STATICS

Chapter 3: Rigid Bodies’” Equivalent
systems of Forces
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Introduction

e Treatment of a body as a single particle is not always possible. In
general, the size of the body and the specific points of application of
the forces must be considered.

e Most bodies in elementary mechanics are assumed to be rigid, i.e., the
actual deformations are small and do not affect the conditions of
equilibrium or motion of the body.

e Current chapter describes the effect of forces exerted on a rigid body and
how to replace a given system of forces with a simpler equivalent system.

e moment of a force about a point
e moment of a force about an axis

e moment due to a couple

e Any system of forces acting on a rigid body can be replaced by an
equivalent system consisting of one force acting at a given point and one
couple.
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External and Internal Forces

e Forces acting on rigid bodies are
divided into two groups:

- External forces
- Internal forces

e External forces are shown in a
free-body diagram.

e |f unopposed, each external
force can impart a motion of
translation or rotation, or both.
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Principle of Transmissibility: Equivalent Forces
F/ /
e Principle of Transmissibility :
Conditions of equilibrium or motion
are not affected by transmitting a force
along its line of action.
NOTE: F and F’ are equivalent forces.

e Moving the point of application of
the force F to the rear bumper
does not affect the motion or the
other forces acting on the truck.

e Principle of transmissibility may
not always apply in determining
internal forces and deformations.

(c)

S

(e) (f)
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Vector Product of Two Vectors

e Concept of the moment of a force about a point
is more easily understood through applications
of the vector product or cross product.

e Vector product of two vectors P and Q is defined

as the vector V which satisfies the following (a)
conditions: »
1. Line of action of Vis perpendicular to plane 1

containing P and Q.
2. Direction of Vis obtained from the right-hand ®)
rule.

3. Magnitude of V=P Qsin 0

e Vector products:

- are not commutative, QxP = —(P x Q)
- are distributive, P x (Ql + Q2 ) =P xQy+PxQ5
- are not associative, (PxQ)xS=Px(QxS)
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Vector Products: Rectangular Components

Vector products of Cartesian unit vectors,

ixi =0 Jxi=
ixj=k Jxj=
ixk==] jxk=
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Vector products in terms of rectangular coordinates

V=(Pi + P, J+ PZIZ)x(QXT+QyT+QZIZ)

= (Psz - PzQy)r+(PzQx -PQ;)j

v

+ (Pny - IDy Qx )IZ 1

/ _ v“1.{";;'-

(b)
i ] k
=Pk Py P
Qx Qy Q
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Cross Product Revision

Each component can be
determined using 2 X 2
determinants.

PD—i—k
For element i: j/, A, A
.X/ ©
X B‘j” B,
Y < » W
T
For element j: [Ay. A, A,
B, - ’ﬁ\\‘ B,
—
Forelement k: |y A}
/K’.\ 7
Bi/ \B" .Il
. A/
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\=i(A,B. — A.B,)
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- Remember the
/ negative sign

—J(AAB: - A:Bx)

= k(A,B, — A,B,)
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Moment of a Force About a Point

e The moment of F about O is defined as
MO =rxF

* M, measures the tendency of the force to cause rotation of

the body about an axis perpendicular to the plane containing
O and the force F. y

e The sense of the moment is determined by the right-hand
rule. (a)

e The magnitude of the moment is given by the product of the
force and the perpendicular distance from point O on the
line of action of the force.

M, =Frsin@=Fd

NOTE: Any force F’ that has the same magnitude, direction and
line of action as F, produces the same moment about the point O.
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Moment of a Force About a Point: 2d structures

e Two-dimensional structures have length and breadth but
negligible depth and are subjected to forces contained in
the plane of the structure ( e.g. xand y plane)

e The plane of the structure contains the point O and the
force F. M,, the moment of the force about O is
perpendicular to the plane xy (in the z direction)

e If the force tends to rotate the structure clockwise, the
sense of the moment vector is out of the plane of the
structure and the magnitude of the moment is positive.

e |f the force tends to rotate the structure
counterclockwise, the sense of the moment vector is into
the plane of the structure and the magnitude of the
moment is negative.
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Varignon’s Theorem

e The moment about a give point O of the
resultant of several concurrent forces is equal
to the sum of the moments of the various
moments about the same point O.

