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1. PURPOSE. This advisory circular (AC) provides guidance for compliance with the
provisions of 14 CFR Part 25 of the Federal Aviation Regulations (FAR) pertaining to the
damage-tolerance and fatigue evaluation requirements for transport category aircraft structure.
It also provides rational guidelines for the evaluation of scatter factors for the determination of
life for parts categorized as safe-life. Like all advisory circular material, this advisory circular is’
not, in itself, mandatory and does not constitute a regulation. It is issued to provide an
acceptable means, but not the only means, of compliance with the rules. Terms used in this AC,
such as "shall" and "must" are used only in the sense of ensuring applicability of this particular
method of compliance when the acceptable method of compliance described herein is used.
While these guidelines are not mandatory, they are derived from extensive FAA and industry
experience in determining compliance with the pertinent FAR. This advisory circular does not
change, create any additional, authorize changes in, or permit deviations from, regulatory
requirements.

2 CANCELLATION. Advisory Circular 25.571-1B, dated February 18, 1997, is canceled.

3. DEFINITIONS OF TERMS USED IN THIS AC.

a. Damage tolerance is the attribute of the structure that permits it to retain its
required residual strength for a period of use after the structure has sustained a given level of
fatigue, corrosion, accidental or discrete source damage.

b. Fail-safe is the attribute of the structure that permits it to retain its required
residual strength for a period of unrepaired use after the failure or partial failure of a principal
structural element. :

c. Safe-life of a structure is that number of events such as flights, landings, or flight
hours, during which there is a low probability that the strength will degrade below its design
ultimate value due to fatigue cracking.
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d. Design service goal is the period of time (in flight cycles/hours) established at
design and/or certification during which the principal structure will be reasonably free from

significant cracking.

e. Principal structural element, PSE, is an element that contributes significantly to

the carrying of flight, ground, or pressurization loads, and whose integrity is essential in
maintaining the overall structural integrity of the airplane.

f. Single load path is where the applied loads are eventually distributed through a
single member, the failure of which would result in the loss of the structural capability to cany

the applied loads.

g. Multiple load path is identified with redundant structures in which (with the
failure of individual elements) the applied loads would be safely distributed to other load-

carrying members.
h. Widespread fatigue damage, WFD, in a structure is characterized by the -

simultaneous presence of cracks at multiple structural details that are of sufficient size and
density whereby the structure will no longer meet its damage tolerance requirement (i.e., to
maintain its required residual strength after partial structural failure).

(1)  Multiple site damage, MSD, is a source of widespread fatigue damage
characterized by the simultaneous presence of fatigue cracks in the same structural element (i.e.
fatigue cracks that may coalesce with or without other damage leading to a loss of required

residual strength).

(2)  Multiple element damage, MED, is a source of widespread fatigue damage

characterized by the simultaneous presence of fatigue cracks in adjacent structural elements.

i. Scatter factor. A life reduction factor used in the interpretation of fatigue analysis
and test results.

4. BACKGROUND.

a. Since the early 1970's, there have been significant state-of-the-art and industry-
practice developments in the area of structural fatigue and fail-safe strength evaluation of
transport category airplanes. Recognizing that these developments could warrant some revision
of the existing fatigue requirements of §§ 25.571 and 25.573 of 14 CFR part 25, the Federal
Aviation Administration, on November 18, 1976 (41 FR 50956), gave notice of the Transport
Category Airplane Fatigue Regulatory Review Program and invited interested persons to submit
proposals to amend those requirements. The proposals and related discussions formed the basis
for the revision of the structural fatigue evaluation standards of §§ 25.571 and 25.573 and the
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development of guidance material. To that end, § 25.571 was revised, § 25.573 was deleted (the
scope of § 25.571 was expanded to cover the substance of the deleted section), and guidance
material (AC 25.571-1) was provided which contained compliance provisions related to the

proposed change.

b. Since issuance of AC 25.571-1 on 9/28/78, additional guidance material,

including discrete source damage, was developed and incorporated in revision 1A on 3/5/86.
The AC was further revised on 2/18/97, revision 1B, to add guidance on the elements to be
considered in developing scatter factors for certification. This current revision adds guidance
material whose objective is to preclude widespread fatigue damage (MSD or MED) and to aid in
the determination of thresholds for fatigue inspection and/or other special fleet actions.

5. INTRODUCTION.
a The contents of this advisory circular are considered by the FAA in determining

compliance with the damage-tolerance and fatigue requirements of § 25.571.

(1) Although a uniform approach to the evaluation required by § 25.571 is
desirable, it is recognized that in such a complex field new design features and methods of
fabrication, new approaches to the evaluation, and new configurations could necessitate
variations and deviations from the procedures described in this advisory circular. Close
adherence to the procedures in this advisory circular is encouraged.

