BEER & JOHNSTON Problem 2.14
VECTOR MECHANICS FOR ENGINEERS A4/e STATICS Page 23

Determine by trigonometry the
magnitude and direction of the
resultant of the two forces
shown.

Triangle Rule. We draw the forces in tip-to-tail
fashion.

Law of Cosines

R%= (200 1b)2+ (300 1b)%— 2(200 1b) (300 1b) cos(45°%+ 65°)
R=413.61b <]

Law of Sines

sino  sin(45°+ 65°) 0 a0
3001b - 413.6 1b @=42.97" <]

8 =90+ 25°~ 42.97°= 72.03°

R =41416~72.0° «{
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BEER & JOHNSTON
VECTOR MECHANICS FOR ENGINEERS 4/e

Problem 2.26
Page 30

STATICS

Determine the resultant of
the three forces shown.

Rectangular Components
350-N force: FX= +(3501{)c05250: +317N
F = +(350N)sin25°= +147.9N

800-N force: F_= +(800N)cos 70°= 1+274N
F = +(800N)sin 70%= +752 N

= —(600N) cos 60°= —300N

600-N force: F
F = +(600N)sin60°= +520N

Resultant: R=R i+ R J
= K= y

R = F =+317N + 274N -300N R = +291 N
R =3F =+147.9N+ 752N + 520 N R = +1419.9N
y y | y
F— Ry 1419.9N
fi tano = % = 551N
[ * o =78.42° <]
R = 1
Yy /Bﬁ R
1419.9N | 7 7! R o Y _ _1419.9N
E ~ sin o ~ sin 78.42
i
{':0‘; R=1449.48 <]

R = 291N R = 1449 N<£78-4° <
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Determine the tension
in cable AC and in
cable BC.

400 1b

400 1b

Free-Body Diagram

Force Triangle

From the force triangle we write:

T T

Law of Sines AC - BC - 400 1b

sin600 sin40O sin 80°

T,.=3521 «

Too= 26110 <
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VECTOR MECHANICS FOR ENGINEERS 4/e Page 37

Knowing that P = 640N,
determine the tension
fi's .«cable AB and in
cable AC.

960 N \280 mm

Free Body. Point A is chosen as a free body.

280 7

960 241/ V72, 242 = 95

4
640 N
i IAC F Body Diagram
96ON ree—-no y g
sz—o- 2% 1 L 3(640N) - 960N < 0
e 25 TaB* 3 -
T, =+ 600N  T,p= 600N <«
+ 7 4
—=ZF = 0: 55 Tap= 5(640N) + T, =0
7
T(6OON)———(64ON)+TAC 0
T, o= +344N T, .= 344N <«
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BEER & JOHNSTON Problem 2.62
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A force acts at E?e origin inoa direction defined by
the angles GX: 75" and Ozz 130°. Knowing that the

y component of the force is +3001b, determine
(a) the other components and the magnitude of the
force, (b) the value of @y.

Direction Angles. We have ex: 75° and @Z: 130°.

Eq.(2.24): cosze +-c052@ + cosze =1
X y z

,cosz759+cosze-+c0521300=1
’ cos 6y::t0.721
Since Fy>0, we choose:
c0s 0 = +0.721 0= 43.9° <«
Given: Fy=-+3001b.

Eq.(2.19): Fy:Fcos@y
300 1b = Fcos43.9° F=4161b <«

F For F =416 1b, we have:

F =Fcos®
X X

|
E// :=(416lb)cos75O

F =+107.71b <

F =Fcos®o
z Z

= (416 1b) cos 130°
F =-2671b <«
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BEER & JOHNSTON Problem 2.68
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Given:

TAB: 285 1b
o= 426 1b

TA
0
4 % Find: Resultant of forces
S B~  exerted at A by the

two cables.

45 in.

Forces Exerted at A. Cable AB.

y — . . : . :
AB=(45in.)i-(30in.) j-(18in.)k
AB
OB Ia= Tap2as™ A 2B
B x | £5i - 30j - 18K
! — 2 “"-«’_ - - o
30 i (285 1b) -
. 45 in. T = (2251b)i - (1501b)j - (90 1Dk <]
wownaliiee
Cable AC. AC = (451in.)i - (301in.)j+ (46 in.)k
AC = 71 in.
L e
AC
Lac™ Tactac™ Tac ac
— (426 1b) 45_1_ -~ 30.1 + 46_1_(_

T,o= (270 1b)i - (180 1b)j + (276 1b)k <]

(continued)
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BEER & JOHNSTON STATICS Problem 2.68

VECTOR MECHANICS FOR ENGINEERS 4/e Cont inued
We have: IAB: (2251b)i - (1501b)j - (90 1b)k
_’1_‘AC: (270 lb)_:_'L_ - (180 lb)i + (276 1b)k
. Resultant
R = RX_i_ +R j+R Kk
. 18 in o7
46 in. ~2A R = 3F = 2251b + 270 1b
—AB R = +495 1b

B R = 3F = -1501b-180 1b
y 'y

30 in. R = -330 1b <]

27 45 in. R =IF = -901b + 276 1b
| R = +186 1b <
Magnitude of Resultant
R = \/R2+R24RD - V952, (=330)% (186)2
| X |y z
R = 623.3 1b " R=6231p
Direction of Resultant
“x 495 0
COSO = & =753 3 = +0.7942 0 = 37.4 <
Ry 330 0
cosO = == = =53 3 = -0.5294 @y: 122.0 <
Rz 186 o
cos® = — =533 = +0.2984 0 =72.6" <«
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18 in. Knowing that the

- tension in cable AD
is 924 1b, determine
26 in. X the weight W of the
crate.

¢ Hn
.......
.....

HHHn: o

i

3

Free Body. Point A is chosen as a free body.

