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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 address 

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 resistance to 

such a failure mode is referred to as cross-boundary fracture resistance (CBFR). Existing and newly designed members 

satisfying the provisions of these Guide Specifications need not be classified as FCMs, but rather may be classified as 

Internally Redundant Members (IRMs).  

These provisions also include a methodology to establish the interval for inspections specifically intended to 

identify whether any of the tension components have failed. In the context of this Guide Specification, this inspection 

is referred to as a Special Inspection for IRMs and must be of sufficient depth to reliably detect a severed component. 

This is a major departure from the current calendar-based approach to setting inspection intervals, and is a first step 

toward the development of an integrated fracture control plan by AASHTO. It is also important to note that the primary 

objective of the in-service special inspections of IRMs is to detect fully severed components in a built-up member 

rather than very small fatigue cracks emanating from any one of thousands of fastener holes. Probability of detection 

(POD) studies suggest that it is unrealistic to assume that such small cracks can be identified with a high level of 

reliability using traditional visual inspection techniques. Considering the sheer number of possible locations where a 

crack can initiate in a built-up member (i.e., at each fastener), this finding is not very surprising. In contrast, the 

likelihood of detecting a severed component in a built-up member is much higher.  

The user is cautioned and must recognize that traditional hands-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 provisions are not intended to justify leaving a severed component 

of a member in service for an extended period once discovered. Such damage, once found, should be repaired as 

quickly as practical. 

Throughout these Guide Specifications, the condition during which an individual component of the built-up 

member is assumed to have severed is referred to as the “faulted state”. It is in this condition (i.e., with an assumed 

severed component) that these Guide Specifications are intended to apply. The provisions are applicable for both 

evaluating existing members and for use during the design of new members. They are not applicable for ratings or 

other evaluations when all components are intact.  

A new reliability-based load combination used to evaluate internal redundancy of built-up members was 

developed to achieve a target reliability index in the faulted state. This load combination is based on the research 

described in NCHRP Report 883 (Connor et al., 2018), which used the same procedures that were previously used to 

create the various load combinations specified in the AASHTO LRFD Bridge Design Specifications (AASHTO, 2017) 

(referred to as LRFD Design hereafter). Criteria have also been developed for the strength and service limit states to 

determine if the bridge demonstrates sufficient performance in the faulted state. 

The commentary directs attention to other documents that provide references and suggestions for carrying out 

the requirements and the intent of these Guide Specifications. The commentary is not intended to provide every detail 

related to the development of these Guide Specifications, nor is it intended to provide a detailed summary of the 

studies 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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1-1 

 

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. 

 

 C1.1 

   

These provisions describe a procedure for evaluating 

the internal redundancy of tension components of built-

up flexural members and tension members. Internal 

redundancy is also often referred to as member-level 

redundancy (MLR). To facilitate implementation, a 

flowchart describing the overall procedures is provided in 

Appendix A. 

The term Internally Redundant Member (IRM) 

applies to the entire member if it satisfies the provisions 

specified herein; i.e., a member cannot have a component 

designated as a FCM, and another as an IRM.  

The term “shall” denotes a requirement for 

compliance with these Specifications. 

The term “should” indicates a strong preference for 

a given criterion.  

The term “may” indicates a criterion that is usable, 

but other local and suitably documented, verified, and 

approved criterion may also be used in a manner 

consistent with the approaches described in the current 

Guide Specification.  

 

1.2—DEFINITIONS 

 

Bearing Ratio = The maximum allowable ratio of rivet bearing stress to plate tension stress.  

 

Built-up Member = A member in which the plates and angles comprising the portion of the member in 

tension are mechanically-fastened together with rivets or high-strength bolts. 

 

Collapse = A major change in the geometry of the bridge rendering it unfit for use, as defined in 

LRFD Design (AASHTO, 2017) and the MBE (AASHTO, 2018).  

 

Component (of a 

Primary Member) 

= A portion of a (primary) member with a specific design function; for example, a cover 

plate attached to the flange of a girder, the web plate of a girder, or an angle used to 

attach components together. 

 

Cross Boundary 

Fracture Resistance 

(CBFR) 

 

= The ability of an IRM to resist complete failure of the cross-section should one 

component suddenly fail. 

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

to the unfaulted state. 

