CHAPTER 2
SECTION B.

Three-Dimensional Force Systems



Three-dimensional Force Systems

Many problems in real-life involve 3-
Dimensional Space.

How will you represent each of the cable
forces in Cartesian vector form?







3D Rectangular Components
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Direction angles & A -

direction cosines
o(d, ) =angle between x-axis and F ,B
g

,B(Hy)= angle between y-axis and F NA a
7 (6,) = angle between z-axis and F \ >

Components ,

F. = F cos 6, F=JF2+F2+F}?
F,=Fcost, F=Fi+Fj+Fk (2/11)
F,=Fcosé, F = F(icos 0, + jcos 0, + kcos 0,)

I=cos0, , m=cos6, , n=cos#, 12 2 .2
F = F(i + mj + nk)
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Specification by two angles that orient the line of action of the force

F,=Fcos¢  F,=Fsing

F,=F,,Cc0s0= FcosdcosO

0 S F,=F,,sin0= Fcos¢sin®




Relative Position Vectors: The position of a point B relative
to another point A: B(Xg Vg Zg)head

A(Xy Vo Z))ei
r= (XB'XA) i +(y3'yA)j T (ZB'ZA) k

V4

A k
0% -% ) // @ ZL\y)

(% -% )J

X

Position vector components = coordinates of head - coordinates of tail.




Specification by two points on the line of action of the force
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e Unitvector n=cosa I +cosf j+ cosy k

F=F(cosa i+cosfB j+ cosy k)



Force vectors directed along a line

Many of the structural members we will deal with will
support forces that are directed along the axis of the
member (e.g., cables, ropes, bars, often times
columns, ...). Thus, by knowing the orientation of the
member (position vector), we can conveniently
express its force in vector form.

Procedure:

1) Determine the position vector I for the member.
2) Compute a unit vector along the axis of the member 1 = r/r.

3) The member’s force vector is then F= Fn.



Dot or scalar product

The dot product of vectors P
and Q is defined as
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P.-Q=PQcos#
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Angle O is the smallest angle between the two vectors
and is always in a range of 02 to 180¢.

Dot Product Characteristics:

1. The result of the dot product is a scalar (a positive or
negative number).

2. The units of the dot product will be the product of the
units of the A and B vectors.




Properties;
i®j=0; jek=0; i® k=0
ieji=1; jej=1; ke k=1

PeQ=(Pxi+Pyj+Pzk)e (Qxi+Qyj+Qzk)
= Px Qx + PyQy + PzQz



The projection of the force along an axis



Angle between two vectors




EXAMPLES
FORCE SYSTEMS
Three-Dimensional Force Systems-1



Example 1

A pole is subjected to a
force F which has
components

F=1.5 kN and F,=1.25 kN.

If f=75°, determine the
magnitudes of F and F,.

Answer:
F=2.02 kN
Fy =0.523 kN
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Example 2

Determine the
magnitude and
direction angles
for the resultant
force.

R,=348 N
R,=75N
R,=-97 N
a=19.4°
[=78.3°
y=105°

FE=250N




E=250N |4




Example 4

Determine the x,y and z components of the force vector
shown. Also, determine the direction angles.

Y| .. 4600N

< A

\/‘300 X

A: F=(220i+544j+127k) N, «=68.5°, f=25.0°, y=77.8°



Example 5

The magnitude of the projection of the force along the pole
OA.

F=(2i+4j+ 10k} kN




roa=12i+2j—1k}m
rop = (22+42%2+12)%2=3m
noa=2/3i+2/3j-1/3k
F={2i+4j+10k}kN

Fon=F ® Ngp

=(2)(2/3) + (4)(2/3) + (10)(-1/3) =-2/3 kN



Ornek 6

Determine the magnitude of the component of the force
F along the Aa axis.

Answer

N F,.,=36.0N




