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Supported Wood Beam (see for detailed insights into understanding the stresses experienced by
beams under load. Whether you are a structural engineer, a woodworking enthusiast, or a student
studying mechanics of materials, comprehending how to calculate these stresses is vital for ensuring
safety, structural integrity, and optimal design. This article provides a comprehensive overview of
the concepts, formulas, and practical steps involved in determining the maximum shear and bending
stresses in a simply supported wood beam subjected to various loading conditions.

Understanding the Basics of Beam Bending and Shear
Stress

Before diving into calculations, it’s essential to grasp the fundamental concepts of how beams
respond to loads.

What is a Simply Supported Beam?

A simply supported beam is a structural element supported at its ends, typically by pins or rollers,
allowing it to freely rotate and providing support against vertical loads. This setup is common in
bridges, floor joists, and other structural applications.

Types of Stresses in Beams

When a load is applied to a beam, it experiences different internal stresses:

- Bending Stress (Flexural Stress): Results from bending moments, causes tension on one side of the
beam’s cross-section and compression on the other.

- Shear Stress: Arises from shear forces, acts parallel to the cross-section, and is highest near the
supports.

Calculating Maximum Bending Stress in a Wood Beam

Bending stress is critical because it determines whether the beam will deform excessively or fail
under load.



Fundamental Concepts and Formula

The maximum bending stress (\(\sigma {max}\)) in a beam can be calculated using the flexural
formula:

\[
\sigma {max} = \frac{M_ {max} \times c}{I}
\]

Where:

-\(M_{max}\) = maximum bending moment at the critical section

-\(c\) = distance from the neutral axis to the outermost fiber

-\(I\) = second moment of area (area moment of inertia) of the cross-section

Determining the Maximum Bending Moment (\(M_{max}\))

For a simply supported beam with a point load (\(P\)) at the center:
- The maximum bending moment occurs at the center:

\[
M {max} = \frac{P \times L} {4}
\]

Where:
-\(L\) = length of the beam

For a uniformly distributed load (\(w\)):

\[
M {max} = \frac{w \times L"~2}{8}
\]

Calculating the Moment of Inertia (\(I\)) for Common Cross-
Sections

The second moment of area depends on the beam’s cross-sectional shape:
- Rectangular cross-section:

\[
I = \frac{b \times h"~3}{12}
\]

Where:
-\(b\) = width
-\(h\) = height

- Other shapes: Use standard formulas or refer to engineering tables.



Example Calculation of Bending Stress

Suppose a wooden beam with a rectangular cross-section (width \(b = 10\,cm\), height \(h=20\,cm\)),
span \(L=4\,m\), supports a central load \(P=1000\,N\).

1. Compute \(I\):

\[

I =\frac{10\,cm \times (20\,cm)”~3}{12} = \frac{10 \times 8000}{12} = \frac{80,000} {12} \approx
6666.67\,cm™4

\]

2. Find \(M_{max}\):

\[
M {max} = \frac{1000\,N \times 400\,cm}{4} = 1000 \times 100\,cm = 100,000\,N \cdot cm

\]

3. Calculate \(c\):

\[
¢ =\frac{h}{2} = 10\,cm
\]

4. Compute \(\sigma {max}\):

\[
\sigma {max} = \frac{100,000 \times 10}{6666.67} \approx 150\, \text{kgf/cm} ~2

\]

This value indicates the maximum bending stress experienced by the beam under the given load.

Calculating Maximum Shear Stress in a Wood Beam

Shear stress is equally critical, especially near supports where it tends to be the highest.

