Civil115 Tutorial--Additional materials (week 13)
Chapter 8 (8.1-8.2)
TA: Zhu Honggang

Important points:
Engineering structural parts fail due to the internal forces that act within the parts. The internal forces are distributed across any imaginary plane passing through a rigid body and are dependent on the location, orientation, and area of the plane. The distributed internal forces are equivalent to a force system having a resultant R acting at a particular point on the cross section (usually the centroid of the area) of the body and a moment M. The methods of deformable materials (strength of materials or mechanics of materials) are used to obtain the distributed internal forces, providing information about the strength of the system or the potential of the system to break or otherwise fail. The intensities of these internal forces are called stresses and are given in terms of force per unit area. The units of stress are either pounds per square inch (psi) or newtons per square meter (N/m2=pascal). There are many stress distributions that are equivalent to the force system made up of R and M, and the determination of the appropriate stress distribution depends on the internal deformations of the material.
Before the internal stress distribution can be obtained, the internal force and moment of the equivalent force system must be determined for any plane passing through the body. Before computing the internal forces in a member, the external reactions should be determined. If the entire member is in equilibrium, then any part of it is also in equilibrium. Therefore, the internal forces may be found for any section of the member by cutting the member with an imaginary plane and noting that the separated parts are in equilibrium. 
The loads on the left and right sides of the section at one point are equal in magnitude but opposite in direction. This is because when the two sides are reconnected, the net loads are zero at the section.
Procedure for determining the internal forces of a structure member:

1. Take an imaginary cut at the place where you need to determine the internal forces. Then, decide which resulting section or piece will be easier to analyze, normally select the section without unknown forces. 
2. If necessary, determine any support reactions or joint forces you need by drawing a FBD of the entire structure and solving for the unknown reactions.
3. Draw a FBD of the piece of the structure you’ve decided to analyze.  Remember to show the N, V, and M loads at the “cut” surface. Keep all distributed loadings, couple moments, and forces acting on the member at their exact locations.
4. Apply the equations of equilibrium to the FBD (drawn in step 3) and solve for the unknown internal forces. Moments should be summed at the section about axes passing through the centroid or geometric center of the member’s cross-sectional area in order to eliminate the unknown normal and shear forces and thereby obtain direct solutions for the moment components. 
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As shown in left figure, in general, there will be three components of the internal force and three components of the internal moment. The force component in the x-direction is the internal axial normal force in the bar, and the moment component in this direction is called a twisting or torsional moment. The force components in the y-direction and z-direction are shear forces, and the moment components in these directions are bending moments. 

If a bar or a rod is axially loaded, the internal forces in the bar are in tension or compression only. 
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1000 cos 45° — V(6) cos6 — A(6) sin6 = 0
—1000 cos 45° + V/(6) sinf — A(6) cos§ = 0

M(8) — 1000cos45°(~1 sin 6 — .1 sin 45°)
— 1000 sin 45°(.1 cos 45 — .1 cos 6) = 0
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