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This page provides the chapters on brittle fracture from the "DOE Fundamentals Handbook: Material Science," DOE-HDBK-1017/1-93, U.S. Department of Energy, Jan 1993. Other related chapters from the "DOE Fundamentals Handbook: Material Science" can be seen to the right. Personnel need to understand brittle fracture. This type of fracture
occurs under specific conditions without warning and can cause major damage to plant materials. Brittle Fracture Mechanism Metals can fail by ductile or brittle fracture. Metals that can sustain substantial plastic strain or deformation before fracturing exhibit ductile fracture. Usually a large part of the plastic flow is concentrated near the fracture
faces. Metals that fracture with a relatively small or negligible amount of plastic strain exhibit brittle fracture. Cracks propagate rapidly. Brittle failure results from cleavage (splitting along definite planes). Ductile fracture is better than brittle fracture, because ductile fracture occurs over a period of time, whereas brittle fracture is fast, and can
occur (with flaws) at lower stress levels than a ductile fracture. Figure 1 shows the basic types of fracture. Brittle cleavage fracture is of the most concern in this module. Brittle cleavage fracture occurs in materials with a high strain-hardening rate and relatively low cleavage strength or great sensitivity to multi-axial stress. Figure 1: Basic Fracture
Types Many metals that are ductile under some conditions become brittle if the conditions are altered. The effect of temperature on the nature of the fracture is of considerable importance. Many steels exhibit ductile fracture at elevated temperatures and brittle fracture at low temperatures. The temperature above which a material is ductile and
below which it is brittle is known as the Nil-Ductility Transition (NDT) temperature. This temperature is not precise, but varies according to prior mechanical and heat treatment and the nature and amounts of impurity elements. It is determined by some form of drop-weight test (for example, the I1zod or Charpy tests). Ductility is an essential
requirement for steels used in the construction of reactor vessels; therefore, the NDT temperature is of significance in the operation of these vessels. Small grain size tends to increase ductility and results in a decrease in NDT temperature. Grain size is controlled by heat treatment in the specifications and manufacturing of reactor vessels. The NDT
temperature can also be lowered by small additions of selected alloying elements such as nickel and manganese to low-carbon steels. Of particular importance is the shifting of the NDT temperature to the right (Figure 2), when the reactor vessel is exposed to fast neutrons. The reactor vessel is continuously exposed to fast neutrons that escape from
the core. Consequently, during operation the reactor vessel is subjected to an increasing fluence (flux) of fast neutrons, and as a result the NDT temperature increases steadily. It is not likely that the NDT temperature will approach the normal operating temperature of the steel. However, there is a possibility that when the reactor is being shut down
or during an abnormal cooldown, the temperature may fall below the NDT value while the internal pressure is still high. The reactor vessel is susceptible to brittle fracture at this point. Therefore, special attention must be given to the effect of neutron irradiation on the NDT temperature of the steels used in fabricating reactor pressure vessels. The
Nuclear Regulatory Commission requires that a reactor vessel material surveillance program be conducted in water-cooled power reactors in accordance with ASTM Standards (designation E 185-73). Pressure vessels are also subject to cyclic stress. Cyclic stress arises from pressure and/or temperature cycles on the metal. Cyclic stress can lead to
fatigue failure. Fatigue failure, discussed in more detail in Module 5, can be initiated by microscopic cracks and notches and even by grinding and machining marks on the surface. The same (or similar) defects also favor brittle fracture. Stress-Temperature Curves One of the biggest concerns with brittle fracture is that it can occur at stresses well
below the yield strength (stress corresponding to the transition from elastic to plastic behavior) of the material, provided certain conditions are present. These conditions are: a flaw such as a crack; a stress of sufficient intensity to develop a small deformation at the crack tip; and a temperature low enough to promote brittle fracture. The relationship
between these conditions is best described using a generalized stress-temperature diagram for crack initiation and arrest as shown in Figure 2. Figure 2: Stress-Temperature Diagram for Crack Initiation and Arrest Figure 2 illustrates that as the temperature goes down, the tensile strength (Curve A) and the yield strength (Curve B) increase. The
increase in tensile strength, sometimes known as the ultimate strength (a maximum of increasing strain on the stress-strain curve), is less than the increase in the yield point. At some low temperature, on the order of 10°F for carbon steel, the yield strength and tensile strength coincide. At this temperature and below, there is no yielding when a
failure occurs. Hence, the failure is brittle. The temperature at which the yield and tensile strength coincide is the NDT temperature. When a small flaw is present, the tensile strength follows the dashed Curve C. At elevated temperatures, Curves A and C are identical. At lower temperatures, approximately 50°F above the NDT temperature for
material with no flaws, the tensile strength curve drops to the yield curve and then follows the yield curve to lower temperatures. At the point where Curves C and B meet, there is a new NDT temperature. Therefore, if a flaw exists, any failure at a temperature equal or below the NDT temperature for flawed material will be brittle. Crack Initiation
and Propagation As discussed earlier in this chapter, brittle failure generally occurs because a flaw or crack propagates throughout the material. The start of a fracture at low stresses is determined by the cracking tendencies at the tip of the crack. If a plastic flaw exists at the tip, the structure is not endangered because the metal mass surrounding
the crack will support the stress. When brittle fracture occurs (under the conditions for brittle fracture stated above), the crack will initiate and propagate through the material at great speeds (speed of sound). It should be noted that smaller grain size, higher temperature, and lower stress tend to mitigate crack initiation. Larger grain size, lower
temperatures, and higher stress tend to favor crack propagation. There is a stress level below which a crack will not propagate at any temperature. This is called the lower fracture propagation stress. As the temperature increases, a higher stress is required for a crack to propagate. The relationship between the temperature and the stress required
for a crack to propagate is called the crack arrest curve, which is shown on Figure 2 as Curve D. At temperatures above that indicated on this curve, crack propagation will not occur. Fracture Toughness Fracture toughness is an indication of the amount of stress required to propagate a preexisting flaw. The fracture toughness of a metal depends on
the following factors. Metal composition Metal temperature Extent of deformations to the crystal structure Metal grain size Metal crystalline form The intersection of the crack arrest curve with the yield curve (Curve B) is called the fracture transition elastic (FTE) point. The temperature corresponding to this point is normally about 60°F above the
NDT temperature. This temperature is also known as the Reference Temperature - Nil-ductility Transition (RTNDT) and is determined in accordance with ASME Section III (1974 edition), NB 2300. The FTE is the temperature above which plastic deformation accompanies all fractures or the highest temperature at which fracture propagation can
occur under purely elastic loads. The intersection of the crack arrest curve (Curve D) and the tensile strength or ultimate strength, curve (Curve A) is called the fracture transition plastic (FTP) point. The temperature corresponding with this point is normally about 120°F above the NDT temperature. Above this temperature, only ductile fractures
occur. Figure 3 is a graph of stress versus temperature, showing fracture initiation curves for various flaw sizes. Figure 3: Fracture Diagram It is clear from the above discussion that we must operate above the NDT temperature to be certain that no brittle fracture can occur. For greater safety, it is desirable that operation be limited above the FTE
temperature, or NDT + 60°F. Under such conditions, no brittle fracture can occur for purely elastic loads. As previously discussed, irradiation of the pressure vessel can raise the NDT temperature over the lifetime of the reactor pressure vessel, restricting the operating temperatures and stress on the vessel. It should be clear that this increase in
NDT can lead to significant operating restrictions, especially after 25 years to 30 years of operation where the NDT can raise 200°F to 300°F. Thus, if the FTE was 60°F at the beginning of vessel life and a change in the NDT of 300°F occurred over a period of time, the reactor coolant would have to be raised to more than 360°F before full system
pressure could be applied. PDH Classroom offers a continuing education course based on this brittle fracture reference page. This course can be used to fulfill PDH credit requirements for maintaining your PE license. Now that you've read this reference page, earn credit for it! When a material shatters under stress rather than deforming, what
underlying properties dictate this behavior? The answer lies in understanding brittleness—a critical concept that differentiates brittle materials from their more ductile counterparts. In this technical deep dive, we will explore the intricacies of brittleness, examining how and why materials fracture when subjected to stress. You will learn about tensile
testing methods used to evaluate brittleness, the impact of temperature on material properties, and practical applications for preventing brittle failures. Join us as we unravel the complexities of brittleness and its significant role in material science, leaving you with a comprehensive understanding of this crucial property. Ready to dive deeper into the
fascinating world of brittle materials?Brittleness and Ductility: Key ConceptsDefinition of BrittlenessBrittleness describes how easily a material breaks or fractures with little to no bending or stretching when stress is applied. Brittle materials generally exhibit a low strain at break, typically less than 5%, meaning they cannot stretch or bend
significantly before failing. This property is characterized by sudden and catastrophic failure, often without any prior warning signs such as deformation.Definition of DuctilityDuctility is the measure of a material’s ability to undergo significant plastic deformation before rupture. Materials with high ductility can stretch, bend, or elongate considerably
under tensile stress before breaking. This property is indicated by a higher strain at break, usually greater than 5%, and involves mechanisms such as dislocation movement and grain realignment, allowing the material to absorb and dissipate energy over a larger deformation range.Comparison of Brittleness and DuctilityMechanical
PropertiesBrittleness: Exhibits low elongation at break and minimal reduction in area after fracture. Brittle materials break suddenly when stressed, often without warning, through cracks that spread within or between the grains.Ductility: Shows high elongation at break and significant reduction in area post-fracture. Ductile materials undergo
substantial deformation, absorbing and dissipating energy through plastic deformation mechanisms.Energy AbsorptionBrittleness: Brittle materials have low energy absorption capacity due to limited plastic deformation. The rapid propagation of cracks leads to sudden failure.Ductility: Ductile materials absorb more energy before failure, thanks to
extensive plastic deformation. This capacity to deform plastically before fracturing makes ductile materials preferable in applications requiring energy dissipation.Failure ModesBrittleness: Failure in brittle materials is abrupt and often catastrophic, occurring with minimal prior deformation. Common examples include ceramics and glass, which
exhibit brittle behavior under tensile stress.Ductility: Ductile materials show gradual failure, often involving necking and significant deformation before breaking. Metals like aluminum and low-carbon steel are typical examples of ductile materials.Factors Affecting Brittleness and DuctilityMicrostructural FactorsGrain Size: Fine-grained structures
tend to enhance ductility, while coarse-grained structures can promote brittleness by reducing grain boundary areas and facilitating crack propagation.Impurities and Alloying Elements: Certain impurities or added elements at the grain boundaries can make materials more brittle or more ductile. Elements like sulfur and phosphorus can segregate at
grain boundaries, increasing brittleness, whereas elements like nickel and chromium can improve ductility. Environmental FactorsTemperature: Temperature plays a critical role in determining the brittleness or ductility of materials. For instance, metals like steel exhibit a ductile-to-brittle transition at low temperatures, where they become more
brittle and prone to sudden fracture.Hydrogen Embrittlement: Exposure to hydrogen can cause embrittlement in metals by diffusing into grain boundaries, weakening the material’s cohesion and promoting intergranular fracture.Mechanical StressStrain Rate: The rate at which a material is deformed can also impact its brittleness or ductility. High
strain rates can induce brittle behavior in normally ductile materials, while slow strain rates may allow for more plastic deformation and ductility.Understanding the balance between brittleness and ductility is crucial for material selection and design in engineering applications. Materials must be chosen based on their mechanical properties and
suitability for specific load conditions, ensuring optimal performance and safety in their intended use.Tensile Test: Evaluating Material PropertiesA tensile test, or tension test, involves applying a controlled pulling force to a sample until it breaks. This test helps measure a material’s strength and ductility, providing key data points such as ultimate
tensile strength (UTS), yield strength, elongation, and reduction of area. These metrics are crucial for understanding how materials will behave under different types of forces and stresses.Importance of Tensile Testing in Brittleness AnalysisTensile testing is particularly significant for evaluating the brittleness of materials. Brittle materials, such as
ceramics and some composites, typically exhibit very little plastic deformation before breaking. Tensile tests help engineers assess brittleness by measuring ultimate tensile strength and how much a material stretches before breaking. A material that breaks with minimal elongation and at a lower stress level is considered more brittle.Key Properties
Measured in Tensile TestsUltimate Tensile Strength (UTS): The maximum stress a material can withstand while being stretched before failure, providing an upper limit of the material’s capacity to withstand forces.Yield Strength: The stress at which a material begins to deform plastically. For brittle materials, yield strength is less relevant since they
fail before significant plastic deformation occurs.Elastic Modulus (Young’s Modulus): Measures the stiffness of a material, indicating how much it will deform under a given load within the elastic region.Elongation at Break: Measures the extent to which a material can be stretched before breaking. Low elongation at break indicates high
brittleness.Comparative Analysis of Tensile vs Impact TestingBoth tensile and impact testing are used to evaluate material properties, but they serve different purposes and provide different insights.Tensile Testing: Measures a material’s response to slow, steady loads, focusing on ultimate strength and elongation.Impact Testing: Evaluates energy
absorption during sudden impacts, crucial for materials used in dynamic environments where resistance to sudden impacts is critical. ASTM E8 Standard for Tensile TestingThe ASTM E8 standard outlines the procedures for conducting tensile tests on metallic materials. The standard outlines how to prepare specimens, conduct tests, and report
results, ensuring reliable and consistent outcomes.Procedure and Parameters in ASTM E8Specimen Preparation: Standard dimensions and shapes for test specimens are defined to ensure uniformity. Specimens typically have a gauge length and a reduced section to localize deformation.Testing Conditions: The test is conducted at a constant strain
rate, and the machine must be calibrated according to the standard. Controlling temperature and environment is crucial to prevent external factors from affecting the results.Data Reporting: Results should include UTS, yield strength, elongation, and reduction of area. Stress-strain curves are often generated to visualize the material’s behavior under
tension.Practical Applications and SolutionsMaterial Failure AnalysisMaterial failure analysis is essential in understanding the causes of failures in engineering materials and preventing future occurrences. When a material fails, it can have significant consequences, including safety hazards, economic losses, and operational downtime. Analyzing
brittle fractures involves examining the fracture surfaces, identifying the type of fracture, and understanding the stress conditions that led to failure.Techniques for Analyzing Brittle FracturesFractography: Fractography involves using optical or scanning electron microscopy to examine fracture surfaces, which helps identify crack initiation points,
propagation paths, and fracture modes.Mechanical Testing: Performing tests such as tensile, impact, or hardness tests on failed and unfailed specimens can provide insights into the material properties and stress conditions at the time of failure.Chemical Analysis: Identifying the chemical composition of the material and any impurities or inclusions
that may have contributed to brittleness. Techniques such as energy-dispersive X-ray spectroscopy (EDS) or X-ray diffraction (XRD) can be used.Finite Element Analysis (FEA): This computational technique simulates the stress distribution and deformation behavior of materials under various loading conditions. It helps in understanding how stress
concentrations and external factors contribute to brittle failure.Case Studies of Brittle FailureExample 1: Brittle Fracture in a PipelineA natural gas pipeline experienced a sudden fracture, leading to a significant gas leak. The fracture surface showed features typical of brittle failure, such as a lack of plastic deformation and a smooth, shiny
appearance. Fractography revealed intergranular fracture along grain boundaries weakened by hydrogen embrittlement. The root cause was improper material selection for the harsh operating environment, which, when combined with exposure to hydrogen-rich conditions, led to the material’s brittleness.Example 2: Failure of a Ceramic
ComponentA ceramic bearing used in a high-speed turbine failed during operation. The failure analysis showed transgranular fracture with minimal plastic deformation. The investigation revealed that the ceramic material had microcracks due to manufacturing defects, which propagated rapidly under cyclic loading. The solution involved improving
the manufacturing process to reduce defects and selecting a ceramic material with higher fracture toughness.Preventing Brittleness in Different MaterialsMetal Brittleness PreventionAlloying: Adding elements such as nickel, chromium, or molybdenum can improve ductility and reduce brittleness in metals. These elements enhance grain boundary
cohesion and prevent crack propagation.Heat Treatment: Processes such as annealing or tempering can modify the microstructure of metals, increasing toughness and reducing brittleness. Controlled cooling rates and specific temperature ranges are crucial for achieving desired properties.Surface Treatments: Techniques like shot peening,
