Interim Guidelines:
Evaluation, Repair, Modification and
Design of Steel Moment Frames Chapter 2 - Definitions, Abbreviations & Notations

2. DEFINITIONS, ABBREVIATIONS & NOTATIONS

This Chapter provides the definition of terms used throughout these Interim Guiddines. In
addition, abbreviations and symbols, used in other sections of the Interim Guideines are listed
here, together with their typical usage.

2.1 Definitions

Asusad in this document, the terms defined below shall be interpreted to have the meaning
indicated, unless specificaly indicated dsewherein this document to have other meaning in a specific
context.

2.1.1 Administrative

The definitions of this section apply to thetitles of personsinvolved in the design, congtruction,
regulation, or use of buildings and to the sandards, codes and ordinances by which such useis
regulated.

Building Code Thelocally enforced st of regulations governing the design, congruction, ateration,
occupancy and repair of building Sructures.

Commentary. Although some municipalities and government agencies develop and
maintain independent building codes, most building consgtruction in the United Sates
isregulated under locally adopted editions of one of three model building codes: the
Uniform Building Code (UBC), the National Building Code (NBC) and the Sandard
Building Code (SBC). The UBC has been used as a modd in this advisory because
most buildings damaged by the Northridge Earthquake were designed under earlier
editions of that code, and because the seismic design regulations contained in the
other two codes, were until 1993, based on those contained in the UBC. In 1993,
both the NBC and SBC adopted seismic design regulations based on the NEHRP
Recommended Provisions for the Development of Seismic Regulations for New
Buildings (Building Seismic Safety Council - 1991). Where references to the
UBC provisions are contained in these Interim Guidelines, they are generally to
the 1994 edition of that document, unless another edition is specifically
identified. Where these Interim Guidelines make reference to specific provisions
in the UBC, parallé provisionsin the NEHRP Recommended Provisions are
generally identified in {parentheses}, where parallel provisions exist. Note that
the formulae and requirements contained in these paralld provisions are not
always identical, and caution should be exercised when referencing the NEHRP
Recommended Provisions from these Interim Guidelines.

Building Officid That officer or authorized representative who has been appointed with legd authority
to regulate the congtruction, alteration, occupancy and use of building sructureswithin
arecognized gate, county, or municipality.
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Building Owner

Contract Documents

Contractor

Engineer of Record

Erector

Evauation

Fabricator

Inspection

Owne’ s Ingpector

Peer Review

Specid Ingpector

Structura Engineer

That person, corporation or agency halding legal titleto the property being congructed,
ingpected, or repaired, or persons designated with authority to act on their behalf with
regard to the building.

The drawings, specifications and contractua terms under which the responghilities of
thevarious partiesin a project to congtruct or modify a building are defined.

That corporation, partnership, or person retained by the Building Owner to manage
and/or perform congtruction work on a building.

The gructura engineer in respongble charge of the preparation of drawings and
spedifications for theingpection, repair, modification or condruction of astructure.

A contractor performing the erection, repair and/or modification of Sructural sted
frames.

The process, induding prdiminary screening, on-dteingpection, and structural
analyss, of determining if a building has been structurally damaged, the effect of
damage on the building’ sintegrity, and devd opment of srategiesfor the occupancy,
sructurd repair and/or modification of the building.

A contractor performing fabrication of dructural sed dementsto beincorporated in a
Sructural sed frame.

On-dteinvestigation of the condition of a dructure (or components of a Sructure)
through direct visual observation, aided as necessary by special non-destructive testing
techniques.

A wdding ingpector retained by the Building Owner to perform quality assurance
ingoections of weldments. The AWS D1.1 Code definesthisindividua asthe
“Verification Ingpector.”

An independent technica review of prgject congruction documents aswell as
supporting data, cal culations and assumptions, conducted by structural engineers and
intended to provide the Owner and Engineer of Record with an opinion asto the extent
that the desgn complies with applicable dandards of care and islikely to achieveits
intended objectives.

An Ingpector employed by the Building Owner under the requirements of Section 1701
of the Building Code. When such person performs specid ingpectionsrdated to
weldments, he/she shal possess the qualifications noted for aWeding Ingpector.

A person halding professiond engineering regidration with the sate having
jurigdiction, for the practice of sructural engineering. The person should have
particular training, knowledge and expertisein the sructural design of buildingsand
dructures. In some sates such a person may hold regigration asa Civil Engineer or
Professonal Enginesr.
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Weding Code American Wdding Society publication ANSI/AWS D1.1-94, Sructural Welding
Code - Sed, 1994 Edition.

