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In the domain of material science and polymer engineering, the characterization of material resistance to 

permanent deformation is a fundamental requirement for quality control, product design, and failure analysis. 

Among the various methodologies employed to quantify these properties, ASTM D2240, titled "Standard Test

Method for Rubber Property—Durometer Hardness," stands as the global benchmark for measuring the indentation

hardness of substances classified as thermoplastic elastomers, vulcanized rubber, elastomeric materials, cellular

materials, and certain plastics.

As industries shift toward more precise manufacturing tolerances, understanding the nuances of ASTM D2240

becomes critical. Hardness is not a fundamental material property like density or thermal conductivity; rather, it is a

complex result of several mechanical attributes, including elasticity, plasticity, and viscosity. This article provides an

exhaustive technical breakdown of the ASTM D2240 standard, exploring its twelve distinct scales, the underlying

physics of indentation, and the rigorous procedural requirements necessary for reproducible results.

The Theoretical Framework of Indentation Hardness

Hardness testing via the ASTM D2240 standard is based on the measurement of the depth of penetration of a 

specific type of indenter into a material specimen under controlled conditions. Unlike Rockwell or Brinell tests, 

which are typically used for metals, Shore Hardness (as defined by ASTM D2240) is specifically designed for 

viscoelastic materials.

The core mechanism involves a spring-loaded indenter. When the presser foot of the durometer is applied to the

specimen, the indenter is pushed back against a calibrated spring. The distance the indenter penetrates the

material is inversely proportional to the hardness. A penetration of 2.50 mm (0.100 inches) results in a hardness

reading of 0, while zero penetration results in a reading of 100. The relationship is expressed through a linear scale

where each unit represents a specific depth of penetration.

The Physics of Viscoelasticity and Dwell Time

Because elastomers are viscoelastic, they exhibit both viscous and elastic characteristics. When a force is applied, 

the material undergoes immediate elastic deformation followed by a time-dependent viscous flow (creep). This is 

why dwell time—the duration the indenter remains in contact with the material before the reading is taken—is a

critical variable in ASTM D2240. Standard readings are typically taken at 1 second or 15 seconds, depending on

the material's relaxation rate. A reading taken at 1 second will almost always be higher than a reading at 15

seconds due to the material's internal molecular reorganization under stress.

The Twelve Types of Durometer Scales

ASTM D2240 recognizes twelve different durometer types, each designed for specific material ranges and

geometries. Selecting the correct scale is paramount for accuracy; using a Type A durometer on a rigid plastic or a

Type D on a soft gel will result in data outside the linear accuracy range of the instrument.



Durometer Type Target Material Profile Indenter Shape Spring Force (0-100 units)

Type A Soft vulcanized rubber, 
TPEs, soft plastics.

Truncated 35° cone 822 g (8.05 N)

Type D Hard rubber, rigid 
thermoplastics, epoxies.

Sharp 30° cone (0.1mm 
radius)

4536 g (44.45 N)

Type OO Lightweight foams, 
sponges, gels.

1.19mm Sphere 113 g (1.11 N)

Type M Micro-cellular materials, 
thin specimens.

Fine sharp cone 76 g (0.75 N)

Type E Medium-hard sponges, soft 
rubbers.

2.5mm Sphere 822 g (8.05 N)

In-Depth Analysis: Type A vs. Type D

Type Ais the most widely utilized scale. It features a truncated cone indenter with a tip diameter of 0.79 mm. It is

designed for materials ranging from 20 to 90 Shore A. If a material exceeds 90 Shore A, it is recommended to

transition to the Type D scale to avoid excessive spring compression and potential damage to the indenter.

Type Dutilizes a much sharper indenter (a 30-degree angle cone) and a significantly higher spring force (over 44

Newtons). This enables the device to penetrate harder surfaces like high-density polyethylene (HDPE) or hard

rubber rollers. For materials that measure below 20 on the Shore D scale, the Type A scale should be used to

ensure better resolution and accuracy.

Technical Specifications: Indenter Geometry and Force Calculations

Precision in ASTM D2240 is governed by strict mathematical models for the spring force exerted. The force F

exerted by the indenter spring is calculated using specific linear equations for each type. For instance:

•  For Type A, B, and E: F (mN) = 550 + 75H (where H is the hardness reading).

•  For Type D, C, and DO: F (mN) = 444.5H.

•  For Type OO and OOO: F (mN) = 203 + 9.1H.

These formulas ensure that the resistance provided by the internal spring is consistent across all manufactured

durometers, allowing for cross-laboratory data correlation. The geometry of the indenter is equally strictly

controlled. A Type A indenter must have a frustum angle of 35° ± 0.25°, and the flat tip must be 0.79 mm ± 0.01

mm in diameter. Any deviation from these physical dimensions will lead to erroneous hardness values, rendering

the data non-compliant with ASTM D2240.

Step-by-Step Procedural Execution

To achieve valid results, the test must be conducted within a controlled environment and follow a standardized

sequence of operations.

1. Specimen Preparation

The specimen must have a minimum thickness of 6.0 mm (0.24 inches). If the material is thinner, multiple layers

may be stacked (plied) to reach the required thickness, provided each layer is at least 2.0 mm and the surfaces are



flat and parallel to ensure perfect contact. The surface area must be large enough to allow measurements to be

taken at least 12.0 mm from any edge.

2. Environmental Conditioning

Materials must be conditioned in a standard laboratory atmosphere (typically 23°C ± 2°C and 50% ± 5% relative

humidity) for at least 40 hours prior to testing. Since the modulus of elastomers is highly temperature-dependent,

testing a "cold" specimen will result in artificially high hardness readings.

