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In the realm of polymer science and mechanical engineering, the ability to accurately quantify how a material
responds to pulling forces is fundamental. ASTM D638, titled the "Standard Test Method for Tensile Properties of
Plastics," stands as the global cornerstone for determining the mechanical properties of reinforced and non-
reinforced plastics. This standard provides a rigorous framework for assessing the tensile strength, modulus of
elasticity, and elongation characteristics of plastic materials, which are critical data points for designers, quality
control engineers, and material scientists alike.

Understanding the Scope and Importance of ASTM D638

ASTM D638 is designed to measure the tensile properties of plastics in the form of standard "dog-bone" shaped
specimens. The test is applicable to materials with a thickness between 1.0 mm and 14 mm. For materials thinner
than 1.0 mm, such as thin films or sheeting, the industry typically reverts to ASTM D882. Conversely, for
elastomeric materials that exhibit high degrees of stretch, ASTM D412 is the preferred standard.

The importance of ASTM D638 cannot be overstated. As industries pivot toward lightweighting in automotive
applications, high-durability medical devices, and sustainable bioplastics (such as those derived from Musa
Paradisicaor banana peel), the mechanical integrity of the polymer matrix must be validated. Tensile testing
provides the primary data required for structural calculations, ensuring that a plastic component will not fail under
its intended operational load.

Core Mechanical Properties Derived

Through the execution of an ASTM D638 test, several critical metrics are extracted from the resulting stress-strain
curve:

e Tensile Strength at Yield: The maximum stress a material can withstand before undergoing permanent
(plastic) deformation.

» Tensile Strength at Break: The stress level at which the specimen physically ruptures.

* Tensile Modulus (Young's Modulus): A measure of the material's stiffness, calculated as the ratio of stress to
strain in the linear elastic region.

¢ Elongation at Yield: The percentage increase in length at the point where plastic deformation begins.

« Elongation at Break: The total percentage increase in length before failure, indicating the material's ductility.

¢ Poisson's Ratio: The ratio of transverse strain to axial strain, providing insight into the material's volume
change under tension.

Theoretical Framework: The Stress-Strain Relationship

To understand ASTM D638, one must understand the Stress-Strain Curve. When a plastic specimen is pulled, it

initially undergoes elastic deformation. In this phase, if the load is released, the specimen returns to its original
dimensions. This is governed by Hooke's Law, where stress (<2¢ is proportional to strain (;Re via the Modulus of
Elasticity (E):
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As the force increases, the material reaches its Yield Point. Beyond this, plastic deformationoccurs, leading to
permanent molecular realignment. In many semi-crystalline plastics, a phenomenon known as "necking" occurs,
where the cross-sectional area of the specimen decreases significantly in a localized region before ultimate failure.

ASTM D638 vs. ISO 527-2: A Technical Comparison

While ASTM D638 is the dominant standard in North America, ISO 527-2is its international counterpart. Although
they yield similar results, they are not technically equivalent. Engineers must be cautious when comparing data
sets between these two standards due to differences in specimen geometry and testing speeds.



Feature ASTM D638 ISO 527-2

Specimen Shape Dog-bone (Type I-V) Multipurpose (Type 1A, 1B)
Primary Specimen Type | (165mm length) Type 1A (170mm length)
Modulus Calculation Tangent, Secant, or Chord Chord modulus between 0.05% and

0.25% strain
Preferred Speed Variable (5, 50, 500 mm/min) Standardized (1, 5, 50 mm/min)

Extensometer Req. Class B-2 (typically) Class 1 (per ISO 9513)

The primary difference lies in the specimen dimensions. ISO 527-2 Type 1A specimens are slightly longer and
have a different gauge length than ASTM D638 Type | specimens. Furthermore, ISO 527 requires a very specific
speed for modulus determination (usually 1 mm/min), whereas ASTM allows for more flexibility based on material

type.

Specimen Preparation and Geometry

ASTM D638 defines five types of test specimens. The choice of specimen depends on the material's thickness and
the amount of material available.

The Five Specimen Types
1. Type I: The preferred specimen for reinforced and non-reinforced plastics with a thickness of 7 mm or less.
This is the standard "workhorse" geometry.
2. Type II: Used when the material does not fail in the narrow section of a Type | specimen.
3. Type lll: Designed for materials with a thickness greater than 7 mm but less than 14 mm.
4. Type IV: Typically used for comparisons between different molding parameters or when material is limited.
5. Type V: A miniature specimen used when only very small amounts of material are available.

Conditioning: Plastics are highly sensitive to environmental factors. ASTM D638 typically mandates conditioning
specimens according to ASTM D618. Standard laboratory atmosphere is 23°C (x 2°C) with 50% (+ 10%) relative
humidity for at least 40 hours prior to testing. This ensures that the moisture content of the polymer is stabilized, as
water can act as a plasticizer, significantly lowering the tensile strength and increasing elongation.