Cable AB. AB = (28in.)i+ (45in.)] AB = 53 in.
T oo . —p AB_ o 28i+45] |
ZAB” "ABAAB™ "AB AB ~ AR 53

28 45
Tap=53tapi +53Tapd <]
D
Cable AC. AC = (451n.)i-—(24in.)5 AC = 51 in.
AC 45__]'_— 24_15
Lac™ Tactac™ Tacac = Tac 51

45 . 24
Tacm 51 acd " 51Tack <

(continued)
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BEER & JOHNSTON Problem 2.74
VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS Cont inued

—
Cable AD. AD=-(26in.)i + (451in.)j + (18 in.)k

AD = 55 in.
| AD -261 + 453 + 18k
Tap= Tap2a0™ Tap 2D = TaD 55

26 .45 .18
Lap="55 Tapt + 55 Tapd + 55 Tapk <]

Equilibrium Condition

ZF_:O: —T-AB+ IAC+ _T_AD+H:O

Substitute for IAB’ _'_I‘_AC, -T~AD’ and W and set the
coefficients of i, j, k equal to zero.

28 26

1: 5308 “55ap = © (1)

.. 45 45 45 _

1t 53 Tapt 57 Tact 55 Tap~ W = O (2)
| 24 18 |

k: ~51 lact55ap = O (3)

Given: TAD: 924 1b.

Substitute TAD= 924 1b,
into Eq.(1) and solve for: TAB: 826.8 1b
into Eq.(3) and solve for: TAC: 642.6 1b

Substitute for T TAC’ and TA into Eq.(2):

AB’ D

45 45 45
3—3—(826.8) + 31-(642.6) +-5—5—(924) -W=0

702 + 567 + 756 = W =0 W=20251b <«
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y
7m

Determine the tension
in each cable

.

Free Body. Point A is chosen as a free body.

—
Force Q. AE::(lZnDi-—(BnDi-+(4HDE AE =13 m
e . .
AR 12&-—3;4—4&
Q= QX p= Qg = (7.28N) 13
Q=(6.72N)1i - (1.68N)j+ (2.24M)k <]
Cable AD. AD = -(4m)i - (3m) i AD = 5m
- :Bj

2aD~ Tap2ap™ TapaD = Tap 5

4 .3 )
Tap="5Tapt ~5Tpd <
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BEER & JOHNSTON Problem 2.80
VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS Cont inued

i

Cable AB. AB=-(4mi+ (4m)j+ (7m) k AB =9m
AB ~4i+ 43+ Tk
LA™ Tag2as™ TaB 28 = Tan 9
4 . 4 i
Tap="5Tapl * g Tppd v gk <]
—r
Cable AC. AC=-(4mi+ (bm)j-(Tmk AC=9m
el ~4i+43-7k
—AC "AC—AC "AC AC AC 9
4 .4 |
Tac="9Tact *9lacd ~gTack <
Equilibrium Condition
IF = 0: ’_I‘_AB+_'J_.‘_AC+_T_AD+_Q_=O
Substitute for IAB"IAC’ _’_[‘_AD, and Q and set the
coefficients of i, j, k equal to zero.
. 4 4 4
i: —5Tp = gy~ s + 6-72N = 0O (1)
. 4 4 3
i +9Tag * §Tpc = 5Tup - 1-68N = 0 (2)
k: ZT -7—T 2.24N = O (3)
=5 "9AB T 9ac e =

Solving these equations, we obtain:

TAB: 2.88 kN

-
T, =576 kN <
<«
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BEER & JOHNSTON STAT'CS Problem 3.4

VECTOR MECHANICS FOR ENGINEERS 4/e Page 69

Knowing that P = 450N,
determine the moment of
P about B.

Solution

Bp= a3 E

where r is the position
IA/B p
vector drawn from B to A:

EA/B:+KO.1HOi-+(O.24m)i

Force P. Piz(QSON)COSBOO:389.7N
P

;s ~(450N) sin30°= —225N

P=P i+P j=(389.7M)i-(225N) ]

Moment about B

Mp= La/p* 2

= [(0.1m)i+ (0.24m) j] x [(389.7N)i - (225N) j]
= -(22.5N*m)k - (93.5N*m) k
MB:-(116.ON‘m)E

M= 116.0N'm) =)
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Determine the moment
of the 200-N force
about point A.

Force E
F =0
X o
Fy:-(ZOON)sin6O
| =-172.3N
0.075m r
I —C/A FZ:(ZOO)cos6OO
A = +100N
F=-(172.3N) j + (100Mk <]
Vector Drawn from A to C
ro/a= (0-06m) i+ (0.075m)j <]
Moment about A . .
i J k
MAZEC/AXE = 10.06m 0.075m 0
0 -172.3N 100N

M= (7.5N*m)i - (6N*m)j- (10.39N'mk <
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BEER & JOHNSTON STATICS Problem 3.40

VECTOR MECHANICS FOR ENGINEERS 4/e Page 80
Given: _
M = +20N°*m
X
M = _'8 . 7 5 N .m
y
M =-30N°m
200 mm z

Determine the magnitude of
P and the values of ¢ and 6.

Solution. Force P

P=-Psin¢j + Pcos¢k

Vector from O to C. AB=0.2m

Io= (0.25m)i + (0.2m)sin® j + (0.2m)cos 6 k

Moment about O

i J k
MOZEC*E =10.25m (0.2m)sin® (0.2m)cos ®
0 -Psin¢ Pcos ¢

= [(0.2m)P(sin® cos ¢ + cos® sin¢)]i
~[(0.25m)Pcos ¢ ] j - [(0.25m)Psin¢ ]k

(continued)
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BEER & JOHNSTON Problem 3.40
VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS Continued

We have M =M i + M j+M k with:
y z—

....O X—
sz (0.2m)P(sin® cos¢ + cosOsin ¢)
=(0.2m)Psin(0 + ¢) (1)
My: -(0.25m)Pcos ¢ (2)
M =-(0.25m)Psin ¢ (3)
A VI
Divide Eq.(3) by Eq.(2): tanq):ﬁE (4)
y
Square members of Eqs.(2) and (3) and add:
M2 + M2 = (0.25 m)2P2
y 2 1 [2 2
P=4m M~ + M (5)
y zZ

Substitute Data: sz +20N°*m, My= -8.75N°*m, MZ: -30N°*m

-30N*m ‘ o)
Eq.(4): tan¢ = — = 3.429 b =73.74 B —
Eq.(5): P=4\/(8.75)2+ (30)2 P=125.0N 4

Eq.(1): M = (0.2m)Psin(6 + ¢)

+20Nem = (0.2m)(125N) sin(0 + ¢)
sin(@ + ¢) =0.8 0+ ¢ =53.13° and 0 + ¢ = 126.87°

Since ¢ = 73.74°, o+ 73.74°=53.13° 9 =-20.61°
or 0+ 73.74°= 126.87° 0 = 53.13°

0 =53.1° <«
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BEER & JOHNSTON Problem 3.44
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 81

32 in.