 

Fracture Critical 

Member (FCM)  

= 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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1-2              GUIDE SPECIFICATIONS FOR INTERNAL REDUNDANCY OF MECHANICALLY-FASTENED BUILT-UP STEEL MEMBERS                                                                         

 

 

 

Fracture Critical 

Member Inspection. 

= A hands-on inspection of a fracture-critical member or member component that may 

include visual and other nondestructive evaluation as defined in 23 CFR 650.305–

Definitions (FHWA, 2017).  

 

Internal Redundancy = Ability of a member to provide an alternate resistance mechanism after the failure of 

an individual component through load redistribution within the member. 

 

Internally 

Redundant Member 

(IRM) 

= A built-up steel member which meets the requirements set forth in these Guide 

Specifications. An IRM shall not be classified as an FCM, but shall be inspected using 

an appropriate technique at an interval specified in Article 3 of these Guide 

Specifications. IRMs shall be identified on the plans as IRMs.  

 

Minimum or Safe 

Fatigue Life 

= The fatigue life corresponding to a probability of failure approximately equal to 2.5%, 

as calculated in Article 7.2 of the MBE (AASHTO, 2018). This is also consistent with 

the fatigue resistance used in design, as specified in LRFD Design (AASHTO, 2017).  

 

Primary Member  = A steel member or component that transmits gravity loads through a necessary as-

designed load path. These members are therefore subjected to more stringent 

fabrication and testing requirements. Synonymous with the term “main member”.  

 

Special Inspection 

for IRMs 

= In the specific context of these Guide Specifications, an inspection of sufficient depth 

to reliably detect severed or fractured components and other conditions deemed 

important in a member identified as an IRM. To meet the objectives of the Special 

Inspection for IRMs, it is understood that special access equipment may be required 

for some bridges, while for others it may be possible to reliably detect broken 

components from the ground using normal visual inspection techniques. 

  

1.3—NOTATION 

𝑨𝑨𝑭𝑮  = Gross area of the member in the faulted state (in.2).  

𝑨𝑨𝑭𝑵  = Net area of the member in the faulted state, including the effect of fastener holes (in.2).  

𝑨𝑵 = Net section area of the entire axial member in the unfaulted state (in.2). 

𝑫  = Depth of web plate (in.).  

𝒇
𝑨𝑭𝑮

  = Factored total gross section stress in the faulted state (ksi).  

𝒇
𝑨𝑭𝑵

  = Factored total net section stress in the faulted state (ksi).  

𝑭𝒖  = Specified minimum tensile strength (ksi).  

𝑭𝒚  = Specified minimum yield strength (ksi).  

𝒍𝒇  = Edge distance calculated from the center of the fastener hole to the edge of the material, 

perpendicular to the force (in.). 

𝑴𝑫𝑪  = Bending moment due to dead load of structural components and nonstructural attachments (kip-

in.).  

𝑴𝑫𝑾  = Bending moment due to dead load of wearing surfaces and utilities (kip-in.).  

𝑴𝑳𝑳+𝑰𝑴  = Bending moment due to vehicular live load and dynamic load allowance (kip-in.).  

𝑴𝒖 = Total factored bending moment (kip-in.).  

𝑵𝑨𝑿  = Number of plates contributing to the cross-section area of an axial member in the unfaulted state, 

as shown in Table 2.2.1-1. This includes full and partial-depth plates, but does not include angle 

legs. 
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SECTION 1: GENERAL  1-3 

 

 

 

 

𝑵𝑭𝑳  = Number of cover plates on the tension flange in the unfaulted state not including the horizontal 

leg of the angles. 

𝑵𝒇  = Remaining fatigue life in years.  

𝑵𝒖  = Number of accumulated years in the unfaulted state.  

𝑷𝑫𝑪  = Axial tensile force due to dead load of structural components and nonstructural attachments 

(kip).  

𝑷𝑫𝑾  = Axial tensile force due to dead load of wearing surfaces and utilities (kip).  

𝑷𝑳𝑳+𝑰𝑴  = Axial tensile force due to vehicular live load and dynamic load allowance (kip).  

𝑷𝒖 = Applied factored axial tensile force (kip). 

𝑷𝒖−𝑳 = Applied factored axial tensile force in a single angle of an axial member (kip). 

𝑺𝒙−𝑨𝑭𝑮  = Elastic section modulus of the gross section of the member in the faulted state, (in3).  

𝑺𝒙−𝑨𝑭𝑵  = Elastic section modulus of the net section of the member in the faulted state, including the effect 

of fastener holes (in.3).  

