
A Simply Supported Wood Beam AB With
Span Length L = 4 M Carries A Uniform
Load Of Intensity Q = 5.8
A Simply Supported Wood Beam AB With Span Length L = 4 M Carries A Uniform
Load Of Intensity Q = 5.8 is a common scenario in structural engineering, particularly in
the design and analysis of wooden structures such as bridges, roof supports, and floor
joists. Understanding the behavior of such beams under load is crucial for ensuring safety,
durability, and cost-effectiveness. In this article, we will explore the fundamental principles
involved in analyzing a simply supported wooden beam subjected to a uniform load,
including calculations of bending moments, shear forces, deflections, and the selection of
appropriate timber materials.

Understanding Simply Supported Beams

Definition and Characteristics
A simply supported beam is a structural element that rests on two supports at its ends,
allowing it to bend or rotate freely under load without any moment resistance at the
supports. Its key features include:

Supports are typically pin or roller types, providing vertical support but not resisting
moments.

Designed to carry loads primarily through bending.

Common in residential and light commercial construction due to simplicity and cost-
effectiveness.

Advantages of Using Wooden Beams
Wood remains a popular choice for beams because of its:

Availability and renewability

Good strength-to-weight ratio

Ease of installation and modification

Excellent thermal and acoustic insulation properties



However, wood also requires careful consideration of its properties and limitations, such as
susceptibility to moisture, pests, and variability in strength.

Analyzing the Beam Under Uniform Load

Basic Parameters and Assumptions
Given:

Span length, L = 4 meters

Uniform load intensity, Q = 5.8 kN/m

Assumptions typically include:

Material behaves elastically

Supports are ideal pin supports

Load distribution is uniform across the entire span

Calculating Reactions at Supports
The first step in analysis is determining the reactions at the supports (A and B), which
balance the total load applied.

Total load:
\[ W_{total} = Q \times L = 5.8 \, \text{kN/m} \times 4 \, \text{m} = 23.2 \, \text{kN} \]

Since the load is symmetric and supports are at both ends:
\[ R_A = R_B = \frac{W_{total}}{2} = \frac{23.2}{2} = 11.6 \, \text{kN} \]

These reactions are critical for subsequent bending moment and shear force calculations.

Bending Moment and Shear Force Analysis

Shear Force Distribution
The shear force at any section x from support A is:
\[ V(x) = R_A - Q \times x \]
At the support (x=0):
\[ V(0) = 11.6 \, \text{kN} \]



At mid-span (x=2 m):
\[ V(2) = 11.6 - 5.8 \times 2 = 11.6 - 11.6 = 0 \, \text{kN} \]

The maximum shear occurs at the supports, with a magnitude of 11.6 kN, decreasing
linearly to zero at the center.

Maximum Bending Moment
The bending moment at any point x is obtained via:
\[ M(x) = R_A \times x - \frac{Q \times x^2}{2} \]

Maximum bending moment occurs at the mid-span (x = L/2 = 2 m):
\[ M_{max} = R_A \times 2 - \frac{Q \times 2^2}{2} \]
\[ M_{max} = 11.6 \times 2 - \frac{5.8 \times 4}{2} \]
\[ M_{max} = 23.2 - 11.6 = 11.6 \, \text{kNm} \]

This value indicates the maximum bending stress the beam must withstand.

Design Considerations for Wooden Beams

Selecting Appropriate Timber
Choosing the right wood involves considering:

Species and grade (e.g., Douglas Fir, Southern Pine)

Modulus of elasticity (E)

Modulus of rupture (MOR)

Density and durability

Common engineering data tables provide allowable stresses for various timber grades.

Calculating Required Section Properties
To ensure the beam can handle the bending moment and shear forces, the section modulus
(S) and the moment of inertia (I) are key parameters.

- Bending stress:
\[ \sigma = \frac{M_{max}}{S} \]
- Shear stress:
\[ \tau = \frac{V_{max}}{A} \]
where A is the cross-sectional area.



Design codes specify maximum allowable stresses, and the section must be chosen
accordingly.