. v
;////’ D, The 23-in. vertical rod CD

is welded to the midpoint C
of rod AB. Determine the
moment about AB of the
235-1b force P.

18 in.

Moment about AB. We shall apply the force P at G.

M ,=A, . M=2x_°(r

5= Mg P) (1)

~G/B”

EC::%(BOin.)=:15in.

CD =23 1in.
(DG)X=-+(21in.)i

(DG) = ~(EC + CD)
=:—(15in.+-231n.)i
= —(381in.) §

(DG) = +(18in.)k

DG = 47 in.
Force P. (P =235 1b)
— .
DG 21i -38j+ 18k
_}:)__P_?_\_DG Pﬁé—(235 1b) 47 ,

= (1051b)i - (1901b) j + (901b)k <]

(continued)
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BEER & JOHNSTON Problem 3.44
VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS Cont {nued
We have: P =(1051b)i- (1901b)j + (901b)k <]

24 in.y \32 in.
Dp T

Vector from B to G

= (16in. + 21 in. - 321in.)i + (18in. + 121in.)k
—(51n)1+(301n)k q

ZG/B
G/B

Unit Vector along AB

—
AB __(321n )i - (30in.) j - (241in.)k AB = 50 in.

AB 32_1_—30;—— 24_1_(_
MMB=AB T 50

A= 0.641-0.60]-048k <]

Moment about AB

0.64 -0.60 -0.48
) = 51in. 0 30 in.
105 1b -190 1b 90 1b

Myp= 248 (rG/ B

~0-1890 + 456 — 0 + 3648 + 270 = +2484 1b*in.
M o= +207 1b*ft <
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BEER & JOHNSTON

Problem 3.62
VECTOR MECHANICS FOR ENGINEERS 4/ | STATICS

Page 92

260 1b
2.51¢u—F I“/ Replace the 260-1b force

' // I3
7 A ShOWTl by an equlvalent

force-couple system at C.

4in
Solution
/5:260113 > >
2.5 in." |Pa AB = VQZ.S) +(6) " =6.51in.
P 7 2.5 5
4 in. el )a sina == = 73 3 a=22.6
< /
2_‘ in. B _ 6 ~ 12
c , \ COSe=%75 = 13
Force F_ f‘_z -F sinoc_i_— Fcosai

5
= -(260 1b)73 i - (260 1b)131
F=-(1001b)i - (240 1b) j

Vector from C to A, r (2.5in.)1i+ (4in.) j

=A/GC
Moment of F about C
Mo=1, ) ox E= (250 + 4) x (~1001 - 240 )
= 400k - 600 k
M,=-(2001b*in)k <]
Force at C. 600’422 6°= 260 1b767 4°

Force-Couple System at C

M _ 0, _ Vs
“¢  F=260 1b J/67.4°; M_=2001b m).q

67.4
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BEER & JOHNSTON Problem 3.72
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Replace the 150-N
force by an equivalent
force-couple system
at A.

Force at A. We move F=1501b to A
F=-[(1501b)cos35°]j - [(150 1b)sin35°]k
F=-(122.91b) j - (86.04 1b) k <]

Vector from A to D |
(180mm)i-—(120mm)i-+(100mm)5

Ip/a=

Moment about A

i J k
MAEKED/AX-E =]10.18m ~-0.12m + 0.10m
0 -122.91b -86.04 1b

= (10.32 + 12.29) i + (15.49) j - (22.12)k |
M,= (22.61N*m) i+ (15.49Nm) j - (22.h2N°m)k <

Force-Couple System at A

F=-(122.9N)j - (86.0N)k <«

M—Az (22.6 Nem)i+ (15.49 Nem) j - (22.1 Nem) k ‘
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BEER & JOHNSTON Problem 3.80
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 107

500 1b . Determine the distance from
le—23 ft B 6ft'_"—5"' point A to the line of

action of the resultant of
the three loads when:

VLSS,

A (a) x=1.25f¢t,
C \ -
e x — \ (b) x =4 ft,
Y300 1b Y1200 1b (c) x=8 ft.

Equivalent Systems of Forces

3 ft-.l500 1b R - d -—lB
N P re N —
L & _.1 N,
¥Y3001b Y1200 1b

Given System = Force and Couple at A = Resultant
+ §R =3001b + 500 1b+ 1200 1b R = 2000 1by
+)MA= (500 1b)(3 ft) + (1200 1b) x
+) M,= 1500 1b*ft + (1200 1b) x

Distance from A to Resultant
MAzlhh 1500 1b*ft + (1200 1b)x = (2000 1b)d
d=0.75+0.6x

(a) For x=1.25ft:

d=0.75+0.6(1.25) d=1.50ft <
(b) For x=4ft: '

d=0.75+0.6(4) d=3.15ft <
(c) For x=8 ft:

d=0.75+0.6(8) d=5.55ft <
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BEER & JOHNSTON
VECTOR MECHANICS FOR ENGINEERS 4/e

STATICS 5;;2“’;"103"’“

A rectangular foundation mat
supports four column loads as
shown. Determine the magnitude
and point of application of the
smallest additional load which
must be applied to the mat if
the resultant of the five loads
is to pass through the center
of the mat.

(loads in kN) =100 j

Place additional load
W=-Wj at point E
having coordinates

x and z.

Force Couple at O
R=1F

y_gzz(gxg)
r, m F, kN rxF, kN°m
A -2i+ 2.5k -80j 2001 + 160k
B 2i + 2.5k ~-120j 3001 - 240k
C 2i -2.5k -200 j -5001i - 400k
D -21i-2.5k -100 j -2501 + 200k
E xi+ zk -Wj Wz j—- Wxk

(continued)

M= (-250 + Wz) i- (280+Wx)k
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BEER & JOHNSTON Problem 3.96
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Continued

We have:

MR

o= (-250 +Wz) i

~ (280 + Wx) k

For Resultant at O:

We set coefficients of i and k equal to zero.
Wz = 250 Wx = =280 (1)
Since |x| <2m, we must have: W > 280/2 = 140 kN 4
Since |z| < 2.5m, we must have: W> 250/2.5 = 100 kN <
Thus, smallest additional load is: W =140 kN <
Substitute W= 140 kN into Egs.(1):

(140 kN) z = 250 kN°*m z=1.786m
(140 kN) x = —=280kN*m X =—2m
W=140kN ,2=1.786m

2.5 — z 100 kN

W is applied at E, 0.714m from A on edge AD <
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BEER & JOHNSTON Problem 4.6
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 126

A(/4\ Determine the smallest

"\M 14 ft allowable value of o if
R the truck is not to

tip over.

