Civil115 Tutorial 12(week 13)
Chapter 8(8.3-8.4)
2006: Chapter 7(7.2-7.3) 
TA: Zhu Honggang
Important Points：
Beam - structural member designed to support loads applied at various points along its length, can be subjected to concentrated loads or distributed loads or combination of both. Beam design: internal force analysis (shear and bending moment) and best suited cross-section selection
Statically determinate beam: the number of unknowns of support reactions not more than three
Statically indeterminate beam: the number of unknowns of support reactions more than three 
For a beam subjected to concentrated loads, shear is constant between loading points and moment varies linearly.
Shear and bending moment diagram: 

The slope of the shear diagram is equal to the negative of the intensity of the distributed loading, where positive distributed loading is downward, i.e.
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; If a concentrated force acts downward on the beam, the shear will jump downward by the amount of the force. The change in the shear △V is equal to the negative of the area under the distributed-loading curve between the points, i.e. 
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The slope of the moment diagram is equal to the shear, i.e. 
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. The change in the moment △M between two points is equal to the area under the shear diagram between the two points, i.e. 
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If a clockwise couple moment acts on the beam, the shear will not be affected, however, the moment diagram will jump upward by the amount of the moment. Points of zero shear represent points of maximum or minimum moment since
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Procedure for analysis: 
Support reactions:

Determine all the reactive forces and couple moments acting on the beam and resolve all the forces into components acting perpendicular and parallel to the axis.
Shear and moment functions:

Specify separate coordinates x having an origin at the beams left end and extending to regions of the beam between concentrated forces and/or couple moments, or where there is no discontinuity of distributed loading.
Section the beam perpendicular to its axis at each distance x and dram the free-body diagram of one of the segments. Be sure V and M are shown acting in their positive sense, in accordance with the sign convention given in figure below.
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The shear V is obtained by summing forces perpendicular to the beam’s axis. The moment M is obtained by summing moments about the sectioned end of the segment. 

Shear and moment diagram

Plot the shear diagrams (V versus x) and the moment diagram (M versus x). If computed values of the functions describing V and M are positive, the values are plotted above the axis, whereas negative values are plotted below the x axis.

Generally, it is convenient to plot the shear and bending moment diagrams directly below the free-body diagram of the beam.

Examples: 
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Draw the shear and moment diagrams for the cantilevered beam
shown in Fig. 7-17a.

Solution

Support Reactions.  The reactions at the fixed support have been
calculated and are shown on the free-body diagram of the beam,
Fig. 7-17b.

Shear Diagram.  Using the established sign convention, Fig. 7-11, the
shear at the ends of the beam is plotted first;i.e., x = 0, V = +1080;
x =2,V = 4600, Fig. 7-17c.

Since the uniform distributed load is downward and constant, the
slope of the shear diagram is dV/dx = —w = —400 for 0 = x < 1.2
as indicated.

The magnitude of shear at x = 1.2 is V = +600. This can be
determined by first finding the area under the load diagram between
x = 0 and x = 1.2. This represents the change in shear. That is,
AV = — [w(x)dx = —400(1.2) = —480. Thus V|,15 = V|- +
(—480) = 1080 — 480 = 600. Also, we can obtain this value by using
the method of sections, Fig. 7-17e, where for equilibrium V' = +600.

Since the load between 1.2 < x = 2is w = 0, the slope dV/dx = 0
as indicated. This brings the shear to the required value of V = +600
atx = 2.
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Fig. 7-17

Moment Diagram. Again, using the established sign convention, the
moments at the ends of the beam are plotted first; i.e., x = 0, M =
—1588;x = 2, M = —100, Fig. 7-17d.

Each value of shear gives the slope of the moment diagram since
dM/dx = V. As indicated, at x = 0, dM/dx = +1080; and at x = 1.2,
dM/dx = +600. For 0 = x < 1.2, specific values of the shear diagram
are positive but linearly decreasing. Hence, the moment diagram is
parabolic with a linearly decreasing positive slope.

The magnitude of moment at x = 1.2 is —580. This can be found
by first determining the trapezoidal area under the shear diagram,
which represents the change in moment, AM = fV dx = 600(1.2) +
1(1080 — 600)(1.2) = +1008.Thus, M | ,—1» = M |~ + 1008 = —1588
+ 1008 = —580. The more “basic” method of sections can also be
used, where equilibrium at x = 1.2 requires M = —580, Fig. 7-17e.

The moment diagram has a constant slope for 1.2 < x = 2 since,
from the shear diagram, dM/dx = V = +600. This brings the value of
M = —100 at x = 2, as required.
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Sketch the shear and moment diagrams for the beam shown in
Fig. 7-19a.
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x(m) Solution

Support Reactions.  The reactions are calculated and indicated on
the free-body diagram, Fig. 7-19b.

Shear Diagram. As in Example 7.11, the shear diagram can be
constructed by “following the load” on the free-body diagram. In this
regard, beginning at A, the reaction is up so V4, = +100 kN. Fig. 7-19c.
No load acts between A and C, so the shear remains constant; i.e.,
dV/dx = —w(x) = 0. At C the 600-kN force acts downward, so the
shear jumps down 600 kN, from 100 kN to —500 kN. Again the shear
is constant (no load) and ends at —500 kN, point B. Notice that no
jump or discontinuity in shear occurs at D, the point where the
4000-kN - m couple moment is applied, Fig. 7-19b. This is because, for
force equilibrium, AV = 0 in Fig. 7-15b.
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Fig. 7-19

Moment Diagram. The moment at each end of the beam is zero.
These two points are plotted first, Fig. 7-19d. The slope of the moment
diagram from A to Cis constant since dM/dx = V = +100. The value
of the moment at C can be determined by the method of sections,
Fig. 7-19¢ where M- = +1000 kN - m, or by first computing the
rectangular area under the shear diagram between A and C to obtain
the change in moment AM 4 = (100 kN)(10 m) = 1000 kN - m. Since
M, =0, then Mc = 0 + 1000 kN - m = 1000 kN - m. From C to D
the slope of the moment diagram is dM/dx = V = —500, Fig. 7-19c.
The area under the shear diagram between points C and D is
AMcp = (=500 kN)(5 m) = —2500 kN - m,so that Mp, = M + AM¢p
= 1000 — 2500 = —1500 kKN - m. A jump in the moment diagram
occurs at point D, which is caused by the concentrated couple moment
of 4000 kN - m. From Eq. 7-6, the jump is positive since the couple
moment is clockwise. Thus, at x = 157 m, the moment is M, = —1500
+ 4000 = 2500 kN - m. This value can also be determined by the
method of sections, Fig. 7-19f. From point D the slope of
dM/dx = —500 is maintained until the diagram closes to zero at B,
Fig. 7-19d.
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