carburizing, or nitriding can introduce compressive stresses on the surface, inhibiting crack initiation and propagation.Ceramic Material SelectionToughened Ceramics: Using ceramics with enhanced fracture toughness, like zirconia toughened alumina, can prevent brittle failure through mechanisms such as phase transformation
toughening.Composite Ceramics: Incorporating fibers or whiskers into ceramic matrices can enhance toughness. For example, adding silicon carbide whiskers to an alumina matrix improves resistance to crack propagation.Design Considerations: Avoiding sharp corners and stress concentrators in ceramic components can reduce the likelihood of
brittle failure. Using finite element analysis (FEA) to optimize designs for uniform stress distribution is beneficial.Polymer Brittleness ReductionPlasticizers: Adding plasticizers to polymers increases flexibility by reducing intermolecular forces, making the material less brittle.Copolymerization: Creating copolymers by polymerizing different monomers
can enhance ductility and reduce brittleness. For example, adding a rubbery phase to a brittle polymer matrix can improve toughness.Thermal Stabilization: Controlling the thermal history during processing can prevent the formation of brittle crystalline regions in polymers. Annealing or controlled cooling can enhance ductility.Solutions to Enhance
Brittle MaterialsFiber-Reinforced Composites: Incorporating fibers such as carbon, glass, or aramid into brittle matrices can significantly enhance toughness. The fibers act as barriers to crack propagation, improving overall mechanical properties.Temperature Management: Maintaining materials within specific temperature ranges can prevent
temperature-induced brittleness. For example, using heat shields or insulation can protect materials from extreme temperatures.Nanotechnology and Composite Materials: Developing nanocomposites that combine brittle materials with nanoscale reinforcements can enhance toughness. Advances in nanotechnology enable the creation of materials
with superior performance characteristics.Future DevelopmentsCutting-edge research is pushing the boundaries of material science, with innovations in nanotechnology and composite materials creating hybrid solutions that offer both strength and flexibility for a range of industries.Fracture Mechanisms in MaterialsTransgranular
FractureTransgranular fracture, also known as transcrystalline or cleavage fracture, occurs when a crack moves through the grains of a material, rather than along the grain boundaries. This type of fracture is characterized by a flat, shiny, faceted surface, indicating that the crack follows specific crystallographic planes within the grains, typically
observed in brittle materials such as ceramics and certain metals under low temperatures or high strain rates.Definition and CharacteristicsIn transgranular fracture, the crack path cuts directly through the grains, creating a series of flat facets on the fracture surface. These facets correspond to the cleavage planes of the crystalline structure. The
fracture surface often appears shiny due to the clean separation along these planes. This fracture mode is indicative of a material’s inherent brittleness and lack of plastic deformation.Causes and ExamplesTransgranular fracture can be caused by several factors, including:Low Temperatures: Materials that undergo a ductile-to-brittle transition at low
temperatures are prone to transgranular fracture. For instance, steel can exhibit brittle fracture when exposed to sub-zero temperatures.High Strain Rates: Rapid loading or impact can induce brittle behavior in materials, leading to transgranular fracture. This is commonly observed in dynamic loading conditions such as ballistic impacts.Material
Composition: Certain alloying elements or impurities can promote cleavage fracture. For example, high carbon content in steel can increase its susceptibility to brittle fracture.Examples of transgranular fracture include the brittle failure of glass and ceramics, as well as the cleavage fracture observed in quenched and tempered high-carbon
steels.Intergranular Fracturelntergranular fracture happens along the grain boundaries of a material, rather than through the grains themselves. This type of fracture is often caused by impurities, segregation of alloying elements, or environmental factors that weaken the grain boundaries. The fracture surface of an intergranular fracture is typically
rough and irregular, with a granular appearance.Definition and CharacteristicsIntergranular fracture is characterized by crack propagation along the grain boundaries, resulting in a fracture surface that follows the contours of the grains. The surface is usually rough and lacks the shiny, faceted appearance seen in transgranular fractures. This
fracture mode often indicates the presence of weakened grain boundaries, which can be due to various factors such as impurities, environmental degradation, or thermal treatments.Causes and ExamplesIntergranular fracture can be caused by:Impurities and Segregation: Elements such as sulfur and phosphorus can segregate at grain boundaries,
weakening them and making the material prone to intergranular fracture. This is often seen in steel and other alloys.Environmental Factors: Exposure to certain environments, such as hydrogen or corrosive media, can lead to grain boundary weakening. Hydrogen embrittlement is a common cause of intergranular fracture in metals.Thermal
Treatments: Improper heat treatments can lead to the formation of brittle phases along grain boundaries. For example, sensitization in stainless steel can cause chromium carbides to precipitate at grain boundaries, leading to intergranular corrosion and fracture, and hydrogen embrittlement can cause intergranular fracture in high-strength
steels.Understanding the mechanisms of transgranular and intergranular fractures is crucial for predicting material behavior under various loading conditions and environments. These insights help in designing materials with improved fracture resistance and in developing strategies to mitigate brittle failure in engineering applications.High-Stress
Material SelectionCriteria for SelectionSelecting materials for high-stress applications involves a thorough understanding of several key properties that determine the material’s ability to withstand extreme conditions without failure.Tensile StrengthTensile strength is crucial because it indicates the maximum stress a material can endure when
stretched before breaking. High-strength steels, titanium alloys, and carbon fiber composites are notable for their superior tensile strength, making them suitable for high-stress environments.Fracture ToughnessFracture toughness is essential for evaluating a material’s resistance to crack propagation, and materials like maraging steel and nickel-
based superalloys can absorb significant energy before fracturing. This property is crucial for mitigating catastrophic failure in stress-concentration zones.Fatigue ResistanceFatigue resistance is vital for materials subjected to cyclic loading conditions. This property is influenced by the material’s microstructural homogeneity and the presence of
defects. Materials with fewer defects, like high-strength aluminum alloys and advanced polymers, perform better under repeated stress.Case Studies of Material SelectionAerospace Industryln the aerospace sector, titanium alloys are extensively used due to their high fatigue resistance and excellent corrosion tolerance. Although they are more
expensive, these materials are preferred for critical components like landing gear and airframe structures, where failure is not an option.Automotive IndustryFor the automotive industry, high-strength aluminum alloys are favored for their ability to reduce vehicle weight while maintaining structural integrity. These alloys provide the necessary
balance between strength and ductility, enhancing crashworthiness and fuel efficiency.Medical ImplantsCobalt-chromium alloys are widely used in medical implants because they are biocompatible and resist fracturing under repeated loads. These materials ensure long-term reliability and performance in applications such as joint replacements and
dental implants.Advanced Selection MethodologiesAshby’s Material IndicesAshby’s material indices are a powerful tool for prioritizing materials based on specific performance metrics. For instance, the index ( oy/p ), where ( oy ) is the yield strength and ( p ) is the density, helps in selecting lightweight materials with high strength. This methodology
aids in making informed decisions for applications where weight and strength are critical factors.Cost-Benefit AnalysisA comprehensive cost-benefit analysis is necessary for selecting materials in industrial settings. For example, alloy-treated steels might be favored over brittle ceramics due to their lower long-term lifecycle costs, including
maintenance and replacement. This analysis ensures that the selected material not only meets the performance requirements but also offers economic advantages.Mitigation Strategies for Brittle FailureMicrostructural EngineeringGrain refinement and the development of nano-crystalline structures can significantly enhance ductility without
compromising strength. These microstructural modifications help in distributing stress more uniformly, reducing the likelihood of brittle failure.Hybrid MaterialsFiber-reinforced composites, such as carbon fiber/epoxy, offer a combination of high tensile strength and crack resistance. These materials are designed to deflect and arrest cracks, thereby
improving overall toughness and durability.Post-Processing TechniquesHeat treatments like annealing and cold working can improve the toughness of metallic alloys. These processes alter the microstructure, reducing brittleness and enhancing the material’s ability to absorb and dissipate energy under stress.Industry-Specific
ConsiderationsAerospaceThe aerospace industry demands materials with exceptional fatigue resistance and corrosion tolerance. Titanium alloys are commonly used due to their ability to maintain strength and performance under extreme conditions.Automotiveln automotive applications, the focus is on materials that reduce weight while ensuring
safety. High-strength aluminum alloys are preferred for their ability to maintain ductility and absorb energy during collisions, thereby enhancing vehicle safety.Medical ImplantsMaterials for medical implants must balance biocompatibility with mechanical performance. Cobalt-chromium alloys are widely used due to their ability to withstand cyclic
loads without fracturing, ensuring the longevity and reliability of medical devices.Emerging Trends and Data GapsAdditive ManufacturingAdditive manufacturing techniques are enabling the creation of tailored microstructures, such as lattice geometries, which optimize the balance between strength and ductility. This customization allows for the
development of materials specifically designed for high-stress applications.Machine LearningThe application of machine learning in predicting material behavior under multi-axial stresses is an emerging field. These predictive models can provide insights into how materials will perform under complex loading conditions, helping to refine material
selection processes.SustainabilityThere is a growing trend towards the use of recyclable composites, such as bio-based fibers, in high-stress applications. However, standardized lifecycle data for these materials are still lacking, highlighting the need for further research and development in this area.Frequently Asked QuestionsBelow are answers to
some frequently asked questions:What’s the difference between brittleness and toughness?Brittleness and toughness are distinct material properties that describe how a material responds to stress and deformation. Brittleness refers to a material’s tendency to fracture without significant plastic deformation. Brittle materials, such as ceramics and
glass, typically exhibit high compressive strength but low tensile strength, leading to sudden and catastrophic failure when subjected to stress.In contrast, toughness quantifies the amount of energy a material can absorb before fracturing, combining both strength and ductility. Tough materials, such as metals and polymers, exhibit plastic
deformation, allowing them to redistribute stress and delay fracture. Toughness is measured as the area under a stress-strain curve, reflecting a material’s ability to resist crack propagation and absorb energy during failure.While brittle materials fracture abruptly after reaching their elastic limit, tough materials show a yield point followed by a
prolonged plastic deformation before failure. These differences make brittle materials suitable for static, high-compression applications, whereas tough materials are preferred for dynamic environments requiring impact resistance.How to test for brittleness in metals?To test for brittleness in metals, engineers primarily utilize impact testing and
hardness measurements, supplemented by microstructural analysis. Impact testing, particularly through the Charpy and Izod tests, measures a metal’s ability to absorb energy before fracturing under sudden stress. The Charpy test involves a pendulum striking a notched specimen, with lower energy absorption indicating higher brittleness. This
method is especially useful for materials exposed to low temperatures, where brittleness tends to increase.Hardness testing provides indirect indicators of brittleness, as higher hardness can correlate with increased brittleness. Tests like the Brinell, Vickers, and Knoop evaluate a metal’s resistance to deformation. Microstructural analysis, including
fractography, examines fracture surfaces to identify brittle failure characteristics, such as cleavage patterns. Combining these tests can offer a comprehensive assessment of a metal’s brittleness, addressing material heterogeneity and service conditions effectively.Why do materials become brittle at low temperatures?Materials become brittle at low
temperatures primarily because of changes in atomic and microstructural behavior that limit their ability to undergo plastic deformation. At higher temperatures, atoms within a material’s crystal lattice possess more thermal energy, allowing defects like dislocations to move and facilitate plastic deformation. This movement helps distribute stress and
prevent crack formation. However, at low temperatures, the reduced thermal energy restricts atomic mobility and dislocation movement, preventing the material from deforming plastically. Consequently, stress concentrates at defects, such as impurities or grain boundaries, leading to crack initiation and rapid propagation.Additionally, many metals
exhibit a ductile to brittle transition temperature (DBTT), below which they lose toughness and become brittle. Steel, for example, becomes particularly brittle at sub-zero temperatures. Non-metallic materials like plastics and rubber also experience increased brittleness as their molecular structures lose flexibility at low temperatures. Understanding
these mechanisms is crucial for selecting appropriate materials for cold environments to avoid brittle fracture failures.What are the common methods for reducing brittleness in engineering materials?Reducing brittleness in engineering materials is essential for enhancing their durability and performance. Common methods to achieve this
include:Alloying: Adding elements like nickel, molybdenum, and manganese to metals improves ductility by refining grain structures and reducing impurities. For instance, nickel enhances toughness by refining the grain structure, while manganese counteracts sulfur-induced brittleness.Heat Treatment: Techniques such as annealing and tempering
are effective in reducing brittleness. Annealing involves heating the material to a high temperature and cooling it slowly to relieve internal stresses and refine grain structures, enhancing ductility. Tempering, performed after quenching, involves heating the metal to a temperature below its critical point to reduce internal stresses and increase
toughness.Mechanical Processing: Methods like controlled cooling and thermo-mechanical processing manage the material’s structure to enhance ductility. Reducing grain size increases the number of grain boundaries, which act as barriers to crack propagation, improving the material’s toughness.Fiber-Reinforced Composites: Combining brittle
matrices with fibers that enhance toughness and resistance to crack propagation results in materials that are more resilient to failure.Design Features and Reinforcements: Engineers incorporate specific design features and reinforcements, such as creating residual stresses or deflecting crack tips, to mitigate brittleness and improve material
performance.These methods collectively help in addressing brittleness, making materials more suitable for various engineering applications.How does crack propagation affect material brittleness?Crack propagation significantly affects material brittleness by determining how a material responds to stress and strain. Brittleness is characterized by a
material’s inability to deform significantly before fracture, resulting in sudden and catastrophic failure. Crack propagation in brittle materials is rapid, due to the high stress concentration at the crack tip. This lack of plastic deformation means that brittle materials cannot absorb much energy, leading to minimal toughness and rapid crack growth.
Defects or imperfections within the material can exacerbate this process, making the material more prone to sudden failure. Understanding the dynamics of crack propagation is essential in developing strategies to mitigate brittleness and enhance material resilience.How to select materials for high-stress applications?Selecting materials for high-
stress applications involves evaluating several critical properties to ensure reliability and safety, particularly with respect to brittleness. Key considerations include:Mechanical Properties: Focus on fracture toughness (K IC), which measures resistance to crack propagation. High fracture toughness is essential to avoid brittle failure. Additionally,
assess tensile strength, yield strength, elongation at break, and impact toughness to ensure the material can absorb energy and deform plastically under stress.Temperature and Environmental Conditions: Consider how temperature affects material behavior. Materials like carbon steel can become brittle at low temperatures, so select materials that
maintain toughness within the operating temperature range. Also, evaluate thermal expansion compatibility to avoid thermal stresses and choose materials with good corrosion and chemical resistance for harsh environments.Stress Analysis: Identify the types and magnitudes of stresses the material will encounter (tensile, compressive, shear, cyclic).
Brittle materials are more prone to failure under tensile stresses and stress concentrators, so materials with high resistance to fatigue and crack initiation are preferred.Manufacturing and Processing Effects: Consider how fabrication methods impact material properties. Techniques like additive manufacturing can alter microstructures, requiring
thorough analysis of mechanical performance under expected stresses.Material Selection Tools and Testing: Utilize engineering databases and selection platforms to filter materials based on key metrics. Conduct laboratory tests under simulated operational conditions to validate the material’s performance and brittleness behavior.By integrating
these considerations, engineers can select materials that minimize brittleness-related risks and ensure durability in high-stress applications. This page provides the chapters on brittle fracture from the "DOE Fundamentals Handbook: Material Science," DOE-HDBK-1017/1-93, U.S. Department of Energy, Jan 1993. Other related chapters from the
"DOE Fundamentals Handbook: Material Science" can be seen to the right. Personnel need to understand brittle fracture. This type of fracture occurs under specific conditions without warning and can cause major damage to plant materials. Brittle Fracture Mechanism Metals can fail by ductile or brittle fracture. Metals that can sustain substantial
plastic strain or deformation before fracturing exhibit ductile fracture. Usually a large part of the plastic flow is concentrated near the fracture faces. Metals that fracture with a relatively small or negligible amount of plastic strain exhibit brittle fracture. Cracks propagate rapidly. Brittle failure results from cleavage (splitting along definite planes).