Fx(F+Fp+)=FxF +FxFy+---

e Varigon’s Theorem makes it possible to
replace the direct determination of the
moment of a force F by the moments of two
or more component forces of F.
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Rectangular Components of the Moment of a Force

Y

The moment of F about O (origin), Fi]

Mo =FxF, F=xi+yj+zK A (x,1.2)
LT Y] ‘
F=Fd+FyJ+FKk __ -

;
B ~ o xi
Mo = M7 +M,J+M,k ‘ = :
F.k
zk
i ] Kk /
=X Yy Z z
F, Fy F,
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The moment of F about B (not origin)

_— _ q x
M =Fars xF Ya—Ygl) ]
Fag =Ta—Tg . A F.i
. . _, A/B
:(XA_XB)I +(yA_yB)J+(ZA_ZB)k
IE:FXT+FyI+FZIZ B A
- N -  —=plk ek
_ ! J k @),
Mg = (XA XB) (YA YB) (ZA ZB) .
F, I:y F,

—
~

Vector product can be used to find the perpendicular distance (d) from a

point (Say point B) to a line (say Force F) as the magnitude of the moment

Mg divided by the magnitude of the force d = Mg/F
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For two-dimensional structures,

MO - (x v _ny)E
= xF), — yFx

Mo =|(xs—xp)F, — (4 —y3)FE, |

= (x_a —XB )Fy - (J’A — VB )Fx

The moment is the sum of the product of
each force component and its
perpendicular distance to it from the

point of reference.
STUDENTS-HUB.com
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Sample Problem 3.1

A 100-1b vertical force is applied to the end of a
lever which is attached to a shaft at O.

Determine:
a) moment about O,

b) horizontal force at A which creates the same
moment,

c) smallest force at A which produces the same
moment,

d) location for a 240-lb vertical force to produce
the same moment,

e) whether any of the forces from b, ¢, and d is
equivalent to the original force.
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Sample Problem 3.1

a) Moment about O is equal to the product of the force
and the perpendicular distance between the line of
action of the force and O. Since the force tends to
rotate the lever clockwise, the moment vector is into
the plane of the paper.

Mg = Fd
d =(24in.)cos60° =12in.
Mg =(1001b)(12in.)

Mo =12001b-in
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Sample Problem 3.1

b) Horizontal force at A that produces the same moment,

d =(24in.)sin60° = 20.8in.

Mo = Fd
12001b-in. = F(20.8in.)
= _12001b-in.
20.81n.
F=5771lb
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Sample Problem 3.1

c) The smallest force A to produce the same moment
occurs when the perpendicular distance is a maximum
or when F is perpendicular to OA.

Mo = Fd
12001b-in. = F(24in.)
= _ 1200 I_b~|n.
241n.
F=501Ib
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Sample Problem 3.1

d) To determine the point of application of a 240 |b force
to produce the same moment,

Mo = Fd
12001b-in.=(2401b)d
4 _1200lb-in. _ .

2401b
OB co0s60° =5in.

OB =10in.
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Sample Problem 3.1

e) Although each of the forces in parts b), c), and d)
produces the same moment as the 100 |b force, none

are of the same magnitude and sense, or on the same
line of action.

None of the forces is equivalent to the 100 Ib force.

o) S
MaNre
STUDENTS-HUE com

Uploaded By: Aya Badawhb;



Sample Problem 3.2

80 mm W The rectangular plate is supported
by the brackets at A and B and by a

wire CD.

Knowing that the tension in the wire
is 200 N, determine the moment
about A of the force exerted by the
wire at C.
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Sample Problem 3.2

(28.8 N-m)k

STUDENTS-HUB.com

0.3m

F=(200 N)N .

SOLUTION:

—

Feoon =T —

=(200N

M, = C/AxF

=(0.3m)i +(0.08m)j

F=F1=(200 N

Note error— should be
ro/cNot re/p (thatisrgp)

—(120N)i +(96

L ad L d

| J
03 O
-120 96

—

K
0.08
—-128

—(0.3m)i +(0.24m)j—(0.32m)k
) 0.5m
N)j—(128N)k

M, =

—(7.68N-m)i +(28.8N-m)j+(28.8N-m)k
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Scalar Product of Two Vectors

e The scalar product or dot product between two vectors
P and Q is defined as

Q
PeQ=PQcosd (scalar result)

e Scalar products: 6
- are commutative, PeQ=QeP

- are distributive, P‘( +Q )Z PeQ +PeQ, !

undefined
e Scalar products with Cartesian unit components,
PeQ=(Pi+P,j+PK)e(Qi+Q,j+Q,K)

