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FOREWORD

This Composite Materials Handbook Series, MIL-HDBK-17, are approved for use by all Departments
and Agencies of the Department of Defense.

This handbook is for guidance only. This handbook cannot be cited as a requirement. If it is, the con-
tractor does not have to comply. This mandate is a DoD requirement only; it is not applicable to the
Federal Aviation Administration (FAA) or other government agencies.

Every effort has been made to reflect the latest information on polymer (organic), metal, and ceramic
composites. The handbook is continually reviewed and revised to ensure its completeness and cur-
rentness. Documentation for the secretariat should be directed to: Materials Sciences Corporation,
MIL-HDBK-17 Secretariat, 500 Office Center Drive, Suite 250, Fort Washington, PA 19034.

MIL-HDBK-17 provides guidelines and material properties for polymer (organic), metal, and ceramic
matrix composite materials. The first three volumes of this handbook currently focus on, but are not
limited to, polymeric composites intended for aircraft and aerospace vehicles. Metal matrix compos-
ites (MMC) and ceramic matrix composites (CMC), including carbon-carbon composites (C-C) are
covered in Volume 4 and Volume 5, respectively.

This standardization handbook has been developed and is being maintained as a joint effort of the
Department of Defense and the Federal Aviation Administration.

The information contained in this handbook was obtained from materials producers, industry, reports
on Government sponsored research, the open literature, and by contact with research laboratories
and those who patrticipate in the MIL-HDBK-17 coordination activity.

All information and data contained in this handbook have been coordinated with industry and the U.S.
Army, Navy, Air Force, NASA, and Federal Aviation Administration prior to publication.

Copies of this document and revisions thereto may be obtained from the Document Automation and
Production Service (DAPS), Bldg. 4D, (DODSSP/ASSIST), 700 Robbins Avenue, Philadelphia, PA
19111-5094.

Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of
use in improving this document should be addressed to: U.S. Army Research Laboratory, Weapons
and Materials Research Directorate, Atth: AMSRL-WM-MA, Aberdeen Proving Ground, MD 21005-
5069, by using the Standardization Document Improvement Proposal (DD Form 1426) appearing at
the end of this document or by letter.
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CHAPTER 1 OBJECTIVES

This handbook documents engineering methodologies for the development of standardized,
statistically-based material property data for polymer matrix composite materials. Also provided
are data summaries for a number of relevant composite material systems for which available data
meets specific MIL-HDBK-17 requirements for publication. Additionally, supporting engineering
and manufacturing technologies and common practices related to composite materials are sum-
marized.

1.1 INTRODUCTION

It is generally understood that standardized, statistically-based, material property data are essential to
an efficient engineering development process; such data are needed by material suppliers, engineering
users, and system end-users alike. Since the inherent properties of materials are independent of specific
applications, data development methodologies and material property data are applicable to a wide variety
of industries; they also form much of the technical basis for establishment of statistically-based design
values acceptable to procuring or certifying agencies.1 This evaluation of the inherent properties of com-
posite materials, as shown in Figure 1.1, is the focus of MIL-HDBK-17.

While the source and context for much of the handbook has historically come from experience with
aerospace flight-critical structures, all transportation industries (aerospace, ground, rail, and marine),
whether commercial or military, as well as other applications including general industrial products, will find
the handbook useful. Incorporation of additional information related to broader applications is ongoing.

This handbook has been developed and is maintained as a joint effort of the US Department of De-
fense (DOD) and the US Federal Aviation Administration (FAA). The data contained herein, or appearing
as approved items® in the minutes of MIL-HDBK-17 coordination group meetings, while not mandatory;,,
are acceptable for use in the development of structural design values to the FAA and to all branches of
the DOD. Note however, that methods for incorporating handbook data into structural design values for
specific applications generally require additional procurement or certification agency approval.

1.2 PURPOSE

The primary purpose of MIL-HDBK-17 is the standardization of engineering data development meth-
odologies related to characterization testing, data reduction, and data reporting of properties for polymer
matrix composite materials. In support of this objective MIL-HDBK-17 publishes properties on composite
material systems for which data meeting specific requirements is available. In addition, MIL-HDBK-17
provides selected guidance on other technical topics related to composites, including material selection,
material specification, material processing, design, analysis, quality control and repair of typical polymer
matrix composite materials. Thus, MIL-HDBK-17 is published in three volumes, and serves as a source
for the following:

e Volume 1: Documents material characterization, data development, and methodology guidelines
adaptable to a wide variety of needs, as well as specific requirements to be met by data pub-
lished in the handbook. Most procuring and certifying agencies prefer, and some may require,
that composite material systems used in critical applications either be characterized in accor-
dance with Volume 1 guidelines or selected from material systems published in Volume 2.

'An example of a procuring agency is a branch of the US Department of Defense (DOD). An example of a certifying agency is an
office of the US Federal Aviation Administration (FAA).

2Accepted as of the MIL-HDBK-17 Coordination Committee approval date.
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FIGURE 1.1 Focus of MIL-HDBK-17 indicated by shaded block.

e Volume 2: Provides a repository of potential design data. The documented property summaries
for material systems provide data meeting the criteria for any of the MIL-HDBK-17 data classes.
e Volume 3: Source for additional technical guidance on a wide variety of disciplines related to

polymer matrix composites.

1.3 SCOPE

For Department of Defense purposes, this handbook is for guidance only. This handbook cannot be
cited as a requirement. If it is, the contractor does not have to comply. This mandate is a DoD require-
ment only; it is not applicable to the Federal Aviation Administration (FAA) or other government agencies.

The three volumes of MIL-HDBK-17 serve as a general reference source for technical information on

polymer matrix composites, including:
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1.3.1 Strength properties and allowables data

Statistically-based strength property data are defined for each composite material system over a
range of potential usage conditions. The intent is to provide data at the upper and lower limits of the po-
tential environmental conditions for a particular material, so that application issues do not govern the me-
chanical property characterizations. If data are also available at intermediate environmental conditions,
they are used to more exactly define the relationship between the mechanical properties and the effect of
the environment on those properties.