Ductile fracture is better than brittle fracture, because ductile fracture occurs over a period of time, whereas brittle fracture is fast, and can occur (with flaws) at lower stress levels than a ductile fracture. Figure 1 shows the basic types of fracture. Brittle cleavage fracture is of the most concern in this module. Brittle cleavage fracture occurs in
materials with a high strain-hardening rate and relatively low cleavage strength or great sensitivity to multi-axial stress. Figure 1: Basic Fracture Types Many metals that are ductile under some conditions become brittle if the conditions are altered. The effect of temperature on the nature of the fracture is of considerable importance. Many steels
exhibit ductile fracture at elevated temperatures and brittle fracture at low temperatures. The temperature above which a material is ductile and below which it is brittle is known as the Nil-Ductility Transition (NDT) temperature. This temperature is not precise, but varies according to prior mechanical and heat treatment and the nature and amounts
of impurity elements. It is determined by some form of drop-weight test (for example, the Izod or Charpy tests). Ductility is an essential requirement for steels used in the construction of reactor vessels; therefore, the NDT temperature is of significance in the operation of these vessels. Small grain size tends to increase ductility and results in a
decrease in NDT temperature. Grain size is controlled by heat treatment in the specifications and manufacturing of reactor vessels. The NDT temperature can also be lowered by small additions of selected alloying elements such as nickel and manganese to low-carbon steels. Of particular importance is the shifting of the NDT temperature to the right
(Figure 2), when the reactor vessel is exposed to fast neutrons. The reactor vessel is continuously exposed to fast neutrons that escape from the core. Consequently, during operation the reactor vessel is subjected to an increasing fluence (flux) of fast neutrons, and as a result the NDT temperature increases steadily. It is not likely that the NDT
temperature will approach the normal operating temperature of the steel. However, there is a possibility that when the reactor is being shut down or during an abnormal cooldown, the temperature may fall below the NDT value while the internal pressure is still high. The reactor vessel is susceptible to brittle fracture at this point. Therefore, special
attention must be given to the effect of neutron irradiation on the NDT temperature of the steels used in fabricating reactor pressure vessels. The Nuclear Regulatory Commission requires that a reactor vessel material surveillance program be conducted in water-cooled power reactors in accordance with ASTM Standards (designation E 185-73).
Pressure vessels are also subject to cyclic stress. Cyclic stress arises from pressure and/or temperature cycles on the metal. Cyclic stress can lead to fatigue failure. Fatigue failure, discussed in more detail in Module 5, can be initiated by microscopic cracks and notches and even by grinding and machining marks on the surface. The same (or similar)
defects also favor brittle fracture. Stress-Temperature Curves One of the biggest concerns with brittle fracture is that it can occur at stresses well below the yield strength (stress corresponding to the transition from elastic to plastic behavior) of the material, provided certain conditions are present. These conditions are: a flaw such as a crack; a
stress of sufficient intensity to develop a small deformation at the crack tip; and a temperature low enough to promote brittle fracture. The relationship between these conditions is best described using a generalized stress-temperature diagram for crack initiation and arrest as shown in Figure 2. Figure 2: Stress-Temperature Diagram for Crack
Initiation and Arrest Figure 2 illustrates that as the temperature goes down, the tensile strength (Curve A) and the yield strength (Curve B) increase. The increase in tensile strength, sometimes known as the ultimate strength (a maximum of increasing strain on the stress-strain curve), is less than the increase in the yield point. At some low
temperature, on the order of 10°F for carbon steel, the yield strength and tensile strength coincide. At this temperature and below, there is no yielding when a failure occurs. Hence, the failure is brittle. The temperature at which the yield and tensile strength coincide is the NDT temperature. When a small flaw is present, the tensile strength follows
the dashed Curve C. At elevated temperatures, Curves A and C are identical. At lower temperatures, approximately 50°F above the NDT temperature for material with no flaws, the tensile strength curve drops to the yield curve and then follows the yield curve to lower temperatures. At the point where Curves C and B meet, there is a new NDT
temperature. Therefore, if a flaw exists, any failure at a temperature equal or below the NDT temperature for flawed material will be brittle. Crack Initiation and Propagation As discussed earlier in this chapter, brittle failure generally occurs because a flaw or crack propagates throughout the material. The start of a fracture at low stresses is
determined by the cracking tendencies at the tip of the crack. If a plastic flaw exists at the tip, the structure is not endangered because the metal mass surrounding the crack will support the stress. When brittle fracture occurs (under the conditions for brittle fracture stated above), the crack will initiate and propagate through the material at great
speeds (speed of sound). It should be noted that smaller grain size, higher temperature, and lower stress tend to mitigate crack initiation. Larger grain size, lower temperatures, and higher stress tend to favor crack propagation. There is a stress level below which a crack will not propagate at any temperature. This is called the lower fracture
propagation stress. As the temperature increases, a higher stress is required for a crack to propagate. The relationship between the temperature and the stress required for a crack to propagate is called the crack arrest curve, which is shown on Figure 2 as Curve D. At temperatures above that indicated on this curve, crack propagation will not occur.
Fracture Toughness Fracture toughness is an indication of the amount of stress required to propagate a preexisting flaw. The fracture toughness of a metal depends on the following factors. Metal composition Metal temperature Extent of deformations to the crystal structure Metal grain size Metal crystalline form The intersection of the crack arrest
curve with the yield curve (Curve B) is called the fracture transition elastic (FTE) point. The temperature corresponding to this point is normally about 60°F above the NDT temperature. This temperature is also known as the Reference Temperature - Nil-ductility Transition (RTNDT) and is determined in accordance with ASME Section III (1974
edition), NB 2300. The FTE is the temperature above which plastic deformation accompanies all fractures or the highest temperature at which fracture propagation can occur under purely elastic loads. The intersection of the crack arrest curve (Curve D) and the tensile strength or ultimate strength, curve (Curve A) is called the fracture transition
plastic (FTP) point. The temperature corresponding with this point is normally about 120°F above the NDT temperature. Above this temperature, only ductile fractures occur. Figure 3 is a graph of stress versus temperature, showing fracture initiation curves for various flaw sizes. Figure 3: Fracture Diagram It is clear from the above discussion that
we must operate above the NDT temperature to be certain that no brittle fracture can occur. For greater safety, it is desirable that operation be limited above the FTE temperature, or NDT + 60°F. Under such conditions, no brittle fracture can occur for purely elastic loads. As previously discussed, irradiation of the pressure vessel can raise the NDT
temperature over the lifetime of the reactor pressure vessel, restricting the operating temperatures and stress on the vessel. It should be clear that this increase in NDT can lead to significant operating restrictions, especially after 25 years to 30 years of operation where the NDT can raise 200°F to 300°F. Thus, if the FTE was 60°F at the beginning of
vessel life and a change in the NDT of 300°F occurred over a period of time, the reactor coolant would have to be raised to more than 360°F before full system pressure could be applied. PDH Classroom offers a continuing education course based on this brittle fracture reference page. This course can be used to fulfill PDH credit requirements for
maintaining your PE license. Now that you've read this reference page, earn credit for it! Rock and Mineral Planet is a resource of information and pictures about rocks and minerals as well as other content related to rocks and minerals. Take some time to visit our Rock and Mineral List. The Hardest Rock and Hardest Mineral on EarthThree Rocks
that Contain GoldBest Ways to Visually Identify ObsidianAll About Amethyst - Uses, Properties,Color, and WorthCan You Get Your Pyrite Wet?What are the Differences Between Rocksand MineralsBest Ways to Identify FluoriteAll About Malachite - Uses, Properties,Color, and WorthThe Rockhounding Guide for BeginnersHow to Crack a Geode Open
With and Without ToolsWhat Are Sedimentary Rocks - Clastic, Biogenic, ChemicalSeveral Examples of Igneous RocksDiagram of the Rock Cycle ExplainedAll About Diorite - Uses, Properties, Color, and WorthAll About Septarian - Uses, Properties, Color, and WorthBest Ways to Identify Smoky Quartz This page provides the chapters on brittle
fracture from the "DOE Fundamentals Handbook: Material Science," DOE-HDBK-1017/1-93, U.S. Department of Energy, Jan 1993. Other related chapters from the "DOE Fundamentals Handbook: Material Science" can be seen to the right. Personnel need to understand brittle fracture. This type of fracture occurs under specific conditions without
warning and can cause major damage to plant materials. Brittle Fracture Mechanism Metals can fail by ductile or brittle fracture. Metals that can sustain substantial plastic strain or deformation before fracturing exhibit ductile fracture. Usually a large part of the plastic flow is concentrated near the fracture faces. Metals that fracture with a
relatively small or negligible amount of plastic strain exhibit brittle fracture. Cracks propagate rapidly. Brittle failure results from cleavage (splitting along definite planes). Ductile fracture is better than brittle fracture, because ductile fracture occurs over a period of time, whereas brittle fracture is fast, and can occur (with flaws) at lower stress
levels than a ductile fracture. Figure 1 shows the basic types of fracture. Brittle cleavage fracture is of the most concern in this module. Brittle cleavage fracture occurs in materials with a high strain-hardening rate and relatively low cleavage strength or great sensitivity to multi-axial stress. Figure 1: Basic Fracture Types Many metals that are
ductile under some conditions become brittle if the conditions are altered. The effect of temperature on the nature of the fracture is of considerable importance. Many steels exhibit ductile fracture at elevated temperatures and brittle fracture at low temperatures. The temperature above which a material is ductile and below which it is brittle is
known as the Nil-Ductility Transition (NDT) temperature. This temperature is not precise, but varies according to prior mechanical and heat treatment and the nature and amounts of impurity elements. It is determined by some form of drop-weight test (for example, the I1zod or Charpy tests). Ductility is an essential requirement for steels used in the
construction of reactor vessels; therefore, the NDT temperature is of significance in the operation of these vessels. Small grain size tends to increase ductility and results in a decrease in NDT temperature. Grain size is controlled by heat treatment in the specifications and manufacturing of reactor vessels. The NDT temperature can also be lowered by
small additions of selected alloying elements such as nickel and manganese to low-carbon steels. Of particular importance is the shifting of the NDT temperature to the right (Figure 2), when the reactor vessel is exposed to fast neutrons. The reactor vessel is continuously exposed to fast neutrons that escape from the core. Consequently, during
operation the reactor vessel is subjected to an increasing fluence (flux) of fast neutrons, and as a result the NDT temperature increases steadily. It is not likely that the NDT temperature will approach the normal operating temperature of the steel. However, there is a possibility that when the reactor is being shut down or during an abnormal
cooldown, the temperature may fall below the NDT value while the internal pressure is still high. The reactor vessel is susceptible to brittle fracture at this point. Therefore, special attention must be given to the effect of neutron irradiation on the NDT temperature of the steels used in fabricating reactor pressure vessels. The Nuclear Regulatory
Commission requires that a reactor vessel material surveillance program be conducted in water-cooled power reactors in accordance with ASTM Standards (designation E 185-73). Pressure vessels are also subject to cyclic stress. Cyclic stress arises from pressure and/or temperature cycles on the metal. Cyclic stress can lead to fatigue failure.
Fatigue failure, discussed in more detail in Module 5, can be initiated by microscopic cracks and notches and even by grinding and machining marks on the surface. The same (or similar) defects also favor brittle fracture. Stress-Temperature Curves One of the biggest concerns with brittle fracture is that it can occur at stresses well below the yield
strength (stress corresponding to the transition from elastic to plastic behavior) of the material, provided certain conditions are present. These conditions are: a flaw such as a crack; a stress of sufficient intensity to develop a small deformation at the crack tip; and a temperature low enough to promote brittle fracture. The relationship between these
conditions is best described using a generalized stress-temperature diagram for crack initiation and arrest as shown in Figure 2. Figure 2: Stress-Temperature Diagram for Crack Initiation and Arrest Figure 2 illustrates that as the temperature goes down, the tensile strength (Curve A) and the yield strength (Curve B) increase. The increase in tensile
strength, sometimes known as the ultimate strength (a maximum of increasing strain on the stress-strain curve), is less than the increase in the yield point. At some low temperature, on the order of 10°F for carbon steel, the yield strength and tensile strength coincide. At this temperature and below, there is no yielding when a failure occurs. Hence,
the failure is brittle. The temperature at which the yield and tensile strength coincide is the NDT temperature. When a small flaw is present, the tensile strength follows the dashed Curve C. At elevated temperatures, Curves A and C are identical. At lower temperatures, approximately 50°F above the NDT temperature for material with no flaws, the
tensile strength curve drops to the yield curve and then follows the yield curve to lower temperatures. At the point where Curves C and B meet, there is a new NDT temperature. Therefore, if a flaw exists, any failure at a temperature equal or below the NDT temperature for flawed material will be brittle. Crack Initiation and Propagation As discussed
earlier in this chapter, brittle failure generally occurs because a flaw or crack propagates throughout the material. The start of a fracture at low stresses is determined by the cracking tendencies at the tip of the crack. If a plastic flaw exists at the tip, the structure is not endangered because the metal mass surrounding the crack will support the
stress. When brittle fracture occurs (under the conditions for brittle fracture stated above), the crack will initiate and propagate through the material at great speeds (speed of sound). It should be noted that smaller grain size, higher temperature, and lower stress tend to mitigate crack initiation. Larger grain size, lower temperatures, and higher



stress tend to favor crack propagation. There is a stress level below which a crack will not propagate at any temperature. This is called the lower fracture propagation stress. As the temperature increases, a higher stress is required for a crack to propagate. The relationship between the temperature and the stress required for a crack to propagate is
called the crack arrest curve, which is shown on Figure 2 as Curve D. At temperatures above that indicated on this curve, crack propagation will not occur. Fracture Toughness Fracture toughness is an indication of the amount of stress required to propagate a preexisting flaw. The fracture toughness of a metal depends on the following factors. Metal
composition Metal temperature Extent of deformations to the crystal structure Metal grain size Metal crystalline form The intersection of the crack arrest curve with the yield curve (Curve B) is called the fracture transition elastic (FTE) point. The temperature corresponding to this point is normally about 60°F above the NDT temperature. This
temperature is also known as the Reference Temperature - Nil-ductility Transition (RTNDT) and is determined in accordance with ASME Section III (1974 edition), NB 2300. The FTE is the temperature above which plastic deformation accompanies all fractures or the highest temperature at which fracture propagation can occur under purely elastic
loads. The intersection of the crack arrest curve (Curve D) and the tensile strength or ultimate strength, curve (Curve A) is called the fracture transition plastic (FTP) point. The temperature corresponding with this point is normally about 120°F above the NDT temperature. Above this temperature, only ductile fractures occur. Figure 3 is a graph of
stress versus temperature, showing fracture initiation curves for various flaw sizes. Figure 3: Fracture Diagram It is clear from the above discussion that we must operate above the NDT temperature to be certain that no brittle fracture can occur. For greater safety, it is desirable that operation be limited above the FTE temperature, or NDT + 60°F.
Under such conditions, no brittle fracture can occur for purely elastic loads. As previously discussed, irradiation of the pressure vessel can raise the NDT temperature over the lifetime of the reactor pressure vessel, restricting the operating temperatures and stress on the vessel. It should be clear that this increase in NDT can lead to significant
operating restrictions, especially after 25 years to 30 years of operation where the NDT can raise 200°F to 300°F. Thus, if the FTE was 60°F at the beginning of vessel life and a change in the NDT of 300°F occurred over a period of time, the reactor coolant would have to be raised to more than 360°F before full system pressure could be applied. PDH
Classroom offers a continuing education course based on this brittle fracture reference page. This course can be used to fulfill PDH credit requirements for maintaining your PE license. Now that you've read this reference page, earn credit for it! This page provides the chapters on brittle fracture from the "DOE Fundamentals Handbook: Material
Science," DOE-HDBK-1017/1-93, U.S. Department of Energy, Jan 1993. Other related chapters from the "DOE Fundamentals Handbook: Material Science" can be seen to the right. Personnel need to understand brittle fracture. This type of fracture occurs under specific conditions without warning and can cause major damage to plant materials.