Weding Enginer A person with particular training, knowledge and expertise in metallurgy, the joining of
metal dementsto each ather by the process of welding, and non-destructive testing
techniques.

Weding Inspector A person mesting the requirementsof AWSD1.1, Section 6.1.3.1 (and certified by

ICBO where applicable) to perform ingpections of structural sted weldments. In AWS
D1.1, thisperson isknown as* Ingpector.”

Welder A person qudlified to perform welding in accordance with the provisons of AWS
D1.1.

2.1.2 Technical

The definitions of this section indicate the terms by which specific sructural components and
dements areindicated in this document.

Assembly The substructure of a ged framethat occurs at afloor level and conssts of asngle
column and one or more floor girders and/or beamsthat attach directly to it.

Backing A materid or device placed againg the back sde of thejoint, or at both sdes of awdd
in dectrodag wdding, to support and retain molten weld meta. The materia may be
partidly fused or remain unfused during welding, and may be either metdl or nonmetd.

Backup Bar A non-preferred term, in common use, for asted bar used as backing in acomplete
joint penetration weld. More appropriate terminology is* sted backing.”

Chord A direct tensgon or compression dement placed at diaphragm edgesto ress flexura
demands on the diaphragm.

Collector A dructura dement used to accumulate shear forces from a diaphragm and digtribute
them to vertical dements such asframes or walls located along acommon line. Also
seeSrut and Tie,

Connection The attachment of one Sructural dement, for example abeam, to ancther, for example

acoumn. Astypically used in this document, connection means the attachment of a
beam to a column for moment resstance. Important components of this connection
include the beam itsdlf, the beam shear tab, the column and its associated pand zone,
continuity and doubler plates, and any additional plates usad to join these d ements
together. Other types of connectionsindude bracing connections, gravity connections,
base plate connections and column splice connections.

Damage Degradation in the strength or giffness of a Sructurd dement or dteration of the
configuration of the sructure or its dements resulting from structural loading, such as
induced by an earthquake.
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Damage Index

A numerica index used to quantify the amount of degradation a moment ressting
connection (or agroup of moment ressting connections) has experienced. A valueaof O
indicates no damage and avalue of 10, total damage.

Design Basis Earthquake Earthquake ground motion with a probability of exceedance at a Ste of 10% in 50

Diagphragm

Drift

Drift Index

Dua System

Ductility

Electrode

End Dam

Expected Yield Stress

Hux

Hux-Cored Arc
Weding

Fully Restrained
Connection

years. Such ground mations has an average return period of 475 years.

A harizontd (or nearly horizontal) dement of the lateral force ressting system used to
digribute lateral loadsto the vertical dements of the latera force resgting sysem.

Thetotd lateral deformation of a Sructure over its height.

Dimendonless quantity indicating theratio of agtructure slateral deformation toits
height.

A dructurd sysem in which lateral load resstanceis provided by amoment ressting
framein parald with one or more braced frames and/or shear walls, and mesting the
criteriaof UBC-94 Section 1627.6.5.

The ahility of amaterial, component, dement or sructureto deform indagically
beyond itsyidd strength without sgnificant lossin load carrying ahility.

A component of thedectrical drcuit that terminates at the arc, molten conductive dag,
or base metal.

A andl plate located at the edge of a beam flange to column flangejoint, oriented
perpendicular to the joint and intended to serve as a boundary for weld depostion.

Commentary: End dams are a mis-application of the requirement for weld tabs that
was adopted by some erectorsin Southern California. End dams as such are not
mentioned in the AWS D1.1 code and they do not constitute weld tabs as required
and defined in the code.

The average dress at which material conforming to an ASTM specification will exhibit
yield behavior, as determined by statigtical evaluation of production samples.

A materia used to hinder or prevent the formation of oxides and other undesirable
ubstances in molten metal and on solid meta surfaces, and to dissolve or otherwise
facilitate the removal of such substances.

An arc welding process that produces coal escence of metds by hesting them with an
arc between a continuous filler metal dectrode and thework. Shidding is provided by
aflux contained within the tubular dectrode. Additiona shielding may or may not be
obtained from an externally supplied gas or gas mixture.

A beam to column connection with sufficient rigidity to hold the original
angles between the intersacting members virtually unchanged at |oads approaching the
drength of the weskest member.
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Gas Shidded FCAW

Group

Gravity Connection

Heat Affected Zone

Hesat Trestment
Incipient Root Crack
Interpass Temperature
Interstory Drift
Intergtory Drift Index

Joint

Lamdlar Discontinuities

Lamdlar Tear

Lateral Force
Resiging System

Liquid Dye
Penetrant Testing

Magnetic Particle
Teding

Magnitude
Maximum Capable

A flux-cored arc welding process variation in which additiona shielding is obtained
from an externally supplied gas or gas mixture.

