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Calculating shear stress

In the intricate dance of forces that govern the physical world, shear stress plays a pivotal role, shaping the integrity and behavior of materials in ways often unseen but profoundly impactful. As engineers and material scientists delve into the complexities of this fundamental concept, understanding shear stress becomes not just an academic exercise,
but a crucial aspect of innovation and design. This article embarks on a technical deep dive, unraveling the definition and calculation of shear stress, and exploring its significant applications across various engineering disciplines. From the equations that quantify it to the real-world scenarios where it alters material properties, shear stress is a force
to be reckoned with. How does this hidden force influence the strength and durability of the materials we rely on every day? Join us as we explore its mysteries and practical implications.Shear stress, symbolized by T (tau), refers to the force per unit area acting parallel to a material’s surface. This internal force results from applied forces that cause
portions of a material to slide past each other, parallel to their plane of contact. Imagine pushing the top card of a deck sideways—this action illustrates shear stress.Shear stress is crucial in engineering and material science due to its impact on material deformation and potential failure. Grasping the concept of shear stress is crucial for designing
and analyzing structures and materials. Engineers must ensure that materials can endure shear forces without excessive deformation or catastrophic failure. In material science, studying shear stress helps predict how materials behave under various loads, aiding in creating stronger materials.Materials respond differently to shear stress, and their
behavior under such stress is key to their application in engineering. Here are some common engineering materials and their characteristics related to shear stress:Metals: Metals typically exhibit high shear strength, making them suitable for load-bearing applications. They can undergo significant plastic deformation before failing, allowing them to
absorb and redistribute shear forces effectively.Polymers: Polymers show a wide range of behaviors under shear stress, depending on their molecular structure. Thermoplastic polymers can deform significantly under shear stress, while thermosetting polymers are more brittle and may fail at lower shear stresses.Composites: Composite materials,
such as fiber-reinforced plastics, are engineered to maximize shear strength by combining materials with complementary properties. The fibers provide high tensile strength, while the matrix material resists shear forces.Ceramics: Ceramics have high compressive strength but low tensile and shear strength, making them brittle and prone to sudden
failure under shear forces.Understanding the properties of these materials in relation to shear stress is crucial for their application in engineering designs. Selecting the appropriate material based on its shear characteristics ensures the safety, reliability, and longevity of structures and components.Shear stress is important in engineering and
materials science; it measures the force per unit area parallel to a material’s surface. Accurate calculation is essential for predicting material behavior under various loads, ensuring structural integrity and safety. The fundamental formula for shear stress (t) is given by:t=FAwhere ( F ) is the applied force, and ( A ) is the area over which the force is
distributed.In more complex scenarios, like irregular shapes, shear stress calculation can use a more detailed formula:t=VQItwhere:( V) is the shear force,( Q ) is the first moment of area,( I ) is the moment of inertia,( t ) is the thickness.This approach is particularly useful in engineering applications involving beams and structural components with
varying cross-sectional shapes.Understanding maximum shear stress in common shapes is crucial for designing safe and effective structures. For rectangular sections, the maximum shear stress is calculated as:tmax=3V2Awhere ( A ) is the cross-sectional area (depth X breadth).For hollow circular shafts, the formula is more
complex:tmax=4V3A-R2+Ri2+RRiR2+Ri2where ( R ) and ( Ri ) are the outer and inner radii, respectively.In I-beams, maximum shear stress typically occurs at the web-flange junction, requiring careful consideration of the flange width and web thickness in calculations.In fluid dynamics, shear stress relates to viscosity (1) and the change in velocity
within a fluid. It’s defined by:t=ndudywhere ( du/dy ) is the velocity change perpendicular to the flow direction. This equation helps understand forces in pipelines and around aerodynamic surfaces.Shear stress significantly affects how materials behave and what characteristics they display. When materials are subjected to shear stress, they undergo
deformation due to the sliding of their internal layers. This deformation can be elastic, allowing the material to return to its original shape after the stress is removed, or plastic, leading to permanent changes. The extent of deformation depends on properties like the modulus of rigidity, which measures a material’s ability to resist shear
deformation.Shear strength is crucial for understanding a material’s ability to withstand shear stress without failing. It’s the highest shear stress a material can handle before it breaks down. This property is vital in selecting materials for engineering applications where high shear forces are anticipated. Metals such as steel, known for their high shear
strength, are often used in structural applications.Yield strength in shear is important for ductile materials, representing the stress level at which a material begins to deform plastically. Beyond this point, permanent deformation occurs. Understanding this property helps engineers design components that can withstand operational loads without
irreversible shape changes.Shear stress significantly influences the durability and performance of materials. Fatigue is damage that builds up over time when a material faces repeated loads, eventually causing failure even at lower stress levels. This is especially critical in components subjected to dynamic loads, such as in rotating machinery and
structural elements in buildings and bridges.Work hardening, or strain hardening, occurs in materials, particularly metals, under shear stress. While work hardening increases strength, it also makes the material less flexible and more prone to breaking. This process enhances hardness and strength through plastic deformation but reduces
ductility.The stress-strain relationship under shear stress reveals how materials deform and fail. For many materials, this relationship is linear up to the yield point, followed by a nonlinear region where plastic deformation occurs. The slope of the linear portion is defined by the shear modulus, indicating the material’s rigidity. Engineers use this
relationship to predict material behavior under various conditions and to design components that can withstand expected stresses.Temperature variations can alter mechanical properties under shear stress. High temperatures can lower shear strength and make materials more flexible, while low temperatures can make them brittle and easier to
break. These temperature-dependent behaviors are crucial for applications in environments with extreme temperature fluctuations, such as in aerospace and automotive industries.Shear stress can induce microstructural changes in materials, such as the rearrangement of grains in metals or the alignment of polymer chains in plastics. These changes
can enhance or degrade the material’s properties, depending on the nature and extent of the stress. For instance, in metals, shear stress can cause grain refinement, improving strength and toughness. In polymers, shear-induced alignment can increase stiffness and strength in the direction of alignment but may reduce properties in other directions.