Brittle Fracture Mechanism Metals can fail by ductile or brittle fracture. Metals that can sustain substantial plastic strain or deformation before fracturing exhibit ductile fracture. Usually a large part of the plastic flow is concentrated near the fracture faces. Metals that fracture with a relatively small or negligible amount of plastic strain exhibit
brittle fracture. Cracks propagate rapidly. Brittle failure results from cleavage (splitting along definite planes). Ductile fracture is better than brittle fracture, because ductile fracture occurs over a period of time, whereas brittle fracture is fast, and can occur (with flaws) at lower stress levels than a ductile fracture. Figure 1 shows the basic types of
fracture. Brittle cleavage fracture is of the most concern in this module. Brittle cleavage fracture occurs in materials with a high strain-hardening rate and relatively low cleavage strength or great sensitivity to multi-axial stress. Figure 1: Basic Fracture Types Many metals that are ductile under some conditions become brittle if the conditions are
altered. The effect of temperature on the nature of the fracture is of considerable importance. Many steels exhibit ductile fracture at elevated temperatures and brittle fracture at low temperatures. The temperature above which a material is ductile and below which it is brittle is known as the Nil-Ductility Transition (NDT) temperature. This
temperature is not precise, but varies according to prior mechanical and heat treatment and the nature and amounts of impurity elements. It is determined by some form of drop-weight test (for example, the I1zod or Charpy tests). Ductility is an essential requirement for steels used in the construction of reactor vessels; therefore, the NDT temperature
is of significance in the operation of these vessels. Small grain size tends to increase ductility and results in a decrease in NDT temperature. Grain size is controlled by heat treatment in the specifications and manufacturing of reactor vessels. The NDT temperature can also be lowered by small additions of selected alloying elements such as nickel and
manganese to low-carbon steels. Of particular importance is the shifting of the NDT temperature to the right (Figure 2), when the reactor vessel is exposed to fast neutrons. The reactor vessel is continuously exposed to fast neutrons that escape from the core. Consequently, during operation the reactor vessel is subjected to an increasing fluence
(flux) of fast neutrons, and as a result the NDT temperature increases steadily. It is not likely that the NDT temperature will approach the normal operating temperature of the steel. However, there is a possibility that when the reactor is being shut down or during an abnormal cooldown, the temperature may fall below the NDT value while the
internal pressure is still high. The reactor vessel is susceptible to brittle fracture at this point. Therefore, special attention must be given to the effect of neutron irradiation on the NDT temperature of the steels used in fabricating reactor pressure vessels. The Nuclear Regulatory Commission requires that a reactor vessel material surveillance
program be conducted in water-cooled power reactors in accordance with ASTM Standards (designation E 185-73). Pressure vessels are also subject to cyclic stress. Cyclic stress arises from pressure and/or temperature cycles on the metal. Cyclic stress can lead to fatigue failure. Fatigue failure, discussed in more detail in Module 5, can be initiated
by microscopic cracks and notches and even by grinding and machining marks on the surface. The same (or similar) defects also favor brittle fracture. Stress-Temperature Curves One of the biggest concerns with brittle fracture is that it can occur at stresses well below the yield strength (stress corresponding to the transition from elastic to plastic
behavior) of the material, provided certain conditions are present. These conditions are: a flaw such as a crack; a stress of sufficient intensity to develop a small deformation at the crack tip; and a temperature low enough to promote brittle fracture. The relationship between these conditions is best described using a generalized stress-temperature
diagram for crack initiation and arrest as shown in Figure 2. Figure 2: Stress-Temperature Diagram for Crack Initiation and Arrest Figure 2 illustrates that as the temperature goes down, the tensile strength (Curve A) and the yield strength (Curve B) increase. The increase in tensile strength, sometimes known as the ultimate strength (a maximum of
increasing strain on the stress-strain curve), is less than the increase in the yield point. At some low temperature, on the order of 10°F for carbon steel, the yield strength and tensile strength coincide. At this temperature and below, there is no yielding when a failure occurs. Hence, the failure is brittle. The temperature at which the yield and tensile
strength coincide is the NDT temperature. When a small flaw is present, the tensile strength follows the dashed Curve C. At elevated temperatures, Curves A and C are identical. At lower temperatures, approximately 50°F above the NDT temperature for material with no flaws, the tensile strength curve drops to the yield curve and then follows the
yield curve to lower temperatures. At the point where Curves C and B meet, there is a new NDT temperature. Therefore, if a flaw exists, any failure at a temperature equal or below the NDT temperature for flawed material will be brittle. Crack Initiation and Propagation As discussed earlier in this chapter, brittle failure generally occurs because a
flaw or crack propagates throughout the material. The start of a fracture at low stresses is determined by the cracking tendencies at the tip of the crack. If a plastic flaw exists at the tip, the structure is not endangered because the metal mass surrounding the crack will support the stress. When brittle fracture occurs (under the conditions for brittle
fracture stated above), the crack will initiate and propagate through the material at great speeds (speed of sound). It should be noted that smaller grain size, higher temperature, and lower stress tend to mitigate crack initiation. Larger grain size, lower temperatures, and higher stress tend to favor crack propagation. There is a stress level below
which a crack will not propagate at any temperature. This is called the lower fracture propagation stress. As the temperature increases, a higher stress is required for a crack to propagate. The relationship between the temperature and the stress required for a crack to propagate is called the crack arrest curve, which is shown on Figure 2 as Curve
D. At temperatures above that indicated on this curve, crack propagation will not occur. Fracture Toughness Fracture toughness is an indication of the amount of stress required to propagate a preexisting flaw. The fracture toughness of a metal depends on the following factors. Metal composition Metal temperature Extent of deformations to the
crystal structure Metal grain size Metal crystalline form The intersection of the crack arrest curve with the yield curve (Curve B) is called the fracture transition elastic (FTE) point. The temperature corresponding to this point is normally about 60°F above the NDT temperature. This temperature is also known as the Reference Temperature - Nil-
ductility Transition (RTNDT) and is determined in accordance with ASME Section III (1974 edition), NB 2300. The FTE is the temperature above which plastic deformation accompanies all fractures or the highest temperature at which fracture propagation can occur under purely elastic loads. The intersection of the crack arrest curve (Curve D) and
the tensile strength or ultimate strength, curve (Curve A) is called the fracture transition plastic (FTP) point. The temperature corresponding with this point is normally about 120°F above the NDT temperature. Above this temperature, only ductile fractures occur. Figure 3 is a graph of stress versus temperature, showing fracture initiation curves for
various flaw sizes. Figure 3: Fracture Diagram It is clear from the above discussion that we must operate above the NDT temperature to be certain that no brittle fracture can occur. For greater safety, it is desirable that operation be limited above the FTE temperature, or NDT + 60°F. Under such conditions, no brittle fracture can occur for purely
elastic loads. As previously discussed, irradiation of the pressure vessel can raise the NDT temperature over the lifetime of the reactor pressure vessel, restricting the operating temperatures and stress on the vessel. It should be clear that this increase in NDT can lead to significant operating restrictions, especially after 25 years to 30 years of
operation where the NDT can raise 200°F to 300°F. Thus, if the FTE was 60°F at the beginning of vessel life and a change in the NDT of 300°F occurred over a period of time, the reactor coolant would have to be raised to more than 360°F before full system pressure could be applied. PDH Classroom offers a continuing education course based on this
brittle fracture reference page. This course can be used to fulfill PDH credit requirements for maintaining your PE license. Now that you've read this reference page, earn credit for it! Brittle fracture is a particular type of mechanical failure frequently encountered in the field of materials engineering. As promising, and somewhat mystifying, as this
subject can be, you'll find that with a little concentration, you'll swiftly comprehend the basics and importance of brittle fractures in engineering materials. Let's proceed and delve into this fascinating subject. A Brittle Fracture refers to the breakage of a material subjected to stress where the material exhibits little or no evidence of plastic
deformation before failure. It typically features a fast crack propagation and occurs without any significant deformation in the material. Brittle fracture transpires when the material cannot absorb the energy of applied stress through deformation. Rather than deforming under stress like a ductile material, brittle materials break. Imagine a ceramic
plate representing a brittle material. When stress is applied to the plate, like dropping it onto the floor, it doesn't bend or stretch. Instead, it breaks or shatters, demonstrating a brittle fracture. You can distinguish a brittle fracture by some distinct characteristics. Typically, there would be: No evidence of plastic deformation Rapid crack propagation
The break is often along the grain boundaries Cleavage—a type of fracture where the crack follows specific crystallographic planes Several factors can influence the occurrence of a brittle fracture in a material. Let's enumerate some of these factors: TemperatureUnder certain temperatures, materials, normally ductile can become brittle causing a
change in deformation behavior Stress ConcentrationsSharp notches or cracks in a material can act as stress concentrators, increasing the likelihood of brittle fractures Rates of LoadingQuick, high-energy loads can force materials to fail in a brittle manner Griffith's theory on fracture mechanics, developed by Alan Arnold Griffith in 1921, is an
influential theory in understanding brittle fracture. This theory uses the concept of energy balance to predict the conditions for the propagation of a crack. As per Griffith's theory, a crack will propagate if the decrease in elastic strain energy exceeds the surface energy required to create new fracture surfaces. Crack propagation in brittle materials
isn't random; it follows specific theoretical principles. And to better understand and predict this failure mechanism, one valuable tool in the engineering community is the Brittle Fracture Equation. Brittle Fracture Equation is indispensable in materials engineering as it allows for the quantification of the stress needed to propagate a crack and initiate
brittle failure in materials. Understanding this crucial equation enhances the capacity to foresee and circumvent potential catastrophic failures in engineered structures and components. Materials engineers use this data to design components that will endure specified loading conditions without failure. It aids in the decision-making process when
selecting materials for specific applications, considering the service conditions and the consequences of a possible failure. ToughnessMaterials with better toughness have slower crack propagation, thus reducing the risk of brittle failures. Learning the Brittle Fracture Equation can help engineers choose materials that showcase high toughness.
Safety MarginsBy calculating the critical stress for crack propagation, materials engineers can factor in an appropriate safety margin into their designs. A common application of the Brittle Fracture Equation is in the aerospace industry, where engineers need to predict and prevent brittle fracture in aircraft materials due to high stresses and low
temperatures. Breakdown of the Brittle Fracture Equation Allow us to dissect the Brittle Fracture Equation: also known as Griffith's criterion for fracture, it is generally given as: \[ \sigma = \sqrt{\frac{2E\gamma} {\pi a} } \] where \(\sigma\) represents the applied stress \(E\) is the modulus of elasticity of the material \(\gamma\) denotes the surface
energy \(a\) is the half-length of the crack The equation asserts that the applied stress \(\sigma\) needed to propagate a crack of length \(2a\) in a material is a function of its elasticity modulus \(E\), surface energy \(\gamma\) and the half-length of the crack \(a\). The development of this equation was a significant advancement in the study of fracture
mechanics. It provided for the first time a theoretically drivable condition under which a crack would propagate, causing a brittle fracture in a material. Nowadays, let’s delve deeper into the individual variables of the Brittle Fracture Equation to understand their roles in predicting crack propagation. The Elastic Modulus \(E\): This is a measure of the
stiffness of the material. Stiffer materials (with higher values of \(E\)) require higher stress for crack propagation. The Crack Half-Length \(a\): The size of the crack significantly impacts the propensity for crack growth and brittle fracture. Larger cracks (i.e., larger \(a\)) require less stress to propagate the crack. The Surface Energy \(\gamma\): This
parameter indicates the energy required to create new surfaces during the propagation of a crack. Materials with higher surface energy \(\gamma\) are typically tougher and more resistant to crack propagation. In conclusion, materials engineers must comprehend the interplay between these variables to utilise the Brittle Fracture Equation
effectively in designing safe and robust structures. Brittle fractures can manifest in several typologies, each unique in its own right. Becoming acquainted with these varieties and seeing their real-world counterparts can greatly enrich your understanding of this pivotal phenomenon in materials engineering. While there are numerous ways to
categorise brittle fractures, let's primarily focus on two principal types based on the system of breakage: transgranular and intergranular fracture. Transgranular Fracture: This type of fracture, also called transcrystalline fracture, passes through the grains within a crystalline structure. Transgranular fracturing is usually more devastating since
minor damage can evolve into significant structural failure due to the rapid crack progression across the grains. Intergranular Fracture: An intergranular fracture, in contrast, follows the grain boundaries in a material. These fractures often indicate a material's inherent weakness, such as impurities at the grain boundaries or poor grain structure.
