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In the high-stakes world of materials science and mechanical engineering, the accuracy of strain measurement is
not merely a matter of academic interest; it is the cornerstone of structural integrity, safety, and innovation. When
engineers determine the yield strength of a new aerospace alloy or the elasticity of a bio-compatible polymer, they
rely on extensometers to provide precise displacement data. However, for this data to be legally and technically
defensible, the measuring instruments must adhere to a rigorous framework of verification. This is where ASTM E83
, the "Standard Practice for Verification and Classification of Extensometer Systems," becomes indispensable.

The Criticality of Precision in Strain Measurement

Strain measurement involves detecting minute changes in the length of a specimen under load. Unlike force
measurement, which is typically handled by the testing machine's load cell, strain measurement happens directly

on the specimen via an extensometer. Any error in this measurement propagates through the entire set of
mechanical property calculations, leading to incorrect values for Young’s Modulus, yield strength, and elongation at
break.

ASTM E83 provides a standardized methodology to ensure that these devices perform within specified tolerance
limits. It is a systematic approach to classifying instruments based on their maximum permissible error, allowing
laboratories to match the precision of their equipment to the requirements of the specific test being performed.

Defining Core Concepts: Calibration vs. Verification

In the context of ASTM E83, it is vital to distinguish between two often-confused terms: calibration and verification

e Calibration: This is the act of comparing a device's output against a known reference standard of higher
accuracy. It identifies the relationship between the indicated value and the actual value.

 Verification: This is a formal determination that the system meets the specific requirements of a given
classification (e.g., Class B-1) after the calibration has been performed. Verification is the "pass/fail" assessment
based on the data gathered during calibration.

The Extensometer System, as defined by ASTM E83, includes the entire chain of measurement: the sensing
element (the extensometer itself), the signal conditioning electronics, and the data acquisition or display system
(the software or recorder). All these components must be verified together as a single entity.

The Hierarchy of Classification: Classes A through E

ASTM EB83 categorizes extensometers into several classes based on their accuracy and resolution. Choosing the
correct class is essential for compliance with other standards, such as ASTM E8(Metallic Materials Tension
Testing).

Comparison of ASTM E83 Classification Requirements

The following table summarizes the maximum allowable errors and resolution requirements for each classification



level. Note that the error is defined as the difference between the indicated strain and the actual strain produced by
the calibration apparatus.



Classification Relative Error of Gauge Maximum Error (Fixed Resolution (Must be at

Length (%) Value or % of Reading) least...)

Class A +0.1% +0.00001 in. (0.00025 mm) 0.000005 in. (0.00012 mm)
or +0.1%

Class B-1 +0.25% +0.0001 in. (0.0025 mm) or 0.00005 in. (0.0012 mm)
+0.5%

Class B-2 +0.5% +0.0002 in. (0.005 mm) or 0.0001 in. (0.0025 mm)
+0.5%

Class C +1.0% +0.001 in. (0.025 mm) or 0.0005 in. (0.012 mm)
+1.0%

Class D +1.0% +0.01 in. (0.25 mm) or 0.005 in. (0.12 mm)
+1.0%

Class E +1.0% +0.1in. (2.5 mm) or £1.0% 0.05in. (1.2 mm)

As seen in the table, Class A extensometers are the most precise and are typically reserved for high-accuracy
research or the calibration of other instruments. Class B-1 and B-2are common in industrial testing for determining
modulus and yield properties.

The Mathematical Framework for Error Calculation

To verify an extensometer, multiple displacement readings are taken across the device's measurement range. The
standard requires the calculation of two primary types of error: Absolute Error and Relative Error.

1. Absolute Error Calculation

The absolute error ($E$) is the simple difference between the displacement indicated by the extensometer system
($L_i$) and the displacement shown by the calibration standard ($L_s$):

E=Li-L.s

2. Relative Error Calculation

For larger displacements, the error is expressed as a percentage of the reading to provide a relative measure of
accuracy:

Relative Error (%) = [(L_i-L_s)/L_s] x 100

3. Repeatability and Resolution

Resolution is the smallest change in strain that the system can reliably detect and display. ASTM E83 mandates
that the resolution must be equal to or better than half of the allowable error for the desired class. Verification also
involves checking repeatability, which is the ability of the system to provide consistent readings for the same
displacement under identical conditions.

Verification Procedures: Step-by-Step Technical Workflow

The verification of an extensometer system must be conducted by a qualified technician, often from an ISO 17025
accredited laboratory. The process follows a structured sequence:



Step 1: Environmental Stabilization

Extensometers are sensitive to temperature fluctuations. The system must be allowed to stabilize in the testing
environment for a minimum period (usually 24 hours) before verification begins. The temperature during the test
should be recorded, as thermal expansion can introduce significant bias in Class A and B-1 instruments.

