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Introduction

When it comes to ensuring the integrity and performance of composite materials, engineers and researchers rely

on a robust set of testing protocols. Among these, ASTM E2714 stands out as a comprehensive standard for the
mechanical testing of composite materials, particularly in the context of aerospace, automotive, and sporting goods
industries. This article dives deep into the ASTM E2714 13standard, exploring its origins, scope, testing
procedures, practical applications, and how it compares to other testing methods. Whether you're a materials
scientist, a quality assurance professional, or simply curious about how composite materials are evaluated, this
guide will provide you with a thorough understanding of the standard and its importance in modern engineering.

What Is ASTM E27147?

The American Society for Testing and Materials (ASTM) publishes a wide array of standards that govern the testing
of materials across industries. ASTM E2714is specifically focused on the mechanical testing of composite
materials. The “E” series of ASTM standards deals with engineering and testing, while the number 2714 identifies
the particular test method. The “13” suffix indicates the 2013 edition of the standard, which incorporates updates
and refinements from earlier versions.

In essence, ASTM E2714 provides a systematic framework for evaluating key mechanical properties of composite
materials, such as tensile strength, compressive strength, flexural behavior, and interlaminar shear strength. By
adhering to this standard, laboratories can produce consistent, comparable results that meet industry expectations
and regulatory requirements.

Historical Context and Development

Composite materials have been used for centuries, but their modern, high-performance applications began to
flourish in the latter half of the 20th century. As aerospace, automotive, and sporting goods manufacturers
increasingly adopted composites, the need for standardized testing grew. ASTM responded by developing a series
of standards, culminating in the release of ASTM E2714 in the early 2000s. The 2013 revision (ASTM E2714 13)
incorporated new testing techniques, updated specimen geometries, and clarified procedural steps to enhance
reproducibility.

e 1990s: Initial composite testing methods were fragmented across multiple ASTM standards.

e 2000: The first unified ASTM E2714 standard was published, consolidating procedures for tensile,
compressive, and flexural tests.

e 2013: The standard was updated (ASTM E2714 13) to reflect advances in composite technology and testing
equipment.

Scope of ASTM E2714 13

The standard covers a broad range of mechanical tests applicable to both unidirectional and multidirectional
composites. Key testing categories include:



Tensile Testing: Evaluates the ability of a composite to withstand pulling forces.
Compressive Testing: Determines how a material behaves under squeezing forces.
Flexural (Bending) Testing: Assesses the material’s resistance to bending.
Interlaminar Shear Strength: Measures the shear resistance between layers.
Fracture Toughness: Evaluates the material’s resistance to crack propagation.
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These tests are applicable to a variety of composite systems, including fiber-reinforced polymers (FRPs), metal
matrix composites, and ceramic matrix composites. ASTM E2714 13 also outlines specimen preparation, testing
equipment, and data analysis procedures to ensure consistency across laboratories.

Sample Preparation Guidelines

Proper specimen preparation is critical for accurate results. ASTM E2714 13 provides detailed instructions on
dimensions, tolerances, and surface finish for each test type. Below are the key steps for the most common tests:

Tensile Specimens
Specimens are typically prepared in a dog-bone shape to minimize stress concentrations. The standard specifies:
¢ Gauge Length: 25 mm (x1 mm).
e Width: 6 mm (0.2 mm).
e Thickness: 2 mm (0.1 mm).
e Surface Finish: Smooth, free of burrs.
Compressive Specimens
Flat, square or rectangular plates are used. The standard requires:
¢ Length and Width: 50 mm (2 mm).
e Thickness: 10 mm (£0.5 mm).
e Surface Finish: Flat, free of scratches.
Flexural Specimens

Specimens for three-point bending tests are typically 100 mm long, 25 mm wide, and 2 mm thick.

Interlaminar Shear Strength Specimens

These are often rectangular panels with a notch to localize shear stress. The standard provides specific notch
dimensions and tolerances.

Equipment and Calibration

ASTM E2714 13 emphasizes the importance of using calibrated, high-precision testing equipment. The key
instruments include:

1. Universal Testing Machine (UTM): For tensile, compressive, and flexural tests.

2. Load Cells: Calibrated to the maximum expected load with a tolerance of +0.5%.

3. Displacement Transducers: Capable of measuring strain with a resolution of 0.01 mm.
4. Environmental Chamber: If testing under controlled temperature or humidity conditions.