Example: Wooden Beam Sizing
Suppose we choose a timber grade with:

Allowable bending stress, \( \sigma_{allow} \) = 10 MPa

Allowable shear stress, \( \tau_{allow} \) = 0.5 MPa

Calculate the required section modulus:
\[ S = \frac{M_{max}}{\sigma_{allow}} = \frac{11.6 \times 10^3 \, \text{Nm}}{10 \times
10^6 \, \text{Pa}} = 0.00116 \, \text{m}^3 \]
or 1160 cm^3.

Similarly, the cross-sectional dimensions can be derived based on the section modulus and
practical shape considerations.

Deflection Analysis and Serviceability

Maximum Deflection
For a simply supported beam under uniform load:
\[ \delta_{max} = \frac{5 Q L^4}{384 E I} \]
where:
- E is the modulus of elasticity of the wood
- I is the second moment of area

Assuming typical values:
- \( E \) = 11 GPa for good quality timber
- Cross-sectional dimensions to be determined based on previous calculations

Design codes often specify that maximum deflection should not exceed L/300 or L/360 for
floors and roofs to prevent serviceability issues.

Ensuring Adequate Stiffness
Choosing a sufficiently deep and wide cross-section ensures the beam remains within
acceptable deflection limits, maintaining structural integrity and user comfort.

Additional Factors in Wooden Beam Design



Durability and Protection
Wooden beams are susceptible to moisture, pests, and decay. Protective measures include:

Applying sealants or preservatives

Designing for proper drainage and ventilation

Using durable species for exposed elements

Connections and Support Details
Proper support details, including bearing length and connection types, influence the overall
performance. Reinforcements such as steel plates or bolts enhance the stability and load
transfer.

Standards and Building Codes
Design and construction must conform to local standards such as:

American Wood Council (AWC) NDS (National Design Specification)

Eurocode 5 for timber structures

These codes specify permissible stresses, load combinations, and safety factors.

Conclusion
Analyzing a simply supported wooden beam with a span of 4 meters under a uniform load
of 5.8 kN/m involves understanding fundamental structural principles. Accurate calculation
of reactions, shear forces, bending moments, and deflections guides the appropriate
selection of timber and cross-sectional dimensions. Proper consideration of material
properties, safety factors, and serviceability requirements ensures the structural safety and
longevity of wooden beams used in various applications. Whether for residential flooring,
roofing, or small bridges, mastering these concepts is essential for engineers, architects,
and builders dedicated to creating reliable and sustainable structures.

Frequently Asked Questions

What is the maximum bending moment in a simply
supported wooden beam AB with span L = 4 m under a



uniform load Q = 5.8 kN/m?
The maximum bending moment occurs at the center and is calculated as M_max = (Q L^2)
/ 8 = (5.8 4^2) / 8 = (5.8 16) / 8 = 92 / 8 = 11.5 kNm.

How do you determine the maximum deflection of the
beam under the given load?
The maximum deflection at mid-span is given by δ_max = (5 Q L^4) / (384 E I), where E is
the modulus of elasticity and I is the moment of inertia of the beam's cross-section.

What factors influence the bending stress in the
wooden beam under uniform load?
The bending stress depends on the maximum bending moment and the section's moment
of inertia, calculated as σ = M_max c / I, where c is the distance from the neutral axis to the
outer fiber.

How do you check if the wooden beam is safe against
bending failure?
Compare the calculated maximum bending stress with the allowable bending stress for the
wood species and grade. The beam is safe if σ_max ≤ σ_allowable.

What is the significance of the span length L = 4 m in
the beam design?
The span length influences the maximum bending moment, deflection, and shear forces;
longer spans increase bending moments and deflections, requiring stronger or deeper
sections.

How does the uniform load intensity Q = 5.8 kN/m
affect the beam's design considerations?
The load determines the internal forces and stresses within the beam, impacting the
selection of cross-section dimensions and material properties to ensure safety and
serviceability.

What are typical methods to reinforce a wooden beam
under such loads?
Reinforcement methods include adding additional supports, increasing cross-sectional
dimensions, using stronger wood species, or incorporating steel or fiber-reinforced polymer
(FRP) reinforcements.



