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Introduction

When engineers design a bridge, a car, or a micro �electronic device, they must be absolutely certain that the

materials will hold up under the forces they will encounter. One of the most critical ways to verify material

performance is through tensile testing, a procedure that pulls a specimen until it fails. The ASTM E8 and its

companion documents, ASTM E8M and ASTM E16A, are the benchmark standards that define how these tests

should be conducted, how data should be reported, and how results should be interpreted. Understanding these

standards is essential for quality control labs, research institutions, and manufacturers who need to demonstrate

compliance, compare materials, or develop new alloys.

In this article we will explore the purpose of ASTM E8, E8M, and E16A, the test setup, specimen geometry, loading

procedures, data analysis, and common pitfalls. By the end, you will have a clear picture of how these standards

shape the world of tensile testing and why they matter for anyone working with metals, polymers, and composites.

What Are ASTM E8, E8M, and E16A?

ASTM International (formerly the American Society for Testing and Materials) publishes a wide array of standards

for testing materials. Among the most widely referenced are:

•  ASTM E8/E8M – “Standard Test Methods for Tension Testing of Metallic Materials.” The “E8M” suffix indicates 

the most recent edition, published in 2018, which incorporates updates to specimen geometry and testing 

procedures.

•  ASTM E16A – “Standard Test Method for Tension Testing of Polymer and Composite Materials.” This standard 

expands the principles of ASTM E8 to non �metallic materials, addressing differences in specimen preparation, 

testing speeds, and data interpretation.

Both standards are designed to provide a consistent framework for:

•  Specimen preparation and geometry

•  Test equipment and calibration

•  Loading rates and strain measurement

•  Data reduction and reporting

•  Safety and environmental considerations

Because these standards are globally recognized, they serve as a common language that allows manufacturers,

suppliers, and regulators to compare test results across borders and industries.

Core Principles of Tensile Testing

Before diving into the specifics of ASTM E8/E8M and E16A, it’s helpful to recap the fundamentals of a tension test:

1.  Specimen – A standardized shape of the material being tested.

2.  Loading – A controlled application of force, typically using a universal testing machine.

3.  Strain Measurement – Recording the deformation of the specimen, usually via extensometers or strain 

gauges.



4.  Stress–Strain Curve – Plotting the applied stress against the resulting strain to reveal mechanical properties.

5.  Failure Point – The maximum load the specimen can sustain before fracturing.

From the stress–strain curve, engineers extract key parameters such as yield strength, ultimate tensile strength,

elongation at break, and modulus of elasticity.

ASTM E8/E8M: Tension Testing of Metallic Materials

1. Specimen Geometry and Preparation

ASTM E8/E8M specifies several specimen geometries, but the most common are:

•  Standard Test Specimen – Typically a rectangular bar with a gauge length of 100 mm and a width of 20 mm 

(for mild steel).

•  Miniature Specimen – For materials with limited availability, a smaller gauge length (e.g., 50 mm) is 

acceptable.

Key preparation steps include:

•  Machining the specimen to the required dimensions with a tolerance of ±0.1 mm.

•  Polishing the gauge section to eliminate surface defects that could act as stress concentrators.

•  Marking the gauge length precisely to ensure accurate strain calculation.

2. Test Equipment and Calibration

ASTM E8/E8M requires a calibrated universal testing machine (UTM) equipped with:

•  Load cell with a capacity suitable for the expected maximum load (usually 5% of the specimen’s ultimate 

tensile strength).

•  Crosshead displacement measurement system with an accuracy of ±0.01 mm.

•  Extensometer or strain gauge system for direct strain measurement, especially important for low �strain 

materials.

Prior to testing, the UTM must be calibrated using standard weights and displacement references to meet the

tolerance specifications outlined in the standard.

3. Loading Rate and Test Speed

ASTM E8/E8M recommends a crosshead speed of 1–10 mm/min, depending on the material. For ductile metals, a

speed of 2 mm/min is typical, while for brittle materials, a slower rate may be necessary to avoid dynamic effects.

The standard also provides guidelines for “strain rate” adjustments if the test is conducted at a speed that deviates

from the recommended range.

4. Data Acquisition and Reduction

During the test, the UTM records:

•  Applied load (force) vs. displacement (extension).

•  Strain measured by the extensometer or calculated from displacement.

The stress–strain curve is generated by dividing the load by the cross �sectional area of the specimen. Key points on

the curve include:

•  Yield Strength (<7’’	b�ögFVâ�FWFW mined by the 0.2% offset method.

•  Ultimate Tensile Strength (<7R’	b�The maximum stress before necking.

•  Elongation at Break (;Vb’	b�Total strain at fracture.