Understanding the impact of shear stress on material properties is essential for selecting the right materials and designing components that can withstand operational demands. This knowledge helps ensure the safety, reliability, and longevity of engineering structures and systems.Shear stress (t) is the force applied parallel to a material’s surface,
divided by the area over which the force is applied. It occurs when forces are applied in opposite directions on different parts of an object, causing the material to experience a sliding deformation. The basic formula for calculating shear stress is:t=FAwhere ( F ) is the applied force, and ( A ) is the area over which the force is distributed.In structural
engineering, shear stress is crucial for designing and analyzing load-bearing elements. Components like beams, columns, and shear walls must withstand lateral forces from wind, earthquakes, and other loads to maintain structural integrity. Engineers use shear stress calculations to ensure these elements can handle expected loads throughout the
structure’s lifespan.Aerospace engineering relies heavily on shear stress analysis to ensure the structural integrity of aircraft and spacecraft. Engineers use advanced models to predict material behavior under high shear stress, optimizing designs for weight, strength, and fuel efficiency. This analysis is critical for the safety and performance of
aerospace vehicles.In materials science, understanding shear stress is vital for developing and testing new materials. In the automotive industry, materials are rigorously tested to ensure they can withstand operational shear forces. This testing helps create materials with enhanced performance characteristics, such as higher strength and better
durability.Shear stress plays a significant role in biomedical engineering, particularly in the study of blood flow and cardiovascular health. The interaction between blood flow and arterial walls is influenced by shear stress, impacting conditions like atherosclerosis. This knowledge aids in designing medical devices, such as stents and artificial heart
valves, that function effectively under shear forces within the body.In mechanical engineering, shear stress is crucial for processes like metal forming and machining. Shear stress analysis is also crucial for designing gears and fasteners that must endure operational loads without failing. Understanding how metals respond to these forces helps
optimize techniques such as forging, rolling, and cutting.Engineers employ various strategies to mitigate the negative effects of shear stress:Advanced Materials and Design: Using materials with high shear strength and incorporating design features that distribute shear forces more evenly can enhance structural resilience.Computational Modeling:
Advanced computational models allow engineers to predict and manage shear stress in complex systems, leading to more efficient and safer designs.Testing and Analysis: Rigorous testing and analysis of materials under shear stress conditions ensure that they can withstand the expected loads without compromising safety and performance.By
understanding and effectively managing shear stress, engineers can design structures and components that are safer, more efficient, and more durable across various engineering disciplines.Below are answers to some frequently asked questions:Shear stress is a type of stress that occurs when forces are applied parallel to a material’s surface,
causing adjacent layers to slide relative to each other. This internal force quantifies a material’s resistance to shear forces, which is crucial for understanding how materials deform under such conditions. Shear stress is calculated using different methods depending on the application:General Shear Stress: The average shear stress (1) is calculated
with (t = F / A), where (F) represents the applied force and (A) is the material’s cross-sectional area.Beam Shear: For beams, shear stress is determined by (t= VQ / It), incorporating the vertical shear force (V), the first moment of area (Q), the moment of inertia ((I)), and the thickness (t) of the beam.Fluid Shear Stress: In fluids, shear stress is given
by (t = 1 (du/dy)), involving the dynamic viscosity (1), the change in velocity (du), and the distance over which the change occurs (dy).These calculations are essential for designing materials and structures that can withstand shear forces in various engineering applications.Shear stress has several practical applications in engineering, crucial for the
design, safety, and efficiency of various structures and components. In civil engineering, shear stress is vital for structural design, helping engineers assess the load-carrying capacity and stability of bridges, buildings, and dams. It also plays a key role in the design of foundations and retaining walls by evaluating the shear strength of soil to prevent
sliding or instability.In mechanical engineering, shear stress is significant in rotating components such as shafts that transmit torque, ensuring they can withstand torsional forces without twisting or fracturing. Fastening components like bolts and rivets must also resist shear forces to maintain the durability and reliability of joints under dynamic
conditions.Aerospace engineering relies on shear stress to design lightweight, strong aircraft structures like wings and fuselages, which must distribute and withstand aerodynamic forces during flight. In material science, understanding shear stress is crucial for analyzing material deformation and failure, aiding in material selection and structural
design. These applications underscore the importance of accurately assessing and managing shear stress in engineering to ensure the safety and performance of structures and components.Shear stress significantly impacts material properties by influencing their deformation behavior and overall performance. Defined as the force per unit area
applied parallel to a material’s surface, shear stress can cause layers within the material to slide over each other. This stress can lead to both elastic (temporary) and plastic (permanent) deformation, depending on the magnitude of the force and the material’s inherent properties.High shear stress can result in plastic deformation, where the material