L . nd

=1 jej=1 kek=1 Tej=0 jek=

~
°
o

PeQ=PQ,+PQ, +P,Q,
PeP=P+P’+P/=P*
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Scalar Product of Two Vectors: Applications

e Find the angle between two vectors:

Q

PeQ=PQcosd =PQ, +P,Q, +P,Q, .
PQ, +PQ,6 +P
coS@ = Q+RQy +RQ, P
PQ
Yy
e Find the Projection of a vector on a given axis: o L
P, = Pcosé = projection of P along OL
PeQ=PQcosd
PeQ_ Pcosd =P, y
Q OL

e For an axis defined by a unit vector:
P, =Pel
=P, cos6, + P, cosé, + P, coso,
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Mixed Triple Product of Three Vectors

e Mixed triple product of three vectors,

S o (P xQ)=scalar result

Se(PxQ)=5x(PyQ, ~P,Qy )+ 5y (P,Qx ~P:Q;)
+5,(PQ, -P,Qy)

Sy Sy S
=P, P, P,
Qx Qy Q

e The six mixed triple products formed from S, P,
and Q have equal magnitudes but not the same
sign,
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Triple product is equivalent to the moment of a Force about a
given axis

e Moment M, of a force F applied at the point A
about a point O,

Mozer

h’ O

e Scalar moment M, about an axis OL is the
projection of the moment vector M, onto the
axis,

Mg, :ZOMO :/TO(FXIE)

-~
~
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Moment of a Force About a Given Axis

: * Moment of a force about an arbitrary
= axis L which has a unit vector A can be
\ . determined by choosing an arbitrary

= point B along that axis:

A
= Typ Iy ~r,

Mg, :Z.MB

B
=/T0(FNB><IE)
o X rNB:rA_rB

e The result is independent of the point
B along the given axis.
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Perpendicular distance between 2 lines

1. Only (Fyormal) the perpendicular (normal) component of the force
(F) on the axis L is responsible for the moment about the axis
Mg, ; such that

Mg, =F, d

where d is the perpendicular distance between the two lines
(L and the force F)

ormal

2. The projection of Fon L (F,,,.,;) is given by dot product
Fogrope = F . A

arallel —

3. And the normal component of the force can be calculated from

2 _ 2 2
F* = FNormal + FParallel
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Sample Problem 3.3

A cube is acted on by a force P as
shown. Determine the moment of P

a) about A
b) about the edge AB and
c) about the diagonal AG of the cube.

d) Determine the perpendicular
distance between AG and FC.
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Sample Problem 3.3

a) Moment of P about A,

y
Vi =1, xP
D o ATTERTT
| ’ fpa=ai —aj=ali - J)
T 1 P=— G-k
L.
O ’l— LS Pa ,. . .
k A~ x MA=E(l—])X(]—k)
EL”Z TE/A r

/La——/F MA:%(i+j+k)

b) Moment of P about AB,
Mpy =i oM,

. Pa ,. . _2
—l.ﬁ(l+]+k)— 7
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Sample Problem 3.3

c) Moment of P about the diagonal AG,

D C — —
4 My =AM,
A | B
9)‘\“%0 : lnG a3 \@(I . )
E//
_ P. . -
/ F MA:ﬁ(I—i_J—'_k)
1 . =~ aP(r - -
MAG:ﬁ(I_J_k).ﬁ(I—i—J—l_k)
aP
=—(1-1-1
Nhall
P
M =~
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Sample Problem 3.3

Y

d) Perpendicular distance between AG and FC,

ﬁ-Z:i(T—R’)-i(T—T-R):%(O—ul)

P is perpendicular to AG; hence P=P

Normal

MAG=PNormaId
aP
M,.|=—=Pd
M=%
a
d=-%
J6
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PROBLEM 3.56 The 23-in. vertical rod CD is welded to the midpoint C of the 50-in.
rod AB. Determine the moment about AB of the 174-lb force Q.

Y

301

16 in.

1S in.

21 in.
\5/(;\/
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4B = (32 in)i— (30 in)j— (24 in)k DH =~(16 in)i—(21in)j- (12 in)k

AB =/(32)” + (=30)? + (-24)? =50 in. DH =J(16)’ +(=21)> +(-12)> =29 in.