𝑺𝒙−𝑨𝑭𝑮,𝑵𝑪  = Elastic section modulus of the non-composite gross section of the member in the faulted state 

(in.3).  

𝑺𝒙−𝑨𝑭𝑵,𝑵𝑪  = Elastic section modulus of the non-composite net section of the member in the faulted state, 

including the effect of fastener holes (in.3).  

𝑺𝒙−𝑨𝑭𝑮,𝑪𝑶𝑴𝑷  = Elastic section modulus of the composite gross section of the member in the faulted state (in.3).  

𝑺𝒙−𝑨𝑭𝑵,𝑪𝑶𝑴𝑷  = Elastic section modulus of the composite net section of the member in the faulted state, including 

the effect of fastener holes (in.3).  

𝒕𝒑  = Thickness of the full-depth cover plate (in.).  

𝒕𝑳  = Thickness of the angle (in.).  

𝒀𝒇  = Total finite fatigue life in years in the faulted state.  

𝒀𝒖  = Total finite fatigue life in years in the unfaulted state.  

𝜷
𝑨𝑭

  = Cover plate adjustment factor.  

𝜸
𝑳𝑳

  = Vehicular live load factor for the Internal Redundancy load combination specified in Table 

1.7.1-1. 

𝜸
𝑫𝑪

  = Structural components and non-structural attachments dead load factor for the Internal 

Redundancy load combination specified in Table 1.7.1-1.  

𝜸
𝑫𝑾

  = 
Wearing surface and utilities dead load factor for the Internal Redundancy load combination 

specified in Table 1.7.1-1. 

𝛯𝐵  
= 

Fatigue stress range amplification factor accounting for localized bending effects in a built-up 

axial member in the faulted state. 

𝛯𝑉𝐿  
= 

Fatigue stress range amplification factor accounting for localized shear lag effects in a built-up 

axial member in the faulted state. 

𝝓
𝒖
  = Resistance factor for fracture on the net section of tension members (LRFD Design Article 

6.5.4.2 (AASHTO, 2017)).  

𝝓
𝒚
  = Resistance factor for yielding on the gross section of tension members (LRFD Design Article 

6.5.4.2 (AASHTO, 2017)).  
 

1.4—GENERAL REQUIREMENTS 

 

For these provisions to apply, the built-up member 

shall satisfy the following general requirements in the as-

built unfaulted state: 

 

 Members shall be proportioned to meet all 

applicable strength requirements;  

 

 Existing members to be evaluated shall possess 

remaining fatigue life in the unfaulted state. The 

 

C1.4 

 

 

 

 

 

 

 

 

It is not permitted to utilize the procedures included 

in Article 7.2.7.2.3 of the MBE (AASHTO, 2018), which 
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provisions of Article 7.2.7.2.3 contained in the MBE 

shall not be applied.  

 

 

 

 

 

 

 New members shall be designed for infinite life 

using the Fatigue I load combination in the unfaulted 

state; 

 

 Tack welds commonly found on existing 

members shall be deemed acceptable and shall not 

disqualify the member from evaluation by these 

provisions; 

 

 

 For existing bridges, members to be evaluated 

shall have undergone a traditional fracture-critical 

member inspection within the past 24 months with no 

cracks, significant corrosion, impact damage, etc., 

identified in the components subjected to tension;  

 

 

 

 

 For newly designed yet to be constructed 

bridges, a hands-on inspection shall be performed 

within 24 months after the bridge is opened to traffic 

with no cracks, significant corrosion, impact damage, 

etc., identified in the components subjected to 

tension; 

 

 For existing bridges, members to be evaluated 

shall not exhibit severe corrosion, impact damage, or 

other forms of damage in the regions being evaluated 

by these provisions; 

 

 Members need not be evaluated for internal 

redundancy at mechanically fastened splices. 

 

permit revising the calculated fatigue life when a negative 

fatigue serviceability index is obtained since that 

provision presumes field inspections are capable of 

reliably detecting the existing or lack thereof, of fatigue 

cracks. Since fatigue cracks that exist beneath the head of 

a fastener are non-detectible, it would be inappropriate to 

apply this provision of the MBE when evaluating the 

internal redundancy of a built-up member. 
 

 

 

 

 

 

 

 

 

 

Prior to the first application of these specifications, 

the condition of existing bridges needs to be documented 

through a traditional fracture-critical member inspection 

to ensure there are not conditions on the bridge which 

would disqualify the member from being evaluated using 

these provisions. Examples include corrosion that is 

significant enough to require load posting, and cracking 

or unmitigated damage due to impact in primary 

members.  

