
ME102: Subunit 1.3.2: Trusses 

The word truss has origins in words meaning “bundles.”  One of the common meanings 
of truss today is: a structure of beams or other slender bodies or members put together 
in such a way as to bear a heavy load without weighing much itself.  You are probably 
familiar with such complex structures in their use for supporting roofs, bridges, gates, 
towers and the like.  If you are not familiar with such structures, you should peruse 
pictures of them in the Wikipedia article “Truss.”  

A key feature of the elementary analysis of trusses is the assumption that all joints 
between beams are freely rotating; they are called “pin joints.”  A result of this 
assumption is that one can ignore moments at the joints, and a force exerted on or by a 
member or beam at a joint is parallel to that beam.   

Members may be either in tension or compression.  If the force exerted by the member 
is outward at the member termini, then the member is in compression.  If the force 
exerted by the member is inward at the member termini, then the member is in tension. 

Analysis of truss equilibrium forces may proceed by (1) the method of joints, (2) the 
method of sections (a group of joints), or (3) combinations of the two.  In all cases, one 
simply requires that the sum of forces at each joint or section be zero.  This usually 
results in a large linear algebra problem to be solved.  With experience, you may be 
able to choose joints and sections in such a way that the linear algebra problem is 
simple.  You may find it useful to review basic trigonometry and linear algebra for the 
analysis of such systems.  You may wish to study the other resource from this subunit 
(Dr. Negabahn’s “The Analysis of Trusses”) for more details of the fundamentals of the 
methods.   

These ideas are perhaps best conveyed by example.  We will consider a truss that 
prevents gates from drooping or dragging the ground over time.  A schematic of such a 
situation is shown in the figure below.  Imagine that points A and D are connected by 
hinges to a fixed wall or post.  The weight and any other load on the gate are 
approximated by the forces F5 and F6.   

The method of analysis here may appear haphazard at first.  You should work through 
other problems like this to gain further experience; a few are offered in the assessment 
in subunit 1.3.  You should be careful with the sign convention for tension and 
compression that you adopt (see subunit 1.3.5).  After that, you may simply use 
machine-implemented linear-algebra solutions; however, it is useful to have experience 
working through problems in order to develop intuition and the ability to check machine 
results.  

Analysis: 

1. Consider an overall force balance on the entire gate.  This sort of process is an 
example of the method of sections.  It results in two scalar equations—one for the x-
component of forces and one for the y-component of forces. 

a. F2 = F3 (Note that they are drawn in opposite directions.) 
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b. F1+F4 = F5 + F6 = 200 N 
2. Consider the forces at joint F.  Note that EF can only provide an x-component of 

force at this joint, and that member CF can only provide a y-component of force.  
Hence, the forces in both members CF and EF must be zero.  

3. Consider the forces at joint C. 
a. For the y-component, the 100 N applied force in the downward direction must 

be balance by the upward component of the force in member CE.  Hence, we 
have 100N = sin(31 degrees) FCE.  Therefore, FCE = 196 N.  Note that this 
force is in the outward direction, so CE is in compression.   

b. For the x-component we have FBC = cos(31 degrees) FCE = 0.86 * 196 = -
169 N.  Note that BC is in tension.  

4. Consider the forces at joint B. 
a. FBE = 100 N. (compression) 
b. FAB = FBC = 169 N. (tension) 

5. Consider the forces at joint E. 
a. y-component FBE + sin(31 degrees)FAC + sin(31 degrees)FAE = 0.  Therefore, 

FAE = 392 N. 
b. x-component FEF +cos(31 degrees) FCE + cos (31 degrees) FAE +FDE = 0. 

Therefore, FDE = 506 N. 
6. Consider the x-component balance at joint D.  F3=FDE=506 N.  The y-component 

balance gives F4 +FAD = 0. 
7. Consider the forces at joint A.  This is probably the most interesting joint. 

a. x-component F2 = FAB + cos(31 degrees)FAE = 506 N 
b. y-component F1 +sin(31 degrees)FAE + FAD = 0; F1 + FAD = 200N 

8. Then, if we combine the overall y-component balance (F1+F4=200N) with the y-
component equation from 6 (F4+FAD=0) and the y-component equation from 7 
(F1+FAD=200N), we obtain F1=200N and F4 = 0. 
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