to 25% of transversely loaded, partial length if
M joints, full length, with high | longitudinally loaded
acceptance rate) (Reduce UT to 25% of joints, of length
PJP, fillets as above, with high acceptance rate)
MT 100% of joints full PJP, fillets
length MT 25% of joints, full length if
transversely loaded, partial length if
longitudinally loaded
CJP CJP No NDT required
MT 25% of joints, full UT 10% of joints, full length
length. UT 25% of joints, PJP, fillets
L full length MT 10% of joints, 6” spot at random
PJP, fillets
MT 100% of joints full
length
Notes: 1. CJP, complete joint penetration; PJP, partia joint penetration; MT, magnetic particle testing; UT,

ultrasonic testing.
2. UT only when weld throat is 5/16" or greater.
3. Reducerate of UT and MT when an individual welder’s reject rate is less than 5%, after 40 welds have
been inspected.
4. Partia length testing for longitudinally loaded welds is applicable for welds over 24" in length, and
includes the beginning and end of each weld for a6” length, plus any location aong the length of the
weld where a start and restart is visually noted for adistance of 6” on either side of the stop/start
location, and a6” length every 10" for agiven weld.
5. CJP and PJP groove welded column splices that are a part of the seismic-force-resisting system and are
subject to applied tension shall be ultrasonically tested as BH/T
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Table5-5 Waelding Inspection Checklist
Process and Visual Welding I nspection
1 2 3
Category
C A C A C A
| nspection z Q Q Q Q Q Q
D
Tasks 2|lHu|lo|lHn|lo|H|o|H|Oo]|H|O]|H]|O
I nspection Prior To Welding
Proper WPS selected for joint detail v |V v v v
Proper welding materials selected vV v v v
WPS settings (voltage, polarity, v |V VY v v v v
current, wire feed speed) on welding
equipment verified
Shielding gas type (if used) verified v v
Shielding gas flow rate setting v | v v v v v v
verified
Fit of backing bar (if used) acceptable | v | v v v v v v
Measure root opening v v v v v v v
Measure groove angle 4 4 v v v v v
Verify above dimensions within joint 2 v v v v v
tolerance and WPS tolerance
Mark root edge location on beam vV v v v v v
flange for UT inspection (if required)
Condition of steel surface acceptable v v
Existing tack welds clean and of vV v v v v v
adequate quality
Wind speed within limits v v v v v v v
Weld joint surfaces free of v v v v v v v
discontinuities
Minimum preheat required applied v Vv vV v v v v
and verified
Maximum preheat verified (if v Vv Al v v v v
specified)
Observation of welder’sinspection v Vv v v v v v
Observation of QC inspection Al v v v

See Legend and Notes at end of Table
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Table5-5 Waelding Inspection Checklist (page 2)

Process and Visual Welding I nspection 5 3
Category
, QC QA QC QA QC QA
Inspection z
)
Tasks z|lH|o|H|o|H|o|H|O|H]|O|H]|O
I nspection During Welding
WPS followed (voltage, current, wire v v VY VY 4 v v
feed speed, travel speed, stickout, gas
flow rate, pass location)
Welding materials exposure control v v \a4 vV v v v
mai ntai ned
Minimum interpass temperature v A Vv VY 4 v v
maintained and verified
Maximum interpass temperature v A Vv VY 4 v v
verified (if specified)
No detrimenta change to v v v v v v v
environmental conditions
Tack welds do not crack during v v v v 4 v v
welding
Each pass cleaned v 4 v 4 v v v
Each pass within profile limitations v v v v 4 v v
Each pass meets quality requirements | v v v v v v v
Proper technique used (electrode v v v v v v v
angle, stringer beads)
NDT in process when required 2 4 v v v v v
Observation of welder’s inspection v v v 4 4 v
Observation of QC process v v v

See Legend and Notes at end of Table
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Table55 Welding Inspection Checklist (page 3)

Processand Visual Welding I nspection 1 5 3
Category
| nspection 3 QC QA QC QA QC QA
Tasks Zlu|lo|H|o|lH]|o|lH|Oo|H|O|H]|O
I nspection After Welding

