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Quiz — 8 - SOLUTION

Problem:

Determine the magnitude T of the tension in the supporting cable and the
magnitude of the force on the pin at A for the jib crane shown. The beam AB is a
standard 0.5-m I-beam with a mass of 95 kg per meter of length.

Algebraic solufion. The system is symmetrical about the vertical x-y plane
through the center of the beam, so the problem may be analyzed as the equilib-
rium of a coplanar force system. The free-body diagram of the beam is shown in
the figure with the pin reaction at A represented in terms of its two rectangular
components. The weight of the beam is 95(10 9)(5)9.81 = 4.66 kN and acts
through its center. Note that there are three unknowns A,, A,, and 7', which may
be found from the three equations of equilibrium. We begin with a moment
equation about A, which eliminates two of the three unknowns from the equa-
tion. In applying the moment equation about A, it is simpler to consider the mo-
ments of the x- and y-components of T than it is to compute the perpendicular
distance from T to A. Hence, with the counterclockwise sense as positive we
write

[ZM, =0] (T cos 25°)0.25 + (T sin 25°)(5 — 0.12)

—10(5 — 1.5 - 0.12) — 4.66(2.5 — 0.12) =0
from which T =19.61 kN Ans.
Equating the sums of forces in the x- and y-directions to zero gives
[ZF, = 0] A, —1961cos25°=0 A, =17.7TTkN
[EF, = 0] A, +19.61sin25° — 4.66 — 10 =0 A =6.3TkN
A=JVAZ+AR A= JUT777% + (6.37)7° = 1888 kN Ans.

Graphical solution. The principle that three forces in equilibrium must be
concurrent is utilized for a graphical solution by combining the two known verti-
cal forces of 4.66 and 10 kN into a single 14.66-kN force, located as shown on the
modified free-body diagram of the beam in the lower figure. The position of this
resultant load may easily be determined graphically or algebraically. The inter-
section of the 14.66-kN force with the line of action of the unknown tension T
defines the point of concurrency O through which the pin reaction A must pass.
The unknown magnitudes of T and A may now be found by adding the forces
head-to-tail to form the closed equilibrium polygon of forces, thus satisfying
their zero vector sum. After the known vertical load is laid off to a convenient
scale, as shown in the lower part of the figure, a line representing the given di-
rection of the tension T is drawn through the tip of the 14.66-kIN vector. Like-
wise a line representing the direction of the pin reaction A, determined from the
concurrency established with the free-body diagram, is drawn through the tail of
the 14.66-kN vector. The intersection of the lines representing vectors T and A
establishes the magnitudes T and A necessary to make the vector sum of the
forces equal to zero. These magnitudes are scaled from the diagram. The x- and
y-components of A may be constructed on the force polygon if desired.
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Helpful Hints

o The justification for this step is
Varignon’s theorem, explained in
Art. 2/4. Be prepared to take full ad-
vantage of this principle frequently.

© The calculation of moments in two-
dimensional problems is generally
handled more simply by scalar alge-
bra than by the vector cross product
r X F. In three dimensions, as we will
see later, the reverse is often the case.

©) The direction of the force at A could
be easily calculated if desired. How-
ever, in designing the pin A or in
checking its strength, it is only the
magnitude of the force that matters.
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