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Given: ¢ = 10 kN/m, M=30kNm, P=40kN, /=2m.
Goal: obtain the equations of shear and normal forces and also bending
moment in the cross-sections of a frame and design the graphs of their

distribution along the frame portion length.
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In normal force caculating, we
will use the rule that normal force in
the cross-section is numerically equal
to agebraic sum of external forces
applied to the right or to the left part
of the rod after its virtual cutting
according to the method of sections.
Tensile external force should be
substituted into the equation with
positive sign and visa versa. This
sign convention is shown on Fig. 1.

Shear force in an arbitrary section
Is equal to the algebraic sum of al
external forces projections on the
z-axis of cross-section, but lying only
on one side of the section (left or
right) (see Fig. 1).

The bending moment in a section
Is equa to the sum of moments, in
relevance to the transverse axis in the
section, of all external forces applied
to one side of the section (left or
right) (see Fig. 1).
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Fig. 1

both situations shown on Fig. 1.




Solution
1. Drawing the frame in scale and applying the support reactions in arbitrary directions.
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2. Calculating the reactions in supports RR, RA, MRg.

Since the reactions actual directions are unknown we will direct the reactions arbitrary
(see Fig. 2). The reaction positive sign from future calculating will mean that the reaction
original direction is coincident with actual one and vice versa. In reactions calculating, we
will use two momentum equations of equilibrium (relative to A and C points) and aso
equation of force equilibrium in vertical direction.

Note, that in designing the momentum equations of equilibrium clockwise rotation will be
assumed to be negative and vice versa.

(1) éMAz-qIIE- M- Pl - PI+qIIE- Mg =0,
_ 7 a® _ _
MR__qE_ M - 2P| +7—30- 80- 80=-190 KNm.
"Minus' sign of Mg moment illustrates that its actual direction is opposite to preliminary
assumed i.e. M i isdirected counterclockwise. It is shown on Fig. 2.
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"Minus' sign of RQ reaction illustrates that its actual direction is opposite to preliminary
assumed i.e. RQ is directed to left. Thisis shown on Fig. 2.
(3) AP,=q - RA=0, RA=qgl=10" 2=+20kN.

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

In this solution, the portion balance will be considered to get the most simple equations of
internal forces: the portions I-1 and 11-11 will be considered from D point (motion from D
to B point), potion I11-111 will be considered upward from E point and last portion will be
considered from A point to right. Thisis shown on Fig. 2.

-1 (0<x<lI)
N () =0 kN,

Q) (X) = - X |y=p=0lyen=- 20 kN,
2
M;(X - q% IX:O= OI)(:Z: - 20 kNm

-1 (0<x<lI)
NY (x) =- gl =- 20 kN,

7 (x)=+P =40 kN,
I q*
My (X) =- 74' PXlXIO:' 20|X=2: 60 KNm.

- 11 (0<x<I)
NI (x) =0 kN,
M) =+P- oxly= 0—40|X:2: 20 kN,

M (x) =- Px+qx lyzo=Olyzp=-80+20=- 60 kNm.

V-1V, (0<x<l)
N (x) =+R =20 kN,
IV (x) = +RY = 20 kN,
MY (X) = Rix- MR ly=0=- 190]y=p=40- 190 = - 150 kNm.
4. Designing the graphs of normal and shear forces and also bending moment distribution.

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. 3.
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5. Checking the balance of two infinitely little elements of the frame.

20
—
o+ + A+
40
—
20

+++++++H+

-
40 A lzo

20

20

AG

(@)
+ 4+ ++ + 4+

?J

(@)

++ 4+ + +

++++++++

Tzo |
——

Fig. 4




