MECHANICS OF MATERIALS

Resultants of force systems
1D, 2D and 3D

The resultant of a system of forces on a
particle is the single force which has
the same effect as the system of
forces.




1 DIMENSION/RESULTANT

< -9 >
F2 F1
R=[F1-F2]J
® > >

F2 [N F1
[R:[F1+F2]

Please Review Trigonometry
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2 DIMENSIONS/RESULTANT

Rl =JIF,P+[EF+ 2 F [ |F|cos0

| F; | sin 0
| Fal + | Fy ] cos B
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Composition of forces by method of resolution

TVE

------------- = ll-EI -: TE

& 1IE|

Let >F, be the algebraic sum of component forces in an x-direction
>Fx=f 4 +f,+f;+f,
Let >FY be the algebraic sum of component forces in an Y-direction
2 F, =1+ f,+f3+1,
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Composition of forces by method of resolution

The magnitudeof theresultant 1s given as

R= (Y Fx)’ I Fy)’

The direction of resultant can be obtained if the angle « made by the resultant with x

. . \ . 5 Fu
directionis determined here, ¢ =tan™'( — )
2 Fx
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Composition of forces by method of resolution

The steps to solve the problems in the coplanar concurrent force system are, therefore as
follows.
1. Calculatethe algebraic sum of all the forces acting in the x- direction (ie. ) Fx)
and also in the y- direction (ie. ) Fy)

2. Determine the magnitude of the resultant using the formula

R=(Y Fx)* +(T Fy)’

3. Determine the direction of the resultant using the formula

— eanl ZFY
aal
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Tutorials

1. Determine the magnitude & direction of the resultant of the
coplanar concurrent force system shown in figure below.

5N

100 N
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Tutorials

2. Determine the magnitude & direction of resultant of the
concurrent force system shown in figure.

500 kKN
700 KN

300 1N 200 kN

Lecture 2 TRE1162 Mechanics of Materials 7 of 42



Tutorials

3. Determine the resultant of the force system acting on the
plate. Also determine the direction of the resultant force as shown
in figure given Dbelow with respect to AB and AD.

10N >N
0 10 Nm = 4
R go ~ C/é,?
74
3m

A am B
1 WV
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Tutorials

4. Find the magnitude of the two forces, such that if they act at
right angles, their resultant is v/10N.But if they act at 60°, their
resultant is vV13N.

5. A horizontal line PQRS is 12m long, where PQ=QR=RS=4m.
Forces of 1000N, 1500N, 1000N and 500N act at P, Q, R and S
respectively downward orientation. The lines of action of these
forces make angle of 90°, 60°, 45° and 30° respectively with PS.
Find the magnitude, direction and position of the resultant force.

6. A triangle ABC has its side AB=40mm along the negative x-
axis and side BC=30mm along positive y-axis. Three forces of
40N, 50N and 30N act along the sides AB, BC and CA
respectively. Determine the magnitude of the resultant of such a
system of forces.
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Tutorials

7. A system of forces are acting at the corners of a
rectangular block as shown in figure below. Determine
the magnitude and the direction of the resultant force.

S0 kN
Y * 25 kN

im

20 kN = &

|—— 4 1 —»
Y
35 kN
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Tutorials

8.Locate the amount and position of the
resultant of the loads (external forces) acting on
the Frank truss shown in figure below.

1780 N

8900 N
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Tutorials

9.The Howe roof truss shown in figure below carries
the given loads (external forces). The wind loads are
perpendicular to the inclined members. Determine the
magnitude of the resultant, its inclination with the
horizontal and where it intersects with AB.

1120 N

3000 N 2000 N 1000 N
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Tutorials

1. ¥ Fx =200cos 30%- 75¢c0s70%-100cos45% + 150cos 35°
Y Fx=199.72N
Y Fy = 200sin 30%+ 75sin70°-100sin45° - 150sin 35°
YFy=13.73N
R=(T Fx)* +( Fy)’
R=200.19N
2 Fy

Yy F:<)

a=tan(13.73/199.72) = 3.93°
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Tutorials
2. ¥ Fx = 700cos 40°- 500cos70°-800c0s60° + 200cos 26.56°
Y Fx = 144.11 kN
Y Fy = 700sin 40°+ 500sin70°-800sin60° - 200sin 26.56°
Y Fy = 137.55kN