undergoes a permanent change in shape. Additionally, it accelerates surface wear and abrasion, thereby reducing the material’s lifespan. Shear stress also affects the internal structure and stability of materials, altering their strength and durability. These effects make it crucial for engineers to understand and mitigate shear stress through strategies
like using lubricants to minimize friction and selecting materials with higher resistance to shear stress, such as high-strength alloys or composites. Learn more about stress in mechanics, including its definition as the force per unit area acting on a material, and the types of stress that can occur, such as shear, compressive, tensile, and torsional.By
understanding the effects of stress, engineers can design materials and structures that can withstand forces and loads, minimizing potential risks and improving the overall performance, quality, and reliability of systems/products.A collage showing the different types of stressesDean McClements is a B.Eng Honors graduate in Mechanical Engineering
with over two decades of experience in the manufacturing industry. His professional journey includes significant roles at leading companies such as Caterpillar, Autodesk, Collins Aerospace, and Hyster-Yale, where he developed a deep understanding of engineering processes and innovations.Read more articles by Dean McClements In physics and
mechanics, stress is defined as the force applied to a material divided by the area over which the force is distributed. Shear stress occurs when this force acts along the surface of an object rather than pressing directly into it. A simple way to visualize shear stress is to consider a block resting on a table, as shown in the image below. If the block is
pushed on the side while the bottom stays in place due to friction, it will start to deform slightly. The applied force, also known as shear force, is parallel to the top and bottom surfaces of the block, creating shear stress within the material. If the force is strong enough, the block may deform or even break. Shear stress, denoted by the Greek symbol Tt
(tau), is calculated using the formula: T = F/A Where: - F: Applied shear force - A: Cross-sectional area over which the force is distributed This formula tells us that shear stress depends on both the applied force and the area it acts upon. If the force increases, the shear stress increases. However, if the area is larger, the shear stress decreases
because the force is spread out over a bigger surface. Units The unit of force is Newton (N), and the unit of area is square meters (m2). Since shear stress is force divided by area, its unit is Newton per square meter (N/m2) or Pascal (Pa). Since shear stress values are high for some materials, they are often expressed in megaPascals (MPa). 1 MPa =
106 Pascals Different materials respond to shear stress in different ways based on their properties: Metals - Due to their strong atomic bonds, metals can withstand high shear stress, making them ideal for structural applications.Rubber and Polymers - They are flexible and can stretch or bend under shear stress without breaking, making them useful
in tires, seals, and shock absorbers.Brittle Materials (Glass and Ceramics) - They cannot handle much shear stress and tend to crack or shatter when exposed to it. Engineers select materials based on shear strength, which is the maximum shear stress a material can withstand before failing. It helps them design structures and mechanical parts that
remain strong and safe under shear stress. Materials deform due to shear stress. Let us understand this deformation. The deformation of an object due to shear stress is termed shear strain. It measures how much an object distorts or twists due to shear force. For example, imagine a rubber eraser placed on a table. If you push on one side while
keeping the bottom side fixed, the eraser tilts into a parallelogram shape. The more you push, the more it deforms. Shear strain represents angular deformation, often without significant volume change. Shear strain, denoted by the Greek symbol y (gamma), is defined by the formula: y = Ax/h Where: - Ax: Displacement due to shear stress - h: Length
of the material perpendicular to the displacement If the displacement is horizontal, h represents the height of the material. The equation shows that if the displacement increases or the height decreases, the shear strain becomes larger. Units Shear strain is unitless since it is a ratio of two lengths (both in meters). The relationship between shear
stress (1) and shear strain (y) is defined by Hooke’s Law, which states that, within the elastic limit, stress is proportional to strain. T = G-y Where G is the shear modulus, a material property that measures resistance to shear deformation. G is different for different materials. A high shear modulus means the material resists deformation (e.g., metals),
while a low shear modulus means the material deforms easily (e.g., rubber). Normal stress is another type of stress widely studied in mechanics. Here is a comparison table between normal stress and shear stress: FeatureNormal StressShear StressDefinitionStress acting perpendicular to a surfaceStress acting parallel to a surfaceForce DirectionActs
perpendicular (normal) to the surfaceActs parallel (tangential) to the surfaceFormulac = F/A (Force per unit area normal to the surface)t = F/A (Force per unit area tangential to the surface)TypesTensile stress and compressive stressTransverse shear stress and torsional shear stressEffect on MaterialCauses elongation (tensile stress) or compression
(compressive stress)Causes sliding (transverse shear stress) or twisting (torsional shear stress)ExamplesStretching a rubber band, compressing a rodPushing a deck of cards, twisting a can Problem 1: A metal plate is subjected to a shear force of 100 N over an area of 0.5 m2. Calculate the shear stress acting on the plate. Solution We use the shear
stress formula. T = F/A Given: - F = 100 N (shear force) - A = 0.5 m2 (surface area) Substituting these values: T = 100 N/0.5 m2 = 200 N/m2 or 200 Pa The shear stress on the plate is 200 Pa. Problem 2: A rubber block of height 0.2 m is fixed at the bottom and experiences a horizontal displacement of 0.01 m at the top due to shear stress. Calculate