A st congging of those moment resisting connectionsin a building primarily intended
toress latera forcesin agiven direction of building response, and sdected as having
smilar saamic response characteridtics, and therefore, smilar probability of being
damaged in an earthquake

A connection designed to tranamit gravity |oads from one structural dement to ancther,
but not intended to participate in the lateral force ressting system for the structure.

The portion of the base metal whose mechanical properties or microgtructure have been
altered by the heat of welding, brazing, soldering, or thermal cutting.

A controlled hegting and cooling of ametal, usudly involving re-crystallization.
A gmall planar discontinuity or cracking at theroot of awed.

In amultipassweld, the temperature of the weld area between weld passes.
Thelateral deformation of a structure within a given sory.

Thedrift index for aparticular sory of asructure.

The juncture of one piece of base metal (for example abeam flange) to anather (for
example acolumn flange).

Defectsin rolled Sructura shapesor plate, typically conasting of non-metalic sulfide
and oxide inclus ons which have been flattened by the ralling process and aigned
parald tothedirection of ralling.

A subsurface terrace and step-like crack in the base metdl with abasic orientation
paralld to the wrought surface caused by tendle Sressesin the through-thickness
direction of the base metal weakened by the presence of small dispersed, planar
shaped, nonmetallicindusons parald to the metd surface

Those dements of a sructure which areintended to provide lateral Srength
and giffnessfor the resstance of lateral forces duetowind or earthquake.

A method of NDT in which a highly fluid, red dye penetrant is sprayed on the
surface of ajoint to detect open surface defects. (PT)

A method of NDT which usesaflux fidd and iron powder to detect surface
and sub-surface discontinuities. (MT)

A scaleindicating the energy rdeased by an earthquake.

The most severe ground moation likely to be experienced at a Ste, given the
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Earthquake

Metalurgical Stress
Riser

Minimum Specified
Yidd Strength

Modification
Moment Frame

Moment Magnitude

Notch Toughness
Ordinary Moment
Resging Frame

Pand Zone

Partially Restrained
Connection

Peaning

FMagic Hinge

Plastic Moment

known saismalogic and geotectonic environment. This may be determined by
determinigtic methods in regions with well defined seigmic sources, or by probabiligtic
methods. If probahilistic methods are used, it may be taken asthat level of ground
moation with a 10% probability of exceedancein 100 years. Such ground mation has
an average return period of approximatdy 1,000 years.

A dgnificant deviation in the mechanica properties (usudly hardness and
micro-gructure) between two adjacent regionsin awddment. These may result from
arc grikes, improperly made tack welds, and improperly prepared thermally cut
surfaces.

The lower bound of acoceptable yidd strength permitted by ASTM
specifications, as measured by smpletensletest in accordanceto ASTM
requirements.

A dructura ateration intended to improve the strength, stiffness, or energy disspation
capacity of agtructure and/or its eements.

A continuous plane of framing in which the beams are joined to the columnswith
moment resging connections.

A staleindicating the energy rd eased by an earthquake. Moment magnitude can be
calculated based on the surface area of fault rupture amount of dip acrass the surface,
and the sress drop during the event. For moderate magnitude events (<7) moment
magnitude and Richter or local magnitude are approximatey the same. Above that
levd, moment magnitude is a more accurate representation.

Theahility of amaterial to albsorb energy (usually when loaded dynamically) in the
presence of aflaw.

A moment-res ging frame not meeting the requirements of UBC-94 Section 2211.7
In amoment-ressting beam-column connection, that portion of the column web (or
webs) effectivein deve oping the flexura dressesfrom the girder(s) through shear
behavior.

A connection between beams and columns that does not possess sufficient

rigidity to hald virtually unchanged the origina angles between the members at load
levd s approaching the srength of the weaker member.

The mechanica working of metals usng impact blows.

In aflexura dement, that region dong abeam’ s gpan at which flexura yielding
OCCurs.

The moment that causes a plagtic hingeto form in aflexural member.
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Plastic Rotation

Potentially Hazardous

Pogthesting

Prehest

Preheat Temperature

Quality Assurance

Quadlity Control

Radiographic Testing

Repair

Rigid Connection
Runoff Tab

Sdf Shidded FCAW

Semi-Rigid Connection
Shidded Meta Arc
Weding

Special Moment-
Resding Frame

Sted Backing

Theangular deformation which occursin aplagtic hinge, onceyidding hasinitiated.
Expressd in radians.