4B DH ~16i—21j—12k
Az =£=0.64i—{].60j—0.48k Q—ﬁ— (174 Ib) >

AB
0 =—(96 Ib)i — (126 1b)j— (72 Ib)k

Iy =—(32m)i+ (17 in)j

0.64 -0.60 -0.48
Myz=A;5 (ygxQ)=[-32m. 171 0
-961b -1261b -721b

M, =0.64[(17 in.)(=72 1b) - 0]
—0.60[(0 — (=32 in.)(=72 Ib)]
— 0.48[(—32 in.)(—=126 Ib) — (17 in.)(~96 1b)]

=-2119.7 Ib-1n.
Q paratter = Q - Aag = -96(0.64) + 126(0.6) +72 (0.48) = 48.71b
Q =167.04 Ib

perpendicular —

d = IVIAB/Q perpendicular= 12.69in

STUDENTS-HUB.com Uploaded By: Aya Badawi



Moment of a Couple

e Two forces F and -F having the same /
magnitude, parallel lines of action, and
opposite sense are said to form a couple.

M =1, xF+F, x(-F)

:(FA—FB)XIf
=TxF
M =rFsinéd =Fd *

-~
~

e The moment vector of the couple is independent
of the choice of the origin of the coordinate axes,

i.e., itis a free vector that can be applied at any
point with the same effect.

STUDENTS-HUB.com
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Equivalent Couples

Two couples will have equal moments if
Fldl = dez

Provided that:

1. the two couples lie in parallel
planes;

2. the two couples have the same g
sense or the tendency to cause
rotation in the same direction.
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Addition of Couples

* Consider two intersecting planes P, and P,
with each containing a couple _ .

M, =F xF, in plane P,
M, =T xF, in plane P,

Resultants of the vectors also form a
couple

M :Txlflzfx(lf1+lfz)

e By Varignon’s theorem
M =T x If1 +Ix If2
M,+M,

Sum of two couples is also a couple that is equal to
the vector sum of the two couples
STUDENTS-HUB.com Uploaded By: Aya Badawsks
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Couples Can Be Represented by Vectors

n

&

<=

7

1,

M 1
— (D s >

) - oL,
6} i
: /I o A(‘\J v M,
-~ M !

z z .

e A couple can be represented by a vector with magnitude and
direction equal to the moment of the couple.

e Couple vectors obey the law of addition of vectors.

e Couple vectors are free vectors, i.e., the point of application is

not significant.

e Couple vectors may be resolved into component vectors.

STUDENTS-HUB.com
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Sample Problem 3.4

Determine the components of
the single couple equivalent to
the couples shown. y

20 1b
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Sample Problem 3.4

” e Attach equal and opposite 20 Ib forces in the
+x direction at A

e The three couples may be represented by
three couple vectors,

=—(301b)18in.)=-5401b-in.
+(201b)12in.) = +240lb - in.
+(201b)(9in.)=+1801Ib-in.

J/:so Ib

|le
My
I\/Iz

M =—(5401b-in.)i +(240lb-in.)j
+(1801b-in.)k

STUDENTS-HUB.com Uploaded By: Aya Badawi,,



Sample Problem 3.4

y e Alternatively, compute the sum of the
moments of the four forces about D
(or any other point, the answer will be
the same!)

e Only the forces at C and E contribute to the
moment about D.

M =M, =(18in.)jx(-301Ib)k

: 4o B0 +[(9 in_)j—(lZin.)E]X (_ ZOIb)r

M =—(5401b-in.)i +(240lb-in.)j
+(1801b-in.)k
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Y PROBLEM 3.77

15 in.

If P=201b, replace the three couples with a single
equivalent couple, specifying its magnitude and the
direction of its axis.

16 1b

10 in.
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SOLUTION

M=M, +M,; F=161b, F,=401b
M, =r, xF, = (30 in.)i x[-(16 b)j] = —(480 Ib- in)k

M, =1gp x5 1gp =(15m)i— (5 in)j

dpr = (0)> +(5)° +(10)° =545 in.
F, =%(5j—lﬁk)
=8/5[(1 Ib)j - (2 Ib)k]
i j K
M, =8V5[15 =5 0
0 1 -2

= 8V/5[(10 Ib-in.)i + (30 Ib-in.)j + (15 Ib-in.)k]
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SOLUTION

From the solution to Problem. 3.78:

16-1b force: M, =-(4801b-in.)k
40-1b force: M, = 8\/5[(10 Ib-in.)i+ (30 Ib-in.)j+ (15 Ib-in.)K]
P=201b M, =r.xP

=30 m.)ix (20 Ib)k

= (600 Ib-1n.)j

M =M, + M, + M,
= —(480)k +8+/5 (10i + 30j +15Kk) + 600
=(178.885 Ib-in.)i + (1136.66 Ib-in))j— (211.67 Ib-in)k

M =\/(1?8.885)3 +(113.66)° +(211.67)"
=1169.96 1b-in. M =11701b-in. 4

A= M =0.152898i +0.97154;-0.180921k

cos @, =0.152898
CoS 6J. =0.97154
cos . =-0.180921

6, =812° @,6,=13.70° 6.=100.4° <4

i
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Sample Problem 3.8

If the resultant couple moment acting on the triangular
block is to be zero, determine the magnitudes F and P.

