11/14/2017

University of Anbar

Engineering Mechanics: Statics
CHE 211

Lecture # 04

Objectives of Lecture Note

* To simplify the forces and couples systems.




Simplification of a Force and Couple System

Sometimes it is convenient to reduce a system of forces and couple moments
acting on a body to a simpler form by replacing it with an equivalent system ,
consisting of a single resultant force acting at a specific point and a resultant
couple moment.

The point IS on the line of action of the force

(a) (b)
Fig. 4-34

The point IS NOT on the line of action of the force

Resultants of a Force and Couple System

FR = ZF
(Mg)o = M, + M

(FR)x = zFx
(FR))! = sz
(Mg)o = My + M
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Resultants of a Force and Couple System

Resultant Force FR=F +F,

Couple Moment (Mg), = F;dy + Fod,

Procedure for Analysis

The following points should be kept in mind when simplifying a

force and couple moment system to an equivalent resultant force

and couple system.

® Establish the coordinate axes with the origin located at point O
and the axes having a selected orientation.

Force Summation.

® [f the force system is coplanar, resolve each force into its x and
vy components. If a component is directed along the positive x or
v axis, it represents a positive scalar; whereas if it is directed along
the negative x or y axis, it is a negative scalar.

® In three dimensions, represent each force as a Cartesian vector
before summing the forces.

Moment Summation.

® When determining the moments of a coplanar force system about
point O, it is generally advantageous to use the principle of
moments, i.e., determine the moments of the components of each
force, rather than the moment of the force itself.

® [n three dimensions use the vector cross product to determine the
moment of each force about point O. Here the position vectors
extend from O to any point on the line of action of each force.
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Replace the forces acting on the brace by an equivalent resultant force and couple
moment acting at point A.

+—= F, =XF;

F,, =—100N —400cos 45° N
=—382.8N =382.8N «

+T F, =XF;

F,, =—600N —400sin45° N
=-882.8N =882.8N |

Fy =J(F)* +(Fy)* =1/(382.8)° +(882.8) =962N soN @

F,
6=tan”| -2 |=tan™ 8828 =66.6
F, 382.8

CCW+M;, =XM ,;

M, =100N(0) — 600N (0.4m) — (400sin 45° N)(0.8m)
—(400c0s45° N )(0.3m) :
=—55IN.m=S55IN.m(CW) " -

4 Mp, =551N -m

66.6°| 4

Fp=952 NEZ]

Replace the force and couple system shown in the Fig. by an
equivalent resultant force and couple moment acting at point O.

y
(3 kN)sin 30°
N
0.1m | (3 kN)cos 307
0lm| - . X
_+_ . . - 21 SkN
R -5 (O kN)
——O.Sm—-\
4
3 (5kN)
Y
4 kN

(a) (b)
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Example 2 Cont..

Force Summation. The 3 kN and 5 kN forces are resolved into their
x and y components as shown in Fig. 4-37b. We have

5 (Fp), = 3F (Fg): = (3 kN)cos 30° + (2)(5 kN) = 5.508 kN —

+1(Fp)y = 2Fy; (Fg)y = (3kN)sin 30° — ($)(5kN) — 4kN = —6.50kN = 6.50kN .
Using the Pythagorean theorem, Fig. 4-37¢, the magnitude of F is
Fr = VI(Fp)2 + (Fg),) = V(5.598 kN)> + (6.50kN)? = 8.58 kN  Auns.

Its direction @ is

(Fr)y 6.50 kN
[ =it s =i = 49.3°
tan ((FR)I) tan (5.598 KN 49.3

28 <y
Moment Summation. The moments of 3 kN and 5 kN about point O ['AJ8_

(Mp)o = 246 kN-m

- (Fr)e '.='5ﬁ9é, B

00

will be determined using their x and y components. Referring to Fig. 4-37b,
we have F,

C+ (Mp)o = EMy; = o0k
©
(Mg)o = (3 kN)sin 30°%0.2 m) — (3 kN)cos 30%(0.1 m) + (3)(5kN) (0.1 m)
— (3)(5kN) (0.5 m) — (4 kNX0.2 m)
= —246kN'm = 246kN-m) Ans.
This clockwise moment is shown in Fig. 4-37c.