For new bridges, the intent of the hands-on 

inspection is to find damage that could affect the integrity 

of the member should a fault occur. While the inspection 

will need to be hands-on, it does not need to satisfy all of 

the requirements associated with a traditional fracture-

critical inspection. 

 

 

 

 

 

 

 

 

1.5—REQUIREMENTS FOR FLEXURAL 

MEMBERS 

 

For these provisions to apply, built-up flexural 

members shall satisfy the following requirements in the 

as-built unfaulted state: 

 

 At least one cover plate shall be present along the 

entire length of the tension flange, except within a 

distance of 1.5D from the end of the member where 

 C1.5 

 

 

 

 

 

In many girders, cover plates are terminated a short 

distance from the ends of girders at abutments, over piers 

in simple spans, or at pin-and-hanger details in 

continuous spans. However, in these regions, the girder is 
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D is the depth of the web plate. This region, where 

only flange angles are present, need not be evaluated 

using the provisions contained herein to establish or 

alter the interval for special inspections for IRMs 

calculated for the member in Article 3; 

 

  

 The web plate(s) shall be mechanically fastened 

to the tension flange cover plates with angles and 

high-strength bolts or rivets; 

 

 Welds shall not be used to attach the web(s) to 

the tension flange angles or to attach the cover plates 

together or to the flange angles;  

 

 All components comprising the portion of the 

tension flange shall be adequately fastened together 

with high-strength bolts or rivets satisfying all 

strength, stitch, and sealing requirements in effect at 

the time of the design; 

 

 Any single tension flange component, i.e., flange 

angle or cover plate, shall not exceed 60% of the total 

tension flange gross area. For this specific check, the 

calculation of the tension-flange gross area shall only 

include the area of each tension flange cover plate 

and the area of the horizontal legs of the tension 

flange angles including fastener holes as shown in the 

shaded portion of Figure 1.5-1. The web and vertical 

legs of tension-flange angles shall not be included in 

the tension-flange area; 

 
Figure 1.5-1—Total Tension-Flange Gross Area for a 

Built-up Flexural Member 

 

primarily subjected to shear stress and not flexure. 

Further, the stress ranges in this region are very low. To 

prevent girders from being needlessly disqualified from 

these provisions, cover plates are not required within a 

distance of 1.5D from the end of a member.  

 

For flexural members, these provisions are intended 

to only be applied to built-up tension flanges of primary 

steel I- or box-shaped members, as shown in Figure  

C1.5-1; e.g., girders, stringers, and floor beams. The 

compression flange may be welded to the web. For 

flexural members, fracture of the web need not be 

explicitly considered in the calculations because it will be 

less critical than the failure of a cover plate, due to the 

limited contribution of the web to the flexural capacity of 

the section.  

 

 
Figure C1.5-1—Typical Built-up Bottom Flange of an I-

Shaped (left) and Box-Shaped (right) Flexural Member 

 

Depending on the geometry of the cover plates and 

angles on flexural members, failure of an interior cover 

plate may result in greater stress in the remaining 

components. Therefore, multiple scenarios would need to 

be evaluated to identify the worst-case stress increase in 

the remaining net section. A pilot parametric study has 

shown that assuming failure of the outermost cover plate 

generally provides a reasonable estimate of the worst-

case conditions for cases where the angles and cover 

plates are of proportions typically used in the past. In this 

study, various girder geometries ranging from 66- to 120-

inch-deep webs, with 1 to 4 cover plates ranging from 14 

to 22 in. wide and 7/16 to 3/4 in. thick, were examined. For 

these cases, it was revealed that assuming the failure of 

the outermost cover plate resulted in an underestimate of 
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1-6 GUIDE SPECIFICATIONS FOR INTERNAL REDUNDANCY OF MECHANICALLY-FASTENED BUILT-UP STEEL MEMBERS

1.5.1—Requirements for New Design of Internally
Redundant Built-up Flexural Members 

The following requirements shall apply for the new
design of internally redundant built-up flexural members
in the as-built unfaulted state: 

 The compression flange may be welded to the web.
In continuous spans, regions subjected to net stress
reversal shall be built-up and mechanically
fastened together;

 The area of any individual cover plate shall not
exceed 1.5 times the area of any adjacent cover
plate;

