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6 
Analysis of 

Structures 



Analysis of Frames 

6 - 3 

•Frames and machines are structures 
with at least one multiforce member.   



Analysis of Frames 

6 - 4 

•Frames are designed to support loads 
and are usually stationary.   



Analysis of Frames 

6 - 5 

•Machines contain moving parts and are 
designed to transmit and modify forces. 

50 lb 

50 lb 

5” 2” 



Analysis of Frames 

6 - 6 



Analysis of Frames 

6 - 7 

•A free body diagram of the complete 
frame is used to determine the external 
forces acting on the frame. 



Analysis of Frames 

6 - 8 

•Internal forces are determined by 
dismembering the frame and creating 
free-body diagrams for each component. 



Analysis of Frames 

6 - 9 

•Forces on two force members have 
known lines of action but unknown 
magnitude and sense. 

•Forces on multiforce members have 
unknown magnitude and line of action.  
They must be represented with two 
unknown components. 



Analysis of Frames 

6 - 10 

•Forces between connected components 
are equal, have the same line of action, 
and opposite sense. 



6 - 11 

•A free-body diagram of the complete 
frame indicates four unknown force 
components which can not be 
determined from the three equilibrium 
conditions.  



Frames Which Cease To Be Rigid When Detached 
From Their Supports 

6 - 12 

•The frame must be considered as two 
distinct, but related, rigid bodies. 



Frames Which Cease To Be Rigid When Detached 
From Their Supports 

6 - 13 

•With equal and opposite reactions at 
the contact point between members, 
the two free-body diagrams indicate 6 
unknown force components. 

•Equilibrium requirements for the two 
rigid bodies yield 6 independent 
equations. 



6 - 14 

The structure is statically determinate and 
rigid. All unknowns can be determined 
and all equations satisfied. 
 
If there are more unknowns than 
equations then the structure is 
indeterminate.  
 
 
If there are fewer unknowns than 
equations then the  structure is non-rigid. 



6 - 15 

Look  up sample problem 6.5 



6 - 16 



6 - 17 

•Here  EF makes the system rigid and it is 
no longer possible to determine the 
external reactions at A and B. We have 
3 members and 9 equations. However, 
the unknowns are Ax, Ay,Bx,By,Ex,Ey,Fx,Fy, 
Cx,Cy.  

 



6 - 18 

Either we say EF is a two force 
member and then don’t use it. In 
that case we have seven 
unknowns and only six equations. 
 
If we use EF, we have three 
equations from it.  



6 - 19 

Look up questions 6.119 to 6.121 











Sample Problem 6.4 

6 - 24 

Members ACE and BCD 
are connected by a pin 
at C and by the link DE.  
For the loading shown, 
determine the force in 
link DE and the 
components of the force 
exerted at C on member 
BCD. 



Sample Problem 6.4 

6 - 25 



Sample Problem 6.4 

6 - 26 

SOLUTION: 

•Create a free-body 
diagram for the 
complete frame and 
solve for the 
support reactions. 



6 - 27 

Cx     Cy    FDE    Ax      Ay      B 



Sample Problem 6.4 

6 - 28 

07.28tan
150
801



Sample Problem 6.4 

6 - 29 
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Sample Problem 6.4 

6 - 30 

•Define a free-body diagram for member 
BCD.  The force exerted by the link DE 
has a known line of action but unknown 
magnitude.  It is determined by 
summing moments about C. 



Sample Problem 6.4 

6 - 31 

07.28tan
150
801



Sample Problem 6.4 

6 - 32 



Sample Problem 6.4 
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Sample Problem 6.4 
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Sample Problem 6.4 

6 - 35 

•With member ACE as 
a free-body, check 
the solution by 
summing moments 
about A. 

0mm 220795mm 100sin561mm 300cos561

mm 220mm 100sinmm 300cos xDEDEA CFFM

(checks) 



Machines 

6 - 36 

•Machines are structures designed to 
transmit and modify forces.  Their main 
purpose is to transform input forces into 
output forces. 



Machines 

6 - 37 

•Given the magnitude of P, determine 
the magnitude of Q.   



Machines 

6 - 38 

•Create a free-body diagram of the 
complete machine, including the reaction 
that the wire exerts. 



Machines 

6 - 39 

•Use one of the components as a free-
body. Taking moments about A,  
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Example: Simple pliers 

6 - 40 

For the machine (simple pliers) shown, 
determine the magnitude of the gripping 
forces when two 50-lb forces are applied 
as shown.  Also determine the 
mechanical advantage. 