How is the shear force distributed along the beam
length under the uniform load?
The shear force at any point x from the support is V(x) = (Q (L/2 - x)), reaching a maximum
of Q L/2 at the supports and zero at mid-span.

What is the importance of selecting appropriate wood
grades for this beam?
Choosing the correct wood grade ensures the material can withstand the calculated
stresses without failure, providing safety and durability for the load conditions.

How do safety factors influence the design of a wooden
beam under a uniform load?
Safety factors are incorporated into the allowable stress values, ensuring the actual
stresses remain well below failure limits, accounting for uncertainties in material properties
and loading conditions.

Additional Resources
A Simply Supported Wood Beam AB With Span Length L = 4 M Carries A Uniform Load Of
Intensity Q = 5.8

---

Introduction

In the realm of structural engineering, the design and analysis of load-bearing elements are
pivotal to ensuring stability, safety, and durability. Among the most fundamental types of
beams used in construction are simply supported beams, which serve as the backbone of
many residential, commercial, and industrial structures. This article delves into a specific
case study: a simply supported wood beam AB with a span length of L = 4 meters
subjected to a uniform load of intensity Q = 5.8 kN/m. This scenario provides an ideal
platform for examining the principles of structural analysis, material behavior, and safety
considerations pertinent to wood as a construction material.

---

Background and Significance

Wood remains a widely favored material in construction owing to its renewability, aesthetic
appeal, and favorable strength-to-weight ratio. However, its inherent variability
necessitates rigorous analysis to guarantee performance under prescribed loads. The focus
on a simply supported beam reflects a common structural configuration, where the beam
rests on supports at both ends, allowing for rotation but preventing translation.

The specific parameters—span length of 4 meters and uniform load intensity of 5.8



kN/m—are representative of typical floor joists, roof trusses, or intermediate beams in small
to medium-sized structures. Analyzing such a beam involves calculating key responses
such as maximum bending moment, shear force, deflections, and stress distributions, all of
which influence design decisions and safety verifications.

---

Structural Configuration and Load Characteristics

Geometry and Support Conditions

- Beam Type: Simply supported
- Span Length (L): 4 meters
- Supports: Pin support at one end, roller support at the other
- Material: Wood (specific grade and properties to be considered in detailed analysis)

Load Profile

- Type: Uniformly distributed load (UDL)
- Intensity (Q): 5.8 kN/m
- Total Load (W): \( W = Q \times L = 5.8\, \text{kN/m} \times 4\, \text{m} = 23.2\,
\text{kN} \)

This load could represent dead loads (self-weight plus fixed elements) or live loads
(occupants, furniture), or a combination thereof, depending on the scenario.

---

Analytical Approach to Structural Response

1. Bending Moment Calculation

The maximum bending moment (\( M_{max} \)) in a simply supported beam under uniform
load occurs at the mid-span and is given by:

\[
M_{max} = \frac{Q L^2}{8}
\]

Plugging in the known values:

\[
M_{max} = \frac{5.8\, \text{kN/m} \times (4\, \text{m})^2}{8} = \frac{5.8 \times 16}{8}
= \frac{92.8}{8} = 11.6\, \text{kNm}
\]

2. Shear Force Distribution

The maximum shear force at the supports is:

\[



V_{max} = \frac{Q L}{2} = \frac{5.8\, \text{kN/m} \times 4\, \text{m}}{2} = 11.6\,
\text{kN}
\]

Shear force varies linearly along the span, reaching zero at the mid-span.

3. Deflection Considerations

The maximum deflection (\( \delta_{max} \)) for a simply supported beam with a uniform
load is:

\[
\delta_{max} = \frac{5 Q L^4}{384 E I}
\]

where:

- \( E \): Modulus of elasticity of wood
- \( I \): Moment of inertia of the beam cross-section

Accurate deflection calculation requires specific material properties and cross-sectional
geometry, which will be discussed subsequently.