Step 2: Apparatus Selection

The calibration apparatus (often called an extensometer calibrator) must itself be traceable to a national metrology
institute (like NIST) and have an accuracy at least five times greater than the class of the extensometer being
verified. For Class A systems, interferometers are often required; for others, precision micrometer heads or digital
encoders are used.

Step 3: Verification of Gauge Length

The Gauge Length (L_0)is the initial distance between the points of attachment on the specimen. ASTM E83
requires that the gauge length be verified to within the tolerances specified in the table above. If the extensometer
has a variable gauge length, the most commonly used settings must be verified.

Step 4: The Displacement Sequence

The technician applies a series of known displacements to the extensometer. ASTM E83 typically requires at least
two "runs" or series of readings. For each range, at least five data points must be measured, usually spaced evenly
across the full scale of the device.

Step 5: Analysis and Reporting

The data is analyzed to ensure that no single reading exceeds the maximum allowable error for the target class. A
formal Verification Report is then generated, which must include:

Identification of the system (Serial numbers, software versions).
¢ The class assigned.

The method of verification and the standard used.

* The specific gauge length for which the system is verified.

¢ The environmental conditions (temperature).

Comparison: ASTM E83 vs. ISO 9513

While ASTM E83 is the dominant standard in North America, ISO 9513is its international counterpart. While they
share the same goal, there are subtle differences in how they categorize and calculate errors.



Feature ASTM E83 1ISO 9513

Classification Labels A, B-1,B-2,C,D, E 0.2,05,1,2

Error Metric Fixed error or % of reading Relative error and absolute error
Resolution Rule Strictly defined per class Related to the class number
Verification Interval Usually 12-18 months Usually 12 months

In practice, a Class B-1 extensometer under ASTM E83 is often considered roughly equivalent to a Class 0.5
instrument under 1ISO 9513, though the specific mathematical thresholds differ slightly.

Field Guide: Choosing and Maintaining Your Extensometer

Selecting the right extensometer system requires balancing the material's properties with the requirements of
ASTM E83. For example, brittle materials with high stiffness (like ceramics) require Class B-1 or better because the
total strain at failure is very small. Conversely, highly ductile polymers may only require a Class C or D system.

Implementation Checklist for Labs:

1. Identify the Test Objective: Are you measuring Young’s Modulus? If so, ASTM EB8 dictates at least a Class
B-2 instrument.

2. Check the Range: Ensure the extensometer's travel is sufficient for the specimen's expected elongation
without exceeding the verified range.

3. Verify the Gauge Length: Ensure the knife edges or sensors are set to the correct initial length specified in
your test standard.

4. Routine Verification: Schedule formal verification at least every 12 months, or immediately after any event
that could affect accuracy (e.g., dropping the device, over-extending it, or major software updates).

Troubleshooting and Common Failure Modes

Even high-quality extensometers can fail verification. Understanding why can save significant downtime.

1. Hysteresis and Backlash

If the readings differ significantly when the displacement is increasing versus decreasing, the system is exhibiting
hysteresis. This is often caused by mechanical wear in the pivot points or loose mounting of the sensing element.

2. Slippage

One of the most common issues in contact extensometry is slippage. If the knife edges are dull or the spring
tension is too low, the device may slide against the specimen, leading to under-reported strain. This is often caught
during the verification process when the extensometer fails to return to zero after a displacement cycle.

3. Signal Noise

In electronic systems, electromagnetic interference (EMI) can cause fluctuations in the reading. This "noise"
effectively reduces the system's resolution, making it impossible to meet Class A or B-1 requirements. Proper
shielding and grounding are the primary solutions.

4. Non-Linearity



If the error increases linearly as the displacement increases, the system may require a scaling factor adjustment.
If the error is erratic, the internal transducer (e.g., LVDT or strain gauge bridge) may be damaged or reaching the
end of its service life.

The Future of ASTM E83: Video and Laser Extensometry

As technology evolves, non-contact extensometryis becoming more prevalent. Video extensometers use high-
resolution cameras and digital image correlation (DIC) to track marks on a specimen, while laser extensometers
use scanning beams. ASTM E83 applies to these systems just as it does to traditional clip-on models.

However, verifying a non-contact system involves unique challenges, such as ensuring the optical path is clear and
that the system can compensate for out-of-plane movement. The verification apparatus for these systems often
involves a precision translation stage that moves a target with the same accuracy required for physical specimens.

To conclude, ASTM E83 is more than a set of rules; it is a quality assurance framework that ensures the global
engineering community speaks the same language of precision. By strictly adhering to the classification and
verification procedures outlined in this practice, laboratories can provide data that is not only accurate but also
universally trusted. Whether you are conducting routine quality control or cutting-edge material research, the
integrity of your results begins with a verified extensometer system.
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