Welder identification legible v v v v v v v
Inspection delay period satisfied v v v v v v
Weld cleaned 2 4 v v v v v
Weld size and length verified v |V ViV vilv v
Weld within profile limitations v |V vV vV v
Weld appearance indicates v | v v v v v v
thorough fusion
Weld craters acceptable v |V vViliv vilv v
Undercut within limitations v |V v v v v v
Porosity within limitations v | v vV vV v
Weld free of cracks v | v v 4 4 v v
Backing bars removed (if required) | v | v v v v v v
Weld tabs removed (if required) v |V v v v 4 v
Surface finish (grind, contour) as v |V v v v v v
required
Observation of welder’s inspection v vViiv|Y v v v
Observation of QC process v v v
NDT completed v v v v v

See Legend and Notes at end of Table
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Table5-5 Waelding Inspection Checklist (page 4)

L egend:

v The welder or Inspector, as noted, should perform this function, with measurements as necessary.

v'v" The Inspector should observe these operations more frequently.

H Hold — The welder shall not proceed with welding until inspection of thisitem is performed by the
designated Inspector. After this inspection, the welder may proceed with welding until completion, with
observation of welding functions on arandom, periodic basis by the Inspector. For inspection after
welding, thisinspection must be performed prior to final acceptance of the item.

o] Observe — The welder may proceed with welding after completing his/ her own inspection. The Inspector
shall perform random, daily, periodic inspection and observation of these welding functions.

Notes:

1 The precise level and frequency of observation by either QC or QA is not specified. Inspection frequency
shall be adequate to provide reasonable confidence in the control of the welding process and the quality of
the completed welds. Consideration shall be made of the consistency achieved in satisfying the required
welding parameters, and the effect of the welding parameter upon weld quality and performance.

2. As aminimum, the observation inspection tasks listed shall be performed on a daily basis.

3. Hold point inspections for WPS selection and welding materials need be performed only when changed by
the welder.

4., Thislist shall not be considered exclusive of any additional inspection tasks that may be necessary to meet
the requirements of the codes or the Quality Assurance Plan.
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6. BOLTING

6.1 Specifications
6.1.1 Bolting Material

The Contract Documents should specify the material for bolted connections. Production and
inspection for all fastener material should be specified to conform to the latest editions of the
American Society for Testing and Materials (ASTM) Specifications. High-strength bolts should
conformto ASTM A325, A490, F1852 (twist-off bolt), or other bolt specifications as permitted
for usein the American Institute for Steel Construction (A1SC) and Research Council for
Structural Connections (RCSC) Specifications. Nuts should meet either ASTM A563 or A194.
Washers should meet ASTM F436. Direct tension indicators, if used, should meet ASTM F959.

6.1.2 Installation Requirements

All bolts and fastener assemblies should be installed in accordance with the requirements of
the RCSC Specifications.

6.2 Submittals
6.2.1 Material Certifications

The Contract Documents should require the submittal of certifications for all bolting
material, including bolts, nuts and washers. The manufacturer’s certifications should state that
the bolts, washers, nuts or other fastener components meet the applicable ASTM Specification.
Certification of fastener material by the fastener component manufacturer is also a requirement
of the ASTM Specifications. Certifications should be provided for each production lot of fastener
component, with the exception that shipping lot certification is permitted for A490 bolts. The
acceptance of shipping lot certifications for other fastener components is discouraged. Copies of
certifications should be provided to the appropriate Inspector for review and use.

6.2.2 Bolting Installation Procedures

The Contract Documents should require the submittal of written procedures for the pre-
installation testing, installation and pretensioning of high-strength bolts on the project. The
procedures must meet the requirements of the RCSC Specification. Procedures need be submitted
only for the methods of installation being used by the Fabricator and Erector, which may include
the turn-of-nut, calibrated wrench, twist-off bolt, or direct tension indicator methods. Procedures
should include both installation to the snug tight condition and pretensioned installation. Bolting
procedures must also be distributed to the Inspector responsible for bolting inspection.