Primarily damaging to the grain boundaries, they often leave the material's internal structure relatively intact. Each fracture type implies different causes and repercussions, enabling materials engineers to diagnose failure modes effectively and take requisite remedial measures. Common Brittle Fracture Examples in Real World Learning from real-
world examples of brittle fracture not only strengthens your grasp on the topic but also fuels your appreciation for its critical implications. A couple of classic occurrences of brittle fracture in real-world situations include: Liberty Ships During World War II: The infamous case of the Liberty Ships during World War II is a classic example of brittleness
under chilly conditions (referred to as ductile-brittle transition). An unexpected rise in ship fractures was noted, many of which were catastrophic and resulted from brittle fractures. Examination disclosed that the steel's impact resistance deteriorated dramatically at temperatures beneath a critical temperature, fostering an environment for brittle
fracture. The Titanic: The infamous sinking of the Titanic is thought to have entailed a brittle fracture. The Titanic was constructed of steel plates that were riveted together. Upon striking the iceberg, the riveted steel plates suffered brittle failure due to the frigid waters, weakening the ship's hull and leading to the disastrous sinking. When drawing
distinctions between various kinds of material failure, a fundamental comparison often made is between brittle and ductile fracture. Although they might seem overlapped, these two categorisations describe distinctly different behaviours of materials under stress. Brittle Fractures: As already introduced, brittle fractures transpire with little to no
plastic deformation in the material. They propagate rapidly and typically with a loud noise. The presence of stress concentrators in the form a notch or an existing crack can expedite crack propagation, making a brittle material far more susceptible to fracture. Moreover, brittle fracture can occur at both high and low loading rates and is often more
prominent in materials at low temperatures. Ductile Fractures: In contrast, ductile fractures involve significant plastic deformation before fracture. Ductile materials display an increased ability to 'absorb' energy through deformation before they finally break. Hence, a ductile fracture often involves a degree of necking, shear lips or dimpled rupture,
which are classic signs of substantial plastic deformation. An advantage of ductile materials is their 'warn-before-failure' characteristic, making them safer in many engineering applications. Unlike brittle fractures which can occur instantaneously, ductile fractures typically involve a gradual progression from crack formation to minor cracking and
eventual rupturing. This gradual failure process allows for early detection and possible intervention to prevent catastrophic failure. So, whether a material exhibits brittle or ductile fracture behaviour under stress is a crucial consideration when selecting materials for specific applications. Engineers need have an understanding of both types of
fractures and their key differences to make informed and safe decisions in their field. A comprehensive understanding and application of brittle fracture principles is crucial in materials engineering. It plays a pivotal role not only in material selection but also in designing strategies to prevent brittle failure in various engineered systems and
structures. In the field of materials engineering, knowing the potential for brittle fracture in materials profoundly influences the material selection process. The propensity for a material to fail through a brittle fracture depends largely on factors such as its crystal structure, grain size, operating temperature, and the presence of stress concentrators
like notches or cracks. Different materials exhibit varying degrees of brittleness, represented primarily by their fracture toughness, a key parameter used to quantify a material's resistance to fracture. For instance, ceramic materials typically display high brittleness, while metals often exhibit little to no brittleness, with plastic deformation occurring
before any crack propagation. Therefore, apprehending the material's fracture toughness and its relationship with the operating conditions can guide engineers in selecting the appropriate material for specific applications. MaterialFracture Toughness Metals (e.g., steels, aluminium)High Ceramics (e.g., alumina, silicon nitride)Low Polymers (e.g.,
polyethylene, PVC)Moderate to High When selecting a material for a particular application, understanding the operating conditions' potential impact on the material's performance is critical. Extreme temperatures, high-loading rates, and aggressive environmental conditions can increase a material's susceptibility to brittle fracture, turning an
otherwise ductile material into a brittle one. As a consequence, material selection should take into account these potential operating influences to prevent brittle fracture. For instance, in colder climates, engineers often select materials such as nickel steels for outdoor structures, which maintain their ductility and fracture toughness at low
temperatures, reducing the risk of brittle fractures. Tools and Techniques for Brittle Fracture Prevention In an attempt to prevent brittle fractures, several innovative tools and techniques have emerged, spanning from craftsmanship and design principles to non-destructive inspection methods and predictive modelling. Refined manufacturing
techniques play a significant role in curtailing the occurrence of brittle fractures. These include practices such as heat treatment to enhance the toughness of the material, or controlled cooling to reduce the residual stresses after welding which can lead to cracking. In terms of design principles, engineers often seek to eliminate sharp corners and
notches that act as stress concentrators, initiating cracks. The fashioning of structures with smooth contours and rounded edges thus considerably diminishes the likelihood of a brittle fracture. Furthermore, the proximity of regular inspections using non-destructive testing (NDT) methods, including ultrasound and magnetic particle inspections, can
identify and monitor cracks before they propagate to cause brittle failure. Lastly, computational techniques, such as Finite Element Analysis (FEA), have established themselves as potent tools in predicting stress concentrations and potential crack propagation sites in complex parts and structures. This advanced method allows engineers to virtually
test their designs under different conditions, observing the material's behaviour and adjusting the design to curtail any possibilities of brittle fracture. Recounting real-world instances provides invaluable wisdom in preventing brittle fractures. Let’s explore some case studies to observe how the principles and techniques we’ve reviewed are applied in
actual engineering practice. Brittle Fracture Prevention in Oil Pipeline Design: Oil pipelines are governed by stringent design and operating regulations to impede brittle fractures due to the catastrophic consequences that a failure can cause. Here, the selection of low-temperature-resistant steels, implementation of post-weld heat treatment and
hydrostatic testing before operation, play critical roles in preventing brittle fractures. Preventing Brittle Fracture In Glass Manufacturing: Glass, being an inherently brittle material, is heavily susceptible to brittle fracture. Several strategies are employed in its production to manage this. Glass products are routinely subjected to thermal tempering or
chemical strengthening to enhance their toughness and resistance to cracking. Regular inspections are also conducted to detect and manage any surface defects that could lead to crack initiation. Whether it is glass manufacturing or oil pipeline engineering, it is evident that understanding brittle fracture and its prevention methods are crucial in the
engineering world. By efficiently integrating this into material selection and design practices, we can assure safer and more reliable structures in the engineering landscape. Brittle Fracture - Key takeaways Characteristics of Brittle Fracture: lacks evidence of plastic deformation, rapid crack propagation, often breaks along grain boundaries, includes
cleavage which is a type of fracture where the crack follows specific crystallographic planes. Factors Influencing Brittle Fracture: temperature, stress concentrations, and rates of loading are factors that can lead to brittle fracture in a material. Brittle Fracture Equation: a valuable tool used by engineers to quantify the level of stress needed to
propagate a crack and trigger brittle failure in materials; represented by \(\sigma = \sqrt{\frac{2E\gamma} {\pi a} }\), where \(\sigma\) stands for applied stress, \(E\) represents elastic modulus, \(\gamma\) denotes surface energy, and \(a\) describes the half-length of the crack. Types of Brittle Fracture: two principal types are transgranular fracture
(also known as transcrystalline, passes through grains within a structure) and intergranular fracture (follows grain boundaries in a material). Brittle vs Ductile Fracture: brittle fractures occur without significant plastic deformation, rapidly propagate, and can occur at any loading rates. In contrast, ductile fractures involve substantial plastic
deformation, have a slow progression before rupture, and have the 'warn-before-failure' characteristic. Brittle Fracture Prevention: strategies include refined manufacturing techniques like heat treatment and controlled cooling, the elimination of sharp corners and notches in design, and regular inspections using non-destructive testing methods.
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necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. A brittle metal is metal that will fracture or break easily under stress. For metal to be considered brittle, it has to break into separate pieces. Cold temperature, pressure, and other environmental conditions will
play a role in when a metal becomes brittle. Metal is not considered to be brittle if it can stretch and pull to deform it. This would mean the metal is ductile or malleable. You often see metal being put under high temperatures to accomplish the deformation of metal. Metalloids are considered to be the more brittle metals available. These will often
break easier than that of other metals located on the left side of the periodic table. Metalloids have properties between that of metals and nonmetals, which can contribute to a more brittle nature. Examples of these brittle metalloids include; Boron, Silicon, Germanium, Arsenic, Antimony, and Tellurium. There are many that do not want to consider
metalloids in the same context as other metals in the periodic table. However if you include them as a metal, they would be considered the more brittle metals. The most brittle metal on earth seems to be currently undefined. There are many factors to consider outside that of just the metal element and its properties on the periodic table. Some
might say Beryllium is the most brittle metal on earth as its physical ductility is 0.00. A study by Richard M. Christensen on physical ductility and other data can be found here-> “Physical Ductility of the Elements” if you are interested in reading about it. I am not sure if all the data in this study concludes that beryllium might be the least ductile
metal, or most brittle metal, on our earth. However, it would seem the data may suggest as much under typical environmental conditions. The study sets a 1.00 as “Absolute Limit, Perfect Ductility” and 0.00 as “Absolute Limit, Total Brittleness”. Gold is at a 0.93 meaning it is very ductile and not brittle. Zinc is at a 0.30 making it fairly brittle on the
scale. Many consider zinc as a great example of a natural very brittle metal on the periodic table. Zinc is a brittle metal that has a high degree of potential corrosion. This corrosion will happen easily due to the very brittle nature of zinc compared to other natural metals. Chemically weak metals are not necessarily the most brittle metals. However,
weak chemical bonds can result in the breaking of metals with more ease. There are nine chemically weak metals that we can note; Beryllium, magnesium, aluminum, gallium, tin, lead, antimony, bismuth, and polonium. Once again Beryllium does come to the front of being a potential for one of the most brittle metals if it also has a weak chemical
bond. More commonly known metals such as lead and tin are not considered to be as brittle, though they are listed as having a weak chemical bond. This is a sample of naturally occurring antimony with quartz. Antimony is known as a brittle metalloid and in addition, has a weaker chemical bond. Metals can become brittle when their environment
changes and impurities are present in its chemical bonds. Cast iron becomes brittle due to carbon impurities within it. Steel can become brittle when temperatures reach -20 F or lower. The strength within the bond of the metal will generally determine how long it can keep from breaking under different environmental considerations. Most metals
are not generally brittle and require some sort of environmental factors to make them brittle. Many metals on the periodic table will become more brittle with the decrease in temperature. When metals are mixed to make stronger alloys such as austenitic stainless steel, breaking under extreme cold temperatures becomes more difficult. When metals
are mixed and heated then cooled, chemical bonds can become much stronger and make the resulting metal less brittle. In my research for the most brittle metal or most brittle metals on earth, it would seem a decisive answer was not very outright or forthcoming. To make any definitive conclusions one would have to assume some sort of “normal”
environmental conditions, pressure, and temperature for each metal. Whatever “normal” might mean (mid-day sunshine, at sea level, at 87 degrees F). I can conclude that possibly beryllium, under normal conditions, is the most brittle metal on earth based on much of the data I have seen. I really do like the “Physical Ductility of the Elements” study
that may help to back that up. Many do seem to say that zinc is the benchmark for a very brittle metal as it is not ductile in nature. In many scientific conclusions what occurs in nature, is what you should go by. Thousands of tests for product quality and reliability under heat, humidity, temperature shock, vibration, drop, electrostatic discharge.
Learn More A fracture can be defined as the separation of the material into two or more parts. Failure of material can involve any of the two mechanisms; ductile fracture or brittle fracture. Both these fracture mechanisms in metal are distinct and different from each other. In this article, we will explore both of these failure mechanisms in
detail.Brittle fracture is the sudden and rapid metal failure in which the material shows little or no plastic strain. This is characterized by quick failure without any warning. The generated cracks propagate rapidly and the material collapses all of a sudden.Brittle Fracture is a condition that occurs when a material is subjected to temperatures that
make it less resilient, and therefore more brittle. The potential for material to become brittle depends on the type of material that is subjected to these low temperatures. Some materials, such as carbon and low alloy steels will become brittle at low temperatures and therefore susceptible to damage ranging from cracking to shattering or
disintegration of equipment.When a material becomes brittle, the consequences can be very serious. If the brittle material is subjected to an impact or an equivalent shock (ex. rapid pressurization) the combination could potentially lead to a catastrophic failure under certain conditions.Ductile fracture is the material failure that exhibits substantial
plastic deformation prior to fracture. The ductile fracture process is slow and gives enough warnings before final separation. Normally, a large amount of plastic flow is concentrated near the fracture faces.The ductile fracture occurs over a period of time and normally occurs after yield stress, whereas brittle fracture is fast and can occur at lower
stress levels than a ductile fracture. That is why Ductile fracture is considered better than brittle fracture. Refer to Fig. 1 below that explains both fracture mechanisms. The area under the stress-strain curve represents the absorbed energy before failure. Clearly, the required energy in brittle failure is quite less than the ductile failure.Fig. 1: Brittle
vs Ductile FractureThe mechanism of brittle fracture shown above is known as Brittle cleavage fracture. This occurs in metals with a high strain-hardening rate and relatively low cleavage strength.Ductile materials under some conditions can become brittle if the conditions are changed. Such a condition is the effect of temperature. Many materials of
industrial use exhibit ductile fracture at ambient and elevated temperatures and brittle fracture at low temperatures. The transition temperature below which a material is brittle and above which it is ductile is known as the Nil-Ductility Transition (NDT) temperature. This temperature is not constant but varies depending on prior mechanical and heat
treatment and the nature and amounts of impurity elements. It is determined by the Izod or Charpy Impact tests. At temperature above the NDT temperature, some plastic deformation will occur before the fractureWith an increase in ductility, NDT decreases. So it is always preferred to increase ductility. The parameters that impact ductility
are:Grain Size: small grain sizes increase ductility and grain size is controlled by heat treatment.Alloying Element: The addition of alloying elements can decrease grain size and thus decrease brittleness shifting the NDT to a lower temperature.Cyclic stresses should be avoided for brittle materials. So, systems having thermal and pressure cycles
should not be designed from brittle materials.The main concern with a brittle fracture or brittle failure is that under certain conditions failure occurs at stresses well below the yield strength. Such conditions are the presence of a flaw or crack. Brittle fractures are normally initiated by defects present in the manufactured product or fabricated
structure or by defects that develop during service. These are basically stress concentrators and may take the form of.Notches- discontinuities caused by abrupt changes in the direction of a free surface, often fracture initiators. Examples: sharp fillets, corners, holes, threads, splines, keyways, dents, gouges, or scratches.Laps, folds, flakes, large
inclusions, forging bursts, laminations, and undesirable grain.Segregation, inclusions, undesirable microstructures, porosity, tears, cracks, or surface discontinuities are introduced during melting, deoxidation, grain refining, and casting operations.Cracks resulting from machining, quenching, fatigue, hydrogen embrittlement, liquid metal
embrittlement, or stress corrosion.Residual stresses.Brittle fracture normally occurs because of the propagation of such cracks at great speed. Smaller grain size, higher temperature, and lower stress tend to mitigate crack initiation. On the contrary, larger grain sizes, lower temperatures, and higher stress favor crack propagation. There is a stress
level known as the lower fracture propagation stress below which a crack will not propagate at any temperature. With the increase in temperature, higher stress is required for a crack to propagate. A crack arrest curve defines the relationship between the temperature and the stress required for a crack to propagate.The amount of stress required to
propagate a preexisting crack is indicated by the Fracture Toughness which depends on various factors mentioned below:Metal compositionMetal temperatureThe extent of deformations to the crystal structureMetal grain sizeMetal crystalline formFlaw sizeRefer to Fig. 2 below that represents fracture initiation curves for steel for various flaw sizes
at various stresses and temperatures.Fig. 2: Fracture Initiation Curve at various Flaw SizesFrom the above curve, it is evident that to avoid brittle fracture operating temperature should be maintained above NDT temperature. Maintaining the operating temperature above FTE temperature (NDT + 60°F for steel) will ensure greater safety.Consider a
thin plate of length 1 having a thru-crack of length 2c, as shown in Fig 3. The upper curve shows the force-deflection curve for a non-extending crack of length 2c. For a non-extending crack of length 2(c + Ac), the curve will be the lower curve. The area between these two curves represents the energy released to extend the crack from 2c to 2(c +
Ac).Fig. 3: Explanation of Griffith’s Theory of Brittle FractureUsing elasticity theory Griffith showed that the energy released per unit thickness during a crack growth of 2Ac isThus, the critical stress is inversely proportional to c%. Hence, the smaller the flaw, the greater the value of oc. The Griffith theory is good for every brittle material like glass,
in which failure occurs without any plastic deformation. When there is some plastic deformation associated withthe crack extension, we must add the plastic work yp expended in making the surface to the surface energy term ys to obtain oc as shown below:The above equation forms the starting point of modern fracture mechanics.Ductile fracture or
ductile failure (Fig. 4) normally occurs following the below-mentioned steps:(a) Necking(b) Formation of microvoids(c) Coalescence of microvoids to form a crack(d) Crack propagation by shear deformation(e) FractureFig. 4: Ductile Fracture Mechanism Brittle fracture is a critical concern in the field of materials science and structural engineering, as
it can lead to sudden and catastrophic failures in metal components. Unlike ductile fracture, which involves significant deformation before failure, brittle fracture occurs with minimal distortion, often without any prior warning signals. Understanding the underlying causes of brittle fracture is essential for developing strategies to prevent such
occurrences, ensuring the safety and reliability of metal structures. This article aims to delve into the various factors that contribute to brittle fracture, including material properties, environmental conditions, and mechanical stress. Additionally, we will explore effective prevention techniques and best practices that can be implemented to mitigate the
risk of brittle fracture in various industrial applications. By gaining a comprehensive understanding of brittle fracture, engineers and materials scientists can make more informed decisions to design safer, more resilient structures. What is Brittle Fracture? Brittle fracture is a type of failure that occurs in materials without significant prior
deformation. In simple terms, it is the sudden and abrupt breaking of a material, which typically happens at low temperatures and high rates of stress. This form of fracture is characterized by a rapid crack propagation, usually following a path of minimal resistance along the grains of the material. Unlike ductile fracture, which gives warning through
noticeable deformation, brittle fracture offers little to no forewarning, making it particularly dangerous in structural applications. Key factors influencing brittle fracture include the material’s inherent toughness, the presence of stress concentrators like notches or fractures, and exposure to low temperatures that can embrittle the material.
Understanding these variables allows for the development of methods to predict and prevent brittle fracture, thereby enhancing the safety and longevity of metallic structures. Definition of Brittle Fracture Brittle fracture is defined as the sudden and catastrophic failure of a material under stress that happens without any noticeable plastic
deformation. It is a form of fracture that occurs when a material’s internal structure is unable to absorb enough energy to deform plastically before breaking. The key characteristics of brittle fracture include: Crack Initiation: Cracks often initiate at stress concentrators such as notches, flaws, or inclusions within the material. Rapid Crack
Propagation: Once initiated, the crack propagates quickly, typically at speeds close to the speed of sound within the material. Low Energy Absorption: Little to no energy is absorbed during the fracture process, which contrasts significantly with ductile fracture where significant energy absorption occurs. Key technical parameters to consider in
evaluating the propensity for brittle fracture include: Fracture Toughness (K IC): This parameter represents the ability of a material containing a crack to resist fracture. Materials with low fracture toughness are more susceptible to brittle fracture. Transition Temperature (T r): The temperature below which a material behaves in a brittle manner.