5000 1b

7ft 5ft

Free Body. The truck and crane are chosen as a free
body. When the truck is about to tip, we have D= 0.

a=(24ft)cos a
b=(10ft)cosa

5000 1b

D=0

+) ZMC: O:

(30001b)(24ft)cosa + (2501b)10ft)cosa - (50001b)(7ft) =0
74,500 cosa - 35,000 = O
cos a = 0.4698 | a=62.0° <
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BEER & JOHNSTON | ’ Problem 4.14
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 127

Determine the maximum
force which may be
exerted by link AB on the
crank if the maximum
allowable value of the
reaction at C is 400 1b.

Free Body. The crank is chosen as a free body.

//‘\ D ;) ZMcz(h
B 5in.

FAB(Sin,)-FDE(6in.)::O

5
Fop= 2F (1)

A . 3 _ _3
o ZFX_.O. ~.5FAB+ CX—() CX—.SFAB
+ fZF = 0: —-&F +C -F__=0
y 5"AB "y DE
4 5 49
~5Fat Sy A= ¢ €y~ 30" aB
Reaction at C
C2— C2+C2
Yy
C2— 3 )2 >2
“\5 AB 30 AB
C=1.740F

For C = 4001b, 400 1b = 1.740F

AB

F,=23010 <«
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BEER & JOHNSTON Problem 4.20
VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS Page 128

Determine the tension
in cable BE and the
reactions at A and D.

20 kg

Dimensions in mm

Free Body. The rod ABCD is chosen as a free body.

W =mg 9
= (20kg)(9.81m/s")
W=196.2N
2F = 0:  Tpp=W T=196.2N <

The forces acting on the free body form two couples.
S EM=0:  A(200mm) - (196.2N)(75 mm) = 0
A=73.6N
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BEER & JOHNSTON
VECTOR MECHANICS FOR ENGINEERS 4/e

' Problem 4.26
STATICS Page elzg

The 160-1b overhead garage

door is supported by the
cable AE attached at the
middle of its upper edge and
by two sets of rollers at A
and B. For the position when
BD=42 in., determine (a) the
tension in cable AE, (b) the
reaction at each of the four
rollers.

Free Body.

The door is chosen as a free body. We denote
by A and by B the reaction at one roller.

x2+ (4Zin.)2= (7Oin)2

D X =56 1in.

42 in.
I d:(7Oin.)X:O'6X

42 in.

d=0.6(561in.) = 33.61in.

(2B)(42 in.) - (1601b)d =0
(2B)(421in.) - (1601b)(33.61in.) =0

B =64.01b B=64.01b —u= <
-T+2B=0
~T + 2(64.01b) = O T=128.01b <«
24 - 160 1b = 0 |

A =80 1b a=801b §
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BEER & JOHNSTON Problem 4.42
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 135

In the spanner shown a pin
fits in a hole at A, while

a flat, frictionless surface
rests against the shaft at B.
For the loading shown,
determine the reactions at
A and B.

P = 300N

A
50 /" &

......................................
............................................................
.........................................

75 mm ‘

fe————— 375 mm ——»

Free Body. The spanner is chosen as a free body.

(75mm)sin50o A AC =75 mm P=300N
=57.45 mm ’\\}——- o
— \~~= v‘ Y
E s
B
(75 mm) cos 50° - e 375 mm
= 48.21 mm
Three-Force Body. Forces concurrent at D.
In triangle ADE: B 57.45 B
tana = 48.91 7375 = 0.13575
a=7.73°
Force Triangle
A a=7.73°
P = 300N
, 2
B t
A(sin7.73°) = 300 N
A =2230N A=223083n7.73° <«
B(tan7.73°) = 300N
B = 2210N B=2210N —» <
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BEER & JOHNSTON

VECTOR MECHANICS FOR ENGINEERS 4/e

STATICS et

170N

Rod AB is supported by a pin and
bracket at A and rests against a
frictionless peg at C. Determine
the reactions at A and C.

Free Body. The rod

AV\\F~16Omm—1

|L70N

AB is chosed as a free body.
Three-Force Body

Reaction at C . to AB. Forces
concurrent at D.

160 mm

o0 a=28.07°

tana =

Since AC = CB, < CAD = a, and
direction of A is‘% 20..

170N

(90 ~ a)4—2a-+8-—180
B_.9O -

This is the same as angle between
C and 170-N force; triangle is
isosceles and we have:

A=170N
C=2(170N)sina = 160.0N

A=170N 2 33.9° <
C=160N %28.1° «
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BEER & JOHNSTON Problem 4.68
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 146

The 20-kg plate is
supported by three wires.
Determine the tension
in each wire.

Z

Dimensions in mm

X

W =mg 5
= (20kg)(9.81m/s™)

W=196.2N

¢—w_1 = —(196.2N) j

ZMB:(h EA/BxTAi-FEC/BxTci-FEG/Bx(—196.2N)i£:0

5OOE’<TAJIF('SOOEI*37SE)"chﬁ+(_2501*'250k)x(‘196'2i)20

-500T, i- 500T k- 375T i+ 49.05x 10k + 49.05 x 1071 = 0

Equate to zero the coefficients of unit vectors.

ki =500T + 49.05 x 1032 0 T =98.1N «
i: =500T,- 375(98.1) + 49.05 x 10°= 0 T,=24.5N <
ZFy: O: TA+ TB+ TC— 196.2N =0

24.5 + T+ 98.1 - 196.2 = 0 T, =73.6N «
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VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 146

Boom AB is supported by
two cables and by a ball
and socket at A.
Determine:

(a) the tension in
. each cable,
3 ft P ' (b) the reaction at A.