6.2.3 Bolting Inspection Procedures

The Contract Documents and Quality Assurance Plan should require the submittal of written
inspection procedures for bolted installations. Such procedures must meet the requirements of the
RCSC Specification. Inspection procedures should be written specifically for the installation and
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pretensioning methods to be used, i.e. turn-of-nut, calibrated wrench, twist-off bolt, or direct
tension indicator method. Written procedures should also be prepared for the arbitration of
disputes, to be used should a dispute arise regarding the pretension of previously installed
fasteners.

6.3 Material Controls

The Contract Documents should establish requirements for fastener material control, if
control beyond type or lot isrequired. To verify the material suitability and installation
procedures, the RCSC Specification requires pre-installation testing of each lot, or combinations
of lots as used, prior to installation in the work. No records need be maintained regarding source
or lot of individual fastener material once installed.

6.4  Quality Control and Quality Assurance
6.4.1 Extent of Bolting Inspection

The Quality Assurance Plan should contain alist of al required bolting inspections and
should designate the responsible party. Such inspection may be provided by the Contractor, by
the Special Inspector, or by a designated Bolting Inspector.

Bolted joints require verification of the quality of the holes, visual inspection by observation
of the pre-installation tests and the tightening operations, and if a dlip-critical joint is specified,
the observation of the condition of the faying surface. The use of torque for random testing of
installed boltsis not required and is discouraged.

6.4.2 Bolting Quality Control Program

The Contractor’s Quality Control program for bolting should, as a minimum, include the
following.

Manufacturer’s certifications are reviewed for adequacy and compliance with project
requirements.

Manufacturer’s certifications are kept on file.

A proper protected storage areais provided for all fasteners.

A suitable material control system, including lot control, isin use.

A bolt calibration device, calibrated within the past year, is available.

Written bolting procedures are provided for the install ation methods to be used.

The bolting crew must know the selected bolting installation procedures.

Bolting Inspectors must be trained and knowledgeable.
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6.5 Bolt Installer Qualification

All personnel installing and pretensioning high-strength bolts should have the necessary
knowledge and skills to perform the task. Verifying adequate knowledge of the installer provides
ahigh level of confidence that the correct materia will be selected and installed, that the snug
condition will be achieved, and that the selected pretensioning method will be properly applied.
The bolt installer qualification program should reduce the time and effort spent in bolt
inspection, and reduce or eliminate the need for arbitration inspection.

Personnel responsible for installing bolts should possess, as a minimum, the following
knowledge:

bolt and nut grade identification,

bolt length measurement,

required [ubrication conditions,

the use of field bolt lists,

the assessment of the snug tight condition, and

the proper techniques for performing the selected pretensioning method.

For the turn-of-nut method, required knowledge includes determining the required rotation
beyond the snug condition, proper match-marking techniques, and wrench observation
techniques. For the calibrated wrench method, required knowledge includes the methods of
wrench calibration, requirements for recalibration of wrenches, and the proper use of the
calibrated wrench. For twist-off bolts, the required knowledge includes the use of the electric
wrench for snugging, and the use of the wrench for pretensioning. For the direct tension indicator
(DTI) method, required knowledge includes the placement of the DTI in the assembly, the use of
feeler gages to check the snug condition, and the use of feeler gages to verify the pretensioned
condition.

Bolt installer qualification testing should be performed through verbal or written questions on
the above topics asked by the inspector, appropriate for the bolt pretensioning method selected
for use. The installer should also perform three pre-installation verification tests for the method
selected, witnessed by the inspector. Upon completion of thisbolt installer qualification testing,
the bolt installation personnel may proceed to install, snug, and pretension bolts on the project.
Bolt installer qualification testing does not waive requirements for bolt installation inspection.

6.6 Bolting Inspection Tasks

The Bolting Inspector should coordinate the inspection work closely with the Contractor and
other Inspectors. The Bolting Inspector(s) must perform all inspections required by the Contract
Documents, the Quality Assurance Plan, the RCSC Specification, and the Building Code. Bolting
inspection should be performed in atimely manner, so as not to hinder production, and to detect
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bolting problems upon or soon after occurrence so that corrective measures may be taken by the
Contractor to rectify such problems.

