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In the realm of structural engineering and architectural design, the truss stands as one of the most efficient and 

enduring configurations for spanning distances while supporting significant loads. A truss is essentially a structure 

composed of slender members joined together at their endpoints to form a series of triangles. This triangular 

geometry is inherently stable, allowing the system to resist deformation far more effectively than other shapes. The 

study of truss systems, specifically within educational frameworks like PLTW Activity 2.1.6, provides the

foundational knowledge required to design everything from residential roof systems to massive industrial bridges.

The Theoretical Framework of Truss Systems

To analyze a truss effectively, one must first understand the fundamental assumptions that simplify complex real-

world physics into manageable mathematical models. In an ideal truss, we assume that all members are 

connected by frictionless pins, all loads are applied exclusively at the joints (nodes), and the weight of the members 

themselves is negligible or accounted for at the joints. These assumptions lead to a critical engineering reality: 

every member in a perfectly pinned truss is a two-force member, meaning it is either in a state of pure tension or 

pure compression.

Geometric Stability and Determinacy

Before beginning calculations, an engineer must determine if the truss is statically determinate. A structure is

statically determinate when the equations of static equilibrium are sufficient to find all internal forces and external

reactions. The standard formula used to evaluate this is:

2j = m + r

•  j: Number of joints (nodes)

•  m: Number of members

•  r: Number of reaction forces (typically 3 for a simple 2D truss)

If 2j &lt; m + r, the truss is statically indeterminate, requiring more advanced methods like the force method or 

displacement method. If 2j &gt; m + r, the structure is unstable and prone to collapse under load.

The Mathematical Core: Equations of Equilibrium

The analysis of any truss system relies on the three primary laws of static equilibrium. For a structure to remain

stationary under a load, the sum of all forces and moments acting upon it must equal zero. These are expressed

mathematically as:

•  &Sigma;Fx = 0: The sum of all horizontal forces must be zero.

•  &Sigma;Fy = 0: The sum of all vertical forces must be zero.

•  &Sigma;M = 0: The sum of all moments (torque) about any point must be zero.

As noted in technical documentation for Activity 2.1.6 Step by Step Truss System , the first objective in any 

problem is solving for the unknown reaction forces. These are the forces exerted by the supports (usually a pin 

and a roller) to keep the truss in place. A pin support provides two reaction forces (horizontal and vertical), while a 



roller support provides only one (perpendicular to the surface).

Step-by-Step Technical Workflow: Method of Joints

The Method of Jointsis the most common procedural approach for determining the internal forces in every

member of a truss. It involves isolating each joint and applying equilibrium equations to the forces acting upon it.

Step 1: Create a Global Free Body Diagram (FBD)

Draw the entire truss, replacing the supports with their respective reaction force vectors (e.g., RAx, RAy, RBy). It is

standard practice to assume the direction of unknown forces as positive. As the technical description highlights, if

your final answer is positive, your assumed direction was correct; if negative, the force actually acts in the opposite

direction.

Step 2: Calculate Global Reaction Forces

Using the entire truss as a single rigid body, apply the moment equation (&Sigma;M = 0) about one of the supports

to eliminate its vertical reaction and solve for the other support. Then, use &Sigma;Fx and &Sigma;Fy to find the

remaining reactions. This sets the stage for internal analysis.

Step 3: Joint-by-Joint Analysis

Select a joint that has no more than two unknown member forces. This is crucial because we only have two force 

equations (&Sigma;Fx and &Sigma;Fy) available for each joint in a 2D system. Draw a local FBD for the joint. By 

convention, it is helpful to draw all unknown member forces as if they are pulling away from the joint (in tension). If 

the result is negative, the member is actually in compression.

Step 4: Vector Decomposition

For members at an angle, use trigonometry to resolve the force into X and Y components. If &theta; is the angle

with the horizontal:

•  Fx = F * cos(&theta;)

•  Fy = F * sin(&theta;)

Step 5: Iteration

Proceed to the next adjacent joint, using the calculated values from the previous joint. Remember that according to

Newton’s Third Law, if member AB is in tension at Joint A, it must also be in tension at Joint B.