Above this temperature, the material is more likely to exhibit ductile behavior. Notch Sensitivity: Describes the extent to which the presence of notches or other defects can reduce the material’s toughness and lead to brittle fracture. Grain Size and Structure: Fine-grained structures tend to have higher toughness, whereas coarse-grained materials
are more prone to brittle fracture. Understanding these parameters and incorporating them into material selection and design processes can help mitigate the risk of brittle fracture in industrial components and structures. Characteristics of Brittle Fracture The key characteristics of brittle fracture include: No Plastic Deformation: Brittle fracture
occurs without any significant plastic deformation, meaning the material breaks suddenly rather than deforming. Transgranular or Intergranular: The fracture can propagate through the grains (transgranular) or along the grain boundaries (intergranular) of the material. Clean, Bright Fracture Surface: The fracture surfaces are often smooth and
bright, with a crystalline appearance, indicating little to no energy absorption. Flat Fracture Profile: The fracture profile is typically flat and perpendicular to the applied stress, lacking the ductile fracture’s characteristic necking or void coalescence. Low Energy Release: The failure happens quickly with minimal energy dissipation, leading to a
sudden and often catastrophic failure of the component. These characteristics provide insights into the mechanisms behind brittle fracture and underscore the importance of careful material selection and design to prevent such failures. Brittle Failure in Metals Brittle failure in metals is primarily influenced by temperature, strain rate, and material
composition. Metals such as cast iron, high carbon steel, and certain alloys are more prone to brittle failure, especially at low temperatures or high strain rates. This type of failure often occurs suddenly and without any noticeable plastic deformation, as the metal structure rapidly fractures when the applied stress exceeds the critical level. At the
microscopic level, brittle fracture typically occurs through cleavage, where atomic bonds break along specific crystallographic planes. Factors contributing to brittle failure include the presence of impurities, microcracks, and other stress concentrators which can significantly lower the material’s fracture toughness. To prevent brittle failure, it is
crucial to select metals with adequate fracture toughness and ductility for the intended service conditions, and to minimize stress concentrators through proper handling and manufacturing processes. Key strategies include alloying to improve toughness, heat treatments to refine grain structure, and implementing design features that reduce stress
concentrations. What Causes Brittle Fracture? Image source : Brittle fracture is caused by a combination of factors that influence the material properties and the external conditions under which the material is used. Temperature: Brittle fracture is more likely to occur at lower temperatures where materials generally exhibit less ductility. As
temperature decreases, the ductile-to-brittle transition temperature (DBTT) becomes a critical parameter. For example, common structural steel typically has a DBTT in the range of -20°C to +20°C. Strain Rate: Higher strain rates can lead to brittle failure by limiting the time for plastic deformation and promoting rapid crack propagation. Materials
subjected to high strain rates, such as during impact loading or explosive scenarios, are less able to redistribute stress, causing brittle fracture. Strain rates about \(10” 3 \text{s} "~ {-1}\) greatly favor brittle behavior. Material Composition: The presence of certain elements and impurities in metals can significantly influence their fracture behavior.
Elements like sulfur, phosphorus, or lead can act as stress concentrators, decreasing the overall toughness. In steels, carbon content is critical; higher carbon steels tend to be more brittle. Microstructural Factors: Internal defects such as microcracks, voids, and inclusions serve as points of stress concentration, reducing the effective fracture
toughness of the material. The grain size also plays a role; finer grains usually enhance toughness while larger grains promote brittleness. Stress Concentrations: Sharp corners, notches, and other geometric discontinuities in a component’s design can lead to localized stress concentrations, significantly elevating the risk of brittle fracture. Addressing
these through design improvements and stress-relief features is essential. By controlling these factors through proper material selection, processing techniques, and design considerations, the incidence of brittle fracture can be minimized. Factors Contributing to Brittle Fracture Several key factors contribute to the phenomenon of brittle fracture,
which occurs without significant plastic deformation and with the rapid propagation of cracks. These factors include: Temperature: Low temperatures reduce the ductility and toughness of materials, making them more susceptible to brittle failures. The ductile-to-brittle transition temperature (DBTT) is a critical threshold below which materials
exhibit predominantly brittle behavior. Strain Rate: High strain rates limit the ability of materials to undergo plastic deformation due to insufficient time to redistribute stress. Situations involving impact or explosive loading, where strain rates can exceed \(10" 3 \text{s} ™ {-1}\), markedly increase the likelihood of brittle fracture. Material
Composition and Microstructure: Impurities such as sulfur, phosphorus, and lead, as well as higher carbon content, can act as stress concentrators, thus reducing the material’s overall toughness. Microstructural defects, including microcracks, voids, and inclusions, and larger grain sizes, also contribute to reduced fracture toughness and increased
brittleness. Addressing these factors through careful material selection, optimal processing techniques, and precise design considerations can substantially reduce the risk of brittle fracture in engineering applications. Role of Stress in Brittle Fracture Stress plays a pivotal role in the initiation and propagation of brittle fractures. High levels of
applied or residual stress can serve as driving forces for crack formation and growth, especially in the presence of stress concentrators such as sharp notches or pre-existing defects. According to data from the top search results on Google, typically sourced from reputable engineering materials and metallurgical sites, it is crucial to consider the
following technical parameters: Stress Intensity Factor (K): This parameter quantifies the intensity of the stress field near a crack tip. When the stress intensity factor reaches a critical value, known as the fracture toughness \(K_{IC}\), rapid crack propagation occurs, leading to brittle fracture. Fracture Toughness (K IC): The critical stress intensity
factor for mode I (opening mode) loading. Materials with lower \(K_{IC}\) values are more prone to brittle fracture, particularly under tensile stress. Residual Stress: Residual stresses induced during manufacturing processes, such as welding or quenching, can exacerbate the likelihood of brittle fracture, even if the applied stresses are relatively low.
A detailed understanding of these parameters and their interplay is essential for predicting and mitigating brittle fracture in engineering components. By incorporating accurate stress analysis and applying fracture mechanics principles, engineers can design safer, more reliable structures resistant to brittle failures. Material Susceptibility to Brittle
Fracture Considering the data available from the top search results on google.com covering engineering materials and metallurgical principles, it is evident that material susceptibility to brittle fracture is influenced by several key factors. Firstly, materials with higher fracture toughness (\(K_{IC}\)) values exhibit greater resistance to crack
propagation and subsequent brittle failure. Secondly, the presence of significant residual stresses, often introduced during manufacturing processes such as welding or thermal treatments, can predispose materials to brittle fracture even under lower applied stresses. Lastly, the geometry of the component, especially around stress concentrators like
sharp notches or pre-existing defects, critically affects its tendency to brittle fracture. Therefore, mitigating strategies should involve careful material selection, control of residual stresses through appropriate processing techniques, and optimized design to minimize stress concentrators. By understanding and controlling these variables, the risk of
brittle fracture can be effectively managed in engineering applications. How to Identify Brittle Fracture? brittle fracture Brittle fracture can be identified through several key indicators and technical parameters. Firstly, examining the fracture surface morphology under a microscope can reveal a characteristic granular or faceted appearance, often
described as “cleavage” fracture. This contrasts with the more ductile fracture surfaces that exhibit a fibrous or dimpled texture. Technical Parameters for Identifying Brittle Fracture Fracture Toughness (\(K_{IC}\)): A low fracture toughness value typically indicates a material’s susceptibility to brittle fracture. Materials with high \(K_{IC}\) values
are less likely to fail in a brittle manner. Transition Temperature: The ductile-to-brittle transition temperature (DBTT) is critical in identifying the operating temperature range within which a material is prone to brittle fracture. Materials tested below their DBTT are more susceptible to brittle fracture. Residual Stresses: High levels of residual stress,
detectable through techniques such as X-ray diffraction (XRD) or hole-drilling methods, can predispose materials to fracture suddenly without significant plastic deformation. Stress Intensity Factor (\(K\)): When the stress intensity factor at the crack tip exceeds the critical value (\(K_{IC}\)), brittle fracture is imminent. Monitoring \(K\) via fracture
mechanics analysis provides valuable insights. Charpy Impact Test Results: This test quantifies the energy absorbed during fracture. Lower absorbed energy values correlate with higher brittleness, especially at lower temperatures. By meticulously analyzing these parameters, engineers can identify the presence and likelihood of brittle fracture in
materials and components, thereby implementing appropriate preventative measures. Fracture Surface Examination Fracture surface examination plays a pivotal role in identifying the mode and cause of material failure. By analyzing the topography and morphology of fracture surfaces, engineers can distinguish between brittle, ductile, and fatigue
fractures. In brittle fracture, the surface exhibits features such as cleavage facets, river patterns, and granular textures, signifying rapid crack propagation with minimal plastic deformation. Conversely, ductile fractures will show dimpled rupture surfaces resulting from micro-void coalescence, indicating significant plastic deformation before fracture.
Fatigue fractures often display characteristic striations and beach marks, highlighting crack growth over time under cyclic loading. Utilizing high-resolution microscopy techniques, such as Scanning Electron Microscopy (SEM), provides critical insights into these fracture processes, thereby aiding in the accurate diagnosis and subsequent prevention
of material failure. Crack Propagation Analysis Crack propagation analysis is critical in evaluating the integrity and longevity of materials subjected to stress and loading conditions. This analysis involves assessing the rate at which a pre-existing crack grows under varying types of load. Key technical parameters in crack propagation analysis include
Stress Intensity Factor (K), Crack Growth Rate (da/dN), and Fracture Toughness (K IC). Stress Intensity Factor (K): This parameter represents the stress state near the tip of a crack caused by remote loading. It is a crucial factor in predicting crack growth and is calculated using the equation K = Y * ¢ * sqrt(m*a), where Y is a dimensionless
geometric factor, o is the applied stress, and a is the crack length. Crack Growth Rate (da/dN): The rate at which a crack propagates per loading cycle denoted as da/dN, is determined using Paris’ Law: da/dN = C * (AK)"m. Here, AK is the range of the Stress Intensity Factor over a load cycle, and C and m are material-specific constants obtained
empirically. Fracture Toughness (K IC): This parameter defines the critical Stress Intensity Factor beyond which rapid crack propagation occurs leading to material failure. K IC is a material property that depends on factors such as temperature and loading rate. By employing these parameters, engineers can predict the lifespan of components under
cyclic loads, devise appropriate inspection intervals, and implement necessary maintenance and design modifications to avert catastrophic failures. Analytical methods and experimental data derived from industry standards like ASTM E647 are essential for ensuring the accuracy and reliability of crack propagation assessments. Impact Tests and
Their Importance When assessing the toughness and durability of materials, impact tests play a critical role in understanding their behavior under sudden loads. These tests are designed to measure the material’s capability to absorb energy and withstand high-rate loading, which is pivotal for applications subjected to dynamic or impact stresses. One
widely used method is the Charpy impact test, where a standardized specimen with a notch is struck by a pendulum hammer at high velocity. The amount of energy absorbed during the fracture is recorded, indicating the material’s toughness. Similarly, the I1zod impact test measures the energy required to break a notched specimen in a cantilevered
position. The results from impact tests help engineers determine the suitability of materials for various applications, particularly in safety-critical industries like automotive and aerospace, where components regularly endure impact forces. Moreover, understanding the impact resistance of materials aids in improving designs to enhance performance
and prevent potential failures in service. Reliable data from these tests ensure that materials can perform as expected under dynamic conditions, thereby contributing to the safety and longevity of engineering systems. How to Prevent Brittle Fracture? To prevent brittle fracture, I focus on several key strategies: Material Selection: I choose materials
that are known for their high toughness and low transition temperatures. Using materials that remain ductile at the operating temperatures of the application is crucial. For example, selecting alloys with good impact resistance properties can significantly reduce the risk of brittleness. Design Considerations: I incorporate design features that
minimize stress concentrations, such as rounded corners instead of sharp ones and smooth transitions between different sections. This helps in distributing stress more evenly and lowering peak stresses that can initiate cracks. Control of Temperature and Loading Conditions: I ensure that the operational and environmental conditions are well within
the material’s limits. This includes maintaining appropriate service temperatures and avoiding sudden or extreme loading conditions that could lead to stress concentrations or material degradation. Heat Treatment and Manufacturing Processes: I implement proper heat treatment techniques like annealing or quenching and tempering to enhance the
material’s toughness. Ensuring that welding and fabrication processes are conducted under controlled conditions helps in preventing defects that could act as crack initiators. Regular Inspection and Maintenance: I schedule routine inspections to detect any signs of wear, cracks, or other defects early. Non-destructive testing methods, such as
ultrasonic or radiographic testing, allow me to monitor the integrity of components without causing damage. Regular maintenance helps to address any issues before they can lead to brittle fracture. By following these best practices, I ensure that the risk of brittle fracture is minimized, thereby enhancing the reliability and safety of engineering
systems. Improving Fracture Toughness Improving fracture toughness in materials requires a multifaceted approach that addresses both material properties and engineering design. Here are concise answers to the key points, including corresponding technical parameters: Material Selection: Choose materials with inherently high fracture toughness.
For example, high-strength low-alloy steels (HSLA) have superior toughness compared to plain carbon steels. The Charpy V-notch impact test is a common method to quantify fracture toughness, with higher energy absorption indicating better toughness. Heat Treatment: Apply specific heat treatment processes to enhance material toughness.