The duties of the Bolting Inspector, whether designated either QC or QA, should include the

following items:

a

-~ o o O

Q@

Review and understand the applicable portions of the specifications, contract drawings, shop
detail drawings and erection plans for the project.

Review all manufacturer certifications for material compliance with the project requirements.
(Refer to Figure 6-1)

Verify bolting material identification. (Refer to Figure 6-1)

Verify suitable, controlled storage conditions. (Refer to Figure 6-1)

Verify that all applicable bolt installation procedures are available, current and accurate.
Verify that all bolt installers are qualified (Refer to Figure 6-2)

Verify that the appropriate bolt installation procedure has been provided and reviewed by
each bolting crew member performing the work. (Refer to Figure 6-2)

Observe the Contractor’ s pre-installation testing performed at the start of the work for each
assembly lot. (Refer to Figure 6-3)

For the calibrated wrench method of installation, observe calibration of the wrench(s) at the
start of each work shift. (Refer to Figure 6-4)

Verify the suitability of the bolted joints, such as bolt hole size and condition, prior to
assembly. Check for unfair reaming or dotting of poorly aligned holes. (Refer to Figure 6-4)

For dlip-critical joints, verify that the required faying surface conditions are met. (Refer to
Figure 6-4)

Prior to pretensioning, verify that all bolts have been installed and the joint brought to the
snug tight condition.

For pretensioned joints, routinely observe, at suitable intervals, the pretensioning operations
to verify the proper application of the bolting procedures. (Refer to Figure 6-4)

Arbitrate any disputes regarding achieved bolt pretension immediately upon installation of
the bolts in dispute. Any appreciable delay in arbitration will result in considerable
inaccuracies in the arbitration procedures provided by the RCSC Specification. (Refer to
Figure 6-4)

Complete awritten report recording the joints observed, inspected, and accepted. The report
should be transmitted to the designated recipientsin atimely manner. (Refer to Figure 6-4)
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Bolting Material Inspection Record
(See Sections 6.6 b, ¢, d)

Project

I nspector

Date of Inspection / /

Complete thisinspection log for each type of fastener product, diameter, length, grade and
production lot for the fasteners to be used on the project.

Bolt
o A325 o A490 o A307 0

Twist-Off Bolt
o F1852 o Marked A325 o Marked A490

Nut
o AbL63 grade o Al94 grade

Washer
o F436

Direct Tension Indicator (DTI)
o F959 o Type325 o Typed90

Manufacturer’ s mark and name

Diameter
12 5/8 3/4 7/8 1 1-1/8 1-1/4 1-3/8 1-1/2
Length
Finish
o Black
o Hot dip galvanized
o Mechanically galvanized
o Epoxy coated
o Other

Lot Number

Page 1

Figure6-1  Bolting Material Inspection Record
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Bolting Material Inspection Record

Container type

O Steel keg

Wood keg

Cardboard box

Other

Manufacturer’ s container
Repackaged container

OD0D0OO0ODO

Stor age conditions

a Protected
Q Exposed
Lubrication condition
Q Oily
Q Dry
Q Rusty
Q Manufacturer coating
o Mixed
Q Relubricated using
a Certification reviewed Date / /

Page 2

Figure6-1  Bolting Material Inspection Record (continued)
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Bolt Installer Qualification
(See Sections 6.5 and 6.6 f and Q)

Bolt Installer Name

ID Number

Bolt Installation Method

Turn-of-Nut

Calibrated Wrench

Twist-Off Bolt

Direct Tension

Indicator
Verification of I nspector I nspector I nspector I nspector
Knowledge Date [/ |/ Date /| Date /| Date [/ |/
Verification of I I 1t I nspector I nspector
«ills using nspector nspector Sp! Sp!
. . Date / / Date / / Date / / Date / /
pre-installation test
Figure6-2  Bolt Installer Qualification
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Bolt Pre-Installation Assembly Tests
(See Section 6.6 h)

Project I nspector
Date / /

Bolt Tension Calibrator Model Number

Dateoftest /[

Test performed by (Fabricator or Erector)
Bolt ot number

Nut lot number
Assembly lot number
Direct Tension Indicator lot number

Lubrication condition Qoily Qdry Qrusty Qrelubricated using Qmixed

For short bolt testing, with installation method other than turn-of-nut method:
DTI lot number
Measured average DT gap at required pretension