The statistically-based strength data that are available are tabulated in Volume 2. These data are
useful as a starting point for establishing structural design allowables when stress and strength analysis
capabilities permit lamina level margin of safety checks. Where such cases exist, the MIL-HDBK-17 sta-
tistically reduced strength data may be used in determining material design allowables. Depending on the
application, some structural design allowables will have to be determined empirically by laminate, ele-
ment, or higher level of testing, since MIL-HDBK-17 does not provide these data.

Additional information and properties are added as they become available and are demonstrated to
meet the guideline criteria. Typical property values, as well as S-values (see definitions) are included if
they meet the approval of the MIL-HDBK-17 Coordination Group.

When the guidelines or data requirements of MIL-HDBK-17 cannot be followed, the certifying or pro-
curing government agency should be contacted to determine data requirements and other documentation
which may be necessary to justify data values proposed or used by the manufacturer.

1.3.2 Volume 1: Guidelines for Characterization of Structural Materials

This volume contains guidelines for determining the properties of composite material systems, their
constituents, and generic structural elements, including test planning, test matrices, sampling, condition-
ing, test procedure selection, data reporting, data reduction, statistical analysis, and other related topics.
Special attention is given to the statistical treatment and analysis of data. Volume 1 contains guidelines
for general development of material characterization data as well as specific requirements for publication
of material data in MIL-HDBK-17.

It must be emphasized that this handbook differentiates between material basis values (material al-
lowables) and design allowable values. Material basis values, being an intrinsic property of a composite
material system, are the focus of this handbook. Design allowable values, while often rooted in material
basis values, are application dependent, and consider and include specific additional considerations that
may further affect the strength or stiffness of the structure. Also, when establishing application design
values there may be additional certification or procurement agency requirements that go beyond
MIL-HDBK-17.

1.3.3 Volume 2: Material Properties

Volume 2 contains statistically-based data meeting specific MIL-HDBK-17 population sampling and
data documentation requirements, covering constituents and material systems of general interest. Data
published in Volume 2 are under the jurisdiction of the Data Review Working Group and are approved by
the overall Coordination Group (The MIL-HDBK-17 Coordination Group and Working Groups are dis-
cussed in Section 1.5). New material systems will be included and additional material data for existing
systems will be added as data becomes available and are approved. Selected historical data from the
MIL-HDBK-17A version of the handbook that do not meet current data sampling, test methodology, or
documentation requirements, but that still are of potential interest to the industry, are also documented in
an appendix to this volume.

The material properties in Volume 2 are defined over a range of potential use conditions, focusing,
when possible, on the upper and lower material environmental limits so that application-specific environ-
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ments do not limit use of the data. Data at intermediate environmental conditions, when available, pro-
vide additional definition of the relation between material response and environment.

While the process of establishing structural design values for specific applications can begin with the
data contained in Volume 2, most applications require collection of additional data, especially if there are
requirements for data from the laminate or higher structural complexity levels (structural complexity level
is discussed in 2.1.2.1). Also, the ability to manufacture material equivalent to that from which the data in
Volume 2 were obtained typically must be proven to the procuring or certifying agency, which usually in-
volves limited testing and data comparison. General guidelines for such material/process equivalence
evaluation are presented in Volume 1; however, many of the details of such an evaluation remain at the
discretion of the procuring or certifying agency.

1.3.4 Volume 3: Materials Usage, Design, and Analysis Guidelines

Volume 3 provides methodologies and lessons learned for the design, manufacture, analysis, and
supportability of composite structures, and for utilization of the material data provided in Volume 2 consis-
tent with the guidance provided in Volume 1. Topics discussed in Volume 3 include materials and proc-
essing, quality control, design and analysis, joints, reliability, thick composites, and supportability.

1.4 USE OF THE DOCUMENT AND LIMITATIONS
1.4.1 Roadmaps for use of Volumes 1-3

The following pages provide summary roadmaps that are intended to be brief guides to relevant sec-
tions of this document pertaining to the following topics. The roadmaps are brief guides to the handbook,
and while they indicate a general process flow for the topics, they do not show the detailed process flows,
interactions and loops that are required in the actual process implementation. In some cases there are
overlaps between the various roadmaps. Some minor sections have not been included; for these the
reader is referred to the complete handbook table of contents.

Roadmap #1: Use of New Material in Design and Structural Substantiation

This roadmap covers the qualification of a new material, development of material allowables and struc-
tural design values, and designing, analyzing and certifying a structure with the new material. This road-
map would be typically used by a design organization.

Roadmap #2: Qualification of New Material

This roadmap covers the process for qualifying a new material and establishing the corresponding mate-
rial procurement specification. This roadmap would be typically used by an design organization.

Roadmap #3: Development of Lamina Allowables

This roadmap covers the process for developing lamina level material allowables for a material. This
roadmap could be used by a material supplier who wishes to provide allowables to customers or by a de-
sign organization.

Roadmap #4: Development of Data for New Material for Submittal to Volume 2

This roadmap covers the process for developing material data for submittal to the Handbook for the calcu-
lation of material properties and allowables, and subsequent publication in Volume 2. This roadmap could
be used by a material supplier or by a design organization.
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Roadmap #5: Use of Volume 2 Data for Design and Structural Substantiation

This roadmap covers the process for obtaining Volume 2 data, and for performing "equivalency" testing to
validate use of the material in the manufacturer's fabrication process.

Roadmap #6: Demonstration of Equivalency for Revised Material and/or Process

This roadmap covers the process for demonstrating the "equivalency” of a minor change to a material or
to a part fabrication process. This roadmap could be used by a material supplier or by a design organiza-
tion.

Roadmap #7: Demonstration of Application Acceptance for "2"™ Source" Material

This roadmap covers the process for demonstrating the acceptability of substituting a new material for the
original material used to design and certify a part. "New" material refers to a different fiber or resin mate-
rial, or to a major change to the original material. This roadmap would be typically used by an design or-
ganization.