Fundamental Shear Stress Formula

The maximum shear stress (\(\tau {max}\)) in a beam cross-section can be approximated by:

\[
\tau {max} = \frac{V \times Q}{I \times t}
\]

Where:

-\(W\) = shear force at the section

-\(Q\) = first moment of area about the neutral axis for the part of the cross-section
-\(I\) = second moment of area



-\(t\) = thickness of the section where shear stress is being calculated

For most common cases, especially rectangular sections, the maximum shear stress at the neutral
axis simplifies to:

\[
\tau {max} = \frac{3V}{2b h}

\]

Determining Shear Force (\(V\)) in the Beam

- For a point load at the center:

\[
V {max} = \frac{P}{2}
\]

- For uniformly distributed load:

\[
V {max} = \frac{w \times L} {2}
\]

Example Calculation of Shear Stress
Using the previous example with \(P=1000\,N\):

\[
V_{max} = \frac{1000}{2} = 500\N
\]

Calculate \(\tau_{max}\):

\[

\tau {max} = \frac{3 \times 500} {2 \times 10\,cm \times 20\,cm} = \frac{1500}{400} = 3.75\,
\text{kgf/cm} "2

\]

This indicates the shear stress at the critical section near the supports.

Design Considerations and Safety Factors

While calculations provide a theoretical maximum, real-world conditions require safety margins:
- Use allowable stress values for wood, considering species, moisture content, and load duration.
- Incorporate safety factors (commonly 1.5 to 3) to account for uncertainties.

- Ensure the maximum stresses do not exceed the permissible limits to prevent failure.



Practical Steps for Engineers and Designers

To accurately assess the stresses in a wooden beam:

—_

. Identify the load conditions: point load, distributed load, or combined.

2. Measure or specify the beam’s cross-sectional dimensions.

3. Calculate the maximum bending moment (\(M_{max}\)) based on load and span.

4. Determine the second moment of area (\(I\)) for the cross-section.

5. Compute the maximum bending stress (\(\sigma {max}\)) using the flexural formula.

6. Calculate the shear force (\(V\)) at critical sections.

7. Calculate the maximum shear stress (\(\tau {max}\)) using the shear formula.

8. Compare the calculated stresses with the allowable stresses for the specific wood species.

9. Apply safety factors to ensure structural safety.

Conclusion

Calculating the maximum shear stress and maximum bending stress in a simply supported wood
beam is fundamental for safe and efficient structural design. By understanding the principles,
employing the correct formulas, and considering the properties of the wood and loading conditions,
engineers and designers can ensure that their structures withstand applied loads without risk of
failure. Always remember to incorporate safety margins, use accurate material data, and adhere to
relevant standards and codes for best practices in structural design.
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Frequently Asked Questions

How do you calculate the maximum shear stress in a simply
supported wood beam under a uniform load?

The maximum shear stress in a simply supported beam with a uniform load is calculated using T max
=V Q/(It), where V is the shear force at the point, Q is the first moment of area about the neutral
axis, I is the moment of inertia, and t is the thickness of the beam's cross-section.



What is the formula for determining the maximum bending
stress in a simply supported wood beam?

The maximum bending stress is given by ¢ b = M ¢ /[, where M is the maximum bending moment, ¢
is the distance from the neutral axis to the outermost fiber, and I is the moment of inertia of the
cross-section.

Which factors influence the shear and bending stresses in a
wood beam?

Factors include the load magnitude and distribution, beam span, cross-sectional dimensions,
material properties, and support conditions. Accurate calculation also depends on the beam's
geometry and loading type.

How do you determine the maximum shear force in a simply
supported beam with a point load?

The maximum shear force occurs just to the left and right of the load and is equal to V = P/2 for a
central point load P on a simply supported beam, or V = total load divided by support reactions for
other load positions.

What are the typical units used in calculating shear and
bending stresses in wood beams?

Units commonly used are Pascals (Pa) or pounds per square inch (psi), depending on the
measurement system, along with dimensions in meters or inches.

How does the cross-sectional shape of a wood beam affect the
maximum bending and shear stresses?

Cross-sectional shape influences the moment of inertia and shear area; for example, I-beams have
higher moment of inertia, reducing bending stress, while larger cross-sectional areas help reduce
shear stress.

What safety factors should be considered when calculating
maximum stresses in wood beams?

Safety factors account for material variability, load uncertainties, and environmental conditions.
Typically, a factor of safety between 2 and 4 is used, depending on building codes and application.