Replace the force and couple system acting on the member in the Fig. by
an equivalent resultant force and couple moment acting at point O .

S00N y
750N 5
4
200N
x

1m (Fr): =300N

200 N F

R

@ (Fg), = 350N (b)

10
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Example 3 Cont..

Force Summation. Since the couple forces of 200 N are equal but opposite, they produce
a zero resultant force, and so it is not necessary to consider them in the force
summation. The 500-N force is resolved into its x and y components, thus,

& (Fo) = 3F; (Fp), = (2)(500N) = 300N —
+1(Fp)y = 2F,; (Fp), = (500N)(5) — 750N = —350 N = 350 N|.

From Fig. 4-15b, the magnitude of Fy is
750N

Fr = V(Fpi + (Fpi}
= V(300N)* + (350 N)> = 461 N o

And the angle 6 is
(Fn)\-) (3501\1) 125 m—-1.25m—|
8 = tan™! = | =tan" ' =—— | = 49.4> i ’
((Fn), 300N 200N

Moment Summation. Since the couple moment is a free
vector, it can act at any point on the member. Referring

to Fig.a , we have
C+ Mp)o=3EM, + M
(Mg)o = (500N) (2)2.5 m) — (500 N) (2)(1 m):
— (750 N)(1.25m) + 200 N-m Fe
= —37.5N-m =375N-m D ) ey (®)

Example 4

Replace the force system acting on the truss by a resultant force and couple

moment at point C.
LE(FR) =TF  (Fg)x = 50{%]:400Ib -

3
+T(Fr)y=ZF;  (Fg)y =-200-150— 100-50({;):-7501“ 75016 L
The magnitude of the resultant force Fg, is given by
Fr = §(FR)<2 + (FR)y? = 44007 + 750 =8501b. T

ZL i 150 1b

|-—2 n~l—2 ft
A

The angle € of Fg is o 00Tl
t
F
9=tan"! Frly | m"[ﬂ]= 61.93° = 61.9°"
(FR)x 400

Equivalent Couple Moment: Summing the moment of the forces and force components,

Fig. a, algebraically about point C,
(MR)e = ~200(2) — 150(3) — 100(6) — 50';( %)(s)— so:{ %}5)
Ans. ’

(-'-(MR)C =ZIMc;
=—64001b-ft =6.40 kip-ft (clockwise)
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Replace the force and couple moment system acting on the overhang beam by a
resultant force and couple moment at point A.

HE(FR)y =TFe:  (Fr)x =2{%)—30sin30°=—5kN =5kN «

+T(FR)y=ZF; (FR)y = -26(-1-2-)- 3000s30° = —49.98kN = 49.98kN .

13
30 kN 26 kN
The magnitude of the resultant force Fg, is given by
12[\13
Fr = J(Fr)? + (Fg)y? =¥ + 49.987 = S0.I3KN = S0.2kN 03m |/ 45 inm >
| J() .
.am
'l

The angle 8 of Fg is

8= m—l[(F_R’J_] = m-l[ﬂ} 84.20° = 84.3°
(Fp)x 5

LZm«l—J—-)“ T 2 m—

(HMR)a =ZMa;  (Mg)y =305in30°(03)~ 30005 30°()~ 2{15_3](03)- zﬁ(:—z}e)—ﬁ
= 239.46kN -m = 239kN -m (clockwise)

13

Example 6

Replace the two forces by an equivalent resultant force and couple moment at point O.
Set F = 20 lb.

(FR)x =X Fy; (Fp)x=20(3)—20sin30° =6 b
(FR)y = X Fy; (Fg)y = 20c0s30° + 20 (g) =29.321b

Fp= f(FR);% + (Fp)3
Frp=+(6)2+(29.32)2=29.91b

_Fgry _1=<29.32>=7840 :
6 B

CCW + Mg, = Z M,; Mpg,=20sin30°(6sin40°) + 20c0s30°(3.5 + 6c0540°)

4 3
— (20)(65in40°) + ¢ (20)(3.5 + 6c0s40°) = 214 lb.in

14
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Further Simplification of a Force and Couple System

* In the previous section, we developed a way to reduce a force and
couple moment system acting on a rigid body into an equivalent
resultant force F acting at a specific point O and a resultant couple
moment (Mg),.