Roadmap #8: Bolted Joint Tests and Analysis Methods

This roadmap covers development of allowables and design values for, and the design and analysis of
bolted joints.

Roadmap #9: Bonded Joint Tests and Analysis Methods

This roadmap covers development of allowables and design values for, and the design and analysis of
bonded joints.

Roadmap #10: Design, Analysis and Fabrication of Repairs

This roadmap covers development of allowables and design values for, the design and analysis, and the
fabrication of repairs to composite laminates.
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Roadmap #1: Use of New Material in Design and Structural Substantiation

Establish Design Criteria and Certification
Approach for Specific Application

Review Building Block Approach
(Volume 3, Chapter 4)

Qualify Material (see Roadmap #2)

Develop Lamina Allowables (see Roadmap #3)

Develop Laminate Allowables

(Volume 1, Chapter 6)
(process similar to Roadmap #3)

Unnotched Tension, Compression, Shear

Develop Structural Design Data
Fracture Toughness
Strength after Impact
Notched Tension, Compression
Bolted Joints
Bonded Joints
Fatigue
Damage Tolerance

(Volume 1, Section 6.8.6)

(Volume 1, Section 6.10, 7.7)
(Volume 1, Section 7.4)

(Volume 1, Section 7.5)

(Volume 1, Section 7.6)

(V1, Sec. 2.5.14, 6.8, V3, Chapter 7)
(Volume 3, Chapter 7)

Design and Analyze Structure
Laminate Strength
Compression Buckling/Crippling
Bonded Joints
Bolted Joints
Fatigue
Damage Tolerance
Repairs
Thick Section Composites
Lessons Learned

(Volume 3, Chapter 5.4)
(Volume 3, Section 5.7)
(Volume 3, Section 6.2)
(Volume 3, Section 6.3)
(Volume 3, Chapter 7)
(Volume 3, Chapter 7)
(Volume 3, Chapter 8)
(Volume 3, Chapter 10)
(Volume 3, Chapter 12)
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Roadmap #2: Qualification of New Material

Develop Material and Process Specifications
Volume 3, Chapter 2 (overview)
Volume 3, Section 2.11 (specifics)

Develop QA/QC Procedures, Acceptance Tests for Material
Volume 1, Section 2.3.3, 8.4.2
Volume 3, Section 2.11
Volume 3, Chapter 3

Define Test Matrix
Volume 1, Section 2.3.2, 2.3.3

Define Test Methods
Volume 1, Chapters 3 - 6

Purchase Material (multiple batches)

Perform Tests

Reduce/Normalize Test Data
Volume 1, Section 2.4

Calculate Acceptance Limits for Material Specification
Volume 1, Section 8.4.2
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Roadmap #3: Development of Lamina Allowables

Develop Material and Process Specifications
Volume 3, Section 2.11

Develop QA/QC Procedures, Acceptance Tests for Material
Volume 1, Section 2.3.3, 8.4.2
Volume 3, Section 2.11
Volume 3, Chapter 3

Define Test Matrix
Volume 1, Section 2.2 (planning)
Volume 1, Section 2.3.2, 8.2 (matrix)

Define Test Methods
Volume 1, Chapters 3 - 6

Purchase Material (multiple batches)
Perform Tests
Certification Agency witnessing as required

Reduce/Normalize Test Data
Volume 1, Section 2.4

Calculate Allowables
Volume 1, Section 8.3.1 - 8.3.4
(individual allowables calculation for each environment)
Volume 1, Section 8.3.5
(allowables by regression versus layup parameter)
Volume 1, Section 8.tbd
(allowables calculation for pooled data across environments)
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Roadmap #4: Development of Data for New Material for Submittal to Volume 2

Review Procedures for Data Documentation and Submittal
Volume 1, Section 2.5
See also www.mill7.org

Develop Material and Process Specifications
Volume 3, Section 2.11
(boilerplate spec if being done by material supplier)

Develop QA/QC Procedures, Acceptance Tests for Material
Volume 1, Section 2.3.3, 8.4.2
Volume 3, Section 2.11
Volume 3, Chapter 3

Define Test Matrix
Volume 1, Section 2.2 (planning)
Volume 1, Section 2.3.2, 8.2 (matrix)
Volume 1, Section 2.5 (data submittal)

Define Test Methods
Volume 1, Chapters 3 -7

Perform Tests
Certification Agency witnessing as required
Collect all required data
Validate data

Reduce and Document Test Data
Volume 1, Sections 2.4 - 2.5

Submit Data to Mil-Hdbk-17 Secretariat
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Roadmap #5: Use of Volume 2 Data for Design and Structural Substantiation

Obtain Volume 2 data for original material data source.
Obtain material procurement and processing infomation
corresponding to data in Volume 2.

Develop Material and Process Specifications
Volume 3, Section 2.11

Develop QA/QC Procedures, Acceptance Tests for Material
Volume 1, Section 2.3.3, 8.4.2
Volume 3, Section 2.11, Chapter 3

Assess differences between original data source layup and cure
process and "new" manufacturer's processes

Define Equivalency Test Matrix and Success Criteria
Volume 1, Section 2.2 (planning)
Volume 1, Section 2.3.7, 8.2 (matrix)

Define Test Methods
Volume 1, Chapters 3 -7

Perform Tests
Certification Agency witnessing as required

Reduce/Normalize Test Data
Volume 1, Section 2.4

Perform Statistical Tests
Volume 1, Section 8.4.3

Retests for Data

| _|that do not pass «No All Data Yesy Use Volume 2
Statistical Tests Pass? data
Volume 1, tbd

Perform additional environment and higher scale structural tests
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Roadmap #6:

Demonstration of Equivalency for Revised Material and/or Process

Assess differences between "original” material and/or process
and "new" material and/or process
Volume 1, Section 2.3.4.2

Define Equivalency Test Matrix and Success Criteria
Volume 1, Section 2.2 (planning)
Volume 1, Section 2.3.4.2, 8.2 (matrix)