50 lb 

50 lb 
5” 2” 



Example: Simple pliers 
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50 lb 

50 lb 
5” 2” 

forceInput 

forceOutput 
  advantage Mechanical
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samprob_04_09a 



Objective 

6 - 44 

To analyze a truss and 
determine stresses in it 
members. 



Definition of a Truss 

6 - 45 

•A truss consists of 
straight members 
connected at joints.   

•No member is 
continuous through a 
joint. 



Definition of a Truss 

6 - 46 

•Most structures are made of several 
trusses joined together to form a 
space framework.  Each truss carries 
those loads which act in its plane and 
may be treated as a two-dimensional 
structure. 



Examples of Trusses 

6 - 47 

Photo 6.1 - Pin-jointed connection of the 
approach span to the San Francisco-Oakland 
Bay Bridge 

Gusset plate 



Examples of Trusses 

6 - 48 

Joints are often bolted, riveted, or 
welded.  Gusset plates are also often 
included to tie the members together.  
However, the members are designed to 
support axial loads so assuming that the 
joints act as if they are pinned is a good 
approximation. 



Definition of a Truss 

6 - 49 

•Forces acting at the 
member ends reduce to a 
single force and no 
couple.  Only two-force 
members are considered. 



Definition of a Truss 

6 - 50 

•When forces tend to pull 
the member apart, it is 
in tension.  When the 
forces tend to compress 
the member, it is in 
compression. 



6 - 51 

Members of a truss are slender and not 
capable of supporting large lateral 
loads.  Loads must be applied at the 
joints. 



6 - 52 

In a bridge, the load is first transmitted 
to the stringers, then to the floor 
beams and finally to the joints of the 
two  supporting side trusses. 



Definition of a Truss 

6 - 53 



Examples of Trusses 

6 - 54 
Roof trusses – Safeco Field in Seattle 



Examples of Trusses 

6 - 55 

The roof truss shown is formed by 
two planar trusses connected by a 
series of purlins. 



Examples of Trusses 

6 - 56 

Photo 6.3 - Because roof trusses, such as those shown, require support only at their 
ends, it is possible to construct buildings with large unobstructed floor areas. 



Simple Trusses 

6 - 57 

•A rigid truss will not collapse under the 
application of a load. 



Retreating armies and bomb. 



Simple Trusses 

6 - 59 

•A simple truss is constructed by 
successively adding two members and 
one connection to the basic triangular 
truss. 



Simple Trusses 

6 - 60 

•In a simple truss,  m = 2n - 3  where m is 
the total number of members and n is 
the number of joints. 



Simple Trusses 

6 - 61 



6 - 62 

Method of Joints 



Analysis of Trusses by the Method of Joints 

6 - 63 

•Dismember the truss 
and create a free body 
diagram for each 
member and pin. 

•The two forces exerted 
on each member are 
equal, have the same 
line of action, and 
opposite sense. 



Analysis of Trusses by the Method of Joints 

6 - 64 

•The two forces exerted on each member 
are equal, have the same line of action, 
and opposite sense. 



Analysis of Trusses by the Method of Joints 

6 - 65 

•Forces exerted by a member on the pins 
or joints at its ends are directed along the 
member and equal and opposite. 



6 - 66 

•Conditions of equilibrium on the pins 
provide 2n equations for 2n unknowns.  
For a simple truss, 2n = m + 3.  May solve 
for m member forces and 3 reaction 
forces at the supports. 
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•Conditions of equilibrium on the pins 
provide 2n equations for 2n unknowns.  
For a simple truss, 2n = m + 3.  May solve 
for m member forces and 3 reaction 
forces at the supports. 



Analysis of Trusses by the Method of Joints 

6 - 68 

•Conditions for equilibrium for the entire 
truss provide 3 additional equations 
which are not independent of the pin 
equations. 



Joints Under Special Loading Conditions 

6 - 69 

•Forces in opposite members 
intersecting in two straight lines at a 
joint are equal. 



Joints Under Special Loading Conditions 

6 - 70 

•The forces in two 
opposite members 
are equal when a 
load is aligned with 
a third member.  The 
third member force 
is equal to the load 
(including zero load). 



6 - 71 



Joints Under Special Loading Conditions 

6 - 72 

•The forces in two 
members connected 
at a joint are equal if 
the members are 
aligned and zero 
otherwise. 



Example:  Problem 6.29 

6 - 73 

For the given loading, determine the  
zero-force members in the truss shown. 