6 ft

6 ft “850 1b

Free Body. Boom AB is chosen as a free body.

Cable BC

i

BC=-(12ft)i+ (3ft)j+ (4ft)k BC =13 ft

BC 12 3 4

Tec= TBc BC Tac=~ 13 eot + 13 Tped + 13 Taek <]
Cable BD

. ]

BD = —(12ft)i + (4ft)j - (6 ft)k BD=14ft

12 ) 4 . 6
Top=~Tatept * 72 Tepd ~ 17 Tept <

(continued)
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VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS Cont inued

Equilibrium Equations

M = 0: r. xT_ +r_ xT + T

=A Ip* 2B¢™ LB™ =BD xP =0

E

12 . 3. . 4
121 x (- 73Tp0l + 73 Tped + T3 Tpck)

) 12 . 4 ., 6 , .
+ 12__1_x( 14TBD—1-+ 14TBD—J—_ 14TBDE) + 61 x (—850;)_0

—3-9'1‘ k—é-g-T j+&-§T k+z-2-T

3 ek ~ 13 Tpcd * 12 TppX + 14 Tppd — 2100k =0

Equate coefficients of j and k to zero.

.. _48 72,
3* "13T¢* 14 8D

36 48
"1'—3"TBC+ ETBD— 5100=0

0
_15:

Solving simultaneously: TBC: 975 1b; TBD: 700 1b <

rF = 0: Ax-£+Ay=]-+Azk+T +EBD+P_:O

- LI Yo
12 12 , 3 4 .
(& - 13Tpc" 14 ep’ L+ (Ay+ 13 Tpe* T4 o™ 850) j
4 6
+ (A + 73 Tp0~ T4Tpp K =0
A - 120975y ~ 12700y = 0 A = 1500 1b

1+ A T3 - 14 = X <
j: A +—§—(975)+—£—(700)—850=O A =4251b <
= y 13 14 y
ki A +—(975) - 2(700) = 0 A =0 <
—" z 13 ' 14 z

A=(15001b)1+ (4251b) ]
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BEER & JOHNSTON Problem 4.94
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 149

Plumber exerts at A:
F=-(6.51)] =~
M::—(97L51b'ft)i ’’’’

7,
7
?
’
7
7
’
s
g
o>
g
g
7
7
(1
7
7,
”
e,

Determine reactions

8 ft N at B, C, and D caused
T by the plumber.
1.5 ft
Free Body. The entire pipe is chosen as a free body.

Equilibrium Equations:

MO—-O: Ipx (B4—F)-+rcx C4—er D+M=0

rg=-Bf)i, r=-Q2f)j, r=~05f)i-(2f)j-A5ft)k

(continued)
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BEER & JOHNSTON

STATICS Problem 4.94

VECTOR MECHANICS FOR ENGINEERS  4/e Continued
Equilibrium Equations
ZMO_O _1_‘_Bx(B+F)+erC+rD><D +M=0
i ] k i ] k i ik
-8 O O} +]10 =2 Ol +1.5 -2 -151-97.5j=0
B -6.5 B 0O C D D 0
X y y z X ¥y |

Equate coefficients of i, j, k to zero.

i: 0-2C +15D =Q =———w C =7.5D (1)

- 4 y 4 y

hE 8BZ+-O-15DX—-97.5::O (2)

k: 52+0+1.5D +2D =0 (3)

X y x

F =0: B +D =0 (4)
X X X

F =0: C +D -6.5=0 5)
y y y ‘ (

IF =0: B+C =0 e=—e B =-C =-7.5D (6)
z z z z z y

Substitute from (6) into (2):

Solve (3) and (7) simultaneoulsy:

From (5):
From (1):

From}(4):
From (6):

C+6-6.5=0
y ‘

C =7.5(6)
z

X
B =-7.5(6)
Z

B=(30.51b)i - (45.01b)k

C=(0.51b)j+ (45.01b)k

8(~7.5D ) =15D =97.5=0
y X

or 15D + 60D =-97.5 (7)
X y

D =-30.5, D = +6
X y
D=-(30.51b)i+ (61b)j <«
C = +005
y
C =+45.0
z
B =+30.5
X
B —4500
Z

<

Copyright 1985 McGraw-Hill, Inc.




BEER & JOHNSTON Problem 4.100
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 150

y

150 mm 200 mm

‘\\\\‘ Rod ABC is hinged to a
vertical wall and bears

,,Am at C against another

' vertical wall. For the
load P =150N, find the
reaction at C. (Neglect
friction.)

z e
100 mm

150 mm

Free Body. Rod ABC is chosen as a free body.

y 200 mm

151:E>/f‘\\\\‘
| /1// P=-(150N) j

Since C is.. to
xy plane,

C=Ck

Y
300 mm ‘(/

150 mm 100 mm

Equilibrium Equation. To eliminate reactions at the

brackets we shall write: ZMBA: Z(ABA.M >::O

(continued)
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BEER & JOHNSTON Problem 4.100
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Continued
y
200 mm
150 mm
/ B

¢ = Ck

Equilibrium Equation. ZMBA (ABA.—MB> 0

ABA. [ED/BX( 150__1)]+)\BA (r /Bx Ck) =0 (1)
where £C/B= (200 mm) i - (150 mm) k
150
-—D/B 550 L C/B (120mm)1—(90mm)k
BA:(300mm)_i-—(150mm)_l§ BA=150'\15 mm
, _300j-150k , Ly ) |
App= LppAT = 2] - K
BA 1503 BA V5
0 2 -1 0 2 -1
Eq.(l): 120 0 =90 —1——+ 200 0 -150 \[__——1——=0
0 -150 0 - 0 0 C >

(18 000 - 400C)/ \/5_ =0

C=45N C=(45N)k <
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SINHCS_

Problem 5.2
Page 165

y

Locate the centroid of the
plane area shown.

Solution. The area is obtained by adding a rectangle

and a triangle.

2L'6in:‘ﬂ

y
3in.

ly 4 in.

