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                       Introduction

• Preceding chapters dealt with:
   a) determining external forces acting on a structure and
   b) determining forces which hold together the various members
      of a structure.

• The current chapter is concerned with determining the internal
  forces (i.e., tension/compression, shear, and bending) which hold
  together the various parts of a given member.

• Focus is on two important types of engineering structures:
   a) Beams - usually long, straight, prismatic members designed
      to support loads applied at various points along the member.
   b) Cables - flexible members capable of withstanding only
      tension, designed to support concentrated or distributed loads.
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Internal Forces in Members
            • Straight two-force member AB is in
              equilibrium under application of F and
              -F.

            • Internal forces equivalent to F and -F are
              required for equilibrium of free-bodies AC
              and CB.

            • Multiforce member ABCD is in equili-
              brium under application of cable and
              member contact forces.

            • Internal forces equivalent to a force-
              couple system are necessary for equili-
              brium of free-bodies JD and ABCJ.

            • An internal force-couple system is
              required for equilibrium of two-force
              members which are not straight.
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                     Sample Problem 7.1
                                       SOLUTION:
                                       • Compute reactions and forces at
                                         connections for each member.

                                       • Cut member ACF at J. The internal
                                         forces at J are represented by equivalent
                                         force-couple system which is determined
                                         by considering equilibrium of either part.

                                       • Cut member BCD at K. Determine
                                         force-couple system equivalent to
Determine the internal forces (a) in
                                         internal forces at K by applying
member ACF at point J and (b) in
                                         equilibrium conditions to either part.
member BCD at K.
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Sample Problem 7.1
    SOLUTION:
    • Compute reactions and connection forces.

     Consider entire frame as a free-body:
     åME = 0:
      - (2400 N )(3.6 m ) + F (4.8 m ) = 0    F = 1800 N
     å Fy = 0 :
        - 2400 N + 1800 N + E y = 0           E y = 600 N

     å Fx = 0 :                               Ex = 0
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Sample Problem 7.1
    Consider member BCD as free-body:
     åMB = 0:
     - (2400 N )(3.6 m ) + C y (2.4 m ) = 0      C y = 3600 N
     å MC = 0 :
     - (2400 N )(1.2 m ) + B y (2.4 m ) = 0      B y = 1200 N
     å Fx = 0 :      - Bx + C x = 0

    Consider member ABE as free-body:
     åMA = 0:        B x (2.4 m ) = 0            Bx = 0
     å Fx = 0 :      B x - Ax = 0                 Ax = 0
     å Fy = 0 :      - Ay + B y + 600 N = 0 Ay = 1800 N

    From member BCD,
     å Fx = 0 :      - Bx + C x = 0              Cx = 0
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Sample Problem 7.1
  • Cut member ACF at J. The internal forces at J are
    represented by equivalent force-couple system.

   Consider free-body AJ:

    åMJ = 0:
     - (1800 N )(1.2 m ) + M = 0        M = 2160 N × m
    å 
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