Define Test Methods
Volume 1, Chapters 3 -7

Perform Tests
Certification Agency witnessing as required

Reduce/Normalize Test Data
Volume 1, Section 2.4

Perform Statistical Tests
Volume 1, Section 8.4.3

Retests for Data Accept change in

that do not pass All Data ,
Statistical Tests [¢\° Pass? Yesr "Etcee:'sil or
Volume 1, thd p

Perform additional environment and higher scale structural tests
as required
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Roadmap #7:

Demonstration of Application Acceptance for 2" Source" Material

Assess differences between "original” material and
"new" material
Volume 1, Section 2.3.4.1

Define Equivalency Test Matrix and Success Criteria
Volume 1, Section 2.2 (planning)
Volume 1, Section 2.3.4.1, 8.2 (matrix)

Define Test Methods
Volume 1, Chapters 3 -7

Perform Tests
Certification Agency witnessing as required

Reduce/Normalize Test Data
Volume 1, Section 2.4

Perform Statistical Tests
Volume 1, Section 8.thd

Retests for Data

that do not pass All Data Accept new
Statistical Tests «No Pass? Yes» material
Volume 1, tbd

Perform additional environment and higher scale structural tests
as required to demonstrate acceptability of new material in
specific structural application
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Roadmap #8: Bolted Joint Tests and Analysis Methods

Develop Test Matrix
Volume 1, Section 7.4.4, 7.5.3.3, 7.5.4, 7.5.6 (laminate strength)
Volume 1, Section 7.5.7 (fastener strength)

Reduce/Normalize Test Data
Volume 1, Section 2.4

Calculate Allowables and Design Values
Volume 1, Section 8.3

Analysis Methods
Volume 3, Section 6.3
Volume 3, Section 8.3.4.3 (bolted repairs)

Lessons Learned
Volume 3, Section 12.2.6.1, 12.3.1
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Roadmap #9: Bonded Joint Tests and Analysis Methods

Reference Sections
Volume 1, Chapter 4
Volume 3, Chapter 2

Develop Material and Process Specifications
Volume 3, Section 2.11

Develop Test Matrix
Volume 1, Section 7.6.2
Volume 1, Section 6.7.8

Calculate Allowables and Design Values
Volume 1, Section 8.3

Analysis Methods
Volume 3, Section 6.2 (Bonded Joints)
Volume 3, Section 7.7.4.2 (Disbond Growth)
Volume 3, Section 7.8.4.2 (Disbonds)
Volume 3, Section 8.3.4.4 (Bonded Repairs)

Lessons Learned
Volume 3, Section 12.2.6.2, 12.3.1.3
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Roadmap #10: Design, Analysis and Fabrication of Repairs

Characterize Repair Materials
Develop Material and Process Specifications, Volume 3, Section 2.11
Develop Lamina Allowables (see Roadmap #3)
Develop Laminate Allowables (similar to Roadmap #3)
Develop Bolted Joint Allowables, Volume 1, Sections 7.4 - 7.5
Develop Adhesive Allowables, Volume 1, Section 7.6.2
Develop Bonded Joint Allowables, Volume 1, Section 7.6.3
Calculate Allowables and Design Values, Volume 1, Section 8.3

Design for Repair
Volume 3, Section 8.2

Repair Design
Volume 3, Section 8.3

Bonded Repair Analysis Methods
Volume 3, Chapter 5
Volume 3, Section 6.2 (Bonded Joints)
Volume 3, Section 7.7.4.2 (Disbond Growth)
Volume 3, Section 7.8.4.2 (Disbonds)
Volume 3, Section 8.3.4.4 (Bonded Repairs)

Bolted Repair Analysis Methods
Volume 3, Chapter 5
Volume 3, Section 6.3
Volume 3, Section 8.3.4.3 (Bolted Repairs)

Lessons Learned
Volume 3, Chapter 12
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1.4.2 Source of information

The information contained in MIL-HDBK-17 is obtained from materials producers and fabricators, the
aerospace industry, reports on government-sponsored research, the open literature, direct contacts with
researchers, and from participants in MIL-HDBK-17 coordination activities. All information published in
this document has been coordinated and reviewed by representatives from industry, the US Army, the US
Navy, the US Air Force, NASA, and the US Federal Aviation Administration. Every effort has been made
to reflect the most up-to-date information on the use of composite materials, with particular emphasis on
use of composites in structures. The handbook is continually reviewed and revised to keep current with
the state-of-the-art and insure completeness and accuracy.

1.4.3 Use of data and guidelines in applications

All data contained herein are based on small-scale test specimens for specific environmental condi-
tions, largely limited to uniaxial quasi-static Ioading.l It is the user's responsibility to determine if hand-
book data is appropriate for a given application, and if selected, to translate or scale the data as neces-
sary for use:

in a multi-directional laminate,

on a structure of different characteristic size and geometry,
under a multi-directional stress state,

when exposed to a different environment, and/or

when subjected to non-static loading.

Further discussions of these and other issues are provided in Volume 3. Specific uses of handbook data
are beyond the scope and responsibility of MIL-HDBK-17, and applicability and interpretation of specific
provisions of this handbook may require approval by an appropriate procurement or certification agency.

1.4.4 Strength properties and allowables terminology

The handbook intent is to provide guidelines for generating material property data, including statisti-
cally-based strength data at environmental extremes that bracket most intermediate application-specific
environments. The philosophy is to avoid having application-specific issues govern generic material
property characterization programs. If data are also available at intermediate environmental conditions,
they can be used to more completely define the relationship between the property and the effect of the
environment on that property. However, in some cases an environmental limit for a composite material
system may be application dependent, and in others, data at environmental limits may not be available.

Available statistically-based strength data are tabulated in Volume 2. These data are useful as a
starting point for establishing structural design allowable values when stress and strength analysis capa-
bilities permit lamina-level margin-of-safety calculations. For such cases the MIL-HDBK-17 strength basis
value may also be termed a material design allowable. Depending on the application, some structural
design allowables may have to be empirically determined from additional laminate, element, or higher-
level test data not provided by MIL-HDBK-17.