(2) Damage tolerance design is required, unless it entails such complications that
an effective damage-tolerant structure cannot be achieved within the limitations of geometry,
inspectability, or good design practice. Under these circumstances, a design that complies with
the fatigue evaluation (safe-life) requirements is used. A typical example of structure that might
not be conducive to damage-tolerance design is the landing gear and its attachments.

(3) Experience with the application of methods of fatigue evaluation indicates
that a test background should exist in order to achieve the design objective. Even under the
damage tolerance method discussed in paragraph 6 of this AC, it is the general practice within
industry to conduct damage tolerance tests for design information and guidance purposes.
Damage location, growth, and detection data should also be considered in establishing a
recommended inspection program.

b. Typical loading spectrum expected in service. The loading spectrum should be

based on measured statistical data of the type derived from government and industry load history
studies and, where insufficient data are available, on a conservative estimate of the anticipated
use of the airplane. The principal loads that should be considered in establishing a loading
spectrum are flight loads (gust and maneuver), ground loads (taxiing, landing impact, turning,
engine runup, braking, thrust reversing, and towing), and pressurization loads. The development
of the loading spectrum includes the definition of the expected flight plan which involves climb,
cruise, descent, flight times, operational speeds and altitudes, and the approximate time to be

3
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spent in each of the operating regimes. Operations for crew training and other pertinent factors,
such as the dynamic stress characteristics of any flexible structure excited by turbulence or
buffeting, should also be considered. For pressurized cabins, the loading spectrum should
include the repeated application of the normal operating differential pressure, and the
superimposed effects of flight loads and external aerodynamic pressures.

c. Components to be evaluated. In assessing the possibility of serious fatigue

failures, the design should be examined to determine probable points of failure in service. In this
examination, consideration should be given, as necessary, to the results of stress analyses, static
tests, fatigue tests, strain gage surveys, tests of similar structural configurations, and service
experience. Service experience has shown that special attention should be focused on the design
details of important discontinuities, main attach fittings, tension joints, splices, and cutouts such
as windows, doors, and other openings. Locations prone to accidental damage (such as that due
to impact with ground servicing equipment near airplane doors) or to corrosion should also be
considered.

d. Analyses and tests. Unless it is determined from the foregoing examination that
the normal operating stresses in specific regions of the structure are of such a low order that
serious damage growth is extremely improbable, repeated load analyses or tests should be
conducted on structures representative of components or subcomponents of the wing, control
surfaces, empennage, fuselage, landing gear, and their related primary attachments. Test
specimens should include structure representative of attachment fittings, major joints, changes in
section, cutouts, and discontinuities. Any method used in the analyses should be supported, as
necessary, by test or service experience. Typical (average) values of material properties that
account for the quantifiable effects of environment and other parameters may be used in residual
strength, crack growth, and damage detection analyses for damage tolerance evaluations per
paragraph 6, and discrete source damage per paragraph 8.

6. DAMAGE-TOLERANCE EVALUATION.

a. General. The damage tolerance evaluation of structure is intended to ensure that
should serious fatigue, corrosion, or accidental damage occur within the design service goal of
the airplane, the remaining structure can withstand reasonable loads without failure or excessive
structural deformation until the damage is detected. Included are the considerations historically
associated with fail-safe design. The evaluation should encompass establishing the components
that are to be designed as damage-tolerant, defining the loading conditions and extent of damage,
conducting structural tests or analyses, or both, to substantiate that the design objective has been
achieved, and establishing data for inspection programs to ensure detection of damage. Although
this evaluation applies to either single or multiple load path structure, the use of multiple load
path structure should be given high priority in achieving damage-tolerant design. Design
features that should be considered in attaining a damage-tolerant structure include the following:
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(1) Multiple load path construction and the use of crack stoppers to control
the rate of crack growth, and to provide adequate residual static strength;

(2) Materials and stress levels that, after initiation of cracks, provide a
controlled slow rate of crack propagation combined with high residual strength;

(3)  Arrangement of design details to ensure a sufficiently high probability that
a failure in any critical structural element will be detected before the strength has been reduce-
below the level necessary to withstand the loading conditions specified in § 25.571(b), so as to
allow replacement or repair of the failed elements; and

4) Provisions to preclude the possibility of widespread fatigue damage (MSD
or MED) prior to reaching the design service goal and to prevent or control the effects of such
damage beyond that time. Examples of concern are:

(1) A number of small cracks that might coalesce to form a critical single
long crack;

(i) Loss of residual strength for a lead crack (or accidental damage) due
to very small MSD along its growth trajectory;

(iii) Failures, or partial failures, in adjacent areas due fo the redistribution
of loading following a failure of a single element; and

(iv) Simultaneous failure, or partial failure, of multiple load path discrete
elements, working at similar stress levels.

