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Topic 01. Introduction to Statics
Topic 01 covers: 1) Describing Statics; 2) Explaining idealizations in Statics; 3) Outlining the fundamental approach in Statics.

Extra sheets on the last page are provided to: 1) review critical unit systems and prefixes, and 2) clarify the distinction between
slugs and pounds, relevant to Statics
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Extra Sheets: 1) System of Unit; 2) Slugs vs Pounds
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This page titled Topic 01. Introduction to Statics is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by JuEun
Lee.
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Topic 02. Forces in 2D
Topic 2 covers: 1) Describing a force in 2D using Cartesian coordinates; 2) Determining the magnitude and direction of the
resultant force in 2D. 

Topic 2 is crucial for ensuring equilibrium of a body when forces are applied in a two-dimensional space (2D).

Extra Sheets at the end are provided to review vectors and essential theorems for right triangle force resolution, including the
Pythagorean theorem and trigonometry, to help resolve forces using given proportions or angle information.
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Extra Sheet for Essential Theorems for Right Triangle Force Resolution
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This page titled Topic 02. Forces in 2D is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by JuEun Lee.
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Topic 03. Forces in 3D using Coordinate Direction Angles and Projected Angles
Topic 03 covers: 1) Describing a force in 3D using Cartesian coordinates; 2) Describing a force in 3D with coordinate direction
angles; 3) Describing a force in 3D using projected angles; 4) Determining the magnitude and coordinate direction angles of the
resultant force in 3D.

This topic is essential for analyzing force components in three-dimensional space using the given or measured angle information.

At the end of this topic, an animation is provided to visually demonstrate how to express a force in 3D using the given information:
1) with the provided projected angle; 2) with the given coordinate direction angles.
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How to Express a Force in 3D using 1) the given Projected Angle; 2) the given Coordinate Direction Angles

This page titled Topic 03. Forces in 3D using Coordinate Direction Angles and Projected Angles is shared under a CC BY-NC-SA license and was
authored, remixed, and/or curated by JuEun Lee.
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Topic 04. Forces in 3D using Position Vectors
 

Topic 04 covers: 1) Describing a position vector; 2) Determining position vectors from given information; 3) Representing a force
directed along a line using a position vector; 4) Calculating the magnitude and coordinate direction angles of the resultant force in
3D using position vectors.

This topic is essential for accurately representing forces in three-dimensional space using the given or measured geometric
information.

At the end of this topic, an animation is provided to demonstrate how to find the point coordinates using the given information.
Additionally, an Extra Sheet is provided for "Fundamental Concepts of Space."
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How to find the point coordinates using the given information
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Extra Sheet for Fundamental Concepts of Space
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This page titled Topic 04. Forces in 3D using Position Vectors is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated
by JuEun Lee.
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Topic 05. Moment
Topic 05 covers: 1) Describing a moment; 2) Determining the moment about a point in 2D and 3D; 3) Calculating the magnitude
and direction of the resultant moment about a point in 2D and 3D.

Understanding moments is crucial for ensuring the equilibrium of a body in Statics analysis, as it allows for the inclusion of
rotational effects alongside forces.

At the end of this chapter, an animation is provided to demonstrate how to determine the direction of a moment using the right-
hand rule. Additionally, extra sheets are provided to review the fundamental concepts required for this topic: 1) Vector Cross
Product; 2) Determinant of Matrix. 
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How To Determine the Direction of a Moment using the Right-Hand Rule
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Demonstration

This page titled Topic 05. Moment is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by JuEun Lee.
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Topic 06. Couple Moment
Topic 06 covers: 1) Describing a couple and a couple moment; 2) Determining the couple moment.

Understanding couple moments is crucial in Statics because they represent a pair of equal and opposite forces whose effects do not
cancel each other out but create a rotational effect about a point. Recognizing and calculating couple moments is essential for
analyzing and ensuring the equilibrium of a system, as they contribute to the overall rotational balance alongside other forces and
moments. This comprehensive understanding allows for accurate assessment of systems under various loading conditions.

At the end of this chapter, animations are provided to demonstrate how to determine a couple and to offer solutions for the practice
problem.
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This page titled Topic 06. Couple Moment is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated by JuEun Lee.
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Topic 07. Equilibrium in 2D
Topic 07 covers: 1) Describing a free body diagram; 2) Explaining the characteristics of support reactions; 3) Drawing free body
diagrams; 4) Applying equations of equilibrium to solve 2D problems; 5) Determining support reactions.