1.4.5 Use of references
While many references are provided at the end of each chapter, note that the information in these

citations may not necessarily comply in every respect either with the general guidelines for data develop-
ment or with the specific requirements for publication of data in the handbook. The references are simply

'Unless otherwise noted, tests were conducted in conformance with the particular test method noted. The emphasis is on data ob-
tained from ASTM standard test methods for advanced composites, but where an ASTM test method has been deemed inappropri-
ate or is not yet available, or when data from a nonstandard but commonly practiced test procedure is available, then data from a
non-standard test method may have been accepted for publication. The specific test method used is noted in the data documenta-
tion. See also the statement on test method acceptance criteria in Section 2.5.5.
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intended to be helpful, but not necessarily complete or authoritative sources of additional related informa-
tion on specific subject areas.

1.4.6 Use of tradenames and product names

Use of tradenames or proprietary product names does not constitute an endorsement of those prod-
ucts by the US Government or by the MIL-HDBK-17 Coordination Group.

1.4.7 Toxicity, health hazards, and safety

Certain processing and test methods discussed in MIL-HDBK-17 may involve hazardous materials,
operations, or equipment. These methods may not address safety problems, if any, associated with their
use. It is the responsibility of the user of these methods to establish appropriate safety and health prac-
tices and to determine the applicability of regulatory limitations prior to use. The user is referred to the
Advanced Composite Materials US Army Interim Health and Safety Guidance for a discussion of the
health and safety issues involved in the processing and use of composite materials. This document is
generated by the US Army Environmental Hygiene Agency, Aberdeen Proving Ground, MD. Material
manufacturers, as well as various composites user groups, may also provide guidance on health and
safety issues pertinent to composite materials.

1.4.8 Ozone depleting chemicals

Restrictions on the use of ozone depleting chemicals are detailed in the US Clean Air Act of 1991.

1.5 APPROVAL PROCEDURES

The content of the handbook is developed and approved by the MIL-HDBK-17 Coordination Group,
which meets twice yearly to consider changes and additions to the handbook. This Group consists of the
handbook Co-Chairs, Coordinator, Secretariat, Working Group Chairs, and the active Working Group par-
ticipants, which include representatives from various US and international procuring and certifying agen-
cies, in addition to the producing industries and academic and research institutions. MIL-HDBK-17 Coor-
dination Group meetings are announced to participants by mail about eight weeks prior to the scheduled
meeting date, and minutes of the meetings are mailed eight weeks following the close of the meeting.

While each of the Working Groups functions similarly, they are of three types: Executive, a single
Working Group with oversight responsibility composed of the Working Group Chairs, the handbook Co-
Chairs, Coordinator, and Secretariat; Standing, including Data Review, Guidelines, Materials and Proc-
essing, Statistics, and Testing Working Groups; and Specialty, which varies with time but currently in-
cludes the Braiding and Filament Winding, Supportability, Structural Joints, and Thick-Sections Working
Groups. The makeup and organization of the Coordination Group and Working Groups, as well as the
procedures followed for document change approval, are summarized in the MIL-HDBK-17 Coordination
Group Member's Guide, separately published and available from either the Coordinator or Secretariat.

Proposals for addition to, deletion from, or modification to the handbook should be submitted to both
the appropriate Working Group and the Secretariat well in advance of the announcement mailing date,
and should include specific notation of the proposed changes and adequate documentation of supporting
data or analytical procedures. Reproducible copies of figures, drawings, or photographs proposed for
publication in the document should be furnished to the Secretariat. Following approval by the appropriate
Working Group, the proposed changes are published in the next minutes of the Coordination Group, in a
special section of the minutes called the "yellow pages”, and all participants are allowed comment on the
proposed changes. If no substantive comments are received on any individual item by the posted re-
sponse date, then that item is considered approved by the Coordination Group and is considered effective
as of that date. (Prior to publication in the next revision of the handbook the collected changes are re-
viewed by various branches of the US DOD. Additional proposals for revision may result from this US
DOD review.)
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Requests for inclusion of material property data into MIL-HDBK-17 should be submitted to either the
Coordinator or the Secretariat, accompanied by the documentation specified in Section 2.5.5. A Data
Source Information Package has been created to aid those considering submitting data for inclusion in
MIL-HDBK-17, and is available from either the Coordinator or the Secretariat. The Secretariat reviews
and analyzes each data submission and at the next available meeting of the Coordination Group presents
a summary for evaluation by the Data Review Working Group. The choice of new materials to be in-
cluded herein is governed by the MIL-HDBK-17 Coordination Group. Practical considerations preclude
inclusion of all advanced composite materials, but reasonable attempts will be made to add new material
systems of interest in a timely manner.

1.6 SYMBOLS, ABBREVIATIONS, AND SYSTEMS OF UNITS

This section defines the symbols and abbreviations which are used within MIL-HDBK-17 and de-
scribes the system of units which is maintained. Common usage is maintained where possible. Refer-
ences 1.6(a), 1.6(b), and 1.6(c) served as primary sources for this information.

1.6.1 Symbols and abbreviations

The symbols and abbreviations used in this document are defined in this section with the exception of
statistical symbols. These latter symbols are defined in Chapter 8. The lamina/laminate coordinate axes
used for all properties and a summary of the mechanical property notation are shown in Figure 1.6.1.

e The symbols f and m, when used as either subscripts or superscripts, always denote fiber and
matrix, respectively.

e The type of stress (for example, cy - compression yield) is always used in the superscript position.
o Direction indicators (for example, X, Y, z, 1, 2, 3, etc.) are always used in the subscript position.

e Ordinal indicators of laminae sequence (e.g., 1, 2, 3, etc.) are used in the superscript position and
must be parenthesized to distinguish them from mathematical exponents.

e Other indicators may be used in either subscript or superscript position, as appropriate for clarity.

e Compound symbols (such as, basic symbols plus indicators) which deviate from these rules are
shown in their specific form in the following list.