Bolt Grade QA325 Q1 A490

Bolt Diameter Bolt Length
Minimum required pretension - (RCSC Specification, Table 4, following) kips
Required Pre-Installation Test tension kips
Installation method selected
Turn-of-Nut

a Cadlibrated Wrench

a Twist-Off Type Tension Control Bolt

a Direct Tension Indicator

Q Turn-of-Nut Method
(Performed on each lot of bolt / nut assembly at the start of the work)
U Requiredtuns - QU3 Q12 Q23
U Measured pretension kips

Q Calibrated Wrench Method
(Performed daily for each diameter, grade and lot)
U Achieved tension for wrench kips
U Actud rotation turn (not to exceed RCSC Specification, Table 5 rotation, following)

Q Twist-Off Bolt Method
(Performed on each lot of bolt/nut/washer assembly at the start of the work)
U Achieved tension at twist-off Kips

a Direct Tension Indicator M ethod
(Performed on each lot of bolt/nut assembly with DTI at the start of the work)
Feeler gagethickness- .005in  .015in

Pre-Installation Test Tension required kips (See RCSC Specification, Table 4, following )
Actual pretension kips (should equal or slightly exceed above value)
Number of feeler gage refusals
Number of DTI gaps 4 5 6 7 8 9
Number of refusals permitted in Pre-Installation Test 1 2 2 3 3 4
Number of refusals required for installation acceptance 2 3 3 4 4 5
Page 1l

Figure6-3  Bolt Pre-Installation Assembly Tests
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Bolt Pre-Installation Assembly Tests
RCSC Specification, Table 4. Fastener Tension Required for Pretensioned and Slip-Critical Connections

not more than 2ds

Minimum Tension” in 1,000s of Pounds (kips)
A325 Bolts A490 Bolts
Bolt Diameter, d;, Required Pre-Installation Required Pre-Installation
Pretension Test Tension Pretension Test Tension
Required Required
12 12 13 15 16
5/8 19 20 24 25
3/4 28 29 35 37
718 39 41 49 51
1 51 54 64 67
1-1/8 56 59 80 84
1-1/4 71 75 102 107
1-3/8 85 89 121 127
1-1/2 103 108 148 155
RCSC Specification, Table5. Nut Rotation from Snug Tight Condition®®
Disposition of Outer Face of Bolted Parts
Bolt Length’® Both faces normal to One face normal to Both faces sloped not
(underside of head bolt axis bolt axis, other more than 1:20 from
to end of bolt) sloped ng_tzn(’)lore than normal to bolt axis
Not more than 4ds V3turn 12 turn 2/3turn
More than 4d» but 1/2 turn 2/3turn 5/6 turn
not more than 8ds
More than 8ds but 2/3 turn 5/6 turn 1turn

*Nut rotation is relative to bolt regardless of the element (nut or bolt) being turned. For required nut rotations
of 1/2 turn and less, the tolerance is plus or minus 30 degrees; for required nut rotations of 2/3 turn and more,
the tolerance is plus or minus 45 degrees.

PApplicable only to jointsin which all material within the grip is steel.

“When the bolt length exceeds 12d,,, the required nut rotation shall be determined by actual testingin a
suitable tension calibrator that simulates the conditions of solidly fitting steel.

Page 2

Figure6-3 Bolt Pre-Installation Assembly Tests (continued)
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Bolted Joint Inspection Record
(See Sction 6.61, , k, I, m, n, 0)

Project

I nspector

Date / /

Joint:

Elevation / floor Grid

Mark to mark Mark to mark Mark to mark
Mark to mark Mark to mark Mark to mark
Mark to mark Mark to mark Mark to mark
Required installation:

a Snug Tight

d Pretensioned

a Slip-Critica

Hole condition verification:

a No flame-cutting

a No unfair reaming or dotting (limited to 1/32")
Note: Flame-cutting and unfair reaming/slotting must be reported to the Engineer for review
Reported ? Dae [ [