b. Freedom from Widespread Fatigue Damage. Paragraph (b) of § 25.571 requires

the effectiveness of the provisions to preclude the possibility of widespread fatigue damage
occurring within the design service goal of the airplane to be demonstrated with sufficient full-
scale fatigue test evidence. Although it is not generally practical to produce enough certification
test evidence to absolutely preclude the possibility that WFD will develop on any particular
airplane within the design service goal of its parent model, it is possible to give some guidelines
for test evidence that give a high degree of confidence that it will not. The determination of what
constitutes "sufficient full-scale test evidence” requires a considerable amount of engineering
judgment and is a matter that should be discussed and agreed to between an applicant and the
FAA early in the planning stage for a certification project. In general, sufficient full-scale test
evidence consists of fatigue testing to two or more times the design service goal, followed by
specific inspections and analyses to determine if widespread fatigue damage (MSD or MED) has
not occurred. While the data is not needed at the time of certification, a plan to produce it must
be approved prior to certification. In addition, the following language (or appropriate equivalent)
should be included in the Airworthiness Limitations Section of the Instructions for Continued
Airworthiness until such time as the testing is completed:
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"Until completion of certification fatigue testing, the airplane shall not be operated
beyond a number of cycles (i.e., landings) equal to the number of cycles accumulated on

the fatigue test article divided by 2."

The type certificating FAA office will monitor the progress of testing conducted after issuance of
a type certificate and notify FAA operational maintenance inspectors and other regulatory
authorities of the status of fatigue testing if airplanes in service are expected to have a problem
meeting this condition because of the pace of the testing or some other circumstance. Further
failure to complete testing in accordance with the plan may result in issuance of an Airworthines®
Directive (AD) which limits airplane usage until the required testing is completed. The
following factors should be considered in determining the sufficiency of the evidence:

Factor 1: The comparability of the load spectrum between the test and the projected
usage of the airplane. ,

Factor 2: The comparability of the airframe materials and design between the test articlé
and the certificated airplane.

Factor 3: The extent of post-test teardown inspection and analysis for determining if
widespread fatigue cracking has occurred.

Factor 4: The duration of the fatigue testing.

Factor 5: The size and complexity of a design change. This factor applies to design
changes made to a model that has already been certificated and for which full-scale
fatigue test evidence for the original structure should have already been determined to be
sufficient. Small, simple design changes, comparable to the original structure, could be
analytically determined to be equivalent to the original structure in their propensity for
WEFD. In such cases, additional full-scale fatigue test evidence should not be necessary.

Factor 6. The age of an airplane being modified. This factor applies to airplanes that
have already accumulated a portion of their design service goal prior to being modified.
An applicant should only be required to demonstrate freedom from WFD up to the design
service goal for the original airplane.

The following examples offer some guidance on the types of data sets that might constitute
"sufficient evidence" for some kinds of certification projects.

(1) New Type Certificates. Normally this type of project would necessitate its

own full-scale fatigue test to represent the new structure and its loading environment.
Nevertheless, prior full-scale fatigue test evidence from earlier tests performed by the applicant,
or others, may also be used and could supplement, or in rare instances eliminate the need for,
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additional tests on the new model. Ultimately, the evidence needs to be sufficient to conclude
with confidence that, within the design service goal of the airframe, widespread fatigue damage
will not occur. Factors 1 through 4 should be considered in determining the sufficiency of the

evidence.

A test duration of a minimum of twice the design service goal for the airplane model would
normally be necessary if the loading spectrum is realistic, the design for the test article principal
structure is the same as for the certificated airplane, and the post-test teardown is exhaustive. If
the conformance to Factors 1 through 3 is less than ideal, a significantly longer test duration
would be needed to conclude with confidence that WFD will not occur within the design service
goal. Moreover, no amount of fatigue testing will suffice if the conformance to Factors 1

through 3 above is not reasonable.

(2)  Derivative Models. It may be possible to reliably extrapolate the
occurrence of widespread fatigue damage for part or all of the derivative model from the data that

the applicant generated or assembled during the original certification project. Nevertheless, the
evidence needs to be sufficient to allow confidence in the calculations that show that widespread
fatigue damage will not occur within the design service goal of the airplane. Factors 1 through 5
should be considered in determining the sufficiency of the evidence for derivative models. For
example, a change in structural design concept, a change in aerodynamic contour, or a
modification of structure that has a complex internal load distribution, might well make
analytical extrapolation from the existing full-scale fatigue test evidence very uncertain. Such
changes might well necessitate full-scale fatigue testing of the actual derivative principal
structure. On the other hand, a typical derivative often involves extending the fuselage by
inserting "fuselage plugs" that consist of a copy of the typical semimonocoque construction for
that model with slightly modified material gauges. Normally this type of project would not
necessitate its own full-scale fatigue test. :

(3)  Iype Design Changes--Service Bulleting. Normally this type of project

would not necessitate its own full-scale fatigue test because the applicant would have generated,
or assembled, sufficient full-scale fatigue test evidence during the original certification project
that could be applied to the change. Nevertheless, as cited in the previous example, the evidence
needs to be sufficient to allow confidence in the calculations that show that widespread fatigue
damage will not occur within the design service goal of the airplane. In addition, Factor 5, The
Size and Complexity of a Design Change, should be considered.