Example:  Problem 6.29 

6 - 74 

  MN, LM, IJ, IL, BC,CD 



6 - 75 

Why are zero-force members necessary? 
Increase stability of truss during 
construction.  To provide support, if  
loading is changed. 



Sample Problem 6.1 

6 - 76 

Using the method of joints, determine the 
force in each member of the truss. 



6 - 77 

•Based on a free-body diagram of the 
entire truss, solve the 3 equilibrium 
equations for the reactions at E and C. 



Sample Problem 6.1 

6 - 78 

•Joint A is subjected to only two 
unknown member forces.  Determine 
these from the joint equilibrium 
requirements. 

•In succession, determine unknown 
member forces at joints D, B, and E from 
joint equilibrium requirements. 
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xx CF 0

0xC

yy CF   N 10,000  N 1000 - N 20000

 N 7000yC
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•Joint A 
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•joint D. 
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• joint B.   
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•There is one unknown member force at 
joint E.  Assume the member is in 
tension. 
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Sample Problem 6.1 

6 - 88 

•All member forces and 
support reactions are 
known at joint C.  
However, the joint 
equilibrium 
requirements may be 
applied to check the 
results. 
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Method of Sections  



Analysis of Trusses by the Method of Sections 

6 - 90 

•When the force in only 
one member or the 
forces in a very few 
members are desired, 
the method of sections 
works well. 



Analysis of Trusses by the Method of Sections 

6 - 91 

•To determine the 
force in member BD, 
pass a section through 
the truss as shown 
and create a free body 
diagram for the left 
side. 



Analysis of Trusses by the Method of Sections 

6 - 92 

•With only three 
members cut by the 
section, the equations 
for static equilibrium 
may be applied to 
determine the 
unknown member 
forces, including FBD. 



Trusses Made of Several Simple Trusses 

6 - 93 

•Compound 
trusses are 
statically 
determinate, 
rigid, and 
completely 
constrained. 

32nm
non-rigid rigid 

32nm 42nm



Trusses Made of Several Simple Trusses 
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•Truss contains a 
redundant 
member and is 
statically 
indeterminate.   

32nm
non-rigid rigid 

32nm 42nm



Trusses Made of Several Simple Trusses 

6 - 95 

•Additional 
reaction forces 
may be 
necessary for a 
non-rigid truss. 

non-rigid rigid 
32nm 42nm



Trusses Made of Several Simple Trusses 

6 - 96 

•Necessary but 
insufficient 
condition for a 
compound truss 
to be statically 
determinate, 
rigid, and 
completely 
constrained, nrm 2

non-rigid rigid 
32nm 42nm



Sample Problem 6.3 
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Determine the force in members 
FH, GH, and GI. 



Sample Problem 6.3 

6 - 98 

SOLUTION: 

•Take the entire truss 
as a free body. 
Apply the conditions 
for static 
equilibrium to solve 
for the reactions at 
A and L. 



6 - 99 



Sample Problem 6.3 

6 - 100 
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Sample Problem 6.3 
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•Pass a section through 
members FH, GH, and GI 
and take the right-hand 
section as a free body. 



6 - 102 
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kN 13.13
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kN 82.13
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6 - 105 
kN 371.1
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Determine the force in members IK  
and HK of the truss shown 



6 - 107 



Space Trusses 

6 - 108 

•An elementary space truss 
consists of 6 members 
connected at 4 joints to 
form a tetrahedron. 

•A simple space truss is 
formed and can be 
extended when 3 new 
members and 1 joint are 
added at the same time.  



Space Trusses 

6 - 109 

•In a simple space truss, m 
= 3n - 6 where m is the 
number of members and 
n is the number of joints. 



Space Trusses 

6 - 110 

•Conditions of 
equilibrium for the joints 
provide 3n equations.  
For a simple truss, 3n = 
m + 6 and the equations 
can be solved for m 
member forces and 6 
support reactions. 



Space Trusses 

6 - 111 

•Equilibrium for the 
entire truss provides 6 
additional equations 
which are not 
independent of the joint 
equations. 



Space Trusses 

6 - 112 

Photo 6.4 – Three-
dimensional or space 
trusses are used for 
broadcast and power 
transmission line 
towers, roof framing, 
and spacecraft 
applications, such as 
components of the 
International Space 
Station. 
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Hyatt Regency Hotel Walkways (2 of 3) 

Figure E4.11a Figure E4.11b 