U = 10 (-4/5j + 3/5k) i
M, = (-3i) x 10(-4/5j+3/5k)
3. 4 b
M = Mu = 10(3) (gj + gk) = {18j + 24k} 1b-in
My = —6Fj M, = —6Pk FA i
{ 10 16

U:M+MF+MP

0 = (18j + 24k) + (—6Fj) + (—6Pk)
0 = (18 — 6F)j + (24 — 6P)k

(18— 6F)=0 F=3Ib
24 —6P)=0 P=41Ib

STUDENTS-HUB.com Uploaded By: Aya Badawi



Sample Problem 3.8

If the resultant couple moment acting on the triangular
block is to be zero, determine the magnitudes F and P.

\/ 1016

l; y
-
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Force-Couple System

e Force vector F can not be simply moved to O without modifying its
action on the body.

e Attaching equal and opposite force vectors at O produces no net
effect on the body.

e The three forces may be replaced by an equivalent force vector and
couple vector, i.e, a force-couple system.
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Resolution of a Force Into a Force at O and a Couple

e Moving F from A to a different point O’ requires the addition of a different
couple vector M,

M, =F'xF
e The moments of Fabout O and O’ are related,
Mo' =1'xF :(?+§)>< F=rxF+SxF
= Mo +SxF
* Moving the force-couple system from O to O’ requires the addition of

the moment of the force at O about O’.
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Reduction to Force-Couple System

e A system of forces may be replaced by a collection of force-
couple systems acting at a given point O.
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Reduction to Force-Couple System

The force-couple system at O may be
moved to O’ with the addition of the
moment of R about O’

e Two systems of forces are equivalent if they can be
reduced to the same force-couple system.
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Sample Problem 3.5

Three cables are attached to the bracket as shown. Replace
the forces with an equivalent force-couple system at A.

E(150 mm, —50 mm, 100 mm)
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Sample Problem 3.5

E (150 mm, —50 mm, 100 mm)

SOLUTION:

e Determine the relative position vectors
with respect to A.

Fy s = 0.075i +0.050k (m)
fe,a =0.0751 —0.050k (m)

Fo s =0.1007 —0.100] (m)
STUDENTS-HUB.com

e Resolve the forces into rectangular

components.
F, =(700N)A
7 Tes _ 751 —1507 + 50K
g 175

=0.4297 —0.857] +0.289k
F, =300i —600] +200k (N)

F,. = (1000 N)(cos 457 —cos 45 2)
=707i -707 % (N)

F = (1200 NYcos60T +cos30])
= 6007 +1039] (N)
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Sample Problem 3.5

e Compute the equivalent force,
R=>F
=(300+ 707 +600)i
+(~600+1039)j
+(200-707)k

R =16071 +439] 507k (N)

‘|

(17.68 N+m) j /\t)

(439 N) j

(1189 N-m) k 8
€

STUDENTS-HUB.com

e Compute the equivalent couple,

MRy = Z(fx If)
] i K
FyaxFg=0075 0  0.050 =300 —45k

300 -600 200

—

i ] k
r,axF.=0.075 0 -0.050=17.68]
707 0 -707

i ]
o a XF 5=|0.100 —0.100
600 1039

=163.9k

o O i

MR =307 +17.68] +118.9k
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Sample Problem

The crate is on the ground and is to be hoisted using the
three slings shown. Replace the system of forces acting on
the slings by an equivalent resultant force and couple »
moment at point 0. The force F; is vertical.
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F;, = [600k} N

F, = 500(cos 45° cos 30°i + cos 45° sin 30°% + sin 45°k)
= {306.2i + 176.8j + 353.6k} N

F; = 400 (cos 60°% + cos 120° + cos 45°k)
= {200i — 200j + 282.8k} N

FR=EF., FR=F1_+F2+F3
= (600K) + (306.2i + 176.8j + 353.6k) + (200i — 200j + 282.8k)
Fp = [506i — 23.2j + 1236k} N Ans.