Understanding equilibrium in 2D is essential in Statics, as it enables accurate analysis of systems where forces and moments are in
balance. It also involves understanding the characteristics of the supports applied to the system and how they influence the overall
stability. Mastering these concepts is crucial for ensuring that structures remain stable and properly supported under various loads.

At the end of this chapter, animations are provided to demonstrate how to resolve a normal force on an inclined surface with an
angle and to present the solution for the Practice Problem on Page 8. Additionally, extra sheets are provided to review the
fundamental concepts required for this topic: 1) Parallelogram Properties; 2) Trigonometric Identities.
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Animation on Resolving Normal Force on an Inclined Surface with an Angle

Animation on Resolving Normal Force on an Inclined Surface with an Angle   
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Topic 08. Equilibrium in 3D using Scalar Analysis
Topic 08 covers: 1) Describing the characteristics of support reactions in 3D; 2) Drawing free body diagrams for 3D systems; 3)
Applying equations of equilibrium to solve 3D problems using scalar analysis; 4) Determining support reactions.

Understanding equilibrium in 3D is important in Statics, as it allows for accurate analysis of systems where forces and moments are
balanced in three-dimensional space. It also requires understanding the characteristics of the supports applied to the system and
how they influence the overall stability. Mastering these concepts is critical for ensuring that structures remain stable and properly
supported under complex loading conditions in multiple directions.

At the end of this chapter, an animation is provided to demonstrate how to determine the moment arm for a moment about an axis
in 3D.

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_08._Equilibrium_in_3D_using_Scalar_Analysis


2 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


3 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


4 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


5 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


6 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


7 https://eng.libretexts.org/@go/page/113168

 

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


8 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


9 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


10 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


11 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


12 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


13 https://eng.libretexts.org/@go/page/113168

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


14 https://eng.libretexts.org/@go/page/113168

 

 

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf


15 https://eng.libretexts.org/@go/page/113168

How To Determine the Moment Arm for a Moment about an Axis in 3D

This page titled Topic 08. Equilibrium in 3D using Scalar Analysis is shared under a CC BY-NC-SA license and was authored, remixed, and/or
curated by JuEun Lee.

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://eng.libretexts.org/@go/page/113168?pdf
https://eng.libretexts.org/Courses/California_State_Polytechnic_University_Humboldt/Statics/Topic_08._Equilibrium_in_3D_using_Scalar_Analysis
https://creativecommons.org/licenses/by-nc-sa/
https://engineering.humboldt.edu/people/jueun-lee-phd


1 https://eng.libretexts.org/@go/page/113386

Topic 09. Equilibrium in 3D using Vector and Scalar Analysis
Topic 09 covers: 1) Identifying appropriate strategies to solve equilibrium problems in 3D; 2) Applying equations of equilibrium to
solve 3D problems using both vector and scalar analysis; 3) Determining support reactions; 4) Describing statically indeterminate
systems and improper constraints.

Understanding equilibrium in 3D requires not only the application of forces and moments but also the ability to select the
appropriate methods to solve complex problems. This includes analyzing statically indeterminate systems, where the number of
unknowns exceeds the available equations, and recognizing improper constraints that can destabilize the system. Mastering these
concepts is essential for solving intricate 3D equilibrium problems and ensuring structural stability under various loading
conditions.

At the end of this chapter, animations are provided to demonstrate 1) the process of solving both 2D and 3D equilibrium problems;
2) how to determine the moment arm for a moment about an axis in 3D.
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Topic 12. Equivalent System: Distributed Loads
Topic 12 covers: 1) Explaining an equivalent system; 2) Describing a distributed load; 3) Determining an Equivalent Single
Resultant Force and a Resultant Couple Moment from Distributed Loads; 4) Finding the Centroid for rectangular and right triangle-
shaped bodies.

Converting distributed loads into an equivalent force and moment is crucial in Statics analysis, as many engineering systems can be
effectively modeled as distributed load systems. Mastering these concepts is vital for analyzing complex equilibrium problems and
maintaining structural stability under various loading conditions.

Animations are included to demonstrate: 1) how to convert a distributed load into an equivalent force; 2) how to find the centroid
for a rectangle and a right triangle.