Quenching and tempering can significantly improve the toughness of steels by refining the microstructure. Parameters: Quenching temperature: 840-900°C Tempering temperature: 200-650°C Alloying Elements: Incorporate alloying elements such as nickel, chromium, and molybdenum which can improve fracture toughness by refining grain
structures and enhancing phase transformation properties. Grain Size Control: Reduce the grain size through controlled rolling or forging processes. Finer grains improve toughness due to the Hall-Petch relationship. A typical desired grain size for enhancing toughness is 10 micrometers or less. Manufacturing Process Control: Implement precise
manufacturing controls to avoid defects like porosity and inclusions, which can act as crack initiators. Techniques such as vacuum arc remelting (VAR) can help produce cleaner steels with fewer inclusions. Temperature and Loading Conditions: Ensure operating environments maintain a temperature range that prevents brittle behavior. For example,
operating above the ductile-to-brittle transition temperature (DBTT) is crucial. Test materials to ensure the DBTT is below the lowest service temperature. Surface Treatments: Utilize surface treatment techniques such as shot peening to introduce compressive residual stresses, which inhibit crack initiation on the material surface. By strictly adhering
to these guidelines and incorporating these technical parameters, engineers can significantly enhance the fracture toughness of materials, thereby improving the durability and safety of engineering components. Heat Treatment Processes Heat treatment processes are critical in enhancing the mechanical properties of metals and alloys. These
processes generally involve heating and cooling cycles that alter the microstructure of the material to achieve desired attributes such as increased hardness, improved strength, better wear resistance, or enhanced ductility. The key factors in heat treatment processes include temperature, time, cooling rate, and atmosphere. Purpose: To soften the
material, relieve internal stresses, and enhance ductility. Technical Parameters: Purpose: To refine the grain structure and improve toughness. It also helps to homogenize the material composition. Technical Parameters: Purpose: To harden the material by forming martensitic structures. Technical Parameters: Purpose: To reduce brittleness and
retain hardness by decomposing martensite into a more stable structure. Technical Parameters: Purpose: To create a hard, wear-resistant surface while maintaining a tough, ductile core. Technical Parameters: Methods include carburizing (adding carbon), nitriding (adding nitrogen), and carbonitriding (adding both carbon and nitrogen). Heating
temperatures range from 850-950°C for carburizing, with varying times based on the depth of the hardening required. By meticulously controlling these parameters, specific mechanical properties can be consistently achieved, ensuring materials meet rigorous performance criteria for engineering applications. Reducing Stress Concentrations To
reduce stress concentrations, one must focus on design modifications that distribute stress more evenly across the material. Common strategies include the use of fillets or rounded corners instead of sharp ones, which help to mitigate the intensity of stress points. Additionally, incorporating features such as notches or holes with smooth transitions
rather than abrupt changes can significantly alleviate stress concentrations. The implementation of reinforcing elements like gussets can also provide additional strength and spread out loads more uniformly. Another effective approach is the application of surface treatments, such as shot peening, which induce beneficial compressive residual
stresses on the material surface, thereby reducing the susceptibility to crack initiation and propagation. By adopting these methods, structural integrity and durability are substantially enhanced, ensuring that components can withstand operational stresses without failure. What are the Consequences of Brittle Fracture? Brittle fracture is a
catastrophic failure mode characterized by the sudden and rapid crack propagation with little to no prior deformation. Key consequences of brittle fracture include: Sudden and Unexpected Failure: Unlike ductile fractures, brittle fractures occur without significant warning or plastic deformation, leading to sudden and unexpected failure of the
material or structure. Extensive Damage: Because brittle fracture typically happens rapidly and with considerable energy release, it can result in extensive damage to the system or structure, often necessitating costly repairs or replacements. Safety Hazards: The abrupt nature of brittle fracture poses significant safety hazards, as components that fail
in this manner may lead to accidents, injuries, or even fatalities, particularly in critical applications like bridges, pressure vessels, and high-rise buildings. Economic Impact: The failure of critical components or structures due to brittle fracture can disrupt operations, leading to substantial economic losses due to downtime, repair costs, and potential
loss of production. Loss of Structural Integrity: Brittle fracture compromises the structural integrity of a material, making it unreliable for future use in its intended application. It may also necessitate a redesign or material change to prevent recurrence. Lack of Warning Signs: The absence of prior deformation means that brittle fractures provide
little to no warning, making it challenging to detect and mitigate potential failures through regular inspection methods. Addressing these consequences requires meticulous design, material selection, and regular inspection to ensure components can withstand operational stresses without succumbing to brittle fracture. Catastrophic Failures
Catastrophic failures, as I understand from recent authoritative sources, are sudden and complete breakdowns of structures or systems that result in significant and often irreparable damage. These failures can arise from various factors such as material defects, design flaws, or unexpected loads and stresses. Often, they are accompanied by
substantial safety hazards and economic losses due to the immediate cessation of operations and the need for extensive repairs or replacements. The unpredictability and severity of catastrophic failures make them a critical area of concern in engineering and material science, emphasizing the importance of thorough design, rigorous testing, and
regular maintenance to mitigate risks. Economic Impacts Catastrophic failures can lead to substantial economic impacts, reflecting both direct and indirect costs. Direct costs often include immediate expenses such as repair or replacement of failed components, machinery, and infrastructure. These failures necessitate swift and often costly actions to
restore functionality, which may involve complex logistics, specialized labor, and expedited shipping of parts. For instance, according to authoritative studies, direct repair costs can range from thousands to millions of dollars, depending on the scale and nature of the failure. Indirect costs, on the other hand, encompass broader economic ramifications
such as production downtime, lost revenue, and reputational damage. Production halts can disrupt supply chains and lead to missed deadlines, significantly affecting contractual obligations and customer relationships. An example is provided by an industrial report indicating that downtime costs in manufacturing can average $22,000 per minute,
highlighting the severe financial strain on businesses. Technical parameters involved in evaluating these impacts include: Mean Time to Repair (MTTR): The average time required to repair a system or component and restore it to operational status. Lower MTTR indicates quicker recovery and reduced downtime costs. Failure Rate: Measured in
failures per unit of time, this parameter helps quantify the reliability of materials and components, influencing maintenance strategies and lifecycle costs. Lost Production Volume: Quantifies the amount of production lost due to downtime, often measured in units of output or hours of operational time. These technical parameters must be meticulously
monitored and optimized to mitigate the severe economic impacts of catastrophic failures, ensuring both operational continuity and financial stability. Safety Hazards Addressing safety hazards in the context of catastrophic failures is paramount, as they present significant risks to personnel, equipment, and the environment. In my research, which
included reviewing information from the top websites on Google, I found several critical points worth highlighting: Equipment Malfunction: Catastrophic failures often result from equipment malfunction, posing immediate danger to operators and nearby personnel. Ensuring routine maintenance and adhering to operational guidelines can mitigate
these risks. Hazardous Material Release: Failures can lead to the release of hazardous materials, such as chemicals or gases, which can have severe health and environmental impacts. Implementing stringent containment and response strategies is essential for minimizing such hazards. Fire and Explosions: The potential for fire and explosions is
markedly increased in the event of a catastrophic failure. These incidents can cause extensive physical damage and endanger lives, underscoring the need for effective fire suppression systems and emergency evacuation procedures. Prioritizing these safety measures and incorporating them into regular risk assessments can significantly reduce the
potential for harm, thus safeguarding both human and environmental health. How is Brittle Fracture Assessed? Brittle fracture assessment involves a combination of material testing, structural analysis, and understanding of operating conditions. According to the current top resources, the process typically includes: Material Toughness Testing: Key
techniques, such as Charpy V-notch and fracture toughness testing, are employed to evaluate the material’s ability to resist crack propagation. These tests provide critical data on the energy absorption capacity and the stress intensity factors of the material. Stress Analysis: Finite element analysis (FEA) and other stress analysis methods are used to
model and understand the stress distribution within the structure. By identifying high-stress regions, engineers can predict potential fracture locations and assess the structure’s vulnerability to brittle fracture. Temperature Considerations: Operating temperatures significantly influence the brittle fracture tendency. Assessing the material’s
performance in low-temperature environments is crucial, as many materials become more brittle at lower temperatures. The ductile-to-brittle transition temperature (DBTT) is a key metric in this evaluation. Flaw Detection: Non-destructive testing (NDT) methods, such as ultrasonic testing and radiography, are essential for detecting existing flaws or
cracks within the material. Early identification of defects allows for timely corrective actions to prevent catastrophic failures. These comprehensive assessment techniques ensure that structural integrity is maintained, preventing brittle fracture and enhancing safety. Fracture Analysis Techniques Fracture analysis entails a systematic approach to
understanding the mechanisms and factors contributing to material failure. Key techniques and methods adopted from leading resources include: Scanning Electron Microscopy (SEM): Utilized to observe the fracture surface at high resolutions. SEM helps identify features such as fatigue striations and cleavage facets, providing insights into the
fracture propagation mode. Transmission Electron Microscopy (TEM): Offers atomic-scale imaging to examine dislocations, grain boundaries, and other microstructural factors influencing fracture behavior. Tensile Testing: Measures material strength and elongation at break. Provides data on ultimate tensile strength (UTS) and yield strength, which
are critical for understanding the mechanical limits before fracture. Fatigue Testing: Evaluates the material’s ability to withstand cyclic loading, providing parameters such as fatigue limit and the number of cycles to failure. Fracture Toughness Testing: J-integral Method: Calculates the energy required to propagate a crack, essential for determining



the material’s resistance to crack growth in elastic-plastic materials. KIC Testing (Stress Intensity Factor): Assesses the fracture toughness in linear-elastic materials by quantifying the critical stress intensity at which a crack initiates. These techniques are grounded in practical applications and provide a comprehensive understanding of material
behavior under various conditions. Data obtained from these tests are crucial for designing safer, more resilient engineering structures. Parameters such as UTS, yield strength, fatigue limit, J-integral, and KIC are standardized metrics that ensure consistency and reliability in fracture analysis. Linear Elastic Fracture Mechanics Linear Elastic
Fracture Mechanics (LEFM) is a critical field within materials science and engineering, focusing on the behavior of cracks in materials governed by linear elasticity. LEFM is predicated on the assumption that material deformation is elastic and the stress around a crack tip can be characterized by the Stress Intensity Factor (K). The primary objective
of LEFM is to predict the onset of crack growth and its subsequent propagation under various loading conditions. This is achieved by examining three modes of crack surface displacement: Mode I (opening mode), Mode II (sliding mode), and Mode III (tearing mode). Key to LEFM is the concept of the stress intensity factor (K), which quantifies the
stress state near the tip of a crack caused by a remote load or residual stresses. For a given material, fracture occurs when the applied stress intensity reaches a critical value, known as the fracture toughness (K _IC). This fracture toughness is a material property that signifies the ability of a material to resist the propagation of a crack. LEFM is
widely utilized in engineering applications to ensure the structural integrity of components, predicting the remaining life of structures, and preventing catastrophic failures by enabling the design of materials and structures that can withstand unexpected loads and defects. Microstructure and Toughness Evaluation When evaluating the microstructure
and toughness of a material, it is essential to consider several factors including grain size, phase distribution, and the presence of defects or inclusions. Grain size plays a pivotal role; finer grains typically enhance toughness due to their ability to arrest crack propagation. Phase distribution, including the presence of different metallurgical phases,
influences the mechanical properties and toughness. For instance, the presence of martensite can increase strength, while phases like ferrite and pearlite can provide ductility and toughness. Additionally, the evaluation of defects, such as voids and inclusions, is critical as they can act as stress concentrators and initiation sites for cracks, thereby
reducing the material’s overall toughness. Advanced characterization techniques, such as scanning electron microscopy (SEM) and transmission electron microscopy (TEM), alongside mechanical testing methods like Charpy impact tests, are utilized to comprehensively assess the microstructure and toughness of materials. Understanding these
characteristics enables the optimization of materials for enhanced performance in demanding applications. Reference sources Xometry: Brittle Failure - Definition, Causes, and Prevention This article provides a detailed overview of brittle failure, including its definition, the causes behind it, and strategies for prevention. It is a valuable resource for
understanding the fundamental aspects of brittle fracture in metals. Read more here Inspectioneering: Brittle Fracture Inspectioneering offers an in-depth examination of brittle fracture, highlighting how this damage mechanism can cause cracking without warning. The article includes practical insights into the characteristics and ramifications of
brittle fractures in various applications. Read more here Petrosync: Guide To Brittle Fracture - Prevention Acts for Engineers This guide outlines preventive measures engineers can take to mitigate the risks associated with brittle fracture. It covers essential concepts such as fracture toughness and the conditions that make materials susceptible to
sudden, catastrophic failure. Read more here Frequently Asked Questions (FAQs) Q: What is brittle fracture? A: Brittle fracture is the sudden and rapid failure of a brittle material, such as ceramics, where there is little to no plastic deformation of the material before the fracture occurs. This type of fracture in metals is characterized by a swift crack
propagation. Q: How does a brittle fracture occur? A: Brittle fracture occurs when a material is subjected to high stress and the atomic bonds within the material cannot support the applied stress, leading to a rapid crack initiation and propagation. The fracture often happens at low temperatures and in materials with low ductility. Q: What materials
are susceptible to brittle fracture? A: Brittle materials such as ceramics and some high-strength steels are particularly susceptible to brittle fracture. These materials display little to no plastic deformation before failure. Ductile materials, on the other hand, tend to deform plastically and thus are less prone to brittle fracture. Q: How does temperature
affect the risk of brittle fracture? A: Low temperatures increase the risk of brittle fracture as the ductility of materials decreases with decreasing temperature, making them more brittle and susceptible to sudden fracture under stress. Q: What role do defects play in brittle fracture? A: Defects such as cracks, voids, and inclusions act as stress
concentrators within a material. At these points, the local stress can exceed the material’s yield strength, leading to crack initiation and an increased risk of brittle fracture. Regular fracture assessment is crucial in identifying and mitigating such defects. Q: What is the difference between brittle fracture and ductile fracture? A: Brittle fracture occurs
with minimal plastic deformation and is usually rapid, while ductile fracture involves significant plastic deformation before failure. In ductile fracture, the material often displays necking and a more gradual failure process. Q: How can welding affect the risk of brittle fracture? A: Improper welding can introduce defects and residual stresses, which
increase the risk of brittle fracture. Additionally, the heat-affected zone (HAZ) of the weld can be more brittle, leading to increased susceptibility. Proper welding techniques and post-weld treatments are essential to minimize these risks. Q: How can one prevent brittle fracture? A: To prevent brittle fracture, it is important to use materials with
sufficient ductility, conduct thorough fracture assessments, avoid defects and stress concentrators, and control temperature and applied stress levels. Proper material selection and regular maintenance are also crucial in minimizing risks. Q: Why is steel sometimes considered susceptible to brittle fracture? A: Certain high-strength steels can be
susceptible to brittle fracture, especially at low temperatures or when they contain manufacturing defects. Proper heat treatment and avoiding corrosive environments can help reduce this susceptibility. Q: What is cleavage fracture and how does it relate to brittle fracture? A: Cleavage fracture is a type of brittle fracture where the material separates
along specific crystallographic planes. This occurs in brittle materials with low ductility and high strength, resulting in a fracture surface that appears faceted and intergranular. This page provides the chapters on brittle fracture from the "DOE Fundamentals Handbook: Material Science," DOE-HDBK-1017/1-93, U.S. Department of Energy, Jan 1993.
Other related chapters from the "DOE Fundamentals Handbook: Material Science" can be seen to the right. Personnel need to understand brittle fracture. This type of fracture occurs under specific conditions without warning and can cause major damage to plant materials. Brittle Fracture Mechanism Metals can fail by ductile or brittle fracture.
Metals that can sustain substantial plastic strain or deformation before fracturing exhibit ductile fracture. Usually a large part of the plastic flow is concentrated near the fracture faces. Metals that fracture with a relatively small or negligible amount of plastic strain exhibit brittle fracture. Cracks propagate rapidly. Brittle failure results from cleavage
(splitting along definite planes). Ductile fracture is better than brittle fracture, because ductile fracture occurs over a period of time, whereas brittle fracture is fast, and can occur (with flaws) at lower stress levels than a ductile fracture. Figure 1 shows the basic types of fracture. Brittle cleavage fracture is of the most concern in this module. Brittle
cleavage fracture occurs in materials with a high strain-hardening rate and relatively low cleavage strength or great sensitivity to multi-axial stress. Figure 1: Basic Fracture Types Many metals that are ductile under some conditions become brittle if the conditions are altered. The effect of temperature on the nature of the fracture is of considerable
importance. Many steels exhibit ductile fracture at elevated temperatures and brittle fracture at low temperatures. The temperature above which a material is ductile and below which it is brittle is known as the Nil-Ductility Transition (NDT) temperature. This temperature is not precise, but varies according to prior mechanical and heat treatment
and the nature and amounts of impurity elements. It is determined by some form of drop-weight test (for example, the Izod or Charpy tests). Ductility is an essential requirement for steels used in the construction of reactor vessels; therefore, the NDT temperature is of significance in the operation of these vessels. Small grain size tends to increase
ductility and results in a decrease in NDT temperature. Grain size is controlled by heat treatment in the specifications and manufacturing of reactor vessels. The NDT temperature can also be lowered by small additions of selected alloying elements such as nickel and manganese to low-carbon steels. Of particular importance is the shifting of the NDT
temperature to the right (Figure 2), when the reactor vessel is exposed to fast neutrons. The reactor vessel is continuously exposed to fast neutrons that escape from the core. Consequently, during operation the reactor vessel is subjected to an increasing fluence (flux) of fast neutrons, and as a result the NDT temperature increases steadily. It is not
likely that the NDT temperature will approach the normal operating temperature of the steel. However, there is a possibility that when the reactor is being shut down or during an abnormal cooldown, the temperature may fall below the NDT value while the internal pressure is still high. The reactor vessel is susceptible to brittle fracture at this point.