Calibration should be performed before each test session, following the manufacturer’s guidelines and the ASTM
calibration procedure. Record all calibration data in the test log.

Testing Procedure Overview



Each test type follows a systematic procedure to ensure repeatability. Below is a concise summary for the most
common tests:

Tensile Test

1. Mount the specimen in the UTM grips.

2. Set the crosshead speed to 2 mm/min.

3. Apply load until failure, recording load and displacement data.
4. Calculate tensile strength, modulus, and strain at failure.

Compressive Test

1. Place the specimen between the compression platens.
2. Apply load at 1 mm/min until the specimen fails or reaches the prescribed maximum load.
3. Record load and displacement, then compute compressive strength and modulus.

Flexural Test

1. Set up a three-point bending fixture with a span of 75 mm.
2. Apply load at 1 mm/min until the specimen fractures.
3. Determine flexural modulus and flexural strength from the load—displacement curve.

Interlaminar Shear Strength Test

1. Prepare a notched specimen according to ASTM E2714 13.

2. Place it in the shear testing fixture.

3. Apply load at 0.5 mm/min until shear failure occurs.

4. Calculate the interlaminar shear strength from the maximum load and the bonded area.

Data Analysis and Interpretation

Once the test data are collected, the following steps guide the analysis:

e Stress—Strain Curve: Plot load versus displacement, then convert to stress—strain using specimen dimensions.
* Modulus of Elasticity: Determine the slope of the linear portion of the curve.

Ultimate Strength: Identify the maximum stress before failure.

Failure Mode: Observe whether failure is interlaminar, intralaminar, or matrix-dominated.

Statistical Analysis: Compute mean, standard deviation, and coefficient of variation across multiple specimens.

ASTM E2714 13 recommends reporting results in a standardized format, including a detailed test log and a
discussion of any anomalies observed during testing.

Applications Across Industries

Composite materials are ubiquitous in high-performance sectors. ASTM E2714 13 is instrumental in ensuring these
materials meet rigorous performance criteria. Key application areas include:

« Aerospace: Aircraft skins, wing spars, and fuselage panels rely on precise mechanical data to guarantee
safety and performance.

« Automotive: Lightweight carbon fiber components reduce fuel consumption and enhance crashworthiness.

e Sporting Goods: Bicycles, golf clubs, and tennis rackets benefit from high strength-to-weight ratios.

* Marine: Composite hulls and decks require resistance to cyclic loading and environmental degradation.

e Construction: Reinforced concrete and bridge components use fiber composites to improve load-bearing
capacity.



Comparing ASTM E2714 with Other Standards

While ASTM E2714 provides a comprehensive suite of mechanical tests, other standards also play vital roles.
Here’s a quick comparison:



Standard Focus Key Tests Industry Use

ASTM D3039 Unidirectional Fiber- Tensile, Shear Aerospace, Automotive
Reinforced Composites

ASTM D790 Flexural Properties of Flexural Strength & Construction,
Polymer Matrix Composites Modulus Manufacturing

ASTM D638 Impact Resistance of Charpy, Izod General Polymer
Polymers Applications

ASTM E2714 13 Mechanical Testing of Tensile, Compressive, All High-Performance
Composite Materials Flexural, Interlaminar Shear Composite Industries

ASTM E2714 13's strength lies in its unified approach, covering multiple mechanical properties within a single
standard. This reduces the need for separate test protocols and streamlines the certification process.

Common Challenges and How to Overcome Them

Despite its thoroughness, applying ASTM E2714 13 can present challenges. Here are some common issues and
practical solutions:

1. Specimen Dimensional Inconsistencies

Solution: Use precision cutting tools and verify dimensions with a micrometer before testing.

2. Stress Concentrations Due to Notches

Solution: Ensure notches are precisely machined and surface-polished to minimize unintended stress risers.

3. Equipment Calibration Drift

Solution: Calibrate load cells and displacement transducers before each test session and log calibration data.

4. Environmental Effects on Material Behavior

Solution: Conduct tests in a controlled environment (temperature, humidity) or document environmental conditions
for post-test analysis.

5. Data Interpretation Errors

Solution: Use statistical software to analyze load—displacement data and confirm the linearity of the elastic region
before calculating moduli.

Frequently Asked Questions (FAQS)
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