(4)  Supplemental Type Certificates (STC).

(1) Sufficient full-scale fatigue test evidence for structure certified
under an STC may necessitate additional full-scale fatigue testing, although the extent of the
design change may be small enough to use Factor 5, to infer the sufficiency of the existing full-
scale fatigue test evidence. In addition, although the applicant for an STC may not have access
to the original equipment manufacturer's full-scale fatigue test data, the applicant may assume the
basic structure was shown to comply with the regulation, unless the FAA has taken, or intends to
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take, Airworthiness Directive (AD) action to alleviate a WFD condition. This assumption
implies that sufficient full-scale fatigue test evidence exists, demonstrating that multiple-site
“damage will not occur within the design service goal of the airplane. For the purpose of the STC
applicant's demonstration, it may be assumed that model types certified under § 25.571, as
amended by Amendment 25-96, and which are not subject to AD action to alleviate a WFD
condition, have received 2 full design service goals of fatigue testing, under realistic loads, and
have received a thorough post-test inspection that did not detect any widespread fatigue damage.
With this assumption, and Factors 1 through 5, the STC applicant may be able to demonstrate
that WFD will not occur on its modification (or the underlying original structure) within the
design service goal. If, however, the modification significantly affects the distribution of stress
in the underlying structure, or significantly alters loads in other parts of the airplane, or
significantly alters the intended mission for the airplane, or if the modification is significantly
different in structural concept from the certificated airplane being modified, additional full-scale
fatigue test evidence would likely be necessary. '

In addition, Factor 6, The Age of the Airplane Being Modified, comes into play for
modifications made to older airplanes. The STC applicant should demonstrate freedom from
WEFD up to the design service goal of the airplane being modified. For example, an applicant for
an STC to an airplane that has reached an age equivalent to 75 percent of its design service goal
should demonstrate that the modified airplane will be free from WEFD for at least the remaining
25 percent of the design service goal. Although an applicant could attempt to demonstrate
freedom from WFD for a longer period, this may not be possible unless the original equipment
manufacturer cooperates by providing data for the basic structure. A short design service goal
for the modification could simplify the demonstration of freedom from WFD for the STC
applicant. Nevertheless, the applicant should also be aware that the design service goal of the
airplane is not a fixed life; it may be extended as a result of a structural reevaluation and service
action plan, such as has been developed for certain models under the FAA's aging airplane
program. Unless the modifier also reevaluates its STC modification, the shorter design service
goal for the modification could impede extending the design service goal of the modified
airplanes. Because of these unique considerations for STC's, it is especially important that the
applicant address this issue with the FAA at an early stage of the STC project.

(5) Repairs. New repairs that differ from repairs contained in the FAA-
approved original equipment manufacturer's structural repair manual, but that are comparable in
design to such repairs, and that meet the FAR in other respects, would not necessitate full-scale

fatigue testing.

. Damage Tolerance Assessment Methodologies, Normally, the damage tolerance

assessment consists of a deterministic evaluation of the design features described in paragraphs
6a(1), (2), (3), and (4). Paragraphs d. through k. below provide guidelines for this approach. In
certain specific instances, however, damage-tolerant design might be more realistically assessed
by a probabilistic evaluation employing methods such as risk analysis. Risk analyses are
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routinely employed in fail-safe evaluations of airplane systems and have occasionally been used
where structure and systems are interrelated. These methods can be of particular value for
structure consisting of discrete isolated elements where damage tolerance depends on the ability
of the structure to sustain redistributed loads after failures of discrete elements resulting from
fatigue, corrosion, or accidental damage. Where considered appropriate on multiple load path
structure, a probabilistic analysis may be used if it can be shown that loss of the airplane is
extremely improbable, and the statistical data employed in the analysis is based on tests o.
operational experience, or both, of similar structure.

d. Identification of principal structural elements (PSE). A PSE is an element of

structure that contributes significantly to the carrying of flight, ground, or pressurization loads,
and whose integrity is essential in maintaining the overall structural integrity of the airplane.
Typical examples of such elements are as follows:

(1) Wing and empennage.