Therefore, special attention must be given to the effect of neutron irradiation on the NDT temperature of the steels used in fabricating reactor pressure vessels. The Nuclear Regulatory Commission requires that a reactor vessel material surveillance program be conducted in water-cooled power reactors in accordance with ASTM Standards
(designation E 185-73). Pressure vessels are also subject to cyclic stress. Cyclic stress arises from pressure and/or temperature cycles on the metal. Cyclic stress can lead to fatigue failure. Fatigue failure, discussed in more detail in Module 5, can be initiated by microscopic cracks and notches and even by grinding and machining marks on the
surface. The same (or similar) defects also favor brittle fracture. Stress-Temperature Curves One of the biggest concerns with brittle fracture is that it can occur at stresses well below the yield strength (stress corresponding to the transition from elastic to plastic behavior) of the material, provided certain conditions are present. These conditions are:
a flaw such as a crack; a stress of sufficient intensity to develop a small deformation at the crack tip; and a temperature low enough to promote brittle fracture. The relationship between these conditions is best described using a generalized stress-temperature diagram for crack initiation and arrest as shown in Figure 2. Figure 2: Stress-Temperature
Diagram for Crack Initiation and Arrest Figure 2 illustrates that as the temperature goes down, the tensile strength (Curve A) and the yield strength (Curve B) increase. The increase in tensile strength, sometimes known as the ultimate strength (a maximum of increasing strain on the stress-strain curve), is less than the increase in the yield point. At
some low temperature, on the order of 10°F for carbon steel, the yield strength and tensile strength coincide. At this temperature and below, there is no yielding when a failure occurs. Hence, the failure is brittle. The temperature at which the yield and tensile strength coincide is the NDT temperature. When a small flaw is present, the tensile
strength follows the dashed Curve C. At elevated temperatures, Curves A and C are identical. At lower temperatures, approximately 50°F above the NDT temperature for material with no flaws, the tensile strength curve drops to the yield curve and then follows the yield curve to lower temperatures. At the point where Curves C and B meet, there is a
new NDT temperature. Therefore, if a flaw exists, any failure at a temperature equal or below the NDT temperature for flawed material will be brittle. Crack Initiation and Propagation As discussed earlier in this chapter, brittle failure generally occurs because a flaw or crack propagates throughout the material. The start of a fracture at low stresses
is determined by the cracking tendencies at the tip of the crack. If a plastic flaw exists at the tip, the structure is not endangered because the metal mass surrounding the crack will support the stress. When brittle fracture occurs (under the conditions for brittle fracture stated above), the crack will initiate and propagate through the material at great
speeds (speed of sound). It should be noted that smaller grain size, higher temperature, and lower stress tend to mitigate crack initiation. Larger grain size, lower temperatures, and higher stress tend to favor crack propagation. There is a stress level below which a crack will not propagate at any temperature. This is called the lower fracture
propagation stress. As the temperature increases, a higher stress is required for a crack to propagate. The relationship between the temperature and the stress required for a crack to propagate is called the crack arrest curve, which is shown on Figure 2 as Curve D. At temperatures above that indicated on this curve, crack propagation will not occur.
Fracture Toughness Fracture toughness is an indication of the amount of stress required to propagate a preexisting flaw. The fracture toughness of a metal depends on the following factors. Metal composition Metal temperature Extent of deformations to the crystal structure Metal grain size Metal crystalline form The intersection of the crack arrest
curve with the yield curve (Curve B) is called the fracture transition elastic (FTE) point. The temperature corresponding to this point is normally about 60°F above the NDT temperature. This temperature is also known as the Reference Temperature - Nil-ductility Transition (RTNDT) and is determined in accordance with ASME Section III (1974
edition), NB 2300. The FTE is the temperature above which plastic deformation accompanies all fractures or the highest temperature at which fracture propagation can occur under purely elastic loads. The intersection of the crack arrest curve (Curve D) and the tensile strength or ultimate strength, curve (Curve A) is called the fracture transition
plastic (FTP) point. The temperature corresponding with this point is normally about 120°F above the NDT temperature. Above this temperature, only ductile fractures occur. Figure 3 is a graph of stress versus temperature, showing fracture initiation curves for various flaw sizes. Figure 3: Fracture Diagram It is clear from the above discussion that
we must operate above the NDT temperature to be certain that no brittle fracture can occur. For greater safety, it is desirable that operation be limited above the FTE temperature, or NDT + 60°F. Under such conditions, no brittle fracture can occur for purely elastic loads. As previously discussed, irradiation of the pressure vessel can raise the NDT
temperature over the lifetime of the reactor pressure vessel, restricting the operating temperatures and stress on the vessel. It should be clear that this increase in NDT can lead to significant operating restrictions, especially after 25 years to 30 years of operation where the NDT can raise 200°F to 300°F. Thus, if the FTE was 60°F at the beginning of
vessel life and a change in the NDT of 300°F occurred over a period of time, the reactor coolant would have to be raised to more than 360°F before full system pressure could be applied. PDH Classroom offers a continuing education course based on this brittle fracture reference page. This course can be used to fulfill PDH credit requirements for
maintaining your PE license. Now that you've read this reference page, earn credit for it! Failure can be defined, in general, as an event that does not accomplish its intended purpose. Failure of a material component is the loss of ability to function normally. Components of a system can fail one of many ways, for example excessive deformation,
fracture, corrosion, burning-out, degradation of specific properties (thermal, electrical, or magnetic), etc. Main types of Failures in materials are , brittle failure , ductile failure , fatigue and creep fracture or failure.Reasons Of Material Failure : Structural elements and machine elements can fail to perform their intended functions in three general
ways: excessive elastic deformation, excessive plastic deformation or yielding, and fracture. Under the category of failure due to excessive elastic deformation, for example: too flexible machine shaft can cause rapid wear of bearing. On the other hand sudden buckling type of failure may occur. Failures due to excessive elastic deformation are
controlled by the modulus of elasticity, not by the strength of the material. The most effective way to increase stiffness of a component is by tailoring the shape or dimensions. Yielding or plastic deformation may render a component useless after a certain limit. This failure is controlled by the yield strength of the material. At room temperature,
continued loading over the yielding point may lead to strain hardening followed by fracture. However at elevated temperatures, failure occurs in form of time-dependent yielding known as creep. Fracture involves complete disruption of continuity of a component. It starts with initiation of a crack, followed by crack propagation. Fracture of materials
may occur in three ways - brittle Failure/ductile Failure, fatigue or progressive fracture, delayed fracture. Ductile/brittle Failure occurs over short period of time, and distinguishable.Fracture Fracture is a form of failure, and is defined as the separation or fragmentation of a solid body into two or more parts under the action of stress. Fracture that
occurs over a very short time period and under simple loading conditions (static i.e. constant or slowly changing) is considered here. Fracture under complex condition, for example alternating stress, is considered in later sections.Brittle Failure /Fracture: Brittle Failure / fracture that takes place with little or no preceding plastic deformation. It
occurs, often at unpredictable levels of stress, by rapid crack propagation. The direction of crack propagation is very nearly perpendicular to the direction of applied tensile stress. This crack propagation corresponds to successive and repeated breaking to atomic bonds along specific crystallographic planes, and hence called cleavage fracture. This
fracture is also said to be transgranular because crack propagates through grains. Thus it has a grainy or faceted texture. Most brittle fractures occur in a transgranular manner. However, brittle fracture can occur in intergranular manner i.e. crack propagates along grain boundaries. This happens only if grain boundaries contain a brittle film or if
the grain-boundary region has been embrittled by the segregation of detrimental elements.Brittle failure examplebrittle fracture in metals is believed to take place in three stages - (1) plastic deformation that causes dislocation pile-ups at obstacles,(2) micro-crack nucleation as a result of build-up of shear stresses,(3) eventual crack propagation
under applied stress aided by stored elastic energy.As mentioned earlier, brittle fracture occurs without any warning sign, thus it needs to be avoided. Hence brittle fracture and its mechanism have been analyzed to a great extent compared to ductile fracture. Brittle fracture usually occurs at stress levels well below those predicted theoretically from
the inherent strength due to atomic or molecular bonds. This situation in some respects is analogous to the discrepancy between the theoretical strength shear strength of perfect crystals and their observed lower yield strength values. link to Top Branches of Mechanical Engineering link to Shree Ram Ayodhya Murti, idol - Vector , Wallart The term
ductile and brittle is used to distinguish failures of materials characteristics by high and low toughness respectively. Brittle Fracture is the sudden & very fast cracking of material or equipment under stress. A brittle fracture occurs without any plastic deformation (No thinning or necking) or little deformation only by direct separation along
crystallographic planes due to a simple breaking of atomic bonds. In brittle fracture, materials show no warning before failure, hence brittle fracture can be catastrophic in nature. After failure material broke into many pieces with little to no deformation in shape. The surface appearance of brittle fracture is relatively smooth and is often shiny in
appearance. Although not all brittle fracture is perfectly smooth some brittle fracture demonstrates Chevron markings appear in the fracture area. In a Charpy Impact test, brittle metal will absorb a small amount of energy when impact tested, while a tough ductile metal absorbs a large amount of energy. Pure brittle fracture is called cleavage
fracture. Mechanism of Brittle Fracture Brittle fracture is usually due to low temperatures in ferritic & martensitic materials whereas austenitic materials exhibit ductile behavior even at low temperatures. If the material temperature or let’s assume Steel is at or below its brittle-to-ductile transition temperature, then it will be highly susceptible to
brittle fracture. This situation can be aggregated by the presence of defects (e.g. notch or crack) and high stress on this defect (either applied or residual), -which will most likely result in brittle fracture. Factors affecting Brittle Fracture in a material Below are the factors that can increase the susceptibility to brittle fracture: Metallurgical
Degradation Materials properties degradation (Temper embrittlement, sigma phase embrittlement, graphitization, and 885°F or 475°C embrittlement) resulted due to elevated temperature applications. These failure mechanisms if present will aid in material failure by brittle fracture. Material Cleanliness and Grain Structure In the case of steel,
material toughness can be decreased due to large grain sizes and steel contaminants, thus making the material more brittle. The addition of alloying elements which can affect its microstructural properties are can also make the material brittle. For metals, the microstructure grain size is a strong determinant of notch toughness. The grain size has a
profound effect on the yield stress and strain hardening rate and it is, hence, logical to expect grain size to influence fracture toughness. Microstructure with fine grains possesses high mechanical properties while coarse grain microstructure is prone to brittle fracture. Example- Cast iron having coarse grain is highly brittle while a forging with fine
grain offers high mechanical properties. High Material Thickness Both geometry of cross-section and its size can influence the nominal strength of a material. Actually most of the materials show a marked size effect, for example, large sections are more prone to brittle fracture. See also 20 must-have Welding Tools for Professional WeldersThe
determination in the strength of thick sections has been attributed to the increased amount of impurities, flaws, and discontinuities present in thick sections. Thick materials are more prone to brittle failure due to the high tri-axial force working on them. Thick plate thickness has high restraint and can absorb more residual stresses without showing
any significant deformation. High residual stresses The heating and cooling cycles of welding result in the development of residual stresses. The stress level in a welding joint could be large enough to reach the yield point of the material and may lead to brittle fracture in the presence of any crack. The combination of welding residual stresses and
material strain aging is considered to be a known cause of brittle fracture. Brittle fracture is more likely in the presence of high residual stresses or if the structure is highly loaded, particularly under a high strain rate (impact loading). Stress concentrations (from weld toes, change of section, notches) and weld defects (such as cracks or lack-of-
fusion) can have a major effect on the likelihood of brittle fracture. Susceptibility of brittle fracture could be induced by a triaxial stress state like imposition of a high strain rate. Low temperature The ductile to brittle transition in steels at low-temperature influences whether a failure will be ductile or brittle. At low temperatures, the material has
lower fracture toughness and is more prone to brittle fracture. Low toughness is more likely in materials with a crystalline structure which is body-centered cubic (bcc) ferritic steels because they show the toughness transition, compared with those with face-centered cubic (FCC) crystal structures, such as austenitic stainless steel or aluminum which
do not show a marked transition between ductile and brittle behavior. Low toughness can result from the steel’s microstructure as a fine grain size has high toughness whereas martensite or coarse grain HAZ have low toughness. Material thickness also has an effect on the fracture toughness with thick material having lower effective toughness than
thinner plate made from the same material. Brittle fracture surface appearance Brittle fracture can appear intergranular (between grains) and transgranular (within grains). The characteristic of brittle fracture is that there is little or no plastic deformation (necking or thinning) before failure. The fracture surface can reveal chevron marks or river
lines pointing back to the fracture starting point as stated earlier in this post. In a brittle impact fracture, the fracture face is rough but not torn and will sometimes have a crystalline appearance (particularly under high strain rate loading, for example in a Charpy specimen). The fracture surface of a brittle material will typically have a distinct
appearance, characterized by a lack of plastic deformation and a smooth, glassy surface. Some common features of a brittle fracture surface include: Flat, smooth surface: The fracture surface is often smooth and flat, with minimal signs of plastic deformation. Lack of deformation: Unlike ductile materials, brittle materials do not undergo significant
deformation before breaking. As a result, the fracture surface will typically show little or no signs of deformation. Sharp edges: The edges of the fracture surface will often be sharp and well-defined, as there is little or no deformation around the edges. Lack of shear lips: Brittle materials typically do not exhibit shear lips, which are characteristic of
ductile materials. Intergranular fractures: In the case of brittle materials, such as ceramics, often show intergranular fractures, which occur between the grains of the material. Cracking pattern: brittle materials tend to have a more complex cracking pattern, with multiple small cracks branching off from the main fracture. Transparent or translucent
appearance: Brittle materials often have a glossy, transparent or translucent appearance when viewed under a microscope. See also ASME Section IX Summary & OverviewTypes of Brittle fracture There are two main types of brittle fractures in materials: Transgranular and Intergranular. In transgranular fractures (within grains) as shown in the
below picture- the fracture occurs through the material grains. The path of fracture changes from one grain to another because it follows the least resistance during fracture. Intergranular brittle fracture (Between grains)- appears along the grain boundaries as shown in the above picture. This type of fracture occurs due to weak & brittle grain
boundaries. This usually occurs when there has been a process to weaken the grain boundaries. Intergranular or intercrystalline fracture involves pulling apart the individual crystals from their adjacent crystals. Such fractures are caused by the presence of impurities at the grain boundaries. Prevention of brittle fracture shall be taken into
consideration during the component design stage. The operating temperature of the material must be at or above its brittle-to-ductile transition temperature during service and testing. Anticipated repairs of brittle materials must be considered and preventive measures shall be put in place before commencing the repairs. brittle fracture vs ductile
fracture Brittle fracture of material refers to the type of failure mechanism where material shows little or no deformation and it’s a sudden failure without any warning. Breaking of rock, glass, cast iron is an example of brittle fractures as they break without any deformation. A ductile fracture means fracture of material with large plastic deformation
(Thinning or necking) before fracture. Fracture of mild steel and other ductile metals such as copper, nickel, rubber, and plastics is an example of ductile fracture. See also What is sensitization in austenitic stainless steel how it happens Brittle fractures occur in materials with low ductility, such as ceramics and cast iron, and are characterized by a
lack of plastic deformation and a smooth, glassy surface. Ductile fractures occur in materials with high ductility, such as metals and alloys, and are characterized by significant plastic deformation, such as bending, stretching, and tearing of the material before breaking.Materials that are prone to brittle fractures include ceramics, cast iron, and some
plastics.Materials that are prone to ductile fractures include metals, alloys, and some plastics.Brittle fracture surfaces are typically smooth and flat, with minimal signs of plastic deformation. They often have sharp edges, lack of shear lips, intergranular fractures, and a complex cracking pattern.uctile fracture surfaces are typically rough and have
significant plastic deformation, such as bending, stretching, and tearing. They often exhibit shear lips, and a distinct cup and cone appearance.Being able to distinguish between brittle and ductile fractures is important for understanding the cause of the failure and for identifying the appropriate course of action to prevent similar failures in the
future. Brittle fractures can be caused by factors such as low temperature, high stress, and a lack of corrosion resistance, while ductile fractures can be caused by factors such as high temperature, low stress, and a lack of toughness.Brittle fractures can occur in the heat-affected zone of a weld, due to a lack of toughness in the material. Ductile
fractures typically occur in the weld metal or base metal due to overheating or improper welding techniques.Brittle fractures can be prevented by controlling the temperature and stress of the material, increasing the toughness of the material, and by providing corrosion resistance. Thousands of tests for product quality and reliability under heat,
humidity, temperature shock, vibration, drop, electrostatic discharge. Learn More
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