 Cover plates of equal thickness shall be used when
possible. When unequal thickness cover plates
must be used, they shall diminish in thickness
toward the outside of the cross-section;

 The thickness of individual cover plates should not
exceed twice the thickness of the connection angles
when possible, but in no case shall the thickness of
the cover plates exceed 2.25 times the connection
angle thickness;

 The cover plates and web plate shall be fabricated
using grades of steel satisfying the AASHTO M
270M/M 270 (ASTM A709/A709M) Charpy V-
notch requirements for fracture-critical members.
The flange angles need only satisfy the Charpy V-
notch requirements for non-fracture-critical
members.

the resulting stress increase by less than 1 percent
(Hebdon et al., 2015). Therefore, it is recommended that
the procedure specified herein be applied with the 
outermost cover plate as the assumed severed component
and the cover plate adjustment factor, 𝛽஺ி, applied. 

C1.5.1 

The requirements on proportions of flexural
members provided herein are intended to ensure that a 
new girder is detailed using components that are 
reasonably similar in size. The proportioning limits are
based on historic built-up girder proportions that have
been observed in service, early AREA guidance for built-
up flexural members used in railroad bridges, and the 
limitations and results of the research conducted during
the development of these provisions (Hebdon et al., 
2015). 

During the large-scale testing performed to develop
these provisions, specimens were subjected to test
temperatures as low as -120°F to ensure that the fracture 
toughness of all components of the tension flange and
web was very low. During all testing, the Charpy V-notch 
(CVN) impact energy of all components was limited to
10 ft-lbs or less, and was only 3 to 5 ft-lbs for the majority 
of the specimens. This was a conscious decision during
the research to ensure that the specimens were
representative of “worst-case” scenarios in terms of 
fracture toughness. As a result, a minimum CVN value is
actually not required to utilize the provisions specified 
herein for evaluating older steel members regardless of
the age of the steel when evaluating an existing bridge.
However, for new designs, it is deemed prudent to require
the satisfaction of the AASHTO M 270M/M 270 (ASTM
A709/A709M) CVN impact criteria for fracture-critical
members for elements in the cross-section comprised of 
plates. The portions of the cross-section comprised of 
rolled sections, such as flange angles, that satisfy the 
CVN requirements for fracture-critical members may not 
be readily available. Hence, the CVN requirements for 
non-fracture-critical members need only be satisfied for
these sections as a matter of convenience. 

1.6—REQUIREMENTS FOR AXIALLY LOADED
TENSION MEMBERS 

For these provisions to apply, built-up members
subject to axial tension shall satisfy the following
requirements in the as-built unfaulted state: 

 For members comprised of only two components,
the area of an individual component

 C1.6 

 There are effectively two classes of axially loaded
tension members; multi-component and two-component
members. Common examples of each class of member 
are illustrated in Figures C1.6-1 and C1.6-2. 

© 2018 by the American Association of State Highway and Transportation Officials. 
All rights reserved. Duplication is a violation of applicable law.Full document details: AASHTO GSBSM-1-2018

http://www.avadocuments.com/doc/aashto-gsbsm-1-2018
http://www.avadocuments.com/doc/aashto-gsbsm-1-2018


SECTION 1: GENERAL  1-7 

 

 

 

 

shall not exceed 50 percent of the gross area of the 

entire member. For multi-component members, any 

individual component shall not exceed 40 percent of 

the gross area of the entire member; 

  

 For the calculation of gross and net areas, the 

following shall not be included: 

  

o Lacing; 

o Batten or stay plates; 

o Area removed by hand holes. 

 

 All components shall be fastened together with 

high-strength bolts or rivets satisfying all strength, 

stitch and sealing requirements in effect at the time 

of the design; 

 

 At gusset plates and other connections, only 

primary longitudinal load-carrying components need 

to be connected to, or through, the joint. Only the 

vertical legs of angles and the webs of channels need 

to be connected to the gusset plates, as long as that 

portion of the member is sufficiently developed into 

the joint. 