the shear strain in the block. Solution We use the shear strain formula. y = Ax/h Given: - Ax = 0.01 m - h = 0.2 m Substituting the values: y = 0.01 m/0.2 m = 0.05 The shear strain in the block is 0.05. Article was last reviewed on Tuesday, March 4, 2025 Introduction to Shear Force and Shear Stress Shear force and shear stress are critical concepts
in mechanics and materials science, often encountered in structural engineering and manufacturing. Shear Force refers to the internal force in a material that acts parallel to its cross-section. It is measured in Newtons (N). Shear force arises when two opposing forces are applied tangentially, causing the material to experience sliding or deformation
along a plane. Shear Stress is the intensity of this force per unit area, measured in units of Pascals (Pa) or N/m?. It is mathematically expressed as: \( \tau = \frac{F}{A} \) where: \( \tau \): Shear stress (Pa or N/m?) \( F \): Shear force (N) \( A \): Cross-sectional area (m?) Everyday Examples of Shear Force and Shear Stress Here are some practical
examples where shear force and stress play a significant role: Rivets and Bolts: When mechanical joints like rivets or bolts hold two plates together, they experience shear stress as forces attempt to slide the plates relative to each other. Scissors: The action of cutting with scissors generates shear forces as the blades move past each other, slicing the
material in between. Steel Beams: In construction, beams supporting floors or bridges often experience shear forces as they bear the weight of the structure and external loads. Earthquakes: Shear forces occur in tectonic plates during earthquakes, where large-scale sliding along fault lines generates stress within the Earth’s crust. Sliding Doors and
Windows: The rails or mechanisms that allow sliding motion are designed to withstand shear forces without deformation. Importance of Shear Stress Understanding shear stress is crucial for designing safe and efficient structures, machines, and tools. Engineers must ensure that materials can withstand these stresses without failure, as excessive
shear can lead to cracking, slipping, or even catastrophic structural failure. This fundamental concept has applications ranging from designing aircraft fuselages to ensuring the durability of everyday objects like nuts, bolts, and beams. Worked Example 1: Shear Stress in a Beam Problem Statement: A rectangular steel beam is subjected to a shear
force of \( F = 12,000 \, \text{N} \).The cross-section of the beam has a width of \(b = 150\, \text{mm} \) and a height of \( h = 300\, \text{mm} \).Assuming uniform shear stress across the cross-section, calculate the shear stress in the beam.Also, confirm if the shear stress is within the allowable limit of \( 50 \, \text{MPa} \). Step 1: Write Down
Given Data Shear force: \( F = 12,000 \, \text{N} \) Width of the beam: \( b = 150\, \text{mm} = 0.15\, \text{m} \) Height of the beam: \( h = 300\, \text{mm} = 0.3\, \text{m} \) Allowable shear stress: \( \tau_{\text{allowable}} = 50\, \text{MPa} = 50 \times 1076\, \text{N/m}~2\) Step 2: Formula for Shear Stress The formula for shear stress is: \
(\tau = \frac{F}{A} \) where: \( \tau \): Shear stress (\( \text{N/m}~2\)) \( F \): Shear force (\( \text{N} \)) \( A \): Cross-sectional area (\( \text{m}~2\)) Step 3: Calculate the Cross-Sectional Area The area \( A \) of a rectangular cross-section is given by: \( A = b \cdot h \) Substitute \( b = 0.15\, \text{m} \) and \( h = 0.3\, \text{m} \): \( A = Worked
Example 2: Single Shear Riveted Lap-Joint Two steel plates are riveted together using ten 8 mm diameter rivets. If the shear stress in the rivet material is limited to 5 MN/m?, determine the maximum shear force which the joint can support. All rivets are in single shear: Total area of 10 rivets: \( A_{\text{total}} = 10 \cdot \frac{\pi d~2}{4} = 10 \cdot
\frac{\pi (8 \times 10"~ {-3})"2}{4} = 502.65 \times 10" {-6} \, \text{m} "2 \) Shear stress formula: \( \tau = \frac{F}{A} \) Rearranging to find the shear force: \( F = \tau \cdot A \) Substitute the values: \( F = (5 \times 1076) \cdot (502.65 \times 10" {-6}) \) Calculate: \( F = 2513\, \text{N} \) Final Answer: The maximum shear force which the joint
can support is: \( 2513\, \text{N} \) Example 1: Maximum Tensile Load on a Double-Strap Butt Joint (Double Shear) Problem Statement:A double-strap butt joint is made with 8 rivets to join two steel plates. The diameter of each rivet is 12 mm. The maximum allowable shear stress for the rivets is 20 MN/m?2. Calculate the maximum tensile load that
can be applied to the joint. Step 1: Write Down Given Data Number of rivets: \( n = 8 \) Diameter of each rivet: \(d = 12\, \text{mm} = 12 \times 10" {-3} \, \text{m} \) Allowable shear stress: \( \tau_{\text{max}} = 20\, \text{MN/m} "2 = 20 \times 1076 \, \text{N/m} ~2\) Step 2: Formula for Shear Force on a Rivet The shear force on a single rivet
is related to its cross-sectional area and the allowable shear stress: \( F_{\text{shear}} = \tau {\text{max}} \cdot A \) where: \( A = \frac{\pi d~2}{4} \) Step 3: Calculate the Cross-Sectional Area of One Rivet Substitute \( d = 12 \times 10"~ {-3} \, \text{m} \) into the formula for \( A \): \( A = \frac{\pi (12 \times 10"~ {-3})"2}{4} \) \( A = \frac{\pi (144
\times 10"~ {-6})}{4} \)\(A =113.10 \times 10~ {-6} \, \text{m} "2 \) Step 4: Calculate Shear Force for One Rivet Substitute \( A = 113.10 \times 10"~ {-6} \, \text{m}~2\) and \( \tau_{\text{max}} = 20 \times 1076 \, \text{N/m} "2 \): \( F_{\text{shear}} = (20 \times 1076) \cdot (113.10 \times 10"~ {-6}) \) \( F_{\text{shear}} = 2262\, \text{N} \)
Thus, the shear force on a single rivet is 2262 N. Step 5: Calculate Total Shear Force for All Rivets For \( n = 8\) rivets: \( F_{\text{total}} = n \cdot F {\text{shear}} \) \( F_{\text{total}} = 8 \cdot 2262 \) \( F_{\text{total}} = 18096 \, \text{N} \) Step 6: Determine Maximum Tensile Load The maximum tensile load the joint can support is equal to the