Extra sheets are provided at the end to review integrals and centroid calculations for simpler geometries, aiding in determining
areas when irregular loading shapes are applied to a body.
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Topic 13. Internal Forces: Shear and Moment Diagram
Topic 13 covers: 1) Explaining internal forces; 2) Explaining and drawing shear and moment diagrams; 3) Determining internal
forces and bending moments in 2D systems.

Understanding internal forces is essential in Statics, as these forces are responsible for the internal stability and structural integrity
of beams and other elements under load. Shear and moment diagrams play a crucial role in visualizing how internal forces vary
across a structure, helping engineers identify critical points of stress and design appropriate reinforcements. Mastering these
concepts ensures accurate analysis and safe design of engineering structures, particularly when subject to complex loading
conditions.
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Topic 14. Truss: Method of Joints
Topic 14 covers: 1) Explaining a simple truss; 2) Explaining the assumptions used in force analysis on a truss; 3) Identifying zero
force members; 4) Determining the forces in members of a simple truss using the method of joints.

Understanding trusses is essential in Statics, as truss structures are widely used in engineering applications due to their efficiency in
carrying loads. The method of joints provides a systematic approach to analyzing the forces within individual members of a truss,
ensuring the stability and integrity of the structure. Identifying zero force members is also critical for simplifying the analysis and
optimizing the design. Mastering these concepts ensures accurate force analysis in truss systems and contributes to the safe and
efficient design of engineering structures.
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Topic 15. Truss: Method of Sections
Topic 15 covers: 1) Explaining the method of sections for truss analysis; 2) Determining the forces in members of a simple truss
using the method of sections.

Understanding the method of sections is crucial in Statics, as it provides an efficient approach for analyzing specific members
within a truss without evaluating the entire structure. This method allows engineers to cut through the truss and focus on a section
to directly solve for internal forces in targeted members. Mastering the method of sections is essential for accurate and efficient
force analysis, contributing to the stability and safety of truss structures in engineering applications. This approach complements
the method of joints and enhances the ability to design and analyze complex truss systems effectively.
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Topic 16. Frames and Machines
Topic 16 covers: 1) Explaining frames and machines; 2) Describing two-force and three-force members and their characteristics; 3)
Identifying whether frames or machines contain two-force and/or three-force members and applying these characteristics for static
analysis; 4) Drawing free body diagrams of a frame or machine and its members; 5) Determining the forces acting at the joints and
supports of a frame or machine.

Understanding frames and machines is essential in Statics, as these structures are commonly used in engineering to support loads
and perform mechanical tasks. Frames and machines often consist of interconnected members that transfer forces through joints
and supports. Analyzing these systems requires identifying two-force and three-force members and applying their unique
characteristics to simplify and accurately model forces within the structure. Mastering these concepts enables engineers to conduct
precise static analysis, ensuring the stability and functionality of frames and machines under various loading conditions.
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Topic 18. Centroids
Topic 18 covers: 1) Explaining the concept of a centroid; 2) Determining the centroid of an area for a body or composite bodies.

Understanding centroids is essential in Statics, as the centroid represents the center of area, mass, or volume for a shape or
structure, where its properties are evenly distributed. Calculating the centroid allows engineers to predict how a structure will
behave under various loading conditions and is fundamental for further analysis in stability, support, and design. Mastering these
concepts enables accurate determination of the center point for simple and composite bodies, which is critical for ensuring balanced
and stable structures.

At the end of this chapter, extra sheets are provided to review centroid calculations for simpler geometries and integrals, assisting
in determining areas for bodies with irregular geometries.
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Topic 19. (Area) Moment of Inertia
Topic 19 covers: 1) Explaining the moment of inertia (MoI) for an area; 2) Describing the parallel-axis theorem; 3) Determining the
moment of inertia about an axis using the parallel-axis theorem.

The moment of inertia (MoI) for an area is a crucial concept in Statics, as it quantifies the distribution of an area relative to an axis
and its resistance to bending. Understanding MoI is essential for analyzing how forces and loads impact a structure’s stability and
deformation. The parallel-axis theorem further aids in calculating the MoI about different axes, which is especially valuable when
working with composite bodies or shifted axes. Mastering these concepts is fundamental for the structural analysis and design of
beams, frames, and other engineering structures.
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