(1) Control surfaces, slats, flaps, and their mechanical systems and
attachments (hinges, tracks, and fittings);

(i)  Integrally stiffened plates;
(iii)  Pnimary fittings;
(iv)  Prnncipal splices;
(v)  Skin or reinforcement around cutouts or discontinuities;
(vi)  Skin-stringer combinations;
(vii))  Spar caps; and
(vii1) Spar webs.
(2)  Fuselage.
(i) Circumferential frames and adjacent skin;
(i)  Door frames;
(1ii)  Pilot window posts;
(iv)  Pressure bulkheads;

(v)  Skin and any single frame or stiffener element around a cutout;
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(vi)  Skin or skin splices, or both, under circumferential loads;
(vit)  Skin or skin splices, or both, under fore and aft loads;
(viit) Skin around a cutout;
(ix)  Skin and stiffener combinations under fore and aft loads;
(x) Door skins, frames, and latches; and
(xi)  Window frames.

3) Landing gear and their attachments.

(4)  Engine mounts.

e. Extent of damage. Each particular design should be assessed to establish
appropriate damage criteria in relation to inspectability and damage extension characteristics. In
any damage determination, including those involving multiple cracks, it is possible to establish
the extent of damage in terms of detectability with the inspection techniques to be used; the
associated initially detectable crack size, the residual strength capabilities of the structure, and
the likely damage-extension rate, considering the expected stress redistribution under the
repeated loads expected in service and with the expected inspection frequency. Thus, an obvious
partial failure could be considered to be the extent of the damage for residual strength
assessment, provided a positive determination is made that the fatigue cracks will be detectable
by the available inspection techniques at a sufficiently early stage of the crack development. In a
pressurized fuselage, an obvious partial failure might be detectable through the inability of the
cabin to maintain operating pressure or controlled decompression after occurrence of the damage.
The following are typical examples of partial failures that should be considered in the evaluation:

(D) Detectable skin cracks emanating from the edge of structural openings or
cutouts;

(2) A detectable circumferential or longitudinal skin crack in the basic
fuselage structure;

(3)  Complete severance of interior frame elements or stiffeners in addition to
a detectable crack in the adjacent skin;

10
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(4) A detectable failure of one element of components in which dual
construction is used, such as spar caps, window posts, window or door frames, and skin

~ structure;

(5)  The presence of a detectable fatigue failure in at least the tension portion
of the spar web or similar element; and

(6)  The detectable failure of a primary attachment, including a control surface
hinge and fitting.

f. Inaccessible areas. Every reasonable effort should be made to ensure
inspectability of all structural parts, and to qualify them under the damage tolerance provisions
(reference 14 CFR § 25.611).

g Testing of principal structural clements. The nature and extent of residual

strength tests on complete structures or on portions of the primary structure will depend upon’
applicable previous design, construction, tests, and service experience, in connection with similar
structures. Simulated cracks should be as representative as possible of actual fatigue damage.
Where it is not practical to produce actual fatigue cracks, damage can be simulated by cuts made
with a fine saw, sharp blade, guillotine, or other suitable means. If sawcuts in primary structure
are used to simulate sharp fatigue cracks, sufficient evidence should be available from element
tests to indicate equivalent residual strength. In those cases where bolt failure, or its equivalent,
is to be simulated as part of a possible damage configuration in joints or fittings, bolts can be
removed to provide that part of the simulation.

h.  Identification of locations to be evaluated. The locations of damage to structure

for damage tolerance evaluation should be identified as follows:

(1)  Determination of general damage locations. The location and modes of
damage can be determined by analysis or by fatigue tests on complete structures or
subcomponents. However, tests may be necessary when the basis for analytical prediction is not
reliable, such as for complex components. If less than the complete structure is tested, care
should be taken to ensure that the internal loads and boundary conditions are valid.

() If a determination is made by analysis, factors such as the
following should be taken into account: :

(A) Strain data on undamaged structure to establish points of high
stress concentration, as well as the magnitude of the concentration;

(B) Locations where permanent deformation occurred in static
tests;

11
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(C) Locations of potential fatigue damage identified by fatigue
analysis; and

(D) Design details that service experience of similarly designed
components indicates are prone to fatigue or other damage.

(i)  In addition, the areas of probable damage from other sources, such
as severe corrosion and accidental damage, should be determined from a review of the design
and past service experience.

(2)  Selection of critical damage areas. The process of actually locating where
damage should be simulated in principal structural elements (identified in paragraph 6d of this
AC) should take into account factors such as the following:

(i) Review analysis to locate areas of maximum stress and low margin
of safety;

(i)  Select locations in an element where the stresses in adjacent
elements would be the maximum with the damage present;

(iii)  Select partial fracture locations in an element where high stress
concentrations are present in the residual structure; and "

(iv)  Select locations where detection would be difficuit.
i.  Damage tolerance analysis and tests.
(1) It should be determined by analysis, supported by test evidence, that:
(1) The structure, with the extent of damage established for residual

strength evaluation, can withstand the specified design limit loads (considered as ultimate loads);
and

(ii)  The damage growth rate under the repeated loads expected in
service (between the time the damage becomes initially detectable and the time the extent of
damage reaches the value for residual strength evaluation) provides a practical basis for
development of the inspection program and procedures described in paragraph 6; of this AC.