R=( Fx)* +( Fy)’
R=199.2IN
2 Fy

) F:()

a=tan (137.55/144.11) = 43.66°

a=tan'l(
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Tutorials

3. SFx= 5cos30°+ 10cos60° + 14.14cos45°
=19.33N

SFy = 5sin30% - 10sin60% + 14.14sin45° — 20
=-16.16N

R =V Fx® + YFyv?)= 252N

6= Tan '(Fy/ YFx)
6=Tan '(—16.16/19.33) = -39 .89°
0= 360° — 39.89°=320.10°

D C

DN

y
I \R 19.33N
>
16.16N 25.2 N

Lecture 2 TRE1162 Mechanics of Materials

15 of 42



Tutorials

4_ Solution. Given : Two forces = F oand F,.

First of all. consider the two forces acting at right angles. We know that when the angle between
the two given forces is 90°. then the resultant force (R)

or 10 = Ff + Ff -.-(Squaring both sides)

Similarly, when the angle between the two forces is 60°. then the resultant force (R)

N JE> + F? + 2F, F, cos 60°
-13 = Fl2 + Ff + 2F F, Xx05 ...{Squaring both sides)
or FF,=13-10=3 -...15111:15t:imt:i11g .!—'12 + Ff =10)
We know that (F, + F,)° =.F12 +F +2FF, =10+6=16
F,+F =+/16=4 (i)
Similarly  (F, - F,? = F> + F} -2F,F, =10 -6=4
F—F=+4=2 (i)

Solving equations (1) and (7).

F,=3N and F,=1N
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Tutorials

Solution. The system of the given forces is shown in Figure below

1000 N IS00N 1000 N S00N

P

|< 4m >|< 4m >|< R m—>|

Magnitude of the resultant force
Resolving all the forces horizontally,

LH ==(1500 cos 60° + 1000 cos 45° + 500 cos 30°) N
=== ((1500 x 0.5) + (1000 x 0.707) + (500 x 0.866)) N

==1890 N

Lecture 2 TRE1162 Mechanics of Materials 17 of 42



Tutorials

and now resolving all the forces vertically,
LV = = (1000 sin 90° + 1500 sin 60° + 1000 sin 45° + 500 sin 30°) N

== ((1000 x 1.0) + (1500 x 0.866) + (1000 x 0.707) + (500 x 0.5)) N
===3256 N
We know that magnitude of the resultant force,

R=y(EH) +(ZV)’ =(1890)" + (3256)° =3765 N

Direction of the resultant force
Let 0= Angle. which the resultant force makes with PS.

',
tanf = okl = e =172 or 6=59.8°

1890
Note. Since both the values of XH and XV are —ve. therefore resultant lies between 180° and 270°

6=180"+ 59.8°= 239 8°

Lecture 2 TRE1162 Mechanics of Materials 18 of 42



Tutorials

Position uf the resultant fmrf
[et x=Distance between P and the line of action of the resultant force.

Now taking moments” of the vertical components of the forces and the resultant force
about P, and equating the same,

3256 x = (1000 x 0) + (1500 x 0.306) 4 + (1000 x 0.707)3 + (500 x 0.5)12
=13 852

x:@:ﬂr.ﬂim

3256
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Tutorials

6. Solution. The system of given forces is shown in Figure below.

From the geometry of the figure. we find that the triangle ABC is a right angled triangle. in
which the *side AC =50 mm. Therefore

sinf=—=106
50 SON
40 T
and cosB=—=038 C
50 ‘T’
Resolving all the forces horizontally (i.e.. along AB).
YH =40 - 30 cos § Tmm
=40-(30x038)=16N A A6 |_3 » 40N
and now resolving all the forces vertically (1.¢.. along BC) A(/ |-[— 40 mm —»
SV =50-30sin 0N

=50-(30x06)=32N

We know that magnitude of the resultant force,

R=y(SH? + IV} =167 + (32} =353 N
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Tutorials

Solution. Given : System of forces
Magnitude of the resultant force

Resolving forces horizontally,
YH=25-20=5kN
and now resolving the forces vertically
YV=(-30) +(-35)=-85 kN

Magnitude of the resultant force

R= J{}:Hf +(IV) = .J(jf +(-85) =85.15kN Ans.