 

 

 

 

 

 

 

 

 

 

1.6.1—Requirements for New Design of Internally 

Redundant Built-up Axially Loaded Tension 

Members 

 

The following requirements shall apply for the new design 

of internally redundant built-up axially loaded tension 

members in the as-built unfaulted state: 

 

 All primary plate components comprising the 

cross-section shall be fabricated using grades of steel 

satisfying the AASHTO M 270M/M 270 (ASTM 

A709/A709M) Charpy V-notch requirements for 

fracture-critical members. Other components in the 

cross-section, such as angles, channels, or WTs, need 

only satisfy the Charpy V-notch requirements for 

nonfracture-critical members. Batten plates, stay 

plates and lacing also need only satisfy the Charpy V-

notch requirements for nonfracture-critical members; 

 

 

 

 

 

 

 

 

 
 

 

Figure C1.6-1—Typical Multi-component Axially 

Loaded Tension Members; Box-shaped Member (with or 

without hand holes) (left), and Built-up Channel Member 

(lacing or batten plates not shown for clarity) (right) 

 

 
 

Figure C1.6-2—Typical Two-component Axially 

Loaded Tension Member; Rolled Channel Member 

(lacing or batten plates not shown for clarity)  

 

C1.6.1 

 

  By definition, members satisfying these provisions are 

not classified as FCMs. Hence, there is no need to require 

the primary plate components to satisfy the fracture-

critical Charpy V-notch (CVN) requirements contained in 

the AASHTO M 270M/M 270 (ASTM A709/A709M) 

specification. Nevertheless, for these components, 

satisfaction of the CVN requirements for fracture-critical 

members adds little cost. Hence, it is considered good 

practice to request the fracture-critical CVN requirements 

for plate elements when designing new built-up members. 

Because rolled shapes, such as angles and channels, are 

not typically produced to meet these more stringent 

requirements, the CVN requirements for nonfracture-

critical members need only be satisfied for these sections 

as a matter of convenience.  

  Out-of-plane bending stresses resulting from failure of a 

single component are reduced when the component with 

the largest axial stiffness is positioned closer to the 
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 When lattice or batten plates are used to connect 

individual built-up channels comprised of a single 

web plate and two angles, the area of a web plate 

should not exceed 1.5 times the area of an individual 

angle; 

 

 When multiple web plates are used, the plates 

shall be of equal thickness when possible. When 

unequal thickness plates must be used, the thickness 

of any individual plate should not exceed 1.5 times 

the thickness of any adjacent plate. The plates shall 

diminish in thickness toward the outside of the cross-

section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.6.2—Specific Requirements for Built-up Tension Tie 

Members 

 

  Any portion of a tension member that is welded together 

shall be considered one component of the built-up 

member. In such cases, component failure analysis to 

determine internal member redundancy shall assume that 

all components welded together, fail simultaneously.  

 

angles. Figure C1.6.1-1 illustrates the preferred plate 

detailing with the thinner plates positioned outward of the 

thicker plate or by using multiple plates of equal 

thickness.  

 

 
 

Figure C1.6.1-1—Multi-Component Built-up Axially 

Loaded Channel Member (lacing or batten plates not 

shown for clarity) with Plate Thicknesses Diminishing 

Toward the Outside of the Cross-Section 

 

  In the context of these provisions, an interior web plate 

on an axially loaded member refers to a full-depth plate 

having components, either plates or angles, on both sides. 

An exterior web plate is a full-depth plate that has at least 

one surface entirely exposed. Figure C1.6.1-2 illustrates 

two typical examples to help clarify. 

 

  

Figure C1.6.1-2—Illustrations of Typical Built-up 

Members. (Left) Box Member with all Exterior Plates, 

(Right) Channel Member (lattice removed) with Interior 

and Exterior Plates  
  

C1.6.2 

 

  Some designs have been observed where small plates 

were welded to larger plates effectively replacing the 

connection angles. In such cases, the plates welded 

together cannot be considered independent components 

since the weld connecting them provides no cross-

boundary fracture resistance (CBFR).  

 

Exterior PL 
Exterior PL 

Interior PL 

Exterior PL 
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1.6.3—Specific Requirements for Multi-Eyebar 

Members 

 

  Members made up of eyebars in trusses shall meet the 

following requirements in order to be evaluated with these 

provisions: 

 

 Two-eyebar diagonal or hanger members: These 

members shall be connected into joints in which 

rotation of the joint is minimal after failure of one of 

the two eyebars by any combination of the following: 

 

o Primary chord members framing into 

the joint or pin, if fabricated using eyebars, have 

a minimum of four eyebars; 

 

o The joint or pin to which the two-

eyebar member is attached is adequately 

restrained from rotation by the floorbeam 

assembly. 

 

 Multi-eyebar members: These members must 

have a minimum of four separate eyebars. 