total shear force: \( \text{Maximum Tensile Load} = F_{\text{total}} = 18096 \, \text{N} \) Convert this to kilonewtons (kN): \( \text{Maximum Tensile Load} = 18.1 \, \text{kN} \) Final Answer: The maximum tensile load that can be applied to the joint is: \( 18.1 \, \text{kN} \) Keep an eye out for more of our articles where we dive deeper into some
of these concepts. Interested in civil or mechanical engineering? Find out more about all the civil engineering courses we have available by clicking here, and the mechanical engineering courses by clicking here. Diploma in Civil Engineering Diploma in Mechanical Engineering Diploma in Mechanical Technology Diploma in Renewable Energy
Diploma in Material Science Diploma in Sustainable Construction Diploma in Structural Engineering Diploma in Thermodynamics Diploma in Building and Construction Engineering Diploma in Thermofluids Higher International Certificate in Civil Engineering Higher International Diploma in Civil Engineering Higher International Diploma in
Mechanical Engineering Higher International Certificate in Mechanical Engineering Alternatively, you can view all our online engineering courses here. Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike — If you remix, transform, or
build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the material in the public domain
or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Component of stress coplanar with a material cross section
Further information: Shear force Shear stressCommon symbolstSI unitpascalDerivations fromother quantitiest = F/A A shearing force is applied to the top of the rectangle while the bottom is held in place. The resulting shear stress, T, deforms the rectangle into a parallelogram. The area involved would be the top of the parallelogram. Shear stress
(often denoted by T, Greek: tau) is the component of stress coplanar with a material cross section. It arises from the shear force, the component of force vector parallel to the material cross section. Normal stress, on the other hand, arises from the force vector component perpendicular to the material cross section on which it acts. The formula to
calculate average shear stress T or force per unit area is:[1] T = F A, {\displaystyle \tau ={F \over A},} where F is the force applied and A is the cross-sectional area. The area involved corresponds to the material face parallel to the applied force vector, i.e., with surface normal vector perpendicular to the force. This section needs additional citations
for verification. Please help improve this article by adding citations to reliable sources in this section. Unsourced material may be challenged and removed. (September 2022) (Learn how and when to remove this message) Wall shear stress expresses the retarding force (per unit area) from a wall in the layers of a fluid flowing next to the wall. It is
defined as: tw:=pouady|y =0, {\displaystyle \tau {w}:=\mu \left.{\frac {\partial u} {\partial y} }\right| {y=0},} where pn is the dynamic viscosity, u is the flow velocity, and y is the distance from the wall. It is used, for example, in the description of arterial blood flow, where there is evidence that it affects the atherogenic process.[2] Pure shear
stress is related to pure shear strain, denoted y, by the equation[3] T = y G, {\displaystyle \tau =\gamma G, } where G is the shear modulus of the isotropic material, given by G =E 2 (1 + v ) . {\displaystyle G={\frac {E}{2(1+u )}}.} Here, E is Young's modulus and v is Poisson's ratio. Beam shear is defined as the internal shear stress of a beam
caused by the shear force applied to the beam: 1 :=fQ I b, {\displaystyle \tau :={\frac {fQ}{Ib}},} where f is the total shear force at the location in question,Q is the statical moment of area,b is the thickness (width) in the material perpendicular to the shear, andlI is the moment of inertia of the entire cross-sectional area. The beam shear formula is
also known as Zhuravskii shear stress formula after Dmitrii Ivanovich Zhuravskii, who derived it in 1855.[4][5] Further information: Shear flow Shear stresses within a semi-monocoque structure may be calculated by idealizing the cross-section of the structure into a set of stringers (carrying only axial loads) and webs (carrying only shear flows).
Dividing the shear flow by the thickness of a given portion of the semi-monocoque structure yields the shear stress. Thus, the maximum shear stress will occur either in the web of maximum shear flow or minimum thickness. Constructions in soil can also fail due to shear; e.g., the weight of an earth-filled dam or dike may cause the subsoil to collapse,
like a small landslide. The maximum shear stress created in a solid round bar subject to impact is given by the equation[6] T = 2 U G V, {\displaystyle \tau =2 {\sqrt {\frac {UG}{V}}},} where U is the change in kinetic energy,G is the shear modulus, andV is the volume of the rod. Furthermore, U = Urotating + Uapplied, where Urotating =
1/2Iw2,Uapplied = TOdisplaced,I is the mass moment of inertia, andw is the angular speed. See also: Viscosity, Couette flow, Hagen-Poiseuille equation, Depth-slope product, Simple shear, and Wind stress Any real fluids (liquids and gases included) moving along a solid boundary will incur a shear stress at that boundary. The no-slip condition[7]
dictates that the speed of the fluid at the boundary (relative to the boundary) is zero; although at some height from the boundary, the flow speed must equal that of the fluid. The region between these two points is named the boundary layer. For all Newtonian fluids in laminar flow, the shear stress is proportional to the strain rate in the fluid, where
the viscosity is the constant of proportionality. For non-Newtonian fluids, the viscosity is not constant. The shear stress is imparted onto the boundary as a result of this loss of velocity. For a Newtonian fluid, the shear stress at a surface element parallel to a flat plate at the point yis given by t(y) =n o uay, {\displaystyle \tau (y)=\mu {\frac
{\partial u}{\partial y}},} where p is the dynamic viscosity of the flow,u is the flow velocity along the boundary, andy is the height above the boundary. Specifically, the wall shear stress is defined astw:=t(y=0)=pouady|y =0 . {\displaystyle \tau {\mathrm {w} }:=\tau (y=0)=\mu \left.{\frac {\partial u}{\partial y} }\right| {y=0}~.}
