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FOREWORD

While there is variability in the definitions found in US specifications, fracture-critical members (FCMs) are
generally considered to be steel primary members or portions thereof, subject to tension, whose failure would probably
cause a portion of, or the entire bridge to collapse. The decision to define members as FCMs has been made without
considering internal redundancy; in other words, the redundancy within an individual member built-up from multiple
components that provides mechanical separation of elements to limit crack propagation across the entire member
cross-section. Prior to the development of these Guide Specifications, no standards existed on how to establish whether
adequate internal redundancy exists in a mechanically-fastened built-up steel member. Transportation Pooled Fund
Project TPF-5(253) “Evaluation of Member Level Redundancy in Built-up Steel Members” was intended to addrces
issues in performing a “credible” analysis, identifying members with adequate internal redundancy to resist complete
cross-section failure should one component suddenly fail (Hebdon et al., 2015; Lloyd et al., 2018). The res'stai.~e to
such a failure mode is referred to as cross-boundary fracture resistance (CBFR). Existing and newly designcd members
satisfying the provisions of these Guide Specifications need not be classified as FCMs, but rather m=y b= cla. zified as
Internally Redundant Members (IRMs).

These provisions also include a methodology to establish the interval for inspections spe -ifically intended to
identify whether any of the tension components have failed. In the context of this Guide Speciii22 ion, this inspection
is referred to as a Special Inspection for IRMs and must be of sufficient depth to reliably detc -t a s¢ vered component.
This is a major departure from the current calendar-based approach to setting inspection ‘ntervals, and is a first step
toward the development of an integrated fracture control plan by AASHTO. It is als > imp. rtant to note that the primary
objective of the in-service special inspections of IRMs is to detect fully severed co.~gonents in a built-up member
rather than very small fatigue cracks emanating from any one of thousanc: of fastener holes. Probability of detection
(POD) studies suggest that it is unrealistic to assume that such small cracs” v be identified with a high level of
reliability using traditional visual inspection techniques. Considering tk'e sheer number of possible locations where a
crack can initiate in a built-up member (i.e., at each fastener),. thic fir. 'in, is not very surprising. In contrast, the
likelihood of detecting a severed component in a built-up member ‘s m.<h higher.

The user is cautioned and must recognize that traditionai han.s-on or in-depth inspections may be desirable for
other reasons, such as detecting corrosion. Thus, the Owner may wish to consider such inspections at shorter intervals
than indicated herein. Further, it is noted that these pro isions are not intended to justify leaving a severed component
of a member in service for an extended period onc=di:covered. Such damage, once found, should be repaired as
quickly as practical.

Throughout these Guide Specificatic s, J>ocondition during which an individual component of the built-up
member is assumed to have severed is re errc ! to as the “faulted state”. It is in this condition (i.e., with an assumed
severed component) that these Guide Cpe -ifications are intended to apply. The provisions are applicable for both
evaluating existing members and ‘or use during the design of new members. They are not applicable for ratings or
other evaluations when all combon. t< are intact.

A new reliability-hisea load combination used to evaluate internal redundancy of built-up members was
developed to achieve a tar >t reliability index in the faulted state. This load combination is based on the research
described in NCHP.T Report 533 (Connor et al., 2018), which used the same procedures that were previously used to
create the various ' nad combinations specified in the A4SHTO LRFD Bridge Design Specifications (AASHTO, 2017)
(referred to as L FL Design hereafter). Criteria have also been developed for the strength and service limit states to
determine ‘f the bridge demonstrates sufficient performance in the faulted state.

The co. 1mentary directs attention to other documents that provide references and suggestions for carrying out
the equi.emeats and the intent of these Guide Specifications. The commentary is not intended to provide every detail
w'ated w0 the development of these Guide Specifications, nor is it intended to provide a detailed summary of the
stuaies and research data reviewed in formulating these Guide Specifications. Detailed examples showing the
application of these Guide Specifications are provided in Appendix B.
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SECTION 1
GENERAL

1.1—GENERAL

These provisions shall be used for the evaluation of
internal redundancy in built-up members traditionally
designated as Fracture Critical Members (FCM). These
provisions shall be used during the design of new
members or the evaluation of existing members built-up
from plates and rolled shapes that are mechanically
fastened using high-strength bolts or rivets and subject to
flexure or axial tension.

Members satisfying the requirements of these
provisions shall be considered to possess sufficient
internal redundancy to provide safety against complete
brittle fracture of the entire member, in the event sudden
fracture of an individual tension load-carrying component
occurs. Such members shall be classified as Internally
Redundant Members (IRMs). In new designs, IRMs shall
be identified on the contract plans.

A member shall be considered to be in the faulted
state when any single tension load-carrying component of
the built-up member, e.g., a single angle, cover plate, or
an individual component of an axial member, is assumed
to be completely severed.

1.2—DEFINITIONS

C1.1

These provisions describe a procedure for evaluatinz
the internal redundancy of tension components ¢ built-
up flexural members and tension members.  Inwrnal
redundancy is also often referred to as membc.-level
redundancy (MLR). To facilitate implemeni tion, a
flowchart describing the overall procedu: s is , revided in
Appendix A.

The term Internally Redundait Member (IRM)
applies to the entire member if it sotisies the provisions
specified herein; i.e., a member connot i ave a component
designated as a FCM, and anc¢ her as an IRM.

The term “sha.”’ acnotes a requirement for
compliance with these Sy »cifications.

The term‘shc uld” indicates a strong preference for
a given criterion.

The ter'n “may” indicates a criterion that is usable,
but other lounl #ad suitably documented, verified, and
approvd criterion may also be used in a manner
corswsten. with the approaches described in the current
Gu'de S ecification.

Bearing Ratio = The maximvrm a’lov ahle ratio of rivet bearing stress to plate tension stress.

Built-up Member

Collapse

Component (of a
Primary Member)

Cross Bour dary
Fractur~ Re ‘istance
(CBFx)

Tated State

fracture Critical
Member (FCM)

A member 1) wi'ch the plates and angles comprising the portion of the member in
tension arc ™ chanically-fastened together with rivets or high-strength bolts.

A ‘maj = ~aange in the geometry of the bridge rendering it unfit for use, as defined in
LK™D Design (AASHTO, 2017) and the MBE (AASHTO, 2018).

A portion of a (primary) member with a specific design function; for example, a cover
p-ate attached to the flange of a girder, the web plate of a girder, or an angle used to
attach components together.

The ability of an IRM to resist complete failure of the cross-section should one
component suddenly fail.

State of a member in which a single component is assumed to be severed, as opposed

to the unfaulted state.

A steel primary member or portion thereof subject to tension whose failure would
probably cause a portion of or the entire bridge to collapse.
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