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Tensile Fracture Failure Mechanisms of 316L Stainless Steel

The strength of manufactured materials, especially metallic materials, is a critical parameter to
measure prior to the product reaching the market. One method commonly used to test the
strength of a material is tensile testing. Tensile testing is often vital to ensure user and product
safety, prevent liability concerns, and avoid non-compliance issues. When metal devices fail
during the test, however, it is critical to determine the root cause of the failure to generate not
only a stronger product but a safer, more effective one. As such, this application note describes
the tensile fracture analysis of a product composed of 316L stainless steel.

The 316L stainless steel sample was approximately 10.5 cm in length and fractured under
tension approximately 4 cm from one of the ends (Figure 1). As can be observed from Figure 1,
the cross-section of the fracture is uneven, and slight necking is observed at the fracture position.

To determine the failure mechanism, the fracture surface was initially analyzed via scanning
electron microscopy (SEM). The SEM images at two different magnifications (250x and 1000x)
of the center and the edge of the fracture are shown in Figure 2.

¢ . A X 5
» cy ¢ 1 fﬂ" :k; »
SEI v&m{ Wm:mm S8 ~; % 5 #1000 0, -1— ]

Address: 10025 Valley View Road, Ste 150, Eden Prairie, MN 55344, U.S.A.
Tel: +1 (952) 941-2199, Fax: +1 (952) 746-8086, Email: natlab@ebatco.com
www.ebatco.com



Exponential Business and Technologies Company

Bridge You and Nano

Figure 2. SEM images of the center of the fracture (top) and the edge of the fracture (bottom).

The SEM images in Figure 2 display a rough, dimpled morphology at both the edge and center
surfaces, indicative of a ductile fracture. Particles were found at the base of these dimples, and
the walls of these dimples had striped microstructures oriented perpendicular to the crack
propagation front. Additionally, shear lips at approximately 45° angles were formed at the
corners of the fracture. Based on these observations, the fracture was classified as a mixed-mode
tensile fracture involving first a plane-strain fracture mode (mode I) and then a plane-stress
fracture mode (mode II).

The first fracture mode initiated due to an increase in hydrostatic stress near the center of the
sample. Microvoids then formed within the sample and coalesced to form cracks along the plane
normal to the tensile load. Taken together, this is characteristic of a plane-strain fracture mode.
This is further supported by the striped microstructures observed in the dimples, which suggest
the presence of fibrous zones (Figure 2, right). As the propagation cracks approached the edge of
the sample, 45° shear lips were formed, and the fracture mode changed from a plane-strain mode
to a plane-stress mode (mode I1).

To provide further insight, energy dispersive X-ray spectroscopy (EDS) was also performed on
the fracture surface. Figure 3 shows the silicon and oxygen EDS maps on the fracture surface,
and the images indicate the particles at the base of the dimples are SiO; inclusions. Originating
from the stainless-steel manufacturing process, these SiO> inclusions must have been present in
the initial austenite matrix. When the sample was stressed, the already-present voids near the
inclusions grew to form dimpled microstructures around the SiO inclusions. Based on the
SEM/EDS analysis, the 316L stainless steel fracture mechanism was a combination of mixed
fracture modes (mode I and Il). Furthermore, the presence of SiO2 in the austenite matrix
facilitated the growth of microvoids, contributing to the cause of the fracture.

As observed, SEM/EDS analysis of fractures is a powerful method to determine failure
mechanisms (and in this case contaminations) present in a failed product. This type of
information not only aids manufacturers and developers to design safer, more effective products
but also helps to avoid costly non-compliance and legal liability issues.
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Figure 3. O and Si elemental maps of the 316L stainless steel fracture surface.
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