Newton's constitutive law, for any general geometry (including the flat plate above mentioned), states that shear tensor (a second-order tensor) is proportional to the flow velocity gradient (the velocity is a vector, so its gradient is a second-order tensor): T (u) = p V u . {\displaystyle {\boldsymbol {\tau } } \mathbf {u} )=\mu {\boldsymbol {abla
}Nmathbf {u} .} The constant of proportionality is named dynamic viscosity. For an isotropic Newtonian flow, it is a scalar, while for anisotropic Newtonian flows, it can be a second-order tensor. The fundamental aspect is that for a Newtonian fluid, the dynamic viscosity is independent of flow velocity (i.e., the shear stress constitutive law is linear),
while for non-Newtonian flows this is not true, and one should allow for the modification T (u) = p (u ) V u. {\displaystyle {\boldsymbol {\tau }}(\mathbf {u} )=\mu (\mathbf {u} ){\boldsymbol {abla } }\mathbf {u} .} This no longer Newton's law but a generic tensorial identity: one can always find an expression of the viscosity as function of the flow
velocity given any expression of the shear stress as function of the flow velocity. On the other hand, given a shear stress as function of the flow velocity, it represents a Newtonian flow only if it can be expressed as a constant for the gradient of the flow velocity. The constant one finds in this case is the dynamic viscosity of the flow. This relationship
can be exploited to measure the wall shear stress. If a sensor could directly measure the gradient of the velocity profile at the wall, then multiplying by the dynamic viscosity would yield the shear stress. Such a sensor was demonstrated by A. A. Nagqwi and W. C. Reynolds.[8] The interference pattern generated by sending a beam of light through two
parallel slits forms a network of linearly diverging fringes that seem to originate from the plane of the two slits (see double-slit experiment). As a particle in a fluid passes through the fringes, a receiver detects the reflection of the fringe pattern. The signal can be processed, and from the fringe angle, the height and velocity of the particle can be
extrapolated. The measured value of the wall velocity gradient is independent of the fluid properties, and as a result does not require calibration. Recent[when?] advancements in the micro-optic fabrication technologies have made it possible to use integrated diffractive optical elements to fabricate diverging fringe shear stress sensors usable both in
air and liquid.[9] A further measurement technique is that of slender wall-mounted micro-pillars made of the flexible polymer polydimethylsiloxane, which bend in reaction to the applying drag forces in the vicinity of the wall. The sensor thereby belongs to the indirect measurement principles relying on the relationship between near-wall velocity
gradients and the local wall-shear stress.[10][11] The electro-diffusional method measures the wall shear rate in the liquid phase from microelectrodes under limiting diffusion current conditions. A potential difference between an anode of a broad surface (usually located far from the measuring area) and the small working electrode acting as a
cathode leads to a fast redox reaction. The ion disappearance occurs only on the microprobe active surface, causing the development of the diffusion boundary layer, in which the fast electro-diffusion reaction rate is controlled only by diffusion. The resolution of the convective-diffusive equation in the near-wall region of the microelectrode lead to
analytical solutions relying the characteristics length of the microprobes, the diffusional properties of the electrochemical solution, and the wall shear rate.[12] Critical resolved shear stress Direct shear test Friction Shear and moment diagrams Shear rate Shear strain Shear strength Tensile stress Triaxial shear test ©~ Hibbeler, R.C. (2004).
Mechanics of Materials. New Jersey USA: Pearson Education. p. 32. ISBN 0-13-191345-X. ©~ Katritsis, Demosthenes (2007). "Wall Shear Stress: Theoretical Considerations and Methods of Measurement". Progress in Cardiovascular Diseases. 49 (5): 307-329. d0i:10.1016/j.pcad.2006.11.001. PMID 17329179. ~ "Strength of Materials". Eformulae.com.
Retrieved 24 December 2011. ~ Jlekuus ®opmyna 2Kypasckoro [Zhuravskii's Formula]. Connpomart Jlekiuu (in Russian). Retrieved 2014-02-26. © "Flexure of Beams" (PDF). Mechanical Engineering Lectures. McMaster University.[permanent dead link] ©~ LLC., Engineers Edge. "Shear Stress Equations and Applications". engineersedge.com. Retrieved
2024-08-29. ™ Day, Michael A. (2004), "The no-slip condition of fluid dynamics", Erkenntnis, 33 (3), Springer Netherlands: 285-296, doi:10.1007/BF00717588, ISSN 0165-0106, S2CID 55186899. ™~ Naqwi, A. A.; Reynolds, W. C. (Jan 1987), "Dual cylindrical wave laser-Doppler method for measurement of skin friction in fluid flow", NASA STI/Recon
Technical Report N, 87 ™ {microS Shear Stress Sensor, MSE} © GrofSe, S.; Schroder, W. (2009), "Two-Dimensional Visualization of Turbulent Wall Shear Stress Using Micropillars", AIAA Journal, 47 (2): 314-321, Bibcode:2009AIAA]J..47..314G, doi:10.2514/1.36892 ~ GrofSe, S.; Schroder, W. (2008), "Dynamic Wall-Shear Stress Measurements in
Turbulent Pipe Flow using the Micro-Pillar Sensor MPS3", International Journal of Heat and Fluid Flow, 29 (3): 830-840, Bibcode:2008IJHFF..29..830G, doi:10.1016/j.ijheatfluidflow.2008.01.008 ~ Havlica, ]J.; Kramolis, D.; Huchet, F. (2021), "A revisit of the electro-diffusional theory for the wall shear stress measurement" (PDF), International Journal
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helpfulSelectArbitrary cross-sectionRectangularHollow circularl-beamWith this option, you calculate the shear stress at a distance y' from the neutral axis (NA) of a beam subjected to a shear force V, using the shear formula = VQ/It. You can use the section modulus calculator (in its advanced mode) to find the neutral axis and moment of inertia of
cross sections, which will help you to find Q.Shear force magnitude (V)First moment of area (Q = y'A')Shear stress magnitude ([J)Check out 38 similar materials and continuum mechanics calculators [] [fstyle] [/fstyle] Welcome to the world of shear forces! If you've ever wondered how to figure out the shear forces and stresses in a material or structure,