A building dedlared by the building official to be conddered hazardous but not yet
evaluated by a Sructura engineer in accordance with these Interim Guiddines.

The gpplication of heat to an assambly after welding, brazing, soldering, thermal
spraying, or thermal cutting.

The heat applied to the base metal or subdrate to attain and maintain prehest
temperature.

A spedified temperature that the base metal mugt attain in thewdding, brazing,
soldering, thermal-grain, or cutting areaimmediately before these operations are
performed.

The auditing of the Contractor/Fabricator/Erector’ s quality control sysem and
procedures, usually performed by the Owner’ s Ingpector or Specid Inspector.

The Contractor/Fabricator/Erector’ s quality program.

An NDT processin which X-rays or gammarays are passed through awe dment to
expose afilm, which when deve oped can indicate the presence of discontinuitiesand
defects. (RT)

Congruction work intended to restore a damaged Sructure or structural eement to
approximatey the same configuration, giffness, and srength that exigted prior to the
onset of damage.

See “Fully Restrained Connection”

A non-preferred usage for “ weld taly’.

A flux-cored arc weding process variation in where shidding is exdusively provided
by aflux contained within the tubular dectrode.

Same as“ Partially Restrained Connection”

An arc welding process that produces coa escence of metals by hegting them

with an arc supplied between a covered metal dectrode and thework. Shidding is
obtained from decompaosition of the dectrode coating.

A wdded moment-res sting frame meeting the requirements of UBC-94 Section 2211.7

Backing comprised of ged.
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Strength

Stress Rdief

Stop Drill

Strut

Through Thickness

Tie

Toughness
Ultimate Tendle
Strength

Ultrasonic Tegting

Weding Specification

Welding Procedure
Specification

Wedded Sted Moment-
Resging Frame,
Wedded Sted Moment
Frame

Weld Tab

Yidd Stress

The capacity of a section to resst gpplied axial |oads, shears and/or moments, as
indicated in UBC-94 section 2211.4.2

Uniform hegting of a Sructure or a portion thereof to a sufficient temperatureto rdieve
themajor portion of the resdua stresses, followed by uniform cooling.

Drilling ahde at the end of a crack to sop it from running.

A compressive dement, provided to contral differential digplacements between two
dements of astructural system.

For dements of hot rolled sted shapes and plates, aterm referring to Sressesor drains
imposed on the dement perpendicular to a plane aligned with the direction of raling.

A tensledement, typically placed in adiaphragm, to provide continuity, but also
provided at foundation leve to contrd differentia lateral digpolacements of individual
foundations.

The ahility of a smooth member (unnotched) to absorb energy, usualy when loaded
dowly.

The maximum load divided by the original aross-sectional area of the specimen.

An NDT processin which high frequency sound waves are reflected through a materia
and recorded by an ingrument to indicate the presence of discontinuities (UT).

A spedification which sststhe generd requirements for weding work performed on a
project, including the responshilities of individual s and the processes which may be
used. Thisspecification ispart of the contract documents.

A rigorous written specification of al important welding parametersfor a

given welded connection induding welding process, materia thickness and fit-up of
parts, welding position, €ectrode type and stick out, voltage, amperage, polarity,
preheat and interpass temperatures, eic.

A plane (or nearly s0) frame Sructure deriving laterd load gtahbility from rigid
interconnection of the beams and columns (WSMF). Rigid connections may consst
ather of fully welded connections or connections

which are partidly welded and partialy bolted. Thisindudes both ordinary moment-
resgting frames (OMRFs) and special moment-ressting frames (SVIRFs) asdefined in
the Uniform Building Code.

Additional materia, upon which awed may beinitiated or terminated.

The average tendle sressduring yidding in the plagtic range, and/or the stress
determined in atendon tes when the grain reaches 0.005 in. per in.
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Yidd Strength Theuniaxial tengle dress a which amaterial exhibits a spedified limiting deviation
from the proportionality of Sressto drain. Deviation expressed in terms of drain.

2.2 Abbreviations

When used in this document, abbreviations shall refer to the following terms.
AASHTO American Asodiation of State Highway and Transportation Officids

AASHTO FCP A document published by AASHTO for the fabrication of fracture-critical,
non-redundant sted bridges, often called the Fracture Control Plan.