Direction of the resultant force
Let B = Angle which the resultant force makes with the horizontal.
We know that
3V -85
= ﬁ ==
Since XH is positive and Y.V is negative, therefore resultant lies between 270° and 360°. Thus
actual angle of the resultant force

=360° -86.6°=273.4° Ans.

tan 8 -17  or 0=86.6°
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Tutorials

1780 N

8. Virtual FBD

sin 30° = = and cos B60° = b
3 a
a = 3 sin 30° b = acos 60"
a=15m b = 1.5 cos 60°
b=0.75 m
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Tutorials

Magnitude of resultant

R=%F,

R =890 + 1335 + 8000 + 1780 + 1335 + 890
R=15130 N downward

Location of resultant

Rd =YFx

Rd = 1335(3 — b) + 8900(3) + 1780(4.5) + 1335(6 + b) + 890(9)

15130d = 1335(3 — 0.75) + 8900(3) + 1780(4.5) + 1335(6 + 0.75) + 890(9)
15130d = 1335(2.25) + 8900(3) + 1780(4.5) + 1335(6.75) + 890(9)
15130d = 54735

d=362m totherightofA
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Tutorials

9. Calculation of slope

Calculation of distances
S =X===> y="2-15m and V37+15=33541m

6 3

1120 N
b 90-0
22490 N %
90
2000 N
1120 N ! 3m . re
A o B
é 3m 3m 3m 3m A
7 7
3000 N 2000 N 1000 N
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Tutorials

Virtual FBD (1)

3000 N 2000 N 1000 N
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Tutorials
Virtual FBD (2)

R, = YF;
R, = (1120 4 2240 + 112{1]{%] + 2000
R, = 4003.52 N to the right

R, = 3F,
R, = (1120 + 2240 + 112{]}(%] + 3000 + 2000 + 1000
Ry — 10007.03 N downward
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Tutorials

R=,/R.? + R,?
R = +/4003.522 + 10007.032
R — 10778.16 N

o (ﬁ)
HI — tan R::

10007.03 -
— tan -} — 68._2%
£ 4003.52 )

Virtual FBD (3)

R
Lecture 2 TRE1162 Mechanics of Materials
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Tutorials

M, =YFd
M, = 2240(3.354) + 1120(3.354)(2) + 2000(1.5) + 3000(3) + 2000(6) + 1000(9)
M, =48026.37 N - m clockwise

Ryill = MA
10007.03z = 48026.37
z = 4.8 m to the right of A
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2D FORCES SYSTEMS
RECTANGULAR COMPONENTS OF FORCE

-
F = Fx + Fy
! Fy = Fy j F = |Fx|.i+ |Fy|.j
IF|*> = |Fx|* +|Fy[?
J F
Fl = IR + |Byf
o
- _;X

i .
Fx =Fxi
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m |[n many problems, it is desirable to resolve

force F into two perpendicular components in
the x and y directions.

m Fx and Fy are called rectangular vector
components.

m |n two-dimensions, the cartesian unit vectors

| and j are used to designate the directions of
X and y axes.

m Fx =Fx 1 and Fy = Fy j
mie. F=Fxi+ Fy]j
m FXx and Fy are scalar components of F
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While the scalars, Fx and Fy may be positive or negative, depending on the sense of Fx
and Fy, their absolute values are respectively equal to the magnitudes of the component

forces Fx and Fy,

Scalar components of F have magnitudes:

5 ™
0 .0 F.=Fcos# F=JFZ+ Ff
Fx =F cos and Fy = F sin i

F

= 1 = -1_2

F is the magnitude of force F. / F,=Fsinf / 6 =tan F.
J

Force along X- axis /

Resultant force

Force along Y- axis : :
& Direction
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Resultant of Coplanar Concurrent Force System

The line of action of each forces in coplanar concurrent force system are on the same
plane. All of these forces meet at a common point, thus concurrent. In x-y plane, the
resultant can be found by the following formulas:

Y
i\ Fl %
Il!l"
(v 5] . (=1 = | Oy &
'BI3 By X —_— ) RI "
F3 F4

R, =YF;
Ry = X,
R:\/P::i"jhﬁty2

R,

tanf, = —

R,
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RESULTANTS (2D,3D) RECTUNGULAR COMPONENT
IN SPACE

i X =1IFl cos &.i

Projection and component of force F on X axis
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The projection of the force Fon an axisis a scalar X = [ o8 i1