¢ The force system can be further reduced to an equivalent single
resultant force provided the lines of action of Fp and (Mg)o are
perpendicular to each other. Because of this condition, only
concurrent, coplanar, and parallel force systems can be further
simplified.

15

Further Simplification of a Force and Couple System

e Concurrent Force System: Since a concurrent force system is one in which
the lines of action of all the forces intersect at a common point O, Fig. 4—
40 a , then the force system produces no moment about this point. As a
result, the equivalent system can be represented by a single resultant
force Fp = F actingat O, Fig. 4-40b .

Fy

Fy

F,
(a) (b)
Fig. 4-40 16
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Further Simplification of a Force and Couple System

Coplanar Force System: In the case of a coplanar force system , the lines of action of all the
forces lie in the same plane, Fig. 4-41a, and so the resultant force Fp = ) F of this
system also lies in this plane. Furthermore, the moment of each of the forces about any
point O is directed perpendicular to this plane. Thus, the resultant moment (M), and
resultant force Fy will be mutually perpendicular , Fig. 4-41b. The resultant moment can
be replaced by moving the resultant force F a perpendicular or moment arm distance d
away from point O such that Fy produces the same moment (M), about point O, Fig.
4-41c. This distance d can be determined from the scalar equation (Mg)y = Frd
=YX Mg,ord = (Mg)o/Fpg.
F; F;

(a) (b) ()
Fig. 4-41

Further Simplification of a Force and Couple System

* Parallel Force System

k4

Fi F;

(a)

Fig. 442

18
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Further Simplification of a Force and Couple System

* Parallel Force System

Here the weights of the traffic lights are replaced by their resultant force
Wgr = W1 + W, which acts at a distance d = (W,d, + W,d,) /W g from
O . Both systems are equivalent.

19

Procedure for Analysis

The technique used to reduce a coplanar or parallel force system to
a single resultant force follows a similar procedure outlined in the
previous section.

e Establish the x, y, z, axes and locate the resultant force Fy an
arbitrary distance away from the origin of the coordinates.

Force Summation.

e The resultant force is equal to the sum of all the forces in the
system.

e For a coplanar force system, resolve each force into its x and y
components. Positive components are directed along the positive
x and y axes, and negative components are directed along the
negative x and y axes.

Moment Summation.

e The moment of the resultant force about point O is equal to the
sum of all the couple moments in the system plus the moments of
all the forces in the system about O.

e This moment condition is used to find the location of the resultant

force from point O. "

11/14/2017
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Replace the loading system by an equivalent resultant force and specify where
the resultant’s line of action intersects the beam measured from O .

—3 ft—f-—3ft ! 3t 3n~|

+1Fg = 3F,; Fg=500 + 250 + 500

= 12501b
C+Fpx = IM,;
1250(x) = 500(3) + 250(6) + 500(9)
x=6ft

21

The weights of the various
components of the truck are
shown. Replace this system of
forces by an equivalent resultant
force and specify its location
measured from point A.

|” 5500 b

Equivalent Forces: | I 14 ft 6 ft

L
FRZZF}I 3ft 2 ft

Fr =-1750—-5500—-3500 = —10750 = 107501b |

Location of Resultant Force From Point A:

C + (MR)A » Z MA

10750(d) = 3500(20) + 5500(6) — 1750(2)
d=9.26ft

22
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Example 3

Replace the force and couple moment system acting on the beam in the Fig. by
an equivalent resultant force, and find where its line of action intersects the

beam, measured from point O .

4kN

Fg
— (Fg), = 480kN

~—1.5 m~|H]5 HIJHI.S m
(a)

(b)

(FR)x=%Fy (Fg)y=8KN(3) = 4.80 KN -
(FR)y=XFy; (Fg)y=—4KN+8KN(3)=2.40KN 1

Fr =\/(4.80KN)? + (2.40KN)2 = 5.37KN, 6 =tan"*(37) =26.6°
C+ (Mpo = My, 240kN(d) = —(4kN)(1.5m) — 15kNm

—[8kN(2) 0.5 m) + [8kN(£)]@.5m)

d=225m Ans.