 

The pin shall not be considered an internally redundant 

member, and reliable inspections shall be programmed 

separately from the inspections required by these 

provisions. 

C1.6.3 

 

    Connections and adjoining members play a critical role 

in the member-level redundancy of members comprised 

of eyebars. This type of member should be considered as 

an assembly in context with its connection to adjacent 

members. Of particular concern is rotational restraint of 

the connection when a single eyebar fails in a member 

comprised of only two eyebars. Significant rotation of 

connecting pins following failure of a single eyebar could 

allow the remaining eyebar, as well as other members 

sharing the pin, to slip off the pin. Some multi-eyebar 

members are known to possess as many as eight separate 

eyebars. In these cases, experience has shown that failure 

of a single eyebar does not result in catastrophic failure 

of the member. Another case is when a two-eyebar 

member, such as a tension diagonal, connects into a chord 

member comprised of several eyebars (e.g., 4 eyebars), a 

built-up chord and/or a built-up floorbeam and hanger 

offering high rotational stiffness. In these cases, the 

assembly would likely resist rotations caused by failure 

of one of the two eyebars. Thus, the internal redundancy 

of the eyebar member is highly dependent upon its 

boundary conditions. Note that the pin is not to be 

considered an internally redundant member (Connor et 

al., 2018). Tension chords comprised of only two eyebars 

are explicitly excluded from these provisions regardless 

of the rotational restraint at the pin. 

   

1.7—APPLIED LOAD IN THE FAULTED STATE  

 

1.7.1—Flexural Members 

 

  In the faulted state, the factored moment in a flexural 

member, Mu, for the evaluation of internal redundancy 

shall be calculated as follows: 

 

𝑀𝑢 = 𝛾𝐷𝐶𝑀𝐷𝐶 + 𝛾𝐷𝑊𝑀𝐷𝑊 + 𝛾𝐿𝐿𝑀𝐿𝐿+𝐼𝑀            (1.7.1-1) 

 

where: 

 

𝛾𝐷𝐶, 𝛾𝐷𝑊, 𝛾𝐿𝐿 = load factors for the 

Internal Redundancy load combination 

specified in Table 1.7.1-1.  

𝑀𝐷𝐶 =    bending moment due to the dead 

load of structural components and 

nonstructural attachments (kip-in.)  

𝑀𝐷𝑊 =    bending moment due to the 

dead load of wearing surfaces and 

utilities (kip-in.)  

𝑀𝐿𝐿+𝐼𝑀 =   bending moment due to the 

vehicular live load and dynamic load 

allowance (kip-in.)  

 

 C1.7 

 

C1.7.1 

 

  Equation 1.7.1-1 presents the basic load combination for 

calculating the total factored moment in a flexural 

member for the evaluation of internal redundancy in the 

faulted state. This load combination may be directly 

applied to noncomposite sections. For composite 

sections, the effects of the locked-in dead load moment 

applied to the noncomposite section must be 

differentiated from the effects of the moments applied to 

the composite section. The treatment of composite and 

noncomposite sections in flexural members is addressed 

further in Article 2.1. 

The load factors for the internal redundancy load 

combination specified in Table 1.7.1-1 represent the 

loads that may be expected to occur in the faulted state 

and that a member in the faulted state must be able to 

withstand prior to discovery and repair. These load 

factors, which correspond to the Redundancy II load 

combination in NCHRP Report 883 (Connor et al., 2018), 

were calibrated to the Strength I limit state at target 

reliability indices of 1.5 and 2.5 for bridges built to the 

AASHTO/AWS D1.5M/D1.5 Bridge Welding Code 
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Table 1.7.1-1—Load Factors for the Internal Redundancy 

Load Combination  

 

Application 𝜸𝑫𝑪 𝜸𝑫𝑾 𝜸𝑳𝑳 

Bridges built to 

AASHTO/AWS D1.5 FCP 
1.05 1.05 1.30 

All other bridges 1.15 1.25 1.50 

 

The applied live load shall be the HL-93 design 

vehicular live load specified in LRFD Design Article 

3.6.1.2.1. The dynamic load allowance, IM, shall be taken 

as 15 percent, and shall not be applied to the design lane 

load. The design truck or design tandem shall be 

positioned longitudinally and transversely such that the 

load effects are maximized in the faulted state. When 

multiple lanes are loaded, the multiple presence factors 

specified in LRFD Design Table 3.6.1.1.2-1 shall be 

applied.  