Shear-Bearing Joints - Threads Excluded Condition Only

a Proper length bolt used

a Proper orientation of bolt

Snug Condition Verification(no subsequent pretensioning required)

Date / / I nspector

Steel in solid contact (no gapsin vicinity of bolt holes)
Stick-out

Bolt end flush with or beyond face of nut

Stickout not excessive (nut has not run onto threadrunout)

ODo0Do

Snug Condition Verification(prior to pretensioning)

Date / / I nspector

a Steel in firm contact (no gapsin vicinity of bolt holes)

a Turn-of-Nut Method: Match-marking properly prepared (if match mark system used)
a DTl Method: Number of DTI refusals below that required for completed installation
a Twist-Off Bolt Method: Spline intact

Page 1

Figure6-4  Bolted Joint I nspection Record
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Pretension Verification

Bolted Joint Inspection Record

Turn-of-Nut Method (match-marked)

a Rotationrequired  01/3 [01/2

a Rotation applied ov3 oOuz2
Turn-of-Nut Method (observed)

a Rotation required ov3 [QOuv2

a Rotation applied ov3 [QOuv2

Calibrated Wrench Method
Wrench calibration log number

Date / / I nspector
Stick-out
a Bolt end flush with or beyond face of nut
a Stickout not excessive (nut has not run onto thread runout, use matching fasteners for comparison)

02/3
02/3

02/3
02/3

Turn
Turn

Turn
Turn

Calibration date and time / /

DTI Method
Number of DTI gaps

am/pm

Number of refusals required (%2 or more)

m] Number of refusals achieved

Twist-Off Bolt method
a Spline sheared off by wrench

For dip-critical jointsonly:

a No paint in faying surface

a Painted faying surface (if used)
a Approved coating type
a Coating cured

Arbitration of Disputes

Date / / I nspector

Reason for arbitration (Note: No arbitration for Twist-Off Bolt method or DTI method)

Turn-of-Nut Method (observed wrench) - Wrench use not observed by installation crew

a Pretensioning applied prior to verification of snug by inspector
a Turn-of-Nut Method (match-marked) - Turns not applied or verifiable
a
a Calibrated Wrench
a Wrench calibration not performed
a Wrench required recalibration
o

Lubrication / condition of bolt / nut threads worse than calibrated

Page 2

Figure 6-4

Bolted Joint Inspection Record
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REFERENCES, BIBLIOGRAPHY, AND ACRONYMS

This section contains references, additional bibliography and acronyms that are generally
common to the set of reports, FEMA-350, FEMA-351, FEMA-352, and FEMA-353. Following
the regular references are three sections containing ASTM Standards published by the American
Society for Testing and Materials, West Conshohocken, Pennsylvania and listed numerically,
AWS Specifications published by the American Welding Society, Miami, Florida, and listed
numerically, FEMA Reports published by the Federal Emergency Management Agency,
Washington, DC, and listed by report number, and SAC Reports published by the SAC Joint
Venture, Sacramento, California, and listed by report number.
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FEMA-355F, 2000, Sate of the Art Report on Performance Prediction and Evaluation of Stedl
Moment-Frame Buildings, prepared by the SAC Joint Venture for the Federal Emergency
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by the Northridge Earthquake of January 17, 1994, prepared by the SAC Joint Venture for
the Federal Emergency Management Agency, Washington, DC.
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SAC 96-03, 1997, Interim Guidelines Advisory No. 1 Supplement to FEMA-267 Interim
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Used in the Construction of Seismic Moment Frames, by M. Q. Johnson

SAC/BD-00/14, Evaluation of Mechanical Propertiesin Full-Scale Connections and
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SAC/BD-00/24, Development and Evaluation of Improved Details for Ductile Welded
Unreinforced Flange Connections, by J.M. Ricles, C. Mao, L.W. Lu, and J. Fisher

SAC/BD-00/25, Performance Prediction and Evaluation of Steel Special Moment Frames for
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Acronyms.