•  Reduction in Area (RA) – Percentage decrease in cross �sectional area at fracture.

5. Reporting Requirements

ASTM E8/E8M mandates that test reports include:

•  Specimen identification and dimensions.

•  Test machine details, calibration certificates, and loading rate.

•  Stress–strain curves with labeled key points.

•  Calculated mechanical properties and any deviations from standard procedures.

ASTM E16A: Tension Testing of Polymer and Composite Materials

1. Specimen Geometry for Polymers and Composites

Unlike metals, polymers and composites often require specialized specimen shapes to accommodate their

anisotropy and lower strength. ASTM E16A recommends:

•  Rectangular specimens with a gauge length of 25 mm and a width of 5 mm for most polymers.

•  Tensile bars for fiber �reinforced composites with a gauge length of 100 mm and a width of 20 mm, but with a 

reduced thickness to match the fiber orientation.

2. Testing Speed and Temperature Control

Polymers are highly sensitive to temperature and strain rate. ASTM E16A specifies:

•  A crosshead speed of 1–5 mm/min, depending on the polymer’s stiffness.

•  Temperature control within ±1°C for thermoplastic materials, often using a temperature chamber.

3. Strain Measurement Techniques

Because many polymers exhibit significant viscoelastic behavior, strain measurement must be precise:

•  Extensometers with optical or digital readouts are preferred.

•  Strain gauges can be used, but must be calibrated for temperature effects.

4. Data Interpretation for Polymers

Key properties derived from the stress–strain curve include:

•  Young’s Modulus (E) – Slope of the initial linear region.

•  Stress �Strain Ratio (SSRR) – Useful for viscoelastic characterization.

•  Energy Absorption – Area under the stress–strain curve up to failure.

5. Special Considerations for Composites

Fiber �reinforced composites may exhibit anisotropic behavior. ASTM E16A advises performing tests in at least two

orientations (0° and 90° relative to fiber direction) to capture the full mechanical profile. Additionally, the standard

recommends careful inspection of the fracture surface for delamination or fiber pull �out, which can affect the

reported properties.

Practical Tips for Successful Tensile Testing

1. Maintain Specimen Integrity

Even a small flaw can dramatically reduce the tensile strength of a specimen. Ensure that all specimens are free

from burrs, cracks, and surface roughness. Use a light microscope to inspect the gauge section before testing.

2. Calibrate Your Equipment Regularly



Load cells and displacement sensors drift over time. Follow the manufacturer’s calibration schedule and keep

certificates on hand. A miscalibrated load cell can lead to erroneous stress calculations.

3. Control Environmental Conditions

Temperature and humidity can influence material behavior, especially for polymers. Conduct tests in a

climate �controlled laboratory or use a temperature chamber as per ASTM E16A.

4. Use Proper Extensometers

For high �precision strain measurements, attach an extensometer directly to the gauge section. Avoid using the

machine’s displacement data alone, as it includes machine compliance and not just specimen deformation.

5. Document Every Step

Keep a detailed test log: specimen ID, dimensions, machine settings, calibration status, environmental data, and

any anomalies observed during the test. This documentation is vital for traceability and for meeting regulatory

requirements.

Common Pitfalls and How to Avoid Them

1. Over �loading the Specimen

Exceeding the load cell capacity can damage the machine or produce inaccurate data. Always select a load cell

that exceeds the expected maximum load by at least 5%.

2. Ignoring Machine Compliance

Universal testing machines have inherent stiffness. Neglecting machine compliance can lead to underestimation of

specimen deformation. Apply the compliance correction factor as outlined in the standard.

3. Using Inappropriate Specimen Geometry

Applying a standard metal specimen to a polymer can lead to premature failure or inaccurate property

measurement. Follow the geometry guidelines of ASTM E16A for polymers and composites.

4. Neglecting Temperature Effects

Polymers soften significantly at elevated temperatures. Failure to control temperature can result in lower measured

strengths. Use a temperature chamber or perform the test in a temperature �controlled environment.

Sample Calculation: Determining Yield Strength from a Stress–Strain Curve

Suppose a mild steel specimen yields a stress–strain curve with a linear region up to 200 MPa. The 0.2% offset

method involves:

1.  Plotting a line parallel to the initial linear portion of the curve, offset by 0.2% strain (i.e., 0.002).

2.  The intersection of this offset line with the actual stress–strain curve gives the yield strength.

If the offset line intersects the curve at 250 MPa, then the yield strength is 250 MPa. This method is standard in

ASTM E8/E8M and provides a consistent way to define yield for ductile metals.

How ASTM E8/E8M and E16A
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