3. Measurement Procedure

1.  Place the specimen on a hard, flat, horizontal surface.

2.  Hold the durometer in a vertical position.

3.  Press the presser foot down firmly and quickly onto the specimen, ensuring the foot is parallel to the material 

surface.

4.  Apply just enough pressure to ensure firm contact between the presser foot and the specimen.

5.  Read the scale at the specified dwell time (e.g., 1 second).

6.  Repeat the process at five different locations on the specimen, spaced at least 6.0 mm apart, and calculate 

the arithmetic mean.

Comparative Analysis: ASTM D2240 vs. Global Standards

While ASTM D2240 is the primary standard in North America, other international standards like ISO 48-4 and ISO 

868are prevalent in Europe and Asia. Understanding the subtle differences between these standards is essential

for global supply chain compliance.



Feature ASTM D2240 ISO 48-4 (Shore) ISO 868

Scope Rubber and Plastics (12 
types)

Vulcanized or 
Thermoplastic Rubber

Plastics and Ebonite

Dwell Time Immediate, 1s, or 15s 3s or 15s 15s (standard)

Calibration Strict force-depth curves Equivalent to ASTM Focuses on rigid materials

While the physical apparatus for ISO 48-4 and ASTM D2240 is virtually identical, the reporting requirements

often differ. ISO standards may require specific documentation regarding the material's history and precise humidity

levels that exceed ASTM's baseline recommendations.

Factors Influencing Measurement Accuracy

Several variables can introduce significant error into a Shore hardness reading. Identifying and mitigating these

factors is a primary responsibility of the technical professional.

Indenter Contamination and Wear

Because the indenter tip for Type D is quite sharp, it is prone to blunting over time, especially when testing glass-

filled polymers or high-durometer compounds. A blunted tip will result in lower hardness readings. Conversely, any

debris or oil on the indenter of a Type A durometer can increase friction, leading to artificially high readings.

Regular inspection under a microscope (10x magnification) is recommended.

The "Human Factor" in Manual Testing

Manual testing introduces variability in the rate of application and the force applied to the presser foot. If an 

operator slams the durometer onto the specimen, the inertial force will cause a deeper momentary penetration, 

resulting in a lower reading. To eliminate this, many laboratories use durometer operating stands. These stands

use a constant weight (typically 1 kg for Type A and 5 kg for Type D) to lower the durometer at a controlled rate,

ensuring high repeatability (R&R).

Specimen Surface Geometry

ASTM D2240 assumes a flat specimen. If the material is curved (e.g., an O-ring or a hose), the presser foot will not

make full contact, and the indenter may slip or penetrate at an angle. For curved surfaces, specialized jigs or micro-

durometers (Type M) are required to obtain an accurate "apparent hardness."

Advanced Applications: Troubleshooting and Case Studies

Case Study 1: Measuring TPE Overmolds

A common challenge occurs when measuring a thin layer of Thermoplastic Elastomer (TPE) overmolded onto a 

rigid polycarbonate base. If the TPE layer is only 2 mm thick, an ASTM D2240 Type A test will "see through" the 

elastomer and measure the hardness of the underlying plastic, resulting in a reading that is erroneously high. In 

this scenario, the technician must use the Type M (Micro)durometer, which is designed for specimens as thin as

1.25 mm, or use a non-destructive IRHD (International Rubber Hardness Degrees) micro-test.

Case Study 2: Hysteresis in High-Damping Rubbers

High-damping rubbers used in vibration isolation exhibit significant hysteresis. When performing an ASTM D2240



test, the initial reading may be 60 Shore A, but it may drop to 52 Shore A after 15 seconds. This 8-point drop

indicates high viscous flow. For these materials, the technical report must explicitly state both the 1-second and 15-

second readings to provide a complete picture of the material's mechanical behavior.

Troubleshooting Common Errors

•  Symptom: Readings are inconsistent across the same specimen.Solution: Check for air pockets (porosity) in 

the material or ensure the specimen is not resting on a soft surface during the test.

•  Symptom: The durometer does not return to zero.Solution: The indenter is likely bent or the internal spring 

mechanism is contaminated with dust or oil. Recalibration is required.

•  Symptom: Stacking layers gives different results than a solid block.Solution: Ensure there is no air trapped 

between layers. Use a very small amount of silicone oil between layers to improve contact, though this should be 

noted in the report as it may affect certain materials.

Strategic Importance of Hardness Testing in Quality Assurance

Hardness is often the first indicator of a change in material chemistry. For example, in vulcanized rubber, a reading 

that is higher than the specification may indicate over-curing (excessive cross-linking), while a lower reading may 

indicate under-curing or the presence of excessive plasticizers. In the field of failure analysis, a significant drop in 

hardness over time can signal chemical degradationor polymer chain scission due to UV exposure or thermal

aging.

By adhering to the rigorous guidelines of ASTM D2240, manufacturers can ensure that their components—ranging

from automotive gaskets and medical-grade tubing to aerospace seals—perform reliably within their intended

environments. The standard provides a universal language for material hardness, enabling seamless

communication between material suppliers, engineers, and end-users.

In conclusion, while the execution of a Shore hardness test may appear simple, the underlying physics and

procedural requirements are complex. Mastering ASTM D2240 requires an understanding of the relationship

between indenter geometry, spring force, and the viscoelastic nature of the specimen. Through the use of

automated stands, proper specimen conditioning, and the selection of the appropriate scale, technical

professionals can derive highly accurate and actionable data that serves as the backbone of polymer

characterization and quality control across all modern industrial sectors.
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