Example 4

Replace the loading system by an equivalent resultant force and specify where the
resultant’s line of action intersects the member AB measured from A .

Solution: ”
+ — . i
~(Fp) E‘F'" 0.5m
(Fp), = (3) SKN — 8kN 1.5 m—|

= —5kN = SkN <«
+1(Fp)y = 2Fy;
(Fply = —6kN — () SkN
= —10kN = 10kN|
Fo= V5 +10° = 11.2kN
0 =tan' () = 63.4° 7
C+Mp)y = IMy;
SkN(d) = 8 kN(3m) — 6 kN(0.5 m)
- [(#)5kN]@m)
- [(3)5kN]@ m)
d=02m

24
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Replace the force system acting on the frame by an equivalent resultant force
and specify where the resultant’s line of action intersects member AB,
measured from point A.

201b
|

S F, mLF,: F. = 35sin30° + 25 = 4250

+4Fpy = IF,; Fay = 3Scos30® + 20 = 5031 1D | 251
Fr = J(82.58 + (50.31P = 65.91b Ans

el 50.31 9.8 A C
0= un (30) = 4000 Ams

U+Mas = IM,:  50.31(d) = 35cos 30° (2) + 20(6) = 25(3)

d = 2.10ft Ans

25

Example 6

Replace the loading shown by an equivalent single resultant force and specify
the x and y coordinates of its line of action.

X

+|Fy=3F; Fp=400 + 500 — 100

= 800N
Mg, = IM,; —800y = —400(4) — 500(4)
y =450m
Mg, = IM,; 800x = 500(4) — 100(3)
x=2125m 2

11/14/2017
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Example 7

Replace the loading shown by an equivalent single resultant force and specify the x and y

coordinates of its line of action. .
| 400 N
500 N
100N
/‘— —5m Sm- 7
[SPTEIT ETT R A ITRAT LR A .'.C =
o .'l.‘. / ,
B 'fl “8m
2m

O~ 2 v o e e LN

Force Summation. From Fig. 4464, the resultant force is
+1Fg = ZF: Fr = —600N + 100N — 400 N — 500 NI
= —1400N = 1400 N
(Mp)e = M,
—(1400 N)y = 600 N(0) + 100 N(5 m) — 400 N(10 m) + 500 N(0)
— 1400y = —3500 y=250m

(Mp), = ZM,;
(1400 N)x = 600 N(8 m) — 100 N(6 m) + 400 N(0) + 500 N(0)
1400x = 4200 .
x=3m

Example 8

The jib crane shown in the Figure is subjected to three coplanar forces. Replace this
loading by an equivalent resultant force and specify where the resultant’s line of action

intersects the column AB and boom BC . y
Y, % |
|31t , sm [ 3;, 8 |
' 4 25 1b c
260 1b
/ Fr
175 Ib - y g
25 M
[}
FrlE LYo
X
A

(FR)x =X Fx; (Fgp)x=-250(3)—175 = 325 = 325 «
(Fr)y =2 Fy; (Fgp)y=-250(%)—60=—260lb =260 |

Fr=+/(325)2 + (260)2 = 4161b, 0= tan‘l(%) =38.7° .

11/14/2017
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Example 8 Cont..

Moments will be summed about point A . Assuming the line
of action of Fy intersects AB at a distance y from A, we have

C + (Mg), =3My;  3251b(y) + 2601b (0)

=1751b(5ft) — 601b (3 ft) + 250 1b(2)(11 ft) — 250 1b(£)(8 f)

y=229ft
By the principle of transmissibility, F; can be placed at a distance x where it intersects BC, Fig. 4—45
b . In this case we have

C + (Mp), = M,;  3251b(11ft) — 2601b (x)

= 1751b(5ft) — 601b(3 ft) + 250 1b(2)(11 ft) — 250 1b(£)(8 f1)
29
x =109t

Example 9

The tube supports the four parallel forces. Determine the magnitudes of forces
F¢ and F acting at C and D so that the equivalent resultant force of the force
system acts through the midpoint O of the tube.