The component of the force F on an axis is a vector, X =(f cosc N

The resultant is given by the components of the vector R on the x, y, z axis:
R=Ri+Rj+REk

A given vector of force Fi in the system of forces has the expression:
F=Fi+F_ j+Fik

The resultant R of the system of n forces expressed in terms of forces Fi:

- ~ B - |"' n A n - n Vo
R=F,+..+F . +..+F, ={ZF_T_, Jf' +[ZF”.);' +[ZF__r. JA—
=1 i=l =l
By identifying the two expressions of the resultant force, it results that:
R.T =EFJ.|:"R_'| =ZF|1:*R: = EF':
fo | =l =]

In other words, this means that the projections of the resultant force R on the x, v, z axis

are equal to the algebraic sum of the corresponding projections of the forces of the

system (Theorem of projections).

The angles that the resultant forms with the axes of coordinates:
The magnitude of the resultant:

B 2 2 2 R R R
R_JR.T_FR]'_'_R: EDEHA=FJ'EDEH|'=F'WEH:=?
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3D FORCES SYSTEMS
Rectangular Components of a Force in Space
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F = Fx + Fy+Fz
F = |Fx.i+ |Fyl.j + |Fz].k
[F[* = [Fx]* +[Fy[* + |Fz*

|Fl = IR +|Bf +|Fef
|Fx|=|F|cosf_ |Fy|=|F|cos@, | Fz| = | F|cos@.
Cos@ ., Cos6 and Cos6_ are called direction cosines of

angles 6 _, 60 and 0_
-

F_=Fcos#é, F=JF*+F?+F?
F,=Fcos#, F=Fi+Fj+Fk
F,=Fcos#, F=F(icos#, +jcosb, + kcosb,)

L A
= FA
A = cos@ i +cos@, j+cosO.k
Lecture 32 TRE1162 Mechanics of Materials
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—

+ A isaunit vector along the line of action of

and cosfl,,cosf ,andcosl, are dledirectionoo;ines

d = vector joining M and N
=di+d,j+d.k

di=x3-x dy=y-y d;=z-3 F,j

FwFA y

i-é@':hdﬁwzf) A Magnitude = 1)

F, Fd Fd, cos 6,

F=FA

Nixg, 2. 22108 ”: k '

dy=ys -

cos 03

d:=25- 2, <0 f:k

b,
“ﬂxl-yh:]] ;Irl:[z_ Ty
X
-
-~
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Resultant of Spatial Concurrent Force System

Spatial concurrent forces (forces in 3-dimensional space) meet at a common point but
do not lie in a single plane. The resultant can be found as follows:

7 z
Fy R:
F
Fz >\
X Y =
R, = YF;
R, = ¥F,
R. =YF,

R:\/antﬁ‘,ijR;2
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Direction Cosines

cost, = %
cos B, = %
cosfl, = %

Vector Notation of the Resultant
R =YF

R = (ZF,)i+ (ZF,)j + (SF.)k

R=R;i+R,j+ Rk

Where

R, =YF,
R, = %F,
R, = ¥F,

R=,/R?+R+R.
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Tutorial

Two forces act on the hook shown in Figure below.
Calculate the magnitude of F, and its coordinate direction
angles of F, that the resultant F; acts along the positive y
axis and has a magnitude of 550N. Also provide the final
sketch (drawing) containing all the results.

F 4
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Tutorial

It is necessary that 0 =~ + ~
F =FRcosai+F~coss j+F~cos gk
= 250cos60% + 250cos45% ) +250cos120%k
F. =125/ +176.78j—125kW  And
F=F+F_j+F_k
mince Fr has a magnitude of 550N and acts in the +j direction,
F. =(550NK+j)=(5507 N
We require Fp = F~ + F
290 =125/ + 17678 125k + F i+ F _j+F_k
5505 =125+ F,_ i+ [‘I?E_?B+F.F]j (—125 + F_ )k
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Tutorial

To satisfy this equation the 1, J, k components of Fg must be equal to the corresponding 1. ). k
components of (F3+F;). Hence,

0=125+F, ==F, =-125N
550=17678+F, =>F, =373.2N

0=-125+F, =F, =125N

The magnitude of Fy 1s thus

F, =+(-125NY +(373.22N) + (125N

F =41297N
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Tutorial

We can now determine direction angles of B

—125

COS & ==a. =107.62° =~ 108°

'~ 412.97
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