
Unknown
angle

?θ
Pin 
joint

Friction
point

Pin 
support

Guided
roller

Collar
on rod

Pin in
slot

Perpendicular to 
axis. Tension or 
compression

Parallel to axis. 
(Tension or 
compression)

2-pin link 2-pin link

Cable Spring
Tensile force in 
line with axis 

Roller Roller Rocker Frictionless Perpendicular
to surface
(Compression)

Equilibrium of Concurrent Forces.
Sum of all vertical forces is zero

Sum of all horizontal forces is zero

This is the same as drawing
the Force Polygon, since
this is also adding forces to 
show zero in x & y axis. F1

F2

F3

F4

Add force by components
1. Split each force into x & y components
2. Total each component.

3. Get resultant triangle.

Take care with angles in the 
3rd and 4th quadrant. 
(ATAN will give 1st or 3rd)
Always DRAW the triangle!

Free Body Diagrams
* Select the body: The whole assembly, part 
assembly, single member or partial member.
* Make the rest invisible but show forces from 
the invisible part. Get force direction by:
What does something do TO the body?

360 Format: 
Put the tail of the force 
at the origin, take the 

angle  counter-clockwise 
from positive X axis.

Components of a Force
Assuming the angle is in 360 
format, then for ANY angle:

Adding forces (graphically)

1. Draw the first force to scale. 
2. The next force has its tail at-
tached to the head of the last 
force. 
3. Continue until all forces are in-
cluded. 

The Resultant goes from the tail 
of the first force to the head of the 
last force.
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If in equilibrium, the forces make a 
full loop - called a force polygon.

1. You can pick any point you like, but stay with that 
same pivot point for every force when adding moments. 
2. A moment applied anywhere on a body has the same 
effect. (The location of a moment is irrelevant).
3. A body in equlibrium always has zero moment around 
any and every pivot point chosen.

1. Keep consistent units 
throughout (Eg N,m)
2. Only put positive values 
inside the brackets
3. Choose +CW or -CCW for 
the rotation effect of each 
force about the pivot point.

0 = + (A*0.25) - (Bx * 0.25) - (By * 0.25) + (W * 0.125)0 = + (A*0.25) - (B * 0.3415) + (W * 0.125)

Perp distance. 
The closest the 
force ever gets to 
the pivot point is 
0.3415 m.

Perp d
istance

 

Non-Concurrent Equilibrium

1. Equilibrium means all three equations equal zero. 
2. Clockwise moment is positive, upwards force is positive Y, to the right is positive X.
3. Typical non-concurrent problems have 3 unknown forces, but the Fy equation may have 2 unknowns, which is not 
solvable. We need an equation with only 1 unknown.   
4. Since total moment around ANY point is zero, we deliberately take moments around the point with the most unknown 
forces (e.g. A pin joint), or at the intersection of forces. This reduces 3 unknowns down to 1, which can be solved.
5. Now we are left with only 2 unknown forces - which can be solved with a force polygon.5. Now we are left with only 2 unknown forces - which can be solved with a force polygon.

2.2kN 1.3kN

6kN

There are three unknown forces are RLX, RLY & RR, 
so take moments at L to eliminate 2 forces.
Moment Equilibrium:
0 = + (2.2*0.8) + (6*1.6) - (1.3*1.385) - (3.2 * RR)
RR = 2.987 kN
Vertical Equilibrium:
0  =  - 2.2 - 6 + 2.987  +   RLY
RRLY = 5.213 kN
Horizontal Equilibrium:
0  =  0  +  0  - 1.3  +   RLX
RLX = 1.3 kN

1. Draw a Free Body Diagram of the whole truss and find the 
external reactions if required (using Moment eqn).
2. Choose a joint with max 2 unknowns (probably starting at 
the roller joint).
3. Draw a Free Body Diagram of that joint and find internal 
forces (by a force polygon).
4.4. Transfer these forces to adjacent joints (compression = push-
ing both ends, tension = pulling both ends).
Return to step 2 and continue until whole truss is completed. 

Trusses: Method of Joints Force Polygon for Joint A:
Forces are shown as acting on joints

1. Draw a Free Body Diagram of the whole truss and find the external 
reactions if required (using Moment eqn).
2. Cut the truss through the members you want to solve.
3. Draw a Free Body Diagram of one half of the truss including the 
force direction of the cut members. (Usually 3). Now solve this 
non-concurrent problem by taking moment at intersection of 2 forces.
4. Find the last 2 forces with a force polygon (or 4. Find the last 2 forces with a force polygon (or ΣFx & ΣFy=0)

Trusses: Method of SectionsTake moment 
at C to find 
force JK

Last 2 forces by  
force polygon

1. Find reactions if necessary (Moments)
2. Solve all available truss (2-force) members. 
3. Solve bending members (more than 2 forces) as a 
non-concurrent problem. Use known direction of 
force of any 2-force (truss) members. (Moment eqn)
4. Continue through the frame treating 2-force mem4. Continue through the frame treating 2-force mem-
bers by truss methods, and members with 3 or more 
forces as non-concurrent problems.

Frames

Frame Member

Take 
moment 
at t

Truss 
member: 
known 
direction

Forces - Formula Sheet