(2)  The repeated loads should be as defined in the loading, temperature, and
humidity spectra. The loading conditions should take into account the effects of structural
flexibility and rate of loading where they are significant.

12
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(3)  The damage tolerance characteristics can be shown analytically by reliable
or conservative methods such as the following:

1) By demonstrating quantitative relationships with structure already
verified as damage tolerant;

(1)) By demonstrating that the damage would be detected before it
reaches the value for residual strength evaluation; or

(i11)) By demonstrating that the repeated loads and limit load stresses dc
not exceed those of previously verified designs of similar configuration, materials, and
inspectability.

(4)  The maximum extent of immediately obvious damage from discrete
sources should be determined and the remaining structure shown to have static strength for the
maximum load (considered as ultimate load) expected during the completion of the flight.
Normally, this would be an analytical assessment. In the case of uncontained engine failures, the
fragments and paths to be considered should be consistent with those used in showing
compliance with § 25.903(d)(1) of the FAR, and with typical damage experienced in service.
(Refer to AC 20-128, “Design Considerations for Minimizing Hazards Caused by Uncontained
Turbine Engine and Auxiliary Power Unit Rotor and Fan Blade Failures.”)

J- Inspection.

(D) Detection of damage before it becomes critical is the ultimate control in
ensuring the damage tolerance characteristics of the structure. For this reason, Amendment 25-
54 revised § 25.571 to require that the applicant establish inspections or other procedures, as
necessary, to prevent catastrophic failure from accidental, environmental, or fatigue damage, and
include those inspections and procedures in the Airworthiness Limitations Section of the
"Instructions for Continued Airworthiness" required by 14 CFR § 25.1529 (see also App. H to
part 25).

2) Due to the inherent, complex interactions of the many parameters affecting
damage tolerance, such as operating practices, environmental effects, load sequence on crack
growth, and vanations in inspection methods, related operational experience should be taken into
account in establishing inspection procedures. Additionally, careful consideration should be
given to the practicability of inspection procedures.

3) Comparison with past successful practice is the primary means by which
inspections or other procedures for accidental and environmental damage are substantiated. This
1s generally accomplished through the Maintenance Review Board activity for a new model large
transport airplane. Although such inspections or other procedures, as necessary to prevent
catastrophic failure of an airplane, are required to be included in the Airworthiness Limitations
Section of the "Instructions for Continued Airworthiness," subsequent individual operator

13
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experience may indicate that different inspections or other procedures are justified for that
individual operator. Sections 43.16 and 91.403(c) provide a means for FAA approval of
alternatives to the airworthiness limitations. In reviewing such proposed alternatives, the FAA
will evaluate them using the methods described in this AC, or other acceptable methods proposed
by the TC holder and operators, to ensure that the objectives of § 25.571 will continue to be met.

k. Threshold for Inspections.

(1) Where it can be shown by observation, analysis, and/or test that a load
path failure in multiple load path "fail-safe" structure, or partial failure in crack arrest "fail-safe"”
structure, will be detected and repaired during the normal maintenance, inspection, or operation
of an airplane prior to failure of the remaining structure, the thresholds can be established using

either:

) Fatigue analysis and tests with an appropriate scatter factor; or

(i)  Slow crack growth analyses and tests, based on appropriate initial
manufacturing damage.

(2) For single load path structure and for multiple load path and crack arrest
"fail-safe" structure, where it cannot be demonstrated that load path failure, partial failure, or
crack arrest will be detected and repaired during the normal maintenance, inspection, or
operation of an airplane prior to failure of the remaining structure, the thresholds should be
established based on crack growth analyses and/or tests, assuming the structure contains an initial
flaw of the maximum probable size that could exist as a result of manufacturing or service

induced damage.

7. FATIGUE EVALUATION.

a. General. The evaluation of structure under the following fatigue (safe-life)
strength evaluation methods is intended to ensure that catastrophic fatigue failure, as a result of
the repeated loads of variable magnitude expected in service, will be avoided throughout the
structure's operational life. Under these methods, the fatigue life of the structure should be

determined. The evaluation should include the following:
(1) Estimating or measuring the expected loading spectra for the structure;

(2)  Conducting a structural analysis, including consideration of the stress
concentration effects;

3) Performing fatigue testing of structure that cannot be related to a test
background to establish response to the typical loading spectrum expected in service;

14
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(4) Determining reliable replacement times by interpreting the loading history,
variable load analyses, fatigue test data, service experience, and fatigue analyses;

(5)  Evaluating the possibility of fatigue initiation from sources such as
corrosion, stress corrosion, disbonding, accidental damage and manufacturing defects based on a
review of the design, quality control and past service experience; and