A, inz

Rectangle | (4)(6) =24

Triangle %{3)«ﬂ::9 4 5 f 36 45
5 33 108 93
y XZA = I %A
X(33 inz) - 108 in>
X=3.271in. <
Y A = 1 yA
S . 2 .3
Y(33in") = 93 in
¥=2.82in <
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Problem 5.26

STATICS Page 168

A thin homogeneous wire is

bent to form the figure
shown. Locate the center of
gravity of the wire figure.

Solution. Center of gravity of homogeneous wire is
located at the centroid of the corresponding line.
. y,3 in C
l 1 BC2: (Bin,)2+ (6in.)2
1.51in}
} B 1T 7 in. BC=6.708 in.
4 in. . ¢ 305 ino
‘2 ln.l A D ‘ ¥
e X
I . l
3 in.
N - B I - .2
L, in.}x, in.]y, in.|xL, in yL, in
AB 4 0 2 0 8
BC 6.708 |3 5.5 20.124 36.894
CD 7 6 3.5 42 24,5
DA 6 3 0 18 0
z|23.708 80.124 69.394
_ XL = 3xL 5
5 X(23.708 in.) = 80.124 in
vyl X

/
A

LILSSS SIS SIS S S

Z
7,

%,

2,

7//////////,,

ONNNNRNNNNNNNNNNNY

_ B X=3.381in. -«
YIL = ZyL

Y(23.708 in.) = 69.394 in'2

Y=2.931in. <
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BEER & JOHNSTON STAT'CS Problem 5.40

VECTOR MECHANICS FOR ENGINEERS 4/e Page 177
y —~y = b(1 -—kx3) Determine the centroid
I of the area shown.
b
J__ X
R —
y | Value of k. For x=a, y=0
b 57614}7 O=b(1-—ka3) k=1/33
i box XB
T ] ()
[ 4 a
Vertical Element. )_< 1= X y o y/2, dA=ydx
4_ a g
= JdA = ydx_ 1 -%-Vdx =b|x - 2= =—ab
3 4
ba” -0

a a 2 a

%zf}?eld’A: ];)xydA-: ](.)b(x———-—)dx_ [-}zs-g—-g] =-§6a2b
g{fy 1dA_[ y)ydx f (1- )

a
b [(1_—-—~'+—-—-)d b [x_ x +x7 ] - 2ab?
2 . 2 a3 7a6 0 28
— -(3 3 2 - 2
xA_Qy. x(z;ab>:-i—6ab x=ga 4
- -(3 9 2 - 3
yA:QX: y(Zab) =-2-§ab ‘y=—7-b <
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BEER & JOHNSTON
VECTOR MECHANICS FOR ENGINEERS

4/e

Problem . 5.64

STATICS Page 179

p— 32 mm ——~

Determine the volume and

T_ mass of the pipe collar
12 mm obtained by rotating the
shaded area about the

‘t'_ centerline AA' of the plpe
9 mm

_*_ Density: p = 7200 kg/m
6 mm ? A\

. —

A 2 V) Al

Solution. Shaded area is difference of two triangles.

(Dimmensions in mm)

— 32 —f 24—
12 -
9 T
64 — 24 —-l 8 - 2
A A A A A'
Triangle I: AI=w§(21)(32)_.336rmn2 yI_.13mm
. 1 2
Triangle II: ::5(9)(24)_.108nm1 yII—9rmn
Volume. V= ZNAIyI ZNAIIYII ,
-Zﬂ[(336mm )(13mm)-—(108mm ) (9 mm) ]
:21.34x103mm3 V=21.3x103mm3 4
Mass. m=pV=(7200kg/m>)(21.34 x 10°)(10™° m>)

=153.6 x 10"3

m=153.6g <«

kg
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BEER & JOHNSTON Problem 5.82
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS

Page 186

0.6m 24 kN 3OkNO3m Beam AB rests on soil
__'___.l "+l which exerts a linearly
A Y B distributed upward load
OF ’ ......... ’ 1’ ......... T s as shown. For the given
A loading, determine values
Wy of W, and Wh corresponding
pot—eonoro—— 1.8 m; ~——m| to equilibrium.

~Solution. Divide area of load curve into
two triangles. .
24KN  0.3m, 30KkN Rp=gup(1-8m)
= O.9wA
I _-——:f:”—— R ::lw (1.8m)
WA‘(”_—‘ ° 11 IT 2B
W
I = 0.9%w
IRI RII B . B
|
5 6m To.6m To.6m

Equilibrium Equations

M =
+ZD

+'ZF:O:
y

(24kN)(0.6m) — (30kN)(0.3m) - RI(O.6m) =0
14.4 ~ 9 - (0.9w,)(0.6) =0

5.4 - 0.54w, =0 w,= 10kN/m <
~24 KN = 30kN + R+ R = 0

-54 + (O.9)wA+ (0.9)WB:O

-54 + (0.9)(10) + O.9wB: 0

~45 +0.9w,= 0 wp=50kN/m <
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BEER & JOHNSTON Problem 5.88
VECTOR MECHANICS FOR ENGINEERS 4/ | OTATICS Page 186

An automatic valve consists of
a 9 x 9in. square plate which
is pivoted about a horizontal
axis at A. Determine the
depth of water d for which
the gate will open.

JD ZMA: 0: PI(6 in. -3.6in.) — PII(3°6 in.-3in.) =0

[209)(97)(d = 9)1(2.6) = [3(9)(97)d1(0.6) = 0

(d - 9)(2.4) - d(0.6) =0
1.8d -21.6=0 d=12in. <«
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VECTOR MECHANICS FOR ENGINEERS  4/e Page 196

For the machine

element shown, locate
the y coordinate of
the center of gravity.

Solution. The machine element consists of two
rectangular plates (I and II), plus a half cylinder
(III), plus a 40-mm-radius cylinder (IV), minus a
30-mm-radius cylinder (V).

y

Dimensions in mm

/

U
o
o

ava

|
\\6O\L\
60 [L-10
U

)
.l. . gy
.ll.'.' Anpyss
+OW
6..»." |
(continued) o
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VECTOR MECHANICS FOR ENGINEERS

4/e

STATICS

Problem 5.106
Continued

/

On
o

ava

y

Dimemsions in mm

v, | 4
v, mm3 mm | YV, mm
p | Rectangulart isgy160y(10) = 120.00x10° | -50|-6.00 x10°
Plate \ -
11 | Rectangulary i ,4y50y(10) 60.00x10°| —5]-0.300x10°
Plate
pry | Half T(60)(10) 56.55x10°| —5]-0.283x10°
Cylinder 2
IV | Cylinder n(40)2(10) 50.27x103 +5 +{L251x106.
v|-(cylinder) |-7(30)%(10) = -28.27x10°|-50 |+1.414x10°
3 6
z +258.6x107} -4.918x10
YIV = 5yV: Y(258.6><1o3 mm3) = ~4.918x10% mm”

Y =-19.02mm <
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BEER & JOHNSTON

Problem 5.124

VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 198
1/3 :

y = kx Locate the centroid of the
volume obtained by rotating
the shaded area about the
x axis.