you’ve come to the right place. Think of the shear calculator as your trusty sidekick in the realm of structural engineering. Ready to dive into some serious calculations with a sprinkle of fun? Let’s get started! Imagine you’re cutting a piece of paper. The force you apply that makes the paper slide apart is shear force. In engineering, shear force acts
parallel to the surface of a material, causing layers to slide past each other. Understanding this force is crucial for designing structures that don’t crumble under pressure. Here’s why it’s essential: Structural Integrity: Ensures that beams, columns, and other components of a structure can handle applied loads without collapsing. Safety: Prevents
material failure which could lead to accidents or structural damage. Design Efficiency: Helps optimize materials and designs to be both cost-effective and safe. Before we plunge into calculations, let’s get familiar with some fundamental concepts. These will help you understand what’s going on under the hood of your shear calculator. Definition: The
force applied parallel to the cross-section of a material, causing internal sliding. Example: A shear force in a beam might be caused by weight distributed unevenly along its length. Definition: The internal resistance to shear force within a material, calculated as shear force divided by the cross-sectional area. Formula:[ \text{Shear Stress} =
\frac{\text{Shear Force}} {\text{Cross-Sectional Area}} ] Importance: Determines whether a material can withstand the applied shear forces without failing. Definition: The deformation experienced by a material under shear stress, often expressed as the change in shape relative to the original shape. Example: If you apply shear stress to a block of
rubber, it will deform; the amount of deformation is the shear strain. Definition: A measure of a material’s rigidity or resistance to shear deformation, also known as the modulus of rigidity. Importance: Helps predict how much a material will deform under a given shear load. Ready to roll up your sleeves and dive into some calculations? Follow this
step-by-step guide to get the most out of your shear calculator. Shear Force: Measure or determine the shear force acting on the material (in Newtons or pounds). Cross-Sectional Area: Determine the area where the shear force is applied (in square meters or square inches). Material Properties: Gather information on the material’s shear strength and
shear modulus. Enter the shear force into the calculator. Input the cross-sectional area where the shear force is applied. Provide material properties such as shear strength and shear modulus. Hit the “Calculate” button. The calculator will compute shear stress, shear strain, and other relevant values. Check if the shear stress is within the material’s
shear strength limit. Review shear strain to understand the deformation expected under the applied shear force. Consult with Professionals: Share the results with engineers or structural experts to validate your findings. Make adjustments to your design or material selection based on expert advice. Use the calculated shear stress and other data to
finalize your design or construction plans. Ensure all materials and structures comply with safety and performance standards. [ ] Collect Data: Shear force, cross-sectional area, and material properties. [ ] Input Data: Enter details into the shear calculator. [ ] Perform Calculation: Compute shear stress and other values. [ ] Analyze Results: Check
against material strength and design criteria. [ ] Consult Professionals: Validate findings with experts. [ ] Apply Findings: Finalize design and ensure compliance. Let’s navigate the potential pitfalls with some pro tips. Avoiding common mistakes will help you get accurate results and keep your projects on track. MistakePro TipUsing Incorrect Material
PropertiesAlways use the latest and accurate material specifications.Neglecting Load DistributionConsider how loads are distributed to get accurate results.Misestimating Cross-Sectional AreaMeasure the area precisely to avoid errors in calculations.Ignoring Shear Strain CalculationsIinclude shear strain to understand material
deformation.Overlooking Professional AdviceConsult with engineers to confirm your calculations and design.Failing to Comply with Building CodesCheck local building codes to ensure your design meets all requirements. Shear force is the force that acts parallel to the surface of a material, causing internal layers to slide relative to each other. It's a
key concept in structural engineering for understanding how materials will behave under loads. To calculate shear stress, divide the shear force by the cross-sectional area of the material. The formula is:[ \text{Shear Stress} = \frac{\text{Shear Force}} {\text{Cross-Sectional Area}} ] Shear modulus, or modulus of rigidity, measures a material’s
resistance to shear deformation. It helps determine how much a material will deform when subjected to shear stress. Shear strain measures the deformation of a material under shear stress. Understanding shear strain helps predict how materials will change shape and how they will perform under load. Verify that the calculated shear stress is within
the material’s shear strength limits. Consulting with structural engineers can provide additional assurance that your design is safe and meets all standards. If shear stress exceeds a material’s shear strength, it may result in failure, such as deformation, cracking, or even catastrophic collapse. Ensuring that shear stress stays within safe limits is
crucial for structural safety. Shear calculations should be reviewed whenever there are changes to the design, materials, or load conditions. Regular reviews ensure ongoing safety and effectiveness of the structure. Shear calculators are used in a variety of scenarios: Design beams, columns, and other structural elements to withstand shear forces
without failure. Choose materials with appropriate shear strength for specific applications to ensure durability and safety. Plan construction methods and materials based on accurate shear calculations to avoid failures and inefficiencies. Assess existing structures to ensure they meet safety standards and perform effectively under applied loads.