The following general symbols and abbreviations are considered standard for use in MIL-HDBK-17.
Where exceptions are made, they are noted in the text and tables.

A - (1) area (mz,inz)
- (2) ratio of alternating stress to mean stress
- (3) A-basis for mechanical property values
a - (1) length dimension (mmi,in)
- (2) acceleration (m/sec? ft/sec?)
- (3) amplitude
- (4) crack or flaw dimension (mm;,in)

B - (1) B-basis for mechanical property values
- (2) biaxial ratio
Btu - British thermal unit(s)
b - width dimension (mm,in), e.g., the width of a bearing or compression panel normal to load,

or breadth of beam cross-section
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Lamina Laminate
* 3, Thickness + z, Thickness

= =
o G
P %% == 2, Transverse _ %% ~=y, Transverse

1, Longitudinal x, Longitudinal

Notation = Hg k £
Whera, ¥ o b

[0, 1, Applied Normal, Shear Stress Note: v' = Major Poisson’s Ratio = 5 -+F
F; Allowable Stress 2 5'1 e !
H = { &, 7; Extensional, Shear Strain \ . . _ E, LS '
E, G; Young's, Shear Modulus v,,, = Minor Poisson's Ratio = e <Y +F
v; Poisson's Ratio 2 e c
L 612
1; Longitudinal W C Compression
2, Trgnsverse -Lamina ju t: Tension
3; Thickness s: Shear
i= 12, 13, 32; Shear, Poisson's .
1 x; Longitudinal A y; Yield
! %1?25:2;26 -l aminate k= { u; Ultimate, Not Used
Xy, xz, zy; Shear, Poisson’s for Stiflness

{u
Examples, F2 = Lamina Ultimate Transverse Tensile Allowable Stress

Ei = Laminate Compressive Young's Modulus, Thickness Direction

FIGURE 1.6.1 Mechanical property notation.
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C - (1) specific heat (kJ/kg °C,Btu/lb °F)
- (2) Celsius

CF - centrifugal force (N,lbf)

CPF - crossply factor

CPT - cured ply thickness (mm, in.)

CG - (1) center of mass, "center of gravity"
- (2) area or volume centroid

£ - centerline

c - column buckling end-fixity coefficient

c - honeycomb sandwich core depth (mm.,in)

cpm - cycles per minute

D - (1) diameter (mm,in)

- (2) hole or fastener diameter (mm,in)
- (3) plate stiffness (N-m,Ibf-in)

d - mathematical operator denoting differential

E - modulus of elasticity in tension, average ratio of stress to strain for stress below propor-
tional limit (GPa,Msi)

E - storage modulus (GPa,Msi)

E" - loss modulus (GPa,Msi)

E. - modulus of elasticity in compression, average ratio of stress to strain for stress below
proportional limit (GPa,Msi)

Ec - modulus of elasticity of honeycomb core normal to sandwich plane (GPa,Msi)

B> - secant modulus (GPa,Msi)

= - tangent modulus (GPa,Msi)

e - minimum distance from a hole center to the edge of the sheet (mm;,in)

e/D - ratio of edge distance to hole diameter (bearing strength)

F - (1) stress (MPa,ksi)

- (2) Fahrenheit

= - bending stress (MPa,ksi)

e - crushing or crippling stress (upper limit of column stress for failure) (MPa,ksi)

F - ultimate stress in pure shear (this value represents the average shear stress over the
cross-section) (MPa,ksi)

FAW - fiber areal weight (g/m?, Ib/in®)

Fv - fiber volume (%)

f - (1) internal (or calculated) stress (MPa,ksi)

- (2) stress applied to the gross flawed section (MPa,ksi)
- (3) creep stress (MPa,ksi)
- internal (or calculated) compressive stress (MPa,ksi)

fe - (1) maximum stress at fracture (MPa,ksi)
- (2) gross stress limit (for screening elastic fracture data (MPa,ksi)
ft - foot, feet
G - modulus of rigidity (shear modulus) (GPa,Msi)
GPa - gigapascal(s)
g - (1) gram(s) o
- (2) acceleration due to gravity (m/s”,ft/s®)
H/C - honeycomb (sandwich)
h - height dimension (mm.,in) e.g. the height of a beam cross-section
hr - hour(s)

I - area moment of inertia (mm*,in?)
i - slope (due to bending) of neutral plane in a beam, in radians

in. - inch(es)
J - (1) torsion constant (= I, for round tubes) (m*,in‘)
- (2) Joule
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K - (1) Kelvin
- (2) stress intensity factor (MPa/m ksi/in)
- (3) coefficient of thermal conductivity (W/m °C, Btu/ft*/hr/in/°F)
- (4) correction factor
- (5) dielectric constant

Kapp - apparent plane strain fracture toughness or residual strength (MPa/m,ksi/in)
Kc - critical plane strain fracture toughness, a measure of fracture toughness at point of crack
growth instability (MPa/m,ksi/in)
Kic - plane strain fracture toughness (MPa/m,ksi/in)
Kn - empirically calculated fatigue notch factor
Ks - plate or cylinder shear buckling coefficient
K - (1) theoretical elastic stress concentration factor
- (2) ty/cratio in H/C sandwich
Kv - dielectric strength (KV/mm, V/mil)
KKy - plate or cylinder compression buckling coefficient
- strain at unit stress (m/m,in/in)
L - cylinder, beam, or column length (mm,in)
L' - effective column length (mm,in)
Ib - pound
M - applied moment or couple (N-m,in-Ibf)
Mg - megagram(s)
MPa - megapascal(s)
MS - military standard
M.S. - margin of safety
MW - molecular weight
MWD - molecular weight distribution
m - (1) mass (kg,Ib)
- (2) number of half wave lengths
- (3) metre
- (4) slope
N - (1) number of fatigue cycles to failure

- (2) number of laminae in a laminate
- (3) distributed in-plane forces on a panel (Ibf/in)

- (4) Newton
- (5) normalized
NA - neutral axis
n - (1) number of times in a set

- (2) number of half or total wavelengths

- (3) number of fatigue cycles endured

- (1) applied load (N,Ibf)