X

X1/3 Value of k

y

— e 9
2 h
vzjdvz f
n2/3 4

f ra’
x .dV = f
el h2/3 0

y=k
T For x=h, y=a
1/3 a
a a = kh k =
h1/.3
l . g = a X1/3
h1/3
Element of Volume. Disk of
radius y and thickness dx.
2
dV::ﬂyzdx:: UL x2/3dx
2/3
_ h
Xe1: X
2/3 ﬂaz 3 5/3 h 3 2
X dx = 273 gx zzgﬂa h
h 0
his/s a2 13 8/310 3 2.2
X dx = K §X ::gﬂa h
h 0
xV = fxeldV
)?(—:;—Trazh’) = —g—ﬂazhz X = -g—h <
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BEER & JOHNSTON Problem 6.6
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 214

B * 6 kN Determine the

force in each
3 kN member of the
‘ truss shown.
D 'E
.—1.2m——|
A\ 32 "pE 3kN
; \‘* , 5 & 3 <
3 kN " F_.._=5kNT
Y. o S ZBE BE
P FDE_—_4kNC<
e F = 0:
X
4(5kN) = F. =0
5 AB
F._=+4kN F,_=4KkN T«
F = 5KkN AB AB

_.BE_

} : |

+ 8F =0: —-6kN-=(5kN) -F__=0
.y 5

BD
Fop=—9kN  Fp = 9kNG > |
Joint D N fZF _0:
| y
-9kN+-3~F =0
5 AD
F,p= +15kN F, = 15kNT 4

' 4
_—Zsz 0: -4KkN- -5-(15 kN) - FCD: 0]

Fop= -16 kN F =16 kNG <«
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Problem 6.10

STATICS Pages 214-215

5ft

693 1b
11 fr |

Determine the force

in each member of
the truss shown.

Reactions.

Sftl

The entire truss is chosen as a free body.

693 1b  sF -o: D=0

11 £t | =55t X

D —-+1651b =165 1b’
++ZF =0: 1651b-6931b+E=0
E = +528 1b Ezszslbf
Joint D + 5 4
— L FX: O: BFAD 'S“FCD'—- 0 (1)
F
—AD +fZF =0:
> 12 3.
F
1213 e T5Fap* 3Fopt 16510 =0 (2)
21‘3 Solve (1) and (2) simultaneously:
pdd - _
f F, = =260 1b F = 2601b C «
D =1651b - _
Dy Fop= +1251b Fo=1251b T «

+)ZM = 0:
2y

D (21ft)-—(6931b)(5ft)._0

(continued)
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BEER & JOHNSTON Problem 6.10
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Continued
5ft, 11 ft 693 1b
! e We have:

la By N-5ft

F,=2601bC «

Fop=1251b T «

_L E
D E =528 1b
Joint E N 5 /,

\ Fpp  =—IF= 13 gt 5TcE= © (3)

\ +1’ZF =0

5 R
l:‘-CEv\ 13\ 2 —1-2-F +§-F + 528 1b=0 (4)

3\ - 13"BE" 5 CE

- -832 1b Fyp=8321b C «

4 . Solve (3) and (4) simultaneously:
::? FBE

E =528
- Fop= +4001b  Fo =400 1b T <
Joint C .
B e T N L
00 1b -—CE400 1b _ EBC BC™ " CD
Eop 1251b F o= 4001b T5 Fp =125 1b T«
Joint A

+

5 4
'1—3"(260 1b) + "5"(400 1b) + FAB= 0

F = —420 1b F,p= 420 1b C «
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BEER & JOHNSTON ' Problem 6.22
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 221

12 kN
A C ;E C}} I
B i Determine the

1.8m force in members
| FG and FH..

% D F H
lbe——4@2.4m=9.6m —=

Reactions. The entire truss is chosen as a free body.

12 kN} 5 {12 kN

A

Dimensions in m

—r>
<

J

iﬁ/

—

2.4 |2.4™ | 2.4 12
|

(12kN)(4.8m) + (12kN)(2.4m) - B(9.6m) = O
B = +9 kN B = 9kN f
OkN — 12kN - 12kN+J =0 |
J = +15kN _{:15ka

Force in Members. Consider portion of truss to right

of section n-n as a free body. bor F
12 kN Member FG

ﬁm G I +TZF=O:
< £ y

? 3

1.8 m _EFFG

-12kN +15kN=0

F_ =+ 5 kN
poi-——t 4 FG
L_ Fen It =15kn Fpo= SN T
2.4m 2.4 m —~
Member FH
;> ZMG=(M (15kN)(2.4nﬂ-—FFH(l.SHD::O
Fp=+ 20 kN Foy= 20 kN T «
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VECTOR MECHANICS FOR ENGINEERS 4/e Page 221
. BQkips A
8 fﬁiﬂ)klps‘\\\\\\\\”c Determ?ne the
) force in members
DG and EG.
8 ft* 30 kips kD E
i 1
8 fa P G

\&

Solution

Section n-n is passed through
the truss. The portion of the
truss above the section will be
chosen as a free body.

Force in Member DG -

120k1ps .:.Zsz(h
8 ft . 15
30 ><~B rC 3(30kips) + 17FDG 0
kips F 102 ki
8 ft = - ips
+30 D Tno|F DG
kips [N (5 | E F_-102kips ¢ <
8 fr 8L___ Y EG DG
4 “pFY 5 NG
l—15 ff;""l

Force in Member EG
Q 2Mp=0: (30kips)(16 £1) + (30kips)(8 ££) + Fy (15 ft) = 0

= =48 kips FEG: 48 kips C <

FEG
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4/e

Problem 6.64

STATICS Page 233

Determine the components
of the reactions at D and
E if a couple

M =150 N'm)

(a) at A,

is applied
| (b) at B.