Evaluate shear forces and stresses when repairing or upgrading structures to maintain safety and compliance with standards. Mastering shear calculations might seem daunting, but with the right knowledge and tools, it becomes a manageable and even enjoyable task. By understanding the key concepts, avoiding common mistakes, and following our
step-by-step guide, you'll be well on your way to becoming a shear force superstar. So go ahead—calculate with confidence and design structures that stand strong against the forces of shear. Your projects (and your future self) will thank you! Stress is the ratio of applied force F to a cross section area - defined as "force per unit area". tensile stress -
stress that tends to stretch or lengthen the material - acts normal to the stressed area compressive stress - stress that tends to compress or shorten the material - acts normal to the stressed area shearing stress - stress that tends to shear the material - acts in plane to the stressed area at right-angles to compressive or tensile stress Tensile or
Compressive Stress - Normal Stress Tensile or compressive stress normal to the plane is usually denoted "normal stress" or "direct stress" and can be expressed as 0 = Fn /A (1) where o = normal stress (Pa (N/m2), psi (Ibf/in2)) Fn = normal force acting perpendicular to the area (N, Ibf) A = area (m2, in2) a kip is an imperial
unit of force - it equals 1000 1bf (pounds-force) 1 kip = 4448.2216 Newtons (N) = 4.4482216 kilo Newtons (kN) A normal force acts perpendicular to area and is developed whenever external loads tends to push or pull the two segments of a body. Example - Tensile Force acting on a Rod A force of 10 kN is acting on a circular rod with diameter 10
mm. The stress in the rod can be calculated as 0 = (10x103 N) / (m ((10x10-3 m) / 2)2) = 127388535 N/m2 = 127 MPa Example - Force acting on a Douglas Fir Square Post A compressive load of 30000 1b is acting on short square 6 x 6 in post of Douglas fir. The dressed size of the post is 5.5 x 5.5 in and the compressive stress can be calculated as
o = (30000 1b) / ((5.51in) (5.5in)) = 991 Ib/in2 (psi) Shear Stress Stress parallel to a plane is usually denoted as "shear stress" and can be expressed as t=Fp /A (2) where T = shear stress (Pa (N/m2), psi (Ibf/in2)) Fp = shear force in the plane of the area (N, Ibf) A = area (m2, in2) A shear force lies in the plane of an area and is
developed when external loads tend to cause the two segments of a body to slide over one another. Strain (Deformation) Strain is defined as "deformation of a solid due to stress". Normal strain - elongation or contraction of a line segment Shear strain - change in angle between two line segments originally perpendicular Normal strain and can be
expressedase=dl/lo =o/E (3) where dl = change of length (m, in) lo = initial length (m, in) € = strain - unit-less E = Young's modulus (Modulus of Elasticity) (Pa, (N/m2), psi (Ibf/in2)) Young's modulus can be used to predict the elongation or compression of an object when exposed to a force Note that strain is a dimensionless
unit since it is the ratio of two lengths. But it also common practice to state it as the ratio of two length units - like m/m or in/in. Poisson's ratio is the ratio of relative contraction strain Example - Stress and Change of Length The rod in the example above is 2 m long and made of steel with Modulus of Elasticity 200 GPa (200x109 N/m2). The change of
length can be calculated by transforming (3) to dl=oclo/E = (127x106 Pa) (2 m) / (200x109 Pa) =0.00127m = 1.27 mm How to calculate radial contraction Thermal stress and force Strain Energy Stressing an object stores energy in it. For an axial load the energy stored can be expressed as U = 1/2 Fn dl where U = deformation energy
(J (N m), ft Ib) Young's Modulus - Modulus of Elasticity (or Tensile Modulus) - Hooke's Law Most metals deforms proportional to imposed load over a range of loads. Stress is proportional to load and strain is proportional to deformation as expressed with Hooke's Law. E = stress /strain =o/& = (Fn/A)/(dl/lo) (4) where E
= Young's Modulus (N/m2) (Ib/in2, psi) Modulus of Elasticity, or Young's Modulus, is commonly used for metals and metal alloys and expressed in terms 106 1bf/in2, N/m2 or Pa. Tensile modulus is often used for plastics and is expressed in terms 105 1bf/in2 or GPa. Shear Modulus of Elasticity - or Modulus of Rigidity G = stress /strain =1/y = (Fp
JA)/(s/d) (5) where G = Shear Modulus of Elasticity - or Modulus of Rigidity (N/m2) (Ib/in2, psi) T = shear stress ((Pa) N/m2, psi) y = unit less measure of shear strain Fp = force parallel to the faces which they act A = area (m2, in2) s = displacement of the faces (m, in) d = distance between the faces displaced (m, in) Ductile
vs. Brittle materials Bulk Modulus Elasticity The Bulk Modulus Elasticity - or Volume Modulus - is a measure of the substance's resistance to uniform compression. Bulk Modulus of Elasticity is the ratio of stress to change in volume of a material subjected to axial loading. Elastic Moduli Elastic moduli for some common materials: Stress, Strain and
Young's Modulus for some common Materials MaterialYoung's Modulus- E -Shear Modulus- G -Bulk Modulus- K - (GPa)(106 psi) (GPa)(106 psi) (GPa)(106 psi) Aluminum 70 24 70 Brass 91 36 61 Copper 110 42 140 Glass 55 23 37 Iron 91 70 100 Lead 16 5.6 7.7 Steel 200 84 160 1 GPa = 109 Pa (N/m2) 106 psi = 1 Mpsi = 103 ksi Some typical
properties of engineering materials like steel, plastics, ceramics and composites. Hooke's law - force, elongation and spring constant. Plastic deformation properties. The Bulk Modulus - resistance to uniform compression - for some common metals and alloys. Elastic properties and Young's modulus for metals and alloys like cast iron, carbon steel and
more. Shear Modulus (Modulus of Rigidity) is the elasticity coefficient for shearing or torsion force. Poisson's ratio, a key material property describing the relationship between axial and lateral strain in solid materials. Typical Poisson's ratio values for metals, polymers, ceramics, and more, along with practical applications in engineering and
mechanics. Some metals and their Poisson's Ratios. Allowable wall stress in pipes according ASME M31.3. Stress and force when thermal expansion a pipe, beam or similar is restricted. Stress in rotating disc and ring bodies. Calculate the stress in steam boiler shells caused by steam pressure. Endurance limits and fatigue stress for steels. Stress is
force applied on cross-sectional area. Radial and tangential stress in thick-walled cylinders or tubes with closed ends - with internal and external pressure. Hoop and longitudinal stress thin-walled tubes or cylinders. Properties of structural lumber. Threaded bolts tensile stress area. Weight rating of threaded hanger rods. Young’s Modulus (Elastic
Modulus) of various materials, including metals, plastics, and composites. How stiffness and elasticity influence material performance in engineering applications.
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