- (2) exposure parameter

- (3) probability

- (4) specific resistance (Q)

- test ultimate load, (N,Ib per fastener)

- test yield load, (N,Ib per fastener)

- normal pressure (Pa,psi)

- pounds per square inch

- area static moment of a cross-section (mm?,in®)
- shear flow (N/m,Ibf/in)

- (1) algebraic ratio of minimum load to maximum load in cyclic loading
- (2) reduced ratio

- reduction of area

- relative humidity

- root-mean-square

- room temperature

T2O0FT LY o

3229
4
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r - (1) radius (mm,in)
- (2) root radius (mm,in)
- (3) reduced ratio (regression analysis)

S - (1) shear force (N,Ibf)
- (2) nominal stress in fatigue (MPa,ksi)
- (3) S-basis for mechanical property values
S - stress amplitude in fatigue (MPa,ksi)
S - fatigue limit (MPa,ksi)
S - mean stress in fatigue (MPa,ksi)
Shax - highest algebraic value of stress in the stress cycle (MPa,ksi)
Shin - lowest algebraic value of stress in the stress cycle (MPa,ksi)
SH - algebraic difference between the minimum and maximum stresses in one cycle (MPa,ksi)
SFE - safety factor
s - (1) arc length (mm,in)
- (2) H/C sandwich cell size (mmi,in)
T - (1) temperature (°C,°F)
- (2) applied torsional moment (N-m,in-Ibf)
Ty - thermal decomposition temperature (°C,°F)
Te - exposure temperature (°C,°F)
Ty - glass transition temperature (°C,°F)
Tm - melting temperature (°C,°F)
t - (1) thickness (mm;,in)
- (2) exposure time (s)
- (3) elapsed time (s)
\Y; - (1) volume (mm?,in®)
- (2) shear force (N,Ibf)
w - (1) weight (N,Ibf)
- (2) width (mm.,in)
- (3) Watt
X - distance along a coordinate axis
Y - nondimensional factor relating component geometry and flaw size
y - (1) deflection (due to bending) of elastic curve of a beam (mm,in)
- (2) distance from neutral axis to given point
- (3) distance along a coordinate axis
Z - section modulus, I/y (mm?,in®)
o - coefficient of thermal expansion (m/m/°C,in/in/°F)
¥ - shear strain (m/m,in/in)
A - difference (used as prefix to quantitative symbols)
) - elongation or deflection (mm,in)
€ - strain (m/m,in/in)
e® - elastic strain (m/m.,in/in)
eP - plastic strain (m/m.,in/in)
v - permeability
n - plasticity reduction factor
Ml - intrinsic viscosity
n* - dynamic complex viscosity
1% - Poisson's ratio
p - (1) density (kg/m3,Ib/in3)
- (2) radius of gyration (mm,in)
p'C - H/C sandwich core density (kg/ma,lb/ins)
> - total, summation
o - standard deviation
Gij, Tjj - stress in j direction on surface whose outer normal is in i direction (i,j = 1, 2, 30or X, Y, 2)
(MPa,ksi)
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T - applied shear stress (MPa,ksi)
n} - angular velocity (radians/s)
oo - infinity

1.6.1.1 Constituent properties

The following symbols apply specifically to the constituent properties of a typical composite material.

E - Young's modulus of filament material (MPa,ksi)
E™ - Young's modulus of matrix material (MPa,ksi)

EY - Young's modulus of impregnated glass scrim cloth in the filament direction or in the warp di-
rection of a fabric (MPa,ksi)
E§ - Young's modulus of impregnated glass scrim cloth transverse to the filament direction or to the

warp direction in a fabric (MPa,ksi)
G - shear modulus of filament material (MPa,ksi)
G™ - shear modulus of matrix (MPa,ksi)

Gfy -shear modulus of impregnated glass scrim cloth (MPa,ksi)
Gex - Shear modulus of sandwich core along X-axis (MPa,ksi)

G’cy - shear modulus of sandwich core along Y-axis (MPa,ksi)

¢ - filament length (mm.,in)

a' - coefficient of thermal expansion for filament material (m/m/°C,in/in/°F)

a™ - coefficient of thermal expansion for matrix material (m/m/°C,in/in/°F)

oy - coefficient of thermal expansion of impregnated glass scrim cloth in the filament direction or in
the warp direction of a fabric (m/m/°C,in/in/°F)

of - coefficient of thermal expansion of impregnated glass scrim cloth transverse to the filament di-

f rection or to the warp direction in a fabric (m/m/°C,in/in/°F)

v - Poisson's ratio of filament material

v™ - Poisson's ratio of matrix material

viy - glass scrim cloth Poisson's ratio relating to contraction in the transverse (or fill) direction as a
result of extension in the longitudinal (or warp) direction
vik - glass scrim cloth Poisson's ratio relating to contraction in the longitudinal (or warp) direction

as a result of extension in the transverse (or fill) direction
c - applied axial stress at a point, as used in micromechanics analysis (MPa,ksi)
T - applied shear stress at a point, as used in micromechanics analysis (MPa,ksi)

1.6.1.2 Laminae and laminates

The following symbols, abbreviations, and notations apply to composite laminae and laminates. At
the present time the focus in MIL-HDBK-17 is on laminae properties. However, commonly used nomen-
clature for both laminae and laminates are included here to avoid potential confusion.

