MECHANICS
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Newton’s first law

Newton’s first law of motion stats that if the resultant force system acting on a
particle is zero, the particle will remain at rest or moving with a constant velocity .

This law provided the basic for the equation of equilibrium
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The resultant of each type of forces system was determined by obtained the sum of

the forces of the system in certain directions and the sum of the moments of the
forces with respect to certain axes. When all sums are zero for any particular force

system, Its resultant is zero and the body on which the system acts Is In

ZFx:O

Three main equation in equilibrium are: Z F, =

equilibrium.



Free body diagram

A free body diagram is a sketch of a body, a portion of a body, or two or more

bodies completely isolated or free from all other bodies, showing the forces exerted
by all other bodies on the one being considered.

A free body diagram has three essential characteristics:

1. It’s a diagram or sketch of the bodies.

2. The body iIs shown completely separated from all other bodies including
foundations, supports and so on

3. The action on the body of each body removed in the isolated process is shown as

a forces.
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Free-Body Diagrams
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(b) Free-body diagram

(a) Space diagram
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STRATEGY: Draw a free-body diagram

to show all of the forces acting on the
crane, then use the equilibrium equations
to calculate the values of the unknown

forces.
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Free-Body Diagram.

By multiplying the masses of the o _JZ;.T-“-

crane and of the crate by g = 9.81 =

m/s;, you obtain the corresponding :’lﬁ f

weights—that is, 9810 N or 9.81 kN, | ’

and 23 500 N or 23.5 kN (Fig. 1). 3
TA

The reaction at pin A is a force of + -

unknown direction; you can represent 1.5 m

it by components A. and A,. The GB 081 kN
reaction at the rocker B s B
perpendicular to the rocker surface; e 4 m -

thus, It is horizontal. Assume that A

A, and B act in the directions shown Fig_ 1 Free-body diagram of crane.



Determination of B. The sum of the moments of all external forces about
point A is zero. The equation for this sum contains neither A, nor A,, because
the moments of A, and A, about A are zero. Multiplying the magnitude of each
force by its perpendicular distance from A, you have

+OZM, = 0: +B(1.5 m) — (9.81 kN)(2 m) — (23.5 kN)(6 m) = 0
B=+107.1kN B =107.1 kN —

Because the result is positive, the reaction is directed as assumed.

Determination of A,. Determine the magnitude of A, by setting the sum
of the horizontal components of all external forces to zero.

tsF =o: A, +B=0
A, +107.1kN=0
A =—107.1 kN A, =107.1 kN «

Because the result is negative, the sense of A, is opposite to that assumed
originally.

Determination of A,. The sum of the vertical components must also equal
zero. Therefore,

+1ZF, = 0: A,—9.81 kKN -235kN=0
A, = +33.3 kN A, = 33.3 kN{

Adding the components A, and A, vectorially, you can find that the reac-
tion at A is 112.2 kN x17.3°.
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REFLECT and THINK: You can check the values obtained for the reactions
by recalling that the sum of the moments of all the external forces about any
point must be zero. For example, considering point B (Fig. 2), you can show that

+OEMp = —(9.81 kN)(2 m) — (23.5 kN)(6 m) + (107.1 kN)(1.5 m) = 0
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Three loads are applied to a beam as shown. The beam Is supported by a roller at A

and by a pin at B. Neglecting the weight of the beam, determine the reactions at A
and B when P = 15 kips.

3 ft 21t 21t .



- The reaction at A is vertical and is denoted by A (Fig. 1). Represent the reaction at

B by components Bx and By . Assume that each component acts in the direction

¢15 kips 6 kips‘ &6 kips
A B B_|
N |
B,
]

- >
2 ft 21t

shown.

3 ft

Fig. 1 Free-body diagram of beam. 14



Equilibrium Equations. Write the three equilibrium equations and solve
for the reactions indicated:

LSF. = 0: B, =0 B.=0

+OXM, =0:
—(15 kips)(3 tt) + By(9 ft) — (6 kips)(11 ft) — (6 kips)(13 ft) =0
B,=+210kips B,=21.0kips |

+OXMg = 0

—A(9 ft) + (15 kaps)(6 ft) — (6 kips)(2 ft) — (6 kips)(4 ft) =0
A=+4+600kips A =6.00 kips 1



A loading car Is at rest on a track forming an angle of

25° with the vertical. The gross weight of the car and
Its load is 5500 Ib, and it acts at a point 30 in. from
the track, halfway between the two axles. The car Is
held by a cable attached 24 in. from the track.
Determine the tension in the cable and the reaction at

each pair of wheels.
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The reaction at each wheel Is perpendicular
to the track, and the tension force T Is
parallel to the track. Therefore, for
convenience, choose the x axis parallel to the
track and the y axis perpendicular to the
track (Fig. 1). Then, resolve the 5500-Ib
weight into x and y components.

W x = +(5500 Ib) cos 25° = +4980 Ib

Wy = —(5500 Ib) sin 25° = —2320 Ib

2320 lb

2531“% \ 493:} b

251:1

Fig. 1 Free-body diagram of car.



Equilibrium Equations. Take moments about A to eliminate T and R,
from the computation.

+OZM, = 0: —(2320 1b)(25 in.) — (4980 1b)(6 in.) + R,(50 in.) = 0
R, = +1758 Ib R, = 1758 1b/

Then, take moments about B to eliminate T and R, from the computation.

+OZMjp = 0: (2320 1b)(25 in.) — (4980 1b)(6 in.) — R,(50 in.) = 0
R, = +562 Ib R, = +562 1b/

Determine the value of T'by summing forces in the x direction.

\+ZXF, = 0: +49801b— T=0
T = +4980 Ib T = 4980 Ib\



The frame shown supports part of the roof of a small building. Knowing that

the tension In the cable 1s 150 kN, determine the reaction at the fixed end E.

2.25 m

[
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Represent the reaction at the fixed end E by the force components Ex and Ey and

the couple ME (Fig. 1). The other forces acting on the free body are the four 20-kN
loads and the 150-kN force exerted at end F of the cable

20 kN 20 kN 20 kN 20 kN

-

I.8m1.8m 1.8 m 1.8 m E

20

Fig. 1 Free-body diagram of frame.



Equilibrium Equations. First note that

DF =41/ (@4.5m)>+ 6m)>=75m

Then, you can write the three equilibrium equations and solve for the
reactions at E.

X>F_=o0: Ex+%(150 kN) = O

E. _ —90.0 kN E, = 90.0 kN «
+1ZF, = O: E, — 4(20 kN) — %(150 kN) = 0

E, = +200 kN E, = 200 kN 1
+OXZMg=0: (20 kN)(7.2 m) + (20 kN)(5.4 m) + (20 kN)(3.6 m)

+(20 KN)(1.8 m) — %{150 kKN)(4.5 m) + Mz=0

Mg = +180.0 kN-m Mg= 180.0 kKN-m O