Technical Workflow: Step-by-Step Execution

The execution of a tensile test requires a Universal Testing Machine (UTM)equipped with appropriate load cells,
grips, and extensometers.

Step 1: Measurement and Setup

Before testing, the width and thickness of the narrow section of the specimen must be measured with a calibrated
micrometer. These dimensions are used to calculate the cross-sectional area (A), which is essential for determining
stress. Measurements should be accurate to within + 0.025 mm.

Step 2: Gripping the Specimen
The specimen is placed in the grips of the UTM. Serrated wedge grips are most common for rigid plastics, while
pneumatic side-action gripsare preferred for materials that might thin out (neck) during testing. It is critical that



the specimen is aligned vertically; misalignment introduces bending moments that can lead to premature failure
and skewed modulus data.

Step 3. Extensometer Attachment

To measure strain accurately, an extensometer is required. While the UTM's crosshead displacement can

measure movement, it includes the "compliance" (stretch) of the machine and the grips. A clip-on extensometer

or a non-contact video extensometerattached directly to the gauge length of the specimen provides the high-
resolution data needed for modulus calculations.

Step 4: Running the Test

The machine pulls the specimen at a constant rate of displacement (crosshead speed). Common speeds include 5
mm/min for modulus and 50 mm/min for determining break properties. The choice of speed is determined by the
material specification or the specimen type.

Step 5: Data Capture and Toe Compensation

During the start of the test, there is often a period of "take-up" where the specimen seats in the grips. This creates

a non-linear region at the beginning of the stress-strain curve. Toe compensationis a mathematical correction
performed by the testing software to shift the origin of the curve, ensuring that strain calculations are based on the
actual start of deformation.

Mathematical Formulations for Analysis

The raw data captured by the UTM is Load (P) and Extension (9DA’a These are converted into engineering units using

the following formulas:

1. Engineering Stress (<2

Defined as the load divided by the original cross-sectional area:

<20 0 C7v#aA+7v#a

2. Engineering Strain (;Re

Defined as the change in gauge length divided by the original gauge length (LO):
;RO "L/ L<sub>0</sub>

3. Tensile Modulus (E)

Calculated in the linear portion of the curve:

E=(<2"OA¢)/(R"Opv)

Variables Affecting Test Accuracy

Several technical factors can introduce variability in ASTM D638 results:

e Strain Rate Sensitivity: Polymers are viscoelastic. Increasing the test speed generally increases the measured
tensile strength and modulus while decreasing elongation.

¢ Specimen Machining: If specimens are die-cut or machined rather than injection-molded, micro-cracks along
the edges can act as stress concentrators, leading to low break values.

e Thermal History: The cooling rate during injection molding affects the crystallinity of the plastic. Higher
crystallinity typically results in higher strength and lower ductility.



« Filler Orientation: In reinforced plastics (e.g., glass-fiber filled), the direction of the fibers relative to the pull
direction dramatically alters the results. ASTM D638 is best suited for randomly oriented or discontinuous fibers.
For highly oriented continuous fibers, ASTM D3039 is required.

Case Study: Troubleshooting Common Failure Modes

Technical writers and lab managers often encounter issues where test data does not align with material data
sheets. Below is a diagnostic table for common ASTM D638 issues.



Observation Potential Cause Corrective Action

Specimen breaks at the grips Excessive jaw pressure or Reduce pneumatic pressure; check
misalignment alignment tools
Low modulus values Lack of extensometer or slippage Use a clip-on or video extensometer;

check grip faces

Inconsistent yield points Inadequate conditioning Increase conditioning time to 40+
hours at 50% RH

Erratic stress-strain curve Electrical noise or loose load cell Check cabling and ensure load cell is
bolted securely

Advanced Considerations: Bioplastics and Modern Polymers

As the industry moves toward sustainability, the testing of bioplastics presents unique challenges. Research into

the mechanical properties of bioplastics produced from Musa Paradisica(banana) starch or other agricultural
waste shows that these materials are highly sensitive to humidity. Unlike traditional petroleum-based polymers like
Polypropylene (PP) or Polyethylene (PE), bioplastics may require stricter environmental controls during testing to
prevent rapid moisture absorption from altering the tensile modulus during the test itself.

Summary and Technical Implications

ASTM D638 remains the gold standard for characterizing the tensile properties of plastics, providing the essential
data required for engineering design and quality assurance. By strictly adhering to specimen geometry,
conditioning protocols, and precise extensometry, laboratories can ensure that their data is both repeatable and
reproducible across the global supply chain.

Understanding the nuances between ASTM D638 and ISO 527-2, the importance of toe compensation, and the
effects of strain rate is vital for any senior technical professional. As materials science evolves to include complex
composites and bio-derived polymers, the fundamental principles of tensile testing established in ASTM D638
continue to provide the framework for evaluating the safety, durability, and performance of the products that define
the modern world. Whether you are validating a new medical-grade PEEK filament for 3D printing or ensuring the
structural integrity of a recycled polymer blend, the rigorous application of this standard is the baseline for
excellence in material evaluation.
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