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Given: ¢ = 10 kN/m, M=20kNm, P=30kN,a=2m,b=4m,c=2m.
Goal: obtain the equations of shear force and bending moment in the cross-
sections of a beam and design the graphs of their distribution along the beam
length.
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Solution
1. Accepting the sign conventions in internal forces calculating.
(a) for shear force (b) for bending moment
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2. Calculating the reactions in supports Ry and R (see Fig. 2). Since their actual

directions are unknown we will direct the reactions arbitrary, for example, upwards. The
reaction positive sign from future calculating will mean that the reaction original direction
Is coincident with actual one and vice versa. For the reactions calculating we will use two
momentum equations of equilibrium relative to supports (C and A points). Third equation
of equilibrium in vertical direction we will use to check the result accuracy.

Note, that in designing the momentum balance equations clockwise rotation will be
assumed to be positive and vice versa (see Fig. 2).
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3P, =0=—Rp—Rc —gc+qa+P =-13.33-16.67-10x 2+10x 2+30=0.

3. Selecting the arbitrary cross-sections at x-distances from the origin of each potion and
writing the equations of shear force and bending moment functions.

In this solution, we will consider the equilibrium of two left-situated parts of the rod
(movement from left to right for portions I-1 and II-1I) and one right-situated part
(movement from right to left for portion I11-111). This is shown on Fig. 2. Note, that in such
selection, the equations of internal forces will be the most simple in shape.

-1 O<x<a:

Q! ()= Ra — aX|y_g=13.33|,_,=13.33— 20 = —6.67 kN,
2
M1 (x) = RAX—%|XZO:O|X:2= 26.66— 20 =+6.66 kNm.

Note, that the change of shear force sign within the boundaries of this section predicts the
bending moment extreme value, since the derivative of bending moment is equal to shear
force:
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Therefore, zero shear force and also zero bending moment derivative represent the point of
bending moment extreme value.
To find it, let us determine the coordinate of zero shear force x, and substitute it into

bending moment equation.
Q! (%) =0=Rp - % :13.33—10xe, X =1.33m.

X 10
M :M;,(xe):RAxe—qTe—l?,BS 133—?x1332:+8.89 kNm.

Ymax

-1l O<x<b:
1 (x)=Rn —qa=13.33—-20= 6,67 kN,

M (x) = Ra(a+ ) —qa@+ xj— M |_o= 26.66 — 20— 20 =
— 13.34|,_s=79.98—100— 20 = —40 kNm.




M-Il O<x<c:
M (%) = P — g |y_p=30],_p=30 —20=10 kN,

2
My (x) = —Px + q% l—o=0ly_p=—60+20 =40 kNm.

4. Designing the graphs of shear forces and bending moment distribution. Positive shear
forces will be drawn upwards and vice versa. Bending moment graph will be drawn on
tensile fibers according to the sign convention mentioned above (see Fig. 1). The graphs
are shown on Fig. 2.
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5. Checking the results.
The “abrupts” on the Q, graph are numerically equal to the force and reaction values

in the points of these forces application.
The “abrupts” on the M y graph are numerically equal to the concentrated moment

values in the points of these moments application.