(6)  Providing necessary maintenance programs and replacements times to the
operators. The maintenance program should be included in the Instructions for Continued
Airworthiness in accordance with Section 25.1529.

b. Scatter Factor for Safe-lifé Determination. In the interpretation of fatigue

analyses and test data, the effect of variability should, under § 25.571(c), be accounted for by an
appropriate scatter factor. In this process it is appropriate that the applicant justify the scatter
factor chosen for any safe-life part. The following guidance is provided (see Figure 1):

15
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-- QA System Ensuring Fatigue Scatter Lies w ithin Certain
Limits § 7.b.(3)(ii)
-- Representativeness of Test Specimen § 7.b.(3)(ii)
1
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§ 7.b.(3) §7.b.(5)
FAVETFREEL OF 5§ 7.5.(3) BEEN AND TEST § 7.6.45)()
ACCOUNTED FOR N DESIGN: - Required Level of Safety
C=95% § 7.b.(4)() -- Representativeness of Test
- Spectrum Severity § 7.0.(4)(ii) -- Fatigue Scatter to Account for
P-99% and C=95%
--Type of Repeated Loads Test
- Accuracy of the Test Load
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MET MISSED -- Spthrum ngerrty .
-- Service Environmental Conditions
Minimum Value > 3.0§ 7.b.(5)(ii)
Adjust BSF, for Resolution of Test
Loads to Actual Loads § 7.b.(6)
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-- Number of Specimen -- Fatigue Scatter § 7.b.(4)(i) TEST CYCLES/ISCATTER FACTOR"
Tested § 7.b.(4)(ii) -- Spectrum Severity § 7.b.(4)(ii)
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SAFELFE = 3
TEST CYCLES/SCATTER FACTOR®
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(1) The base scatter factors applicable to test results are: BSF{= 3.0, and
BSF> = (see paragraph 7b(5) of this AC). If the applicant can meet the requirements of
paragraph 7b(3) of this AC, he may use BSF] or, at his option, BSF?.

(2)  The base scatter factor, BSF] is associated with test results of one
representative test specimen.

(3) Justification for use of BSF]. BSF] may only be used if the following
criteria are met:

(1) Understanding of load paths and failure modes. Service and test
experience of similar in-service components that were designed using similar design criteria and
methods should demonstrate that the load paths and potential failure modes of the components
are well understood.

(1)  Control of design, material, and manufacturing process quality.
The applicant should demonstrate that his quality system (e.g., design, process control, and
material standards) ensures the scatter in fatigue properties is controlled, and that the design of
the fatigue critical areas of the part account for the material scatter.

(1)  Representativeness of the test specimen.

(A)  The test article should be full scale (component or sub-
component) and represent that portion of the production aircraft requiring test. All differences
between the test article and production article should be accounted for either by analysis
supported by test evidence or by testing itself.

(B) Construction details, such as bracket attachments, clips,
etc., should be accounted for, even though the items themselves may be non-load bearing.

(C)  Points of load application and reaction should accurately
reflect those of the aircraft, ensure correct behavior of the test article, and guard against
uncharacteristic failures.

(D)  Systems used to protect the structure against environmental
degradation can have a negative effect on fatigue life and therefore should be included as part of
the test article.

4) Adjustments to base scatter factor BSF1. Having satisfied the criteria of
paragraph 7b(3), justifying the use of BSF1, the base value of 3.0 should be adjusted to account
for the following considerations, as necessary, where not wholly taken into account by design
analysis. As a result of the adjustments, the final scatter factor may be less than, equal to, or

greater than 3.0.
17
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@) Material fatigue scatter. Material properties should be investigated
up to a 99% probability of survival and a 95% level of confidence.

(i)  Spectrum severity. Test load spectrum should be derived based on
a spectrum sensitive analysis accounting for variations in both utilization (i.e. aircraft weight, cg
etc.) and occurrences/size of loads. The test loads spectrum applied to the structure should be
demonstrated to be conservative when compared to the usage expected in service.

(i) Number of representative test specimens. Well established
statistical methods should be used that associate the number of items tested with the distribution
chosen, to obtain an adjustment to the base scatter factor.

(5) If the applicant cannot satisfy the intent of all of paragraph 7b(3) of this
AC, BSF2 should be used. '

) The applicant should propose scatter factor BSF2 based on careful
consideration of the following issues: the required level of safety, the number of representative
test specimens, how representative the test is, expected fatigue scatter, type of repeated load test,
the accuracy of the test loads spectrum, spectrum severity, and the expected service
environmental conditions.

(i)  Inno case should the value of BSF2 be less than 3.0.