My = SM; Mg, = (1i) X (600k) + (=0.25j) X (306.2i + 176.8j + 353.6k)
+ (0.25j) X (200i — 200j + 282.8k)
Mg, = (—17.7i — 600j + 26.5k} N-m Ans.
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Reduction to a single Force —Special cases only

Condition: If the resultant force and couple at O are mutually

perpendicular, they can be replaced by a single force acting along
a new line of action.

e The resultant force-couple system for a system of forces
will be mutually perpendicular if:
1) the forces are concurrent,
2) the forces are coplanar, or
3) the forces are parallel.
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System of coplanar forces is reduced to a force-couple
system RandM; thatis mutually perpendicular.

System can be reduced to a
single force by moving the line
of action of R until its moment
about O becomes zero.

d=ME/R
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Location of Single Force

System can be reduced to a single force by
moving the line of action of R until its
moment about O becomes zero.

M,=0=MR-R,y

-y = —MS/HJr
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Sample Problem 3.6

For the beam, reduce the system of forces shown to

(a) an equivalent force-couple system at A,

(b) an equivalent force couple system at B, and

(c) a single force or resultant.

Note: Since the support reactions are not included, the given system will not
maintain the beam in equilibrium.

150 N 600 N 100 N 250 N
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Sample Problem 3.6

. o . SOLUTION:
150 j -600j 100 j — 250 j
t ‘ a) Compute the resultant force and the
Al e 1 B resultant couple at A.
- e
D4 R=2>F
481 "l =(150N)j —(600N)j +(100N)j — (250 N)j
- (600 N) j R= _(600 N)I
- (1880 N-m) k = (1.67 )x(~6007 )+(2.87)x (1007 )

—

MR =—(1880N-m)k
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Sample Problem 3.6

b) equivalent force-couple system at B based

(600 N) j
‘ on the force-couple system at A:
( e B' The force is unchanged by the movement of
(1880 N-m) k the force-couple system from A to B.

R=—(600N)j

(600 N)j The couple at B is equal to the moment about
‘ ) B of the force-couple system found at A.

lm(m\ m) k Mg _ M/Fj +Tg/p X R
= —(1880N-m)K + (= 4.8m) x (600 N)]
—(1880N-m)K +(2880 N - m)K
M =+1000N-m)k

c) Both F and M are mutually perpendicular, x = 1000/600 = 1.67 m to the left

of B
STUDENTS-HUB.com Uploaded By: Aya Badawi,



Sample Problem 3.7

1. Replace the force system by an equivalent resultant force and a
couple: a) at point O 2

2. . Can the force system be reduced to a single force resultant?

Where should it be applied? y
455 N w%{.
13 ~ T
2.5m 2m
| o, | 1 .
0.75 m J' 0.75 m
f
T e P
600 N
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At Point O
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455 N
2.5m 2m
Mo = 2364 Nm
| A
X
0.75m /
f
N/
Ry =344.6 N
600 N

OA’=X =2364/334.6 = 6.86 m (negative x-direction)
OA =Y =2364/120 = 19.7 m ( positive y-direction)

3-6
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Sample Problem 3.11

A square foundation mat supports the four columns shown. Determine the
magnitude and point of apphication of the resultant of the four loads.

STUDENTS-HUB.com
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40 kips
8 kips

20 kips
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y ANALYSIS: After determining the position vectors of the points of
application of the various forces, you may find it convenient to arrange
the computations in tabular form. The results are shown in Fig. 1.

{80 kips)j
_ . r, ft F, kips r X F, kip-ft
~(250 kip-ft)k (240 lip-fi)i
=S RRER ~ - 0 —40j 0
10i =12j — 120k
T~ 10 + 5k —8j 40i — 80k
/ 4i + 10k —20j 200i — B0k
& R = —80j MY = 240i — 280k
Fig. 1 Force-couple system at O that
is equivalent to given force system. The force R and the couple vector M, are mutually perpendicular,
s0 you can reduce the force-couple system further to a single force R.
v Select the new point of application of R in the plane of the mat and in

such a way that the moment of R about O is equal to M%, Denote the
position vector of the desired point of application by r and its coordinates
by x and z (Fig. 2). Then

— &0 ki]]?"]j

~— rx R=Mj
! (xi + zk) X (—80j) = 240i — 280k
—80xk + 80zi = 240i — 280k

Fig. 2 Single force that is equivalent It follows that
to given force system.

—80x = =280 80z = 240
x = 350 ft z=3.00ft

The resultant of the given system of forces i1s

R = 80 kips | at x = 3.50 ft, z = 3.00 ft
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