---

Material Properties and Cross-Sectional Analysis

1. Wood Material Characteristics

The strength and stiffness of wood depend on species, grade, moisture content, and
treatment. Typical values for structural softwood (e.g., Douglas fir or Southern pine):

- Modulus of Elasticity (E): 9–13 GPa
- Bending Strength (\(f_{b}\)): 20–40 MPa
- Density: 500–700 kg/m³

For conservative design, select lower bounds:

\[
E = 10\, \text{GPa} = 10,000\, \text{MPa}
\]

2. Cross-Sectional Geometry

Assuming a rectangular cross-section for simplicity:

- Width (b): 0.1 m
- Height (h): 0.2 m

Moment of inertia:



\[
I = \frac{b h^{3}}{12} = \frac{0.1 \times (0.2)^3}{12} = \frac{0.1 \times 0.008}{12} =
\frac{0.0008}{12} \approx 6.67 \times 10^{-5}\, \text{m}^4
\]

---

Structural Performance Assessment

1. Bending Stress

Maximum bending stress:

\[
\sigma_{max} = \frac{M_{max} c}{I}
\]

where \( c = h/2 = 0.1\, \text{m} \):

\[
\sigma_{max} = \frac{11.6 \times 10^{3}\, \text{Nm} \times 0.1\, \text{m}}{6.67 \times
10^{-5}\, \text{m}^4} \approx \frac{1160}{6.67 \times 10^{-5}} \approx 17.4\,
\text{MPa}
\]

This stress exceeds typical bending strength values for common softwoods, indicating the
need to adjust cross-section dimensions or select higher-grade material.

2. Deflection Check

Calculate maximum deflection:

\[
\delta_{max} = \frac{5 \times 5.8\, \text{kN/m} \times (4)^4}{384 \times 10,000\,
\text{MPa} \times 6.67 \times 10^{-5}\, \text{m}^4}
\]

Note: Convert units properly; \(Q\) in kN/m, \(E\) in MPa.

\[
\delta_{max} = \frac{5 \times 5.8 \times 256}{384 \times 10,000 \times 6.67 \times
10^{-5}}\, \text{m}
\]

Calculate numerator:

\[
5 \times 5.8 \times 256 = 5 \times 1484.8 = 7424\, \text{kN}\text{·m}^4
\]

Calculate denominator:



\[
384 \times 10,000 \times 6.67 \times 10^{-5} = 384 \times 10,000 \times 0.0000667
\approx 384 \times 0.667 \approx 256\, \text{MPa·m}^4
\]

Thus,

\[
\delta_{max} \approx \frac{7424}{256} \approx 29\, \text{mm}
\]

Given typical deflection limits (e.g., L/240 ≈ 16.67 mm), the beam's deflection exceeds
acceptable limits, necessitating design modifications.

---

Design Implications and Recommendations

The preliminary analysis reveals that the current cross-sectional dimensions and material
choices may be inadequate for the applied load. To ensure safety and serviceability, the
following steps are recommended:

- Increase Cross-Sectional Dimensions: For example, doubling height to 0.4 m reduces
bending stress and deflection.
- Select Higher-Grade Wood: Use species with higher \( E \) and \(f_b\).
- Add Reinforcements: Consider glulam or engineered wood products for improved
performance.
- Implement Load Reduction Strategies: Minimize live loads or distribute loads differently.

---

Safety and Code Compliance

Design must adhere to relevant building codes such as the International Building Code (IBC)
or Eurocode standards. These specify maximum allowable stresses, deflection limits, and
safety factors.

Typical safety factors:

- Bending strength: 1.5–2.0
- Deflection limits: L/240 or L/360 for floors and roofs

Given the initial calculations, the beam would require redesign to satisfy these constraints.

---

Conclusion

The analysis of a simply supported wood beam AB with span length L = 4 m under a
uniform load of intensity Q = 5.8 kN/m demonstrates the importance of detailed structural
assessment in ensuring safety and performance. While initial calculations indicate that the



selected dimensions and material properties may be insufficient, they serve as a foundation
for iterative design improvements.

This case study underscores the necessity for meticulous calculation, material selection,
and adherence to engineering standards when designing wood structural elements. Future
work should involve detailed material testing, consideration of environmental factors, and
potential use of advanced engineered wood products to optimize performance.

In summary, designing a safe, efficient, and durable wood beam requires a comprehensive
understanding of load characteristics,
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