(6) Resolution of test loadings to actual loadings. The applicant may use a
number of different approaches to reduce both the number of load cycles and number of test set-
ups required. These include, but are not limited to, spectrum blocking (e.g., a change in the
spectrum load sequence to reduce the total number of test setups); high load clipping (e.g., the
reduction of the highest spectrum loads to a level such that the beneficial effects of compression
yield are reduced or eliminated); and low load truncation (e.g., the removal of non-damaging
load cycles to simplify the spectrum). Due to the modifications to the flight-by-flight loading
sequence caused by these changes, the applicant should propose either analytical or empirical
approaches to quantify an adjustment to the number of test cycles which represents the difference
between the test spectrum and assumed flight-by-flight spectrum. In addition, an adjustment to
the number of test cycles may be justified by raising or lowering the test load levels, as long as
appropriate data supports the applicant’s position. Other effects to be considered are different
failure locations, different response to fretting conditions, temperature effects, etc. The
analytical approach should use well established methods or be supported by test evidence.

c. Replacement times. Replacement times should be established for parts with

established safe-lives and should, under § 25.571(a)(3), be included in the Instructions for
Continued Airworthiness” required under § 25.1529. These replacement times can be extended
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if additional data indicate an extension 1s warranted. Important factors that should be considered
for such extensions include, but are not limited to, the following:

(1)  Comparison of original evaluaticn with service experience.

(2)  Recorded load and stress data. Recorded load and stress data entails
instrumenting airplanes in service to obtain a representative sampling of actual loads and stresses
experienced. The data to be measured include airspeed, altitude, and load factor versus time
data; or airspeed, altitude, and strain ranges versus time data; or similar data. The data, obtainec
by instrumenting airplanes in service, provide a basis for correlating the estimated loading
spectrum with the actual service experience.

(3)  Additional analyses and tests. If test data and analyses based on repeated
load tests of additional specimens are obtained, a re-evaluation of the established safe-life can be

made.

(4)  Tests of parts removed from service. Repeated load tests of replaced parts
can be utilized to reevaluate the established safe-life. The tests should closely simulate service
loading conditions. Repeated load testing of parts removed from service is especially useful
where recorded load data obtained in service are available, since the actual loading experienced
by the part prior to replacement is known.

(5) Repair or rework of the structure. In some cases, repair or rework of the
structure can gain further life.

d. Type design developments and changes. For design developments or design

changes involving structural configurations similar to those of a design already shown to comply
with the applicable provisions of § 25.571(c), it might be possible to evaluate the variations in
critical portions of the structure on a comparative basis. Typical examples would be redesign of
the wing structure for increased loads, and the introduction in pressurized cabins of cutouts
having different locations or different shapes, or both. This evaluation should involve analysis of
the predicted stresses of the redesigned primary structure and correlation of the analysis with the
analytical and test results used in showing compliance of the original design with § 25.571(c).

€. Environmental effects such as temperature and humidity should be considered in
the damage tolerance and fatigue analysis and should be demonstrated through suitable testing.

8. DISCRETE SOURCE DAMAGE.

a. General. The purpose of this section is to establish FAA guidelines for consistent
selection of load conditions for residual strength substantiation in showing compliance with
§ 25.571(e), Damage tolerance (discrete source) evaluation. The intent of these guidelines is to
define, with a satisfactory level of confidence, load conditions that will not be exceeded on the
flight during which the specified incident of § 25.57I(e) occurs. In defining these load
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conditions, consideration has been given to the expected damage to the airplane, the anticipated
response of the pilot at the time of the incident, and the actions of the pilot to avoid severe load
environments for the remainder of the flight consistent with his knowledge that the airplane may
be in a damaged state. With these considerations in mind, the following ultimate loading
conditions should be used to establish residual strength of the damaged structure.

b. The maximum extent of immediately obvious damage from discrete sources
(§ 25.571(e)) should be determined and the remaining structure shown, with an acceptable level
of confidence, to have static strength for the maximum load (considered as ultimate load)
expected during completion of the flight.

c. Ihg_‘unmm;_lg_admg_c_qndumns should not be less than those developed from the

following conditions:
(D) At the time of the incident:

@) The maximum normal operating differential pressure, multiplied
by a 1.1 factor, plus the expected external aerodynamic pressures during l g level flight,
combined with 1g flight loads.

. (i)  The airplane, assumed.to be in 1g level flight, should be shown to
be able to survive any maneuver or any other flight path deviation caused by the specified
incident of § 25.571(e), taking into account any likely damage to the ﬂlght controls and pilot
normal corrective action.

(2)  Following the incident:

(1) Seventy percent (70%) limit flight maneuver loads and, separately,
40 percent of the limit gust velocity (vertical and lateral) at the specified speeds, each combined
with the maximum appropriate cabin differential pressure (including the expected external

aerodynamic pressure).

(i)  The airplane must be shown by analysis to be free from flutter up
to VM, with any change in structural stiffness resulting from the incident.

- -
/Ry 4J7M
Ronald T. Wojnar

Manager, Transport Airplane Directorate
Aircraft Certification Service
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