Since the resultant force passes through point O, the resultant moment components:
about x and y axes are both zero.

IM =0;  Fp(0.4) +600(0.4) - Fc(0.4) - 500(0.4) = 0
Fe=Fp =100 (n

IM, =0;  500(0.2) +600(0.2) - Fz(0.2) - Fp(0.2) =0
Fe+Fp=1100 2

Solving Eqs.(1) and (2) yields :

Fc=600N Fp = 500N Ans

30
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Try it Yourself ©

Replace the loading system by an equivalent resultant force and
specify where the resultant’s line of action intersects the member
measured from A .

200 Ib
| T 501b
3t

30°

3 ft ‘ 3ft
!}3\
3 31001b

31

Replace the loading system by an equivalent resultant force and
specify where the resultant’s line of action intersects the member

measured from A . 2001
I——srt 3n-‘-—3nj¥5mb
A
5 (Fp)y = XFg ¥
(Fp), = 100(2)+ 50 sin 30° = 851b — ]
+1(Fply = 2Fy; ; 100 1b
(Frly = 200 + 50 cos 30° — 100(3)
= 163.30 Ib]
Frp= V85 + 163.30° = 184 b
0 = tan~'(132) = 62.5° 2 Ans.

C+Mp), = My
163.30(d) = 200(3) — 100(%)(6) + 50 cos 30°9)
d=3.12ft Ans.

32

11/14/2017
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Reduce a Simple Distributed Loading

X
* The uniform wind pressure is acting on a triangular sign (shown
in light brown).
* To be able to design the joint between the sign and the sign post,
we need to determine a single equivalent resultant force and its
location. 33

Reduce a Simple Distributed Loading

2.5 kN/m
1 kKN/m :
A = : e 5
!
F——3m , 3m 1.5m

The sandbags on the beam create a distributed load.

How can we determine a single equivalent resultant force and
its location?

34
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Reduce a Simple Distributed Loading

- A distributed load on the beam
g ‘\ ” exists due to the weight of the
. lumber.

—

Is it possible to reduce this force system to a single force
that will have the same external effect? If yes, how?

35

e Fg = 4000 1b

f— EE S D—— F—f=5ﬂ—<l

The rectangular load: F; = 400 x 10 =4,0001band =5 ft.

The triangular loading:

Fr=1(0.5)(600) (6)=1800N and =6-(1/3)6 = 4m.
Please note that the centroid in a right triangle is at a distance
one third the width of the triangle as measured from its base.

36
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25kN/m Given: The loading on the

L5KkN
beam as shown.
Find: The equivalent force
A and its location
from point A.
Plan:

1) Consider the trapezoidal loading as two separate loads
(one rectanguiar and one triangular).

2) Find F;; and for each of these {wo distributed loads.

3) Determine the overall F and for the three point loadings.

Example 2 Cont..

15

25 kN/m

™ For the rectangular loading of height
0.5 KN/m and width 3 m,

Frp; = 05KkN/mx 3m = 1.5 kN

! Im +"_1m_. = 1.5 mfromA

For the triangular loading of height 2 kN/m and width 3 m,
Fr, = (0.5)(2KkN/m)(3m) = 3 kN

and 1ts line of action 1s at = 1m from A

For the combined loading of the three forces,

Fp = 1.5kKN+ 3kN+ 1.5kN = 6kN

(’+ Mgy = (1.5)(1.5) + 3(1) + (1.5)4 = 1125 KN*m

Now, = 1125 kKN*m
Hence.g4= (11.25)/(6) = 1.88 m from A.

11/14/2017

19



Find the equivalent force to replace the loading and identify its
location from point A.

8KN/m

| 3m 3m |

Plan:

1. The distributed loading can be divided into three parts. (one
rectangular loading and two triangular loadings).

2. Find Fpg and its location for each of these three distributed loads.

3. Determine the overall Fg of the three point loadings and its location.

39

Example 3 Cont..