A, acceleration response

ACAG, air carbon arc gouging

ACIL, American Council of Independent
Laboratories

AISC, American Institute for Steel
Construction

ANSI, American National Standards Institute

API, American Petroleum Institute

ASD, Allowable Stress Design

ASNT, American Society for Nondestructive
Testing

ASTM, American Society for Testing and
Materials

ATC, Applied Technology Council

A2LA, American Association for Laboratory
Accreditation

AWS, American Welding Society

BB, Bolted Bracket (connection)

BFP, Bolted Flange Plates (connection)

BOCA, Building Officials and Code
Administrators

BSEP, Bolted Stiffened End Plate
(connection)

BUEP, Bolted Unstiffened End Plate
(connection)

CAC-A, air carbon arc cutting

CAWI, Certified Associate Welding Inspector

CJP, complete joint penetration (weld)

CP, Collapse Prevention (performance level)

CUREe, California Universities for Research
in Earthquake Engineering

CVN, Charpy V-notch

CWI, Certified Welding Inspector

D, displacement response

DST, Double Split Tee (connection)

DTI, Direct Tension Indicator

EGW, electrogas welding

ELF, equivalent lateral force

ESW, electroslag welding

FCAW-S, flux-cored arc welding — self-
shielded

FCAW-G, flux-cored arc welding — gas-
shielded

FEMA, Federal Emergency Management
Agency

FF, Free Flange (connection)

FR, fully restrained (connection)

GMAW, gas metal arc welding

GTAW, gas tungsten arc welding

HAZ, heat-affected zone

IBC, International Building Code

ICBO, International Conference of Building
Officials

ICC, International Code Council

IMF, Intermediate Moment Frame
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1O, Immediate Occupancy (performance
level)

SO, International Standardization
Organization

IWURF, Improved Welded Unreinforced
Flange (connection)

L, longitudinal

LDP, Linear Dynamic Procedure

LRFD, load and resistance-factor design

LS, Life Safety (performance level)

LSP, Linear Static Procedure

MCE, Maximum Considered Earthquake

MMI, Modified Mercalli Intensity

MRS, modal response spectrum

MRSF, steel moment frame

MT, magnetic particle testing

NBC, National Building Code

NDE, nondestructive examination

NDP, Nonlinear Dynamic Procedure

NDT, nondestructive testing

NEHRP, National Earthquake Hazard
Reduction Program

NES, National Evaluation Services

NSP, Nonlinear Static Procedure

NVLAP, Nationa Volunteer Laboratory
Accreditation Program

OMF, Ordinary Moment Frame

PGA, peak ground acceleration

PJP, partia joint penetration (weld)

PIDR, pseudo interstory drift ratio

PQR, Performance Qualification Record

PR, partially restrained (connection)

PT, liquid dye penetrant testing

PWHT, postweld heat treatment

PZ, panel zone

QA, quality assurance

QC, quality control

QCP, Quality Control Plan, Quality
Certification Program

RBS, Reduced Beam Section (connection)

RCSC, Research Council for Structural
Connections

RT, radiographic testing

SAC, the SAC Joint Venture; a partnership of
the Structural Engineers Association of
California, the Applied Technology
Council, and California Universities for
Research in Earthquake Engineering

SAW, submerged arc welding

SBC, Sandard Building Code

SBCCI, Southern Building Code Congress
| nternational

SCWI, Senior Certified Welding Inspector

SEAOQC, Structural Engineers Association of
California

SFRS, seismic-force-resisting system

SMAW, shielded metal arc welding

SMF, Special Moment Frame

SP, Side Plate (connection)

SUG, Seismic Use Group

SW, Slotted Web (connection)

T, transverse

TIGW, tungsten inert gas welding

UBC, Uniform Building Code

UT, ultrasonic testing

VI, visua inspection

WBH, Welded Bottom Haunch (connection)

WCPF, Welded Cover Plate Flange
(connection)

WFP, Welded Flange Plate (connection)

WPQR, Welding Performance Qualification
Record

WPS, Welding Procedure Specification

WSMF, welded steel moment frame

WT, Welded Top Haunch (connection)

WTBH, Welded Top and Bottom Haunch
(connection)

WUF-B, Welded Unreinforced Flanges —
Bolted Web (connection)

WUF-W, Welded Unreinforced Flanges —
Welded Web (connection)
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