Comparison of Analysis Methodologies

While the Method of Joints is exhaustive, other methods are more efficient depending on the engineering

requirement. The following table compares the two primary manual methods used in structural analysis.



Feature Method of Joints Method of Sections

Primary Use Case Finding forces in ALL members. Finding forces in specific members 
quickly.

Mathematical Approach Force equilibrium at points. Moment and force equilibrium of a cut 
section.

Efficiency High for small trusses; tedious for 
large ones.

Very high for large trusses with 
specific targets.

Complexity Low (basic algebra/trig). Moderate (requires careful moment 
calculations).

Error Propagation High (errors at one joint affect all 
others).

Low (independent of surrounding 
member forces).

Advanced Concepts: Zero-Force Members

In many truss configurations, certain members carry no load under specific loading conditions. These are known as 

Zero-Force Members. Identifying them early can significantly simplify the manual calculation process. There are

two primary rules for identification:

1.  Two-Member Joints: If two non-collinear members meet at a joint where no external load or reaction is 

applied, both members are zero-force members.

2.  Three-Member Joints: If three members meet at a joint where two are collinear and no external load is 

applied, the third (non-collinear) member is a zero-force member.

Even though they carry no load in the primary model, these members are often kept in real-world designs to

prevent buckling of long members or to provide stability if the loading conditions change.

Practical Implementation: Steel Construction and Industrial Application

In modern steel construction, trusses are categorized by their arrangement of chords and webs. The selection of a

truss type depends on the span, the magnitude of the load, and the clearance required beneath the structure.

Common types include:

•  Pratt Truss: Characterized by vertical members in compression and diagonal members in tension. This is 

highly efficient for gravity loads.

•  Howe Truss: The opposite of the Pratt; diagonals are in compression. Often used in timber construction.

•  Warren Truss: Features equilateral triangles, spreading the load evenly across all members. It is a staple in 

bridge design.

•  K-Truss: Uses a 'K' shape for the web members to reduce the length of compression members, thereby 

preventing buckling.

Case Study: Deflection and Serviceability

In technical field guides, analyzing forces is only the first half of the equation. Engineers must also consider 

serviceability. A truss might be strong enough to avoid breaking (strength limit state), but it might deflect or vibrate 

too much for the comfort of users (serviceability limit state). This requires calculating the Modulus of Elasticity (E) 

and the Cross-sectional Area (A) of the members to ensure that the strain stays within acceptable limits.



Troubleshooting Common Calculation Errors

Analysis of truss systems is prone to several common pitfalls, especially for students following PLTW 2.1.6 or 

SkyCiv protocols. Identifying these early ensures structural integrity.

1. Incorrect Signage

The most frequent error is the inconsistent application of signs. Always establish a coordinate system (e.g., Right is

positive X, Up is positive Y). If a force acts to the left, it MUST be entered as a negative value in the equilibrium

equation.

2. Misidentifying Tension vs. Compression

Remember: Tension pulls away from the joint. Compression pushesinto the joint. In an FBD, if you solve for a

member force and get a negative value, it means your arrow was pointing the wrong way. Do not change the arrow

in your diagram; simply label the final result as 'C' for compression.

3. Rounding Errors

In complex trusses with many joints, rounding to two decimal places at each step can lead to a significant

discrepancy by the time the final joint is reached. It is recommended to keep at least four significant figures during

intermediate steps.

4. Ignoring External Reactions

One cannot solve for internal member forces if the external reaction forces (RAx, RAy, RBy) are incorrect. Always

double-check the global equilibrium before proceeding to the joints.

Conclusion: The Future of Truss Analysis

The transition from manual calculation to Computational Fluid Dynamics (CFD) and Finite Element Analysis 

(FEA)has revolutionized how we approach trusses. Software like SkyCiv or MD Solids allows engineers to model

complex 3D space frames with thousands of members. However, the core principles derived from 2D static analysis

remain the bedrock of the profession. Understanding the 'Step by Step' manual process ensures that an engineer

can validate computer-generated results and maintain a physical intuition for how loads flow through a structure.

Whether designing a simple roof truss or a sophisticated aerospace frame, the mastery of joints, sections, and

equilibrium remains an essential skill in the technical writer's and engineer's toolkit alike.
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