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Understanding how to determine the moment of inertia of a solid steel assembly about a specific axis
is fundamental in mechanical and structural engineering. The moment of inertia (also known as the
second moment of area) quantifies an object's resistance to bending and torsion when subjected to
external forces. When working with steel, which has a well-known specific weight and predictable
mechanical properties, calculating the moment of inertia becomes more straightforward but still
requires careful analysis, especially when dealing with complex assemblies. This article provides a
comprehensive guide to calculating the moment of inertia of a solid steel assembly about the x-axis,
considering steel's specific weight and relevant geometrical parameters.

Understanding Moment of Inertia and Its Significance

What is the Moment of Inertia?
The moment of inertia for a cross-sectional area about a given axis measures the distribution of the
area relative to that axis. It influences the stiffness, stability, and strength of structural elements
under bending or torsional loads. Mathematically, for a plane area:

Ix refers to the moment of inertia about the x-axis.

It is calculated as the integral of y2 over the entire cross-sectional area, where y is the
perpendicular distance from the axis.

Why is it Important?
Knowing the moment of inertia helps engineers:

Design beams and shafts that resist bending without excessive deformation.

Determine stresses and deflections in structural components.

Ensure safety and compliance with design standards.



Key Properties of Steel Relevant to Moment of Inertia
Calculations

Specific Weight of Steel
Steel's specific weight (γ) is typically about 78.5 kN/m3 (or 7.85 kN per 1000 kg of mass). This
parameter helps in:

Estimating the weight of steel components based on their volume.

Understanding the load-bearing capacity related to self-weight.

Mechanical Properties
Steel is known for its:

High strength and ductility.

Predictable elastic behavior within certain stress limits.

Consistency in properties, making calculations reliable.

Step-by-Step Procedure to Compute Moment of Inertia
About the X Axis

1. Identify the Geometry of the Steel Assembly
Begin by precisely defining the shape and dimensions of the steel assembly. Common shapes include:

Rectangular plates or beams1.

Circular shafts or tubes2.

Composite shapes assembled together3.

Example: Suppose the assembly consists of multiple rectangular blocks welded together to form a
complex shape.



2. Break Down the Assembly into Simpler Elements
Complex assemblies are easier to analyze when divided into simple, manageable geometrical
sections. For each element:

Note its dimensions (length, width, height)

Determine its position relative to the x-axis

3. Calculate the Area Moment of Inertia for Each Element
Use standard formulas for basic shapes:

For a rectangle about its centroidal x-axis:

Ix = (b h3) / 12

For other shapes, refer to engineering handbooks or tables for their moment of inertia formulas.

4. Apply Parallel Axis Theorem for Elements Not Centered on
the X Axis
If a shape's centroid does not lie on the x-axis, adjust its moment of inertia:

Ix = Icx + A d2

where:

Icx = moment of inertia about the element's centroid

A = area of the element

d = distance from the element's centroid to the x-axis

5. Sum the Contributions of All Elements
Total moment of inertia for the assembly:

Itotal = Σ Ielement



Incorporating Steel's Specific Weight into the
Calculation

Understanding the Role of Specific Weight
While the moment of inertia depends mainly on geometry, steel's specific weight helps in:

Estimating the overall weight of the assembly.

Assessing load effects due to self-weight when the assembly is subjected to gravity.

Calculating the Total Weight of the Steel Assembly
Steps:

Calculate the volume of each element:1.

Volume = Cross-sectional area Length

Multiply each volume by steel's specific weight:2.

Weight = Volume Specific Weight

Sum all weights to get the total assembly weight.3.

Using Weight in Structural Analysis
Once the weight is known:

Determine the effect of self-weight on deflections and stresses.

In design, ensure the assembly can support its own weight along with external loads.

Practical Example: Calculating Moment of Inertia for a



Steel Beam Assembly

Given Data:

Assembly consists of two rectangular steel plates welded together:

Plate 1: Width = 0.3 m, Height = 0.02 m, Length = 2 m

Plate 2: Width = 0.2 m, Height = 0.02 m, Length = 2 m, positioned 0.02 m above Plate 1

Steel's specific weight: 78.5 kN/m3

Calculation Steps:

Calculate individual areas:1.

Area of Plate 1: A1 = 0.3 2 = 0.6 m2

Area of Plate 2: A2 = 0.2 2 = 0.4 m2

Determine centroidal moments:2.

For Plate 1, centroid at mid-height: yc1 = 0.01 m

For Plate 2, centroid at 0.02 m + 0.01 m = 0.03 m from the x-axis

Calculate Ix for each plate:3.

Icx1 = (b h3) / 12 = (0.3 0.023) / 12 ≈ 1.6 x 10-8 m4

Icx2 = (0.2 0.023) / 12 ≈ 1.07 x 10-8 m4

Apply Parallel Axis Theorem:4.

Distance to x-axis for Plate 1: d1 = 0.01 m

Distance to x-axis for Plate 2: d2 = 0.03 m



Inertia of Plate 1 about x-axis:

I1 = Icx1 + A1 d1
2

Similarly for Plate 2.


