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HW 3 Solution
Problem 3.15

A precast-concrete wall section is temporarily held by cables as shown. Knowing that the tension
in cable BC is 900 Ib, determine the moment about the origin of coordinates O of the force
exerted on the wall section at C.

Solution
The moment about point O is the cross product of the position vector roc and the tension Tcg

Mo =T xT
The position vector is obtained by the difference between the coordinates of the two points:
foc =Tc —To
e - 0(0,0,0);C(0,6,0)
F. =00 +6]+0K

Direction of Tcg is same as the direction of rcg

. C(0,6,0); B(12,0,12);

Fs =121 —6]+12k

Fes| = /(12)2 +(=6)% + (12)* =18

. 12, 6. 12, 2. 1. 2.
€g=—Il—-——]+—k==I-=J+=k
18 18" 18 3 3° 3
—900(-?-11+ 2
3
T.g = 600i —300 ] + 600k
] ik
M,=|{0 6 0
600 —300 600

= ((6x600)—0)i —(0) j + (0— (6 x 600))k
— (3600 —3600)K .4t
or

M, = 61 x (600i —300 j +600k) = (36007 —3600k) Ib-ft
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Problem 3.18

A force Q of magnitude 450 N is applied at C as shown. Determine the moment of Q about (a)

the origin of coordinates O. (b) point D?

Solution

(@) The moment of Q about the origin O. We
first get the position vector roc by taking the
difference between the coordinates of the
two points (in meters)

i, -~-0(0,0,0); C(0.225,0.10) Ll

I =0.225( +0.1] + 0k

The direction of Q is along the direction of
the position vector rea. .

f.,+-C(0.225,0.10); A(0.2,0,0.2)
., =—0.0251 —0.1j+0.2k
[Foa| = /(-0.025)2 +(<0.2)% + (+0.2)% =0.225
A 0025/\ 01 2 02 ~ L A 8"
€ca=" I = J+ K=——I-—j+=k
0225 0225° 0225 9 9° 9
. 1. 4,
—Q 6, =450 (~=i-=
Q=Q &, (9 5!

Therefore, the moment about O can be obtained

Mg =Toc xQ
or M,=0225 01 0
-50 -200 400

M, = (40i —90i —40k) N-m
(b) The moment of Q point D. We first get the position vector rpa
F,---D(0,.04,0.075); A(0.2,0,0.2)
F,=0.2i —0.04]+0.125k

—

Therefore M, =T, xQ

"~ A

] ] k
M, =02 -0.04 0.125
~50 -200 400

M, = (9i —86.251 —42k)  N-m

+§|€) — (=501 — 200} + 400K) N

g PAAT sovd FAOA
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Problem 3.19

The line of action of the force P magnitude 4201b passes through the two points A and B as shown.
Compute the moment of P about O using the position vector (a) of point A, (b) of point B.

Solution

First we get the direction of P which is along the
direction of rag.

Fe - A(3,018); B(12,6,0)
Fe =9 +6]—18k
e \/(9)2 +(6)* +(-18)* =21

A 9:\ 6 2 18" 3.'\ 2/.\ 6"
€ =zl+—j——k=—l+—j—7k

20° 21 7 7
2,
?J
P =180i +120 ] — 360k

Then, we get the two position vectors
a) IN'oa

ﬁ=420(§f+ —§|2)
7 7

1\710 = Top X P
F, - 0(0,00); A(3018)
F, =30 +18k
i ]k
M,=|3 0 18
180 120 —360
M, = (~2160i +4320i +360K) Ib.-ft
b) ros B B
M, =T xP
.- A0,0,0);B(12,6,0)
M, =121 +6]

Therefore

M, =12 6 0

180 120 -360

M, = (—2160i + 4320i +360K) Ib-ft

Notice that we have the same answer from (a) and (b)
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Problem 3.28
Determine the angle formed by cables AD and AB.

Solution

To get the angle between the two lines, we need to
get the two position vectors rag and rap, then use the
dot product between them:

Mo - rAB = ‘rAD‘ . ‘rAB" cos @

So

fo - A0,-48,0); D(-14,0,0)

Mo =—141 +48]

IFao| = V/(~14)? + (48)? =50

re -+ A(0,-480); B(16,012)

F,p =161 +48] +15K

IF.o| = /(16)? +(48) + (12)? =52

Fao The :|rAD|'|rAB|'Cose

(—141 +48])- (161 + 48] +15k) = 50%x 52 x cos &
(~14x16)(I xT) +(48x 48)(] x J) = 2600cos @
2080 = 2600cos &

Therefore 9 =cos 2080 _ 36.9°

Problem 3.32

Knowing that the tension in cable BD is 180 Ib, determine (a) the angle between cable BD and
the boom AB, (b) the projection on AB of the force exerted by cable BD at point B.

Solution

a)Note that we get the angle by the dot product of the

two vectors originating from point B to A and D.
So,
r,n -+ B(6,4.50); A(0,0,0)

Fan =61 —4.5]; [Fig| = /(-6)° +(-4.5)> =75
F - B(6,450); D(07.5-6)

F, =—6i +3] -6k

Foo| =(6) +(=3)7 + (6)* =9

Fap - Tg A =|Tep |- |Faa| - COS O

(—61 —4.5] + 0k) - (—61 + 3] + 6k) = 7.5x9x cos &

(-6x—6)+(—4.5x3)+0=67.5c0s 0
36+ (-13.5) =67.5c0s ¢
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b) Let the projection on AB of Tgp at point B be Pgp
P = Tgp COS O

T,s =180xc0s 70.5° =180 x 0.334 = 601b

Problem 3.44

The rectangular plate ABCD is held by hinges along its edge by the wire BE. Knowing that the
tension in wire 546 N, determine the moment about AD of the force exerted by the wire at
point B.

Solution
We first get the moment about point A.
P =451

e -+ B(0.45,0,0); E(0,0.225,0.15)
F. =—450 +.225] +.15k
Fue| = /(~45)? + (:225)? + (.15)° = 525

A 1 o 2 n
€ = z(—lSl +9]+6k)

Toe =Toe €4 :%(—Bf +9] +6k)

MA=.45fx¥(—18i‘+9j+6|2)

9 (546 A e 27 R n
=—| =— 19k -61)=—(26)(-2]+3k) N-
ZO(ZJ( D=2 @o)-2i+3k) Nm

Then we get the moment about the line AD by getting the dot product of Ma and the unit vector
€aD

F,p =—125i +.300k

A 1 2 ~
€. =E(_51+12k)

MAD :éAD ’MA
- 1 2 n 27 2 ~
M, =—(-5]+12k) - —(26)(-2 | + 3k
A 13( J ) 10( )(=2] +3K)
—2.7(10 +36) =124.2 N-m
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