How can reinforcement or design modifications reduce
maximum shear and bending stresses in a wood beam?

Reinforcement methods include adding supports, increasing cross-sectional dimensions, using
stronger wood species, or installing additional reinforcement materials like steel plates to distribute
stresses more evenly.



Why is it important to evaluate both shear and bending
stresses when designing a wood beam?

Because wood beams are subjected to combined stresses during loading, evaluating both ensures
the beam's integrity, safety, and longevity by preventing failure modes such as shear failure or
excessive bending deformation.

Additional Resources
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Understanding how wooden beams respond to loads is fundamental in structural engineering,
carpentry, and construction. Whether you're designing a new deck, constructing a bridge, or
reinforcing a support structure, knowing how to determine the maximum shear and bending stresses
helps ensure safety, durability, and optimal performance. This article delves into the mechanics
behind these stresses, focusing on a simply supported wood beam subjected to various loads. By the
end, you'll have a comprehensive understanding of how to calculate these critical stresses, backed
by engineering principles and practical examples.

Introduction to Shear and Bending Stresses in Beams

Before diving into calculations, it's essential to clarify what shear and bending stresses are and why
they matter.

- Shear Stress: This stress occurs when forces act parallel to the cross-sectional area of a beam,
tending to cause layers of material to slide past each other. In beams, shear stress is most significant
near supports and under concentrated loads.

- Bending Stress: This is the normal stress developed within a beam due to bending moments. It
causes the beam to curve and results in tension on one side and compression on the other.

Both stresses are critical in ensuring a beam's integrity. Excessive shear can cause shear failure,
while high bending stresses may lead to cracking or permanent deformation.

Structural Setup and Assumptions
To analyze the maximum shear and bending stresses, consider the following typical scenario:

- Beam Type: Simply supported wooden beam

- Span (L): The length between the two supports

- Load (P): A concentrated load applied at the mid-span or a uniformly distributed load

- Cross-Section: Rectangular (width \(b\), height \(h\))

- Material: Wood, characterized by its modulus of rupture, shear strength, and elastic properties
- Supports: Idealized as simple supports with no friction or moments at the supports



Assumptions:
- The beam is elastic and obeys linear elastic theory
- Loadings are static and steady

- The cross-section remains plane and normal to the neutral axis (Bernoulli's hypothesis)
- Material properties are uniform across the cross-section

Calculating Bending Moment in a Simply Supported Beam

The bending stress depends on the bending moment distribution along the beam.
For a simply supported beam with a centered point load P:

- Maximum bending moment (Mmax) occurs at mid-span:

\[

M {max} = \frac{P \times L} {4}

\]

For a uniformly distributed load \(w\) (load per unit length):

- Maximum bending moment at mid-span:

\[
M {max} = \frac{w L"2}{8}
\]

Understanding the magnitude and location of the maximum bending moment is crucial because it
directly influences the maximum bending stress.

Calculating Maximum Bending Stress
Bending stress (\(\sigma b\)) at any point in the cross-section is given by the flexural formula:

\[

\sigma b = \frac{M y}{I}
\]

Where:

-\( M) = bending moment at the section
-\(y\) = distance from the neutral axis to the outermost fiber (for a rectangle, \(y = h/2\))
-\(I\) = second moment of area (moment of inertia) of the cross-section

For a rectangular cross-section:

\[



I =\frac{b h"~3}{12}
\]

Maximum bending stress occurs at the outermost fiber:

\[

\sigma {b, max} = \frac{M {max} \times (h/2)}{I} = \frac{6 M_{max}}{b h"2}
\]

Example Calculation:

Suppose a wooden beam has:

- Width \(b = 0.1\, \text{m}\)

- Height \(h = 0.2\, \text{m}\)

- Length \(L = 4\, \text{m}\)

- Central point load \(P = 1000\, \text{N}\)

Calculate:
1. Maximum bending moment:

\[
M {max} = \frac{P \times L} {4} = \frac{1000 \times 4} {4} = 1000\, \text{Nm}

\]