AISC American Indtitute of Sted Construction

ANSI/AWSD1.1 Structural Welding Code - Sted, published by the American Welding Society

ASNT American Society for Nondestructive Testing

ASTM American Society for Testing and Materids

ATC Applied Technology Council

ATLSS NSF Center on Advanced Technology for Large Structural Systems at Lehigh
Univergty

AWS American Welding Society

CJP Complete Joint Penetration

CUREe Cdifornia Universtiesfor Research in Earthquake Engineering

EBF Eccentric Braced Frame

EGW Electro Gas Welding

ESW Electro Sag Weding

FEMA Federd Emergency Management Agency

FCAW Fux Cored Arc Wdding

FCAW-g Hux Cored Arc Welding - Gas Shidded

FCAW-ss Hux Cored Arc Welding - Sdf Shielded

GMAW GasMetal Arc Welding
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HAZ Hest Affected Zone

ICBO International Conference of Building Officials
LAST Lowest Anticipated Service Temperature

MT Magnetic Particle Testing

NEHRP National Earthquake Hazards Reduction Program
NDE Nondestructive Examination.

NDT Nondestructive Testing

NIST National Ingtitute of Standards and Technology
NSF National Science Foundation

OMRF Ordinary Moment-Ressting Frame

PGA Peak Ground Accderation, horizontal unless otherwise specified.
PT Liquid Dye Penetrant Testing

RT Radiographic Testing

SAC A joint venture of SEAOC, ATC and CUREe
SAW Submerged Arc Welding

SEAOC Structura Engineers Association of California
SMAW Shidded Metal Arc Weding

SMRF Specid Moment-Ressting Frame

SSPC Structural Shape Producers Council

uBC Uniform Building Code

uT Ultrasonic testing

VI Visua Ingpection

WPS Weding Procedure Specification

WSMF Welded Steed Moment Frame
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w Desgnation for awide flange structural shape
WT Desgnation for astructural “T” section cut from awide flange cross section

2.3 Notations

a In the design of modifications to existing WSMF gtructures, a coefficient that
accounts for grain hardening and modding uncertainty.

b In the design of new WSMF gtructures, a coefficient to adjust specified yidd
dressto an expected mean value for the material grade, and to account for
drain hardening and modding uncertainty.

S The standard deviation for the defect indicesin agroup of inspected
connections.
b A factor which represents the number of multiples of the standard deviation for

anorma distribution above the mean that would be required to exceed a
damageindex D of 33%.

b Width of abeam flange - inches

d Damage repair cost for abuilding, expressed as a % of building replacement
cost.

o] A damage index, assgned to connection “j” , and used to determine the overall

damageindex “D “within agructure aswel asto determineif repair and or
modification iswarranted.

Javg The mean vaue of the damage index for a group, consdering al connections
ingpected in the group

fa Theaxid dressin acolumn

k Thetotal number of connectionsin agroup of connections, at atypical floor in
the group

ki Thetotal number of connectionsin agroup at floor “i”

m The number of ingpected connectionsin agroup at floor “i” induding
additional connections inspected dueto their proximity to damaged
connections

p The number of floorsin abuilding

n The number of connectionsin a group, ingpected as part of an initia sample
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tf

Aa

Standard deviation for materia strength parameters, based on industry study
Thickness of the flange of a beam section - inches.

Effective peak ground acce eration coefficient, contained in building codes
based on the NEHRP Provisons.

The average damage index for a group of connections at atypical floor.

A damage index representing the proportional damage to the connectionsin
the lateral force ressting system in one group of connections (or in one
horizontal direction) at afloor, based on combining the damage to ingpected
connections at that floor and the average observed damage at other floors, to
all uninspected connectionsin the group at thefloor.

The maximum damage index for agroup of connections at any floor.
Spedified minimum uniaxia tensleyidd dress.

Actual yidd gtress of component in an exigting building

Expected yidd stress of component in anew building

Mean yidd strength for specified materid, based on industry published data
Width of aframebay - ft (meters)

Digtance between plagtic hinges dong abeam - ft (meters)

The magnitude of an earthquake.

The moment demand at the center of the column when abeam mechanism is
formed

The design moment for a connection.

That bending moment which causes a plastic hingeto form in aflexural dement
of aframe, a minimum specified yidd sress.

The bending moment expected to cause a plagtic hingeto form in aflexural
edement of aframe, congdering the expected yied dress.

The moment magnitude of an earthquake.

The probability that damage to connections on at least one floor has
resulted in a damage index D; of 1/3 or more.
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P The probahility that the damage to connections at any floor have resulted in
adamageindex D; of 1/3 or more.

S The standard deviation for the damage indices of a the set of inspected
connections belonging to a group, at one floor level.

T Fundamental period of vibration - seconds

T Fundamental period of vibration of a base isolated structural system -
seconds

Z Seismic zone coefficient defined in the UBC, and representative of the
effective peak ground accel eration produced by a design earthquake.

Zy Plastic section modulus of the beam

Z: Plastic section modulus of the column
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