A (ij=126) - extensional rigidities (N/m,lbf/in)
B (ij=126) - coupling matrix (N,Ibf)

GCj(ij=126) - elements of stiffness matrix (Pa,psi)
Dy, Dy - flexural rigidities (N-m,Ibf-in)
D - twisting rigidity (N-m,Ibf-in)

Xy
D; (i,j =1,26) - flexural rigidities (N-m,Ibf-in)

E; - Young's modulus of lamina parallel to filament or warp direction (GPa,Msi)
E> - Young's modulus of lamina transverse to filament or warp direction (GPa,Msi)
Ex - Young's modulus of laminate along x reference axis (GPa,Msi)
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E, - Young's modulus of laminate along y reference axis (GPa,Msi)

G - shear modulus of lamina in 12 plane (GPa,Msi)

Gy - shear modulus of laminate in xy reference plane (GPa,Msi)

h; - thickness of i"" ply or lamina (mm.,in)

My, My, Myy - bending and twisting moment components (N-m/m, in-Ibf/in in plate and shell analy-
sis)

" - humber of filaments per unit length per lamina

QuQ - shear force parallel to z axis of sections of a plate perpendicular to x and y axes, re-

spectively (N/m,Ibf/in)
Q;(i,j=126) -reduced stiffness matrix (Pa,psi)

Uy, Uy, U, - components of the displacement vector (mm,in)

ug, ug, u? - components of the displacement vector at the laminate's midsurface (mm,in)

V, - void content (% by volume)

\ - filament content or fiber volume (% by volume)

Vg - glass scrim cloth content (% by volume)

Vi - matrix content (% by volume)

Vi, Vy - edge or support shear force (N/m,lbf/in)

W - filament content (% by weight)

Wy - glass scrim cloth content (% by weight)

W, - matrix content (% by weight)

W - weight of laminate per unit surface area (N/mz,lbf/inz)

o - lamina coefficient of thermal expansion along 1 axis (m/m/°C,in/in/°F)

a; - lamina coefficient of thermal expansion along 2 axis (m/m/°C,in/in/°F)

oy - laminate coefficient of thermal expansion along general reference x axis (m/m/°C,
in/in/°F)

ay - laminate coefficient of thermal expansion along general reference y axis (m/m/°C,
in/in/°F)

Ay - laminate shear distortion coefficient of thermal expansion (m/m/°C,in/in/°F)

0 - angular orientation of a lamina in a laminate, i.e., angle between 1 and x axes (°)

Axy - product of v, and v

Vi - Poisson's ratio relating contraction in the 2 direction as a result of extension in the 1
direction®

Vo - Poisson's ratio relating contraction in the 1 direction as a result of extension in the 2
direction®

Vxy - Poisson's ratio relating contraction in the y direction as a result of extension in the x
direction®

Vyx - Poisson's ratio relating contraction in the x direction as a result of extension in the y
direction®

De - density of a single lamina (kg/m® Ib/in®)

;;C - density of a laminate (kg/ma,lb/ins)

[0} - (1) general angular coordinate, (°)

- (2) angle between x and load axes in off-axis loading (°)
1.6.1.3 Subscripts

The following subscript notations are considered standard in MIL-HDBK-17.

1,2,3 -laminae natural orthogonal coordinates (1 is filament or warp direction)
A - axial
a - (1) adhesive
- (2) alternating
app - apparent

The convention for Poisson'’s ratio should be checked before comparing different sources as different conventions are used.
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byp - bypass
C - composite system, specific filament/matrix composition. Composite as a whole, contrasted
to individual constituents. Also, sandwich core when used in conjunction with prime ()
- (4) critical
- centrifugal force
- fatigue or endurance
- effective
- equivalent
- filament
- glass scrim cloth
- hoop
- i™ position in a sequence
- lateral
- (1) matrix
- (2) mean
max - maximum
min - minimum
n - (1) n" (last) position in a sequence
- (2) normal
- polar
- symmetric
- stiffener
- transverse
- value of parameter at time t
y,Z - general coordinate system
- total, or summation

- initial or reference datum
- format for indicating specific, temperature associated with term in parentheses. RT - room
temperature (21°C,70°F); all other temperatures in °F unless specified.
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1.6.1.4 Superscripts

The following superscript notations are considered standard in MIL-HDBK-17.

b - bending
br - bearing
c - (1) compression
- (2) creep
cc - compression crippling
cr - compression buckling
e - elastic
f - filament
g - glass scrim cloth
is - interlaminar shear
(i) -i" ply or lamina
lim - limit, used to indicate limit loading
m - matrix
ohc - open hole compression
oht - open hole tension
p - plastic
pl - proportional limit
rup - rupture
s - shear
scr - shear buckling
Sec - secant (modulus)
So) - offset shear
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T - temperature or thermal
t - tension

tan - tangent (modulus)

u - ultimate

y - yield

- secondary (modulus), or denotes properties of H/C core when used with subscript ¢
CAl - compression after impact

1.6.1.5 Acronyms

The following acronyms are used in MIL-HDBK-17.

AA - atomic absorption

AES - Auger electron spectroscopy

AlA - Aerospace Industries Association
ANOVA - analysis of variance

ARL - US Army Research Laboratory

ASTM - American Society for Testing and Materials
BMI - bismaleimide

BVID - barely visible impact damage

CAI - compression after impact

CCA - composite cylinder assemblage

CFRP - carbon fiber reinforced plastic

CLS - crack lap shear

CMCS - Composite Motorcase Subcommittee (JANNAF)
CPT - cured ply thickness

CTA - cold temperature ambient

CTD - cold temperature dry

CTE - coefficient of thermal expansion

Cv - coefficient of variation

CVvD - chemical vapor deposition

DCB - double cantilever beam

DDA - dynamic dielectric analysis

DLL - design limit load

DMA - dynamic mechanical analysis

DOD - Department of Defense

DSC - differential scanning calorimetry

DTA - differential thermal analysis

DTRC - David Taylor Research Center

ENF - end notched flexure

EOL - end-of-life

ESCA - electron spectroscopy for chemical analysis
ESR - electron spin resonance

ETW - elevated temperature wet

FAA - Federal Aviation Administration

FFF - field flow fractionation

FGRP - fiberglass reinforced plastic

FMECA - Failure Modes Effects Criticality Analysis
FOD - foreign object damage

FTIR - Fourier transform infrared spectroscopy
FWC - finite width correction factor

GC - gas chromatography

GSCS - Generalized Self Consistent Scheme
HDT - heat distortion temperature

HPLC - high performance liquid chromatography
ICAP - inductively coupled plasma emission
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