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Standard Practice for

Tensile Properties of Tapered and Stepped Joints of
Polymer Matrix Composite Laminates1

This standard is issued under the fixed designation D8131/D8131M; the number immediately following the designation indicates the

year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last

reapproval. A superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test practice defines the procedure for determina-

tion of the tensile strength of a tapered or stepped joint of

polymer matrix composite materials. It is applicable to second-

ary bonded or co-bonded laminates with either unidirectional

plies or woven fabric reinforcements. The materials to be

bonded may be different material systems. In the bondline, a

separate adhesive material may or may not be used (example:

adhesives may be used with a prepreg system or may not be

used with a wet lay-up repair system). The range of acceptable

test laminates and thicknesses is described in 8.2.1.

1.2 This practice supplements Test Method D3039/D3039M

for tensile loading. Several important test specimen parameters

(for example, joint length, ply overlaps, step depth, and taper

ratio) are not mandated by this practice, however, these

parameters are required to be specified and reported to support

repeatable results.

1.3 Unidirectional (0° ply orientation) tape composites,

textile composites, as well as multidirectional composite

laminates, can be tested.

1.4 Units—The values stated in either SI units or inch-

pound units are to be regarded separately as standard. The

values stated in each system are not necessarily exact equiva-

lents; therefore, to ensure conformance with the standard, each

system shall be used independently of the other, and values

from the two systems shall not be combined.

1.4.1 Within the text the inch-pound units are shown in

brackets.

1.5 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

D792 Test Methods for Density and Specific Gravity (Rela-

tive Density) of Plastics by Displacement

D883 Terminology Relating to Plastics

D2584 Test Method for Ignition Loss of Cured Reinforced

Resins

D2734 Test Methods for Void Content of Reinforced Plastics

D3039/D3039M Test Method for Tensile Properties of Poly-

mer Matrix Composite Materials

D3171 Test Methods for Constituent Content of Composite

Materials

D3878 Terminology for Composite Materials

D5229/D5229M Test Method for Moisture Absorption Prop-

erties and Equilibrium Conditioning of Polymer Matrix

Composite Materials

E4 Practices for Force Calibration and Verification of Test-

ing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E122 Practice for Calculating Sample Size to Estimate, With

Specified Precision, the Average for a Characteristic of a

Lot or Process

E177 Practice for Use of the Terms Precision and Bias in

ASTM Test Methods

E456 Terminology Relating to Quality and Statistics

E2533 Guide for Nondestructive Examination of Polymer

Matrix Composites Used in Aerospace Applications

2.2 Other Documents:3

CMH-17 Composite Materials Handbook-17 – Volume I
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Methods.
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3. Terminology

3.1 Terminology D3878 defines terms relating to high-

modulus fibers and their composites. Terminology D883 de-

fines terms relating to plastics. Terminology E6 defines terms

relating to mechanical testing. Terminology E456 and Practice

E177 define terms relating to statistics. In the event of a

conflict between terms, Terminology D3878 shall have prece-

dence over the other terminology standards.

NOTE 1—If the term represents a physical quantity, its analytical
dimensions are stated immediately following the term (or letter symbol) in
fundamental dimension form, using the following ASTM standard sym-
bology for fundamental dimensions, shown within square brackets: [M]
for mass, [L] for length, [T] for time, [θ] for thermodynamic temperature,
and [nd] for nondimensional quantities. Use of these symbols is restricted
to analytical dimensions when used with square brackets, as the symbols
may have other definitions when used without the brackets.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 co-bonded (repair) laminate, n—the co-bonded lami-

nate is the laminate that is bonded to the parent pre-cured

laminate and cured in a second cure cycle.

3.2.2 joint tensile strength, n—ultimate tensile force expe-

rienced by the test specimen divided by the initial width of the

joint area and the nominal thickness of the parent laminate.

3.2.3 nominal value, n—a value, existing in name only,

assigned to a measureable property for the purpose of conve-

nient designation. Tolerances may be applied to a nominal

value to define and acceptable range for the property.