Additional live loads and load combinations may be 

considered if deemed appropriate by the Owner. 

 

 

 

 

 

 

 

 
 

 

1.7.2—Axially Loaded Tension Members 

 

  In the faulted state, the factored load in an axially loaded 

tension member, Pu, for the evaluation of internal 

redundancy shall be calculated as follows: 

 

𝑃𝑢 = 𝛾𝐷𝐶𝑃𝐷𝐶 + 𝛾𝐷𝑊𝑃𝐷𝑊 + 𝛾𝐿𝐿𝑃𝐿𝐿+𝐼𝑀                 (1.7.2-1) 

 

where: 

 

𝛾𝐷𝐶, 𝛾𝐷𝑊, 𝛾𝐿𝐿 = load factors for the 

Internal Redundancy load combination 

specified in Table 1.7.1-1. 

 

  

Fracture Control Plan (FCP) (AASHTO/AWS, 2015), 

and bridges that were not, respectively (Connor et al., 

2018). The AASHTO AWS D1.5 FCP was first 

introduced into the Bridge Welding Code in 1995. 

However, it is recognized that forms of the AASHTO 

FCP were contained in AASHTO guide specifications as 

early as 1978. During these transition years, Owners 

should confirm that the members were fabricated to meet 

the overall objectives of the FCP; for example, it should 

be ensured that unauthorized weld repairs were not made 

on the components.  

The justification for using an apparent lower 

reliability index for bridges meeting the modern FCP is 

intended to recognize that the probability of fracture of 

any given component is significantly less due to the 

improved material toughness, fabrication practices, and 

shop inspection required by the AASHTO/AWS FCP for 

non-redundant members. Further, such members would 

be fastened using highly fatigue resistant high-strength 

bolted connections, rather than rivets, and would be 

designed for infinite life in the unfaulted state. Hence, the 

decreased likelihood associated with an individual 

component fracture is exploited by using the lower load 

factors, but without compromising the actual reliability of 

the member.  

In order to include possible dynamic amplification 

associated with the passage of traffic, the lower dynamic 

load allowance, IM, of 15 percent utilized in the fatigue 

load combinations in LRFD Design (AASHTO, 2017) is 

applied to the live load.  

Owners may wish to consider other live loads to 

evaluate the strength of the damaged structure, such as 

permit loads if deemed appropriate. Because the HL-93 

notional load envelopes the response produced by most 

vehicles, there may not be a need to evaluate the effects 

associated with other vehicles in the faulted state. 

 

C1.7.2 

   

  Equation 1.7.2-1 presents the basic load combination for 

calculating the total factored tensile load in an axially 

loaded tension member for the evaluation of internal 

redundancy in the faulted state. Methods for calculating 

the redistribution of load in the faulted state for typical 

axially loaded tension-member cross-sections are 

specified in Article 2.2. 
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𝑃𝐷𝐶 =     axial tensile load due to the dead 

load of structural components and 

nonstructural attachments (kip)  

𝑃𝐷𝑊 =    axial tensile load due to the dead 

load of wearing surfaces and utilities 

(kip)  

𝑃𝐿𝐿+𝐼𝑀 =    axial tensile load due to the 

vehicular live load and dynamic load 

allowance (kip)  

 

   

1.8—IN-SERVICE SPECIAL INSPECTIONS  

 

The maximum interval between in-service special 

inspections for members classified as IRMs using these 

provisions shall be determined as specified in Article 3.1. 

These provisions shall not be taken to alter the interval for 

normal safety inspections. 

 C1.8 

 

For built-up members that satisfy the provisions 

specified herein, instantaneous full-depth fracture is not a 

plausible failure limit state. Hence, these members need 

not be subjected to the same in-service fracture-critical 

member inspections required for other flexural members 

traditionally classified as fracture-critical members 

(FCMs) and are subsequently classified as internally 

redundant members (IRMs). Built-up members satisfying 

the proportioning requirements specified in Article 1 also 

possess sufficient internal redundancy to carry applied 

loads in the faulted state without compromising the safety 

of the structure. Therefore, these members should not be 

classified as FCMs. 

As discussed in Article 3, fatigue in the faulted state 

must be evaluated to determine an appropriate maximum 

interval between the special inspections calculated in 

Article 3 to ensure that premature cracking of the 

remaining components near a localized component 

failure does not go undetected. 
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