For the left triangular loading of
__4xn/m height 8 KN/m and width 3 m,

=
Fr; =(05)8kN/mx3m=12kN
X;= (2/3)(3m) =2 m from A

For the top }‘iéht triangular loading of height 4 kN/m and width 3 m,

Fro = (0.5)(AKN/m)(3m) = 6 kN

and i};s(line of action 1s at =(1/3)3m) +3=4m from A
For the rectangular loading of height 4 kN/m and width 3 m,
Fr; = AKkN/m)(3m) = 12 kN

and its line of action is at =(1/2)(3m) +3=4.5m from A

40
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Example 3 Cont..

12kN 6N 2%
4.5m 125N

s —3n—

For the combined loading of the three forces, add them.
Fp = 12kN+ 6 kN+ 12kN =

+[Mgy = ) (12) + 4(6) + (45)12 =

Now, (Fg x) has to equal My, = 102 kN *m

So solve for x to find the equivalent force’s location.
Hence, x = (102kN *m)/(30kN) =

Example 4

Replace the distributed loading with an equivalent resultant force. and
specify its location on the beam measured from point A.

IS kN/m

10 kN/m

+ | Fp = ZFy: Fr =%:15x3)+-2'-(5x3)+1(13)+-;(10x3g=75m l

C +(Mg)g =3My: —79F)= %usxaxl)— %(5)(3)(1)— ursxl.s:--;-:mxsxnt)
x=120m

42
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The distribution of soil loading on the bottom of a building slab is shown. Replace this
loading by an equivalent resultant force and specify its location, measured from point O.

N

50 Ib /ft

300 Ib/ft ‘
12 ft 9ft |

‘ 100 Ib /ft
|

+1 Fe=EF; Fy=50012)+ }(250)(12)

+ §(200)(9) + 100(9)

= 3900 Ib = 3.90 kip
{ Mo = TMo;  3900(d) = S0(12)(6) + §RSO(12)(E)

+ $(200)(®)(15) +100(9)(16.5)

d=1131 ®

Example 6

The beam is subjected to the distributed loading. Determine the length b of the uniform

load and its position a on the beam such that the resultant force and couple moment
acting on the beam are zero.

}-7 b 4%
40 Ib/ft
+ Solution: 1|_ T
Replace Fp =0 X
T +FR= 2 Fy
0 = 0.5(60)(6) — (40)(b) 60 Ib/ft
b=4.5ft 10 ft 6 ft

Replace My, = 0. Using the result b = 4.50 ft,we have

Mg,-YM,; 0=(0.5)(60)(6)(12) — 40(4.5) (a n 475)

a=9.75ft

44
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Example 7

The bricks on top of the beam and the supports at the bottom create the distributed
loading shown in the second figure. Determine the required intensity w and dimension d
of the right support so that the resultant force and couple moment about point A of the

system are both zero.

e Solution:

Require Fp =0

0 = (75)(0.5) + wd — 0.5(200)(3) Trry |'d‘|
3 |
wd = 262.5 "
200 N/m
262.5 7
d=""2
w

Require Mg, =0

Mg,-¥ M,

~
)
Z
E)
-—E—-

0 = (75)(0.5)(0.25) + wd (3 - 5) — 0.5200)(3)(2)  [>5™

.-a'—-|

d=1.50m w=175N/m 3m

Try it Yourself ©

Determine the resultant force and specify where it acts on the beam

measured from A .
150 Ib/ft

YyYYyYVvYY I Y ¥ yv

! 6 ft 8ft
Fp d from A
(a) 17001b (a) 8.4ft
(b) 16501b (b) 8.36ft
(c) 1600Ib (c) 8.2ft
(d) 15501b (d) 8.15ft

46
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Determine the resultant force and specify where it acts on the
beam measured from A .

T

! ot ! 8ft !

Fr = $(6)(150) + 8(150) = 1650 Ib
C+My, = IMy;
1650d = [} (6)(150)](4) + [8(150)](10)
d = 8.36 ft

47

thank you all!

11/14/2017
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