3.2.4 parent laminate, n—the parent laminate is the laminate

that is cured during the first cure cycle.

3.2.5 secondary bonded (repair) laminate, n—the secondary

bonded laminate is a pre-cured laminate that is bonded to the

parent pre-cured laminate using a separate adhesive material

(sometimes referred to as a pre-cured patch repair).

3.3 Symbols:

3.3.1 CV—sample coefficient of variation, in percent

3.3.2 Fp
tu—ultimate tensile strength, based on parent lami-

nate thickness

3.3.3 Fr
tu—ultimate tensile strength, based on repair lami-

nate thickness

3.3.4 hp—specimen nominal parent laminate thickness as

specified by the test requestor (nominal ply thickness may be

available from the relevant material specification)

3.3.5 hr—specimen nominal repair laminate thickness as

specified by the test requestor (nominal ply thickness may be

available from the relevant material specification)

3.3.6 Nj—ultimate joint running force per ply

3.3.7 n—number of specimens

3.3.8 np—number of parent laminate plies

3.3.9 Pf—maximum force carried by test specimen at failure

3.3.10 Sn–1—standard deviation statistic of a sample popu-

lation for a given property

3.3.11 w—specimen width

3.3.12 xi—test result for an individual coupon from the

sample population for a given property

3.3.13 x̄—mean or average (estimate of mean) of a sample

population for a given property

4. Summary of Practice

4.1 Tapered or Stepped Joint Tensile Strength—In accor-

dance with Test Method D3039/D3039M, but using a tapered

or stepped joint configured specimen (Fig. 1 or Fig. 2), perform

a uniaxial tension test of the composite laminate joint speci-

men.

5. Significance and Use

5.1 This test practice is designed to produce tensile property

data for material specifications, research and development,

quality assurance, and structural design and analysis. Factors

that influence the tensile response and should therefore be

reported include the following: materials (laminates and

adhesive), methods of material preparation including surface

preparation prior to bonding, lay-ups, specimen stacking

sequence, joint taper ratio or step length, ply overlap length,

material relative thicknesses and stiffness of the parent and

repair laminates, adhesive bond stiffness, specimen

preparation, specimen conditioning, environment of testing,

specimen alignment and gripping, speed of testing, time at

temperature, void content, and volume percent reinforcement.

Properties in the test direction, which may be obtained from

this test practice, include the following:

5.1.1 Ultimate tensile strength (based on the nominal parent

material thickness), (Fp
tu).

5.1.2 Ultimate tensile strength (based on the nominal repair

material thickness), (Fr
tu).

5.1.3 Ultimate running force per repair ply, (Nj).

6. Interferences

6.1 Material and Specimen Preparation—Poor material fab-

rication practices, lack of control of fiber alignment, and

damage induced by improper coupon machining are known

causes of high material data scatter in composites. For the

bonded joint specimens, the quality of the co-cured laminate

(ply positioning, lengths, impregnation for wet lay-up material

systems), lack of orientation control of the parent laminate or

pre-cured patch, and quality of the bond between the parent

and pre-cured or co-cured bonded laminates will have signifi-

cant effects on the test results.

6.2 Gripping—A high percentage of grip-induced failures,

especially when combined with high material data scatter, is an

indicator of specimen gripping problems. Specimen gripping

methods are discussed further in Test Method D3039/D3039M.

Specimen shall not be gripped within 25 mm [1.0 in.] of the

bondline (joint) area.

6.3 System Alignment—Excessive bending will cause pre-

mature failure, as well as highly inappropriate load-versus-

deflection response. Every effort should be made to eliminate

excess bending from the test system. Bending may occur as a

result of misaligned grips or from specimens themselves if

improperly installed in the grips or out-of-tolerance caused by

poor specimen preparation. If there are differences in material

thickness and stiffness of the parent versus repair laminates, it
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