2. Moment of inertia:

\[

I =\frac{b h"3}{12} = \frac{0.1 \times (0.2)"~3}{12} = \frac{0.1 \times 0.008} {12} = 6.67 \times
10~ {-5}\, \text{m}"~4

\]

3. Maximum bending stress:

\[

\sigma {b, max} = \frac{6 \times 1000}{0.1 \times (0.2)"2} = \frac{6000}{0.1 \times 0.04} =
\frac{6000}{0.004} = 1,500,000\, \text{Pa} \quad \text{or} \quad 1.5\, \text{MPa}

\]

This value indicates the maximum tension or compression experienced at the outer fibers.

Calculating Shear Stress
Shear stress in a beam is most significant near the supports and under concentrated loads.

The maximum shear force (\(V_{max}\)) in a simply supported beam with a point load \(P\) at mid-
span:



\[
V {max} = \frac{P}{2}
\]

Shear stress (\(\tau\)) at any point in the cross-section:

\[
\tau = \frac{V Q}{I b}
\]

Where:

-\('V\) = shear force at the section (here, \(V_{max}\))

-\( Q) = first moment of area about the neutral axis for the part of the cross-section above or below
the point of interest

-\(I\) = second moment of area (as above)

-\( b\) = width of the cross-section at the point

For maximum shear stress (at neutral axis):

\[
Q = \text{area of the portion of cross-section above the neutral axis} \times \text{distance from
centroid to neutral axis}

\]

For a rectangular section at the neutral axis:

\[
Q =\frac{b h"2}{8}
\]

Maximum shear stress:

\[

\tau {max} = \frac{3 V}{2 b h}

\]

Example Calculation:

Using the previous example with \( P = 1000\, \text{N} \):

1. Shear force:

\[
V {max} = \frac{P}{2} = 500\, \text{N}
\]

2. Maximum shear stress:

\[
\tau {max} = \frac{3 \times 500} {2 \times 0.1 \times 0.2} = \frac{1500}{0.04} = 37,500\,



\text{Pa} \quad \text{or} \quad 0.0375\, \text{MPa}
\]

This shear stress is significantly lower than the bending stress but still important for assessing the
shear capacity of the wood.

Material Strength Considerations

When calculating whether a beam can withstand applied loads, compare the calculated stresses with
the material’s allowable stresses:

- Allowable bending stress (\(\sigma_{allow}\)): determined by the wood species and grade
- Allowable shear stress (\(\tau_{allow}\)): based on shear strength of the wood

If the calculated maximum stresses exceed these limits, reinforcement, larger cross-sections, or
alternative materials may be necessary.

Practical Applications and Design Considerations
Designing a safe wooden beam involves:

- Ensuring maximum bending and shear stresses stay within permissible limits
- Considering factors of safety, typically ranging from 1.5 to 3

- Accounting for load variations, dynamic effects, and environmental conditions
- Selecting appropriate wood species and grade based on strength properties

- Using proper support details to avoid stress concentrations

Additional factors include:

- Deflection limits: ensuring the beam doesn’t bend excessively
- Durability considerations: moisture, pests, and wear
- Connection details: nails, bolts, and joints that can introduce stress concentrations

Concluding Remarks

Calculating the maximum shear and bending stresses in a simply supported wooden beam provides
critical insights into its capacity and safety. By understanding the fundamental principles—such as
the distribution of moments and shear forces, the cross-sectional properties, and the material
strengths—engineers and builders can make informed decisions that prevent structural failures.

Whether performing quick manual calculations or detailed computer-aided analyses, these principles
form the backbone of safe and efficient wood structure design. As with all engineering endeavors,
always consult relevant standards, codes, and material data sheets to ensure compliance and safety.



Final Thoughts

The ability to accurately assess stresses in wooden beams not only enhances structural integrity but
also promotes sustainable and economical construction practices. With the proper knowledge and
tools, designing resilient wooden structures becomes a precise science grounded in fundamental
mechanics.
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