~ 0.6m  0.6m  0.6m

o |
=1

Entire Frame.
body.
free body is immaterial.

D ZMDz O:

E = +250N E.—_250Nf «
y =y ,
+fZF=O: D + 250N =0
y y
D = -250N D -250N y <«
+
e ZF = 0 D +E =0 (1)

(continued)

The entire frame is chosen as a free
The point of application of the couple on the

Ey(0.6m) - 150 N*m =20
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BEER & JOHNSTON Problem 6.64
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Cont inued

(a) Couple Applied at A. We have: Dx+ EX:O (1)

NC Y
(e »
L_._DXi Zx
—X —y E =250 N

0.6m 0.6m —Y
Free Body: Member BCE. 1Itis a two-force member.

C
—
O.4mI:B C’ -

Zx
i sy
= 250 N
B Ey 1:20950N) = 750N
1.2m ~ 0.4m 0.
| E =750 N =— <«
Eq.(1): D - 750N =0 D - 750 N —= <
(b) GCouple Applied at B.
Ae 0.6m
M=150 N*m [

(O *

0.4 mT B CND—‘
D -150N ¢ D
—y X

Eree Body: Member ACD. Itis a two-force member.

D D
X y

0.6m  0.4m

D =200950N) = 375N

x 0.4
D =375 N —= «

o

Eq.(1):  E =375 N=— o
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BEER & JOHNSTON Problem 6.70
VECTOR MECHANICS FOR ENGINEERS 4/e | STVATICS Page 234

Each pulley has a radius

]

— 2 m T 2m —=f
O
B ol =

D of 250 mm. Determine the
El.Sm components of the
/_.L reactions at D and E.

d ZMEz Oz

(4.8 kN)(4.25m) — DX(l.Sm) =0

D =+13.60kN D =13.60kN-=«

+
— ZFX-— O:

E +13.60kN=20
X

4.8 kN E =-13.60kN E_=13.60 kNl
X —X )
+f2F:o: D+E -4.8kN=0 (1)
y y oy
Member ACE 0.25m
2m ——-H\.///
LT
T 4.8 kN
al_—==" ¢}~ E = 13.60kN
A —’(./ < d .)4-;—.){
a_ <
A t‘— 2.25m —— .75m“’fE
Y e 4tm ] 2y
+ ZMA_—. : (4.8kN)(2.25m)+Ey(4m):O
E =-2.70 kN E =2.70kN
y -y ‘ 4
From Eq.(1): Dy-2.70kN—4.80kN:O
D = +7.50 kN D = 7-50kN |} «
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6in. 9in. A 9in. nL

*360 11;]— *240 b

..................

Determine the
components of all

..................... ; forces acting on
R AOe00000000 .? D ot ABD.

N

Entire Frame. The entire frame is chosen as a free

body. S A5in. J o 18in. f o, 000
360 1bY - %

VA

T"]‘r‘—‘g I&

| I —»d E
E

+) M= 0: E(121in.) - (360 1b)(15 in.) — (240 1b)(33 in.) =0
E=+11101b E=11101b —w

_..+..2sz0: A +11101b=0
A =-1110 1b A =11101b =— <«

+?>:F=o: A - 360 1b - 240 1b = 0
y y
A= +600 1b A= 600 1b 1 «

(continued)
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BEER & JOHNSTON Problem 6.78
VECTOR MECHANICS FOR ENGINEERS 4/e | OTATICS Cont inued
We have: # 360 lb“ L24O 1b
3 »
A =11101b A
—X 4 @ o/ ol D
A =600 1 B
E=11101b
= _>UE
c C Member CDE
-y
¢ 4 —
— e D IM = 0:
12 in. © (11101b)(24 in.) =D _(12in.) = 0
—° '
19 in. —X '&D DX: +2220 1b _l_)_xz 2220 lb=a— (on CDE)
_'______.yd Ey
E=11101b Member ABD. From above, we note
5 D = 2220 1b —e= «
-y
A =6001b D
i A‘ BA Ex I TD
2 . ID , D =22201b
Ax: 11101b -6 ineefe——o 18 in. ———nl

5 BMy=0: D (18in.) - (600 1b)(6 in.) = O
D = +200 1b D =200 lb f «
y =y
..LzFX: 0: B_+22201b-11101b=0
B =-11101b B =1110 1b=— <
+fZF =0: B +2001b+6001b=0
y y
B = ~800 1b B =800 1b { <«
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240 mm - 240 mm

A 9-m length of railroad
track of mass 40kg/m is
lifted by the tongs shown.

150 mm Determine the forces
1 exerted at D and F on
300 mm tong BDF.
200 mm
20 mm -

Free Body: Rail. Weight of 9-m length of rail:
W= (9 m)(40kg/m)(9.81 m/s%)

W=3532N
By symmetry: |
E =F =1 =5(3532N) = 1766 N
y 'y 2 2

Free Body: Upper Link. By symmetry: FAC::FAB

W=3532N

1
(FAB)y: -2—(3532 N) =1766N

Since AB is a two-force member,

EAC (FAB)x (FAB>y

<T150 150D

240 150
240 240 (FAB

240
)Xz (1766 N)(TB'E)') = 2826 N

(continued)
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Cont inued

We have: Fyz 1766 N, (FAB)X: 2826 N, (FAB)y: 1766 N

Free Body: Tong BDF.

Attach EAB at A.

(EAB)yz 1766 N}ﬁ
L} 7 |A _
(Fop), = 2826 N

150 mm d

F =1766N
-y

—p,
-—ZLIOmm-—! t'" 20 mm

Y M = 0: F_(200mm) ~ (2826 N)(450 mm) - (1766 N)(20 mm) = 0

F = 6535 N
Force at F: F = 6535N %
>
_q a | = 6770 NN 15.1°
Ey= 1760 N ____\_.1__.\_;! F=6770N <
+

——ZFX=O: -DX+ (FAB)X+ sz 0
—DX+ 2826 N + 6535 N =0 DX: 9360 N
+ #IF =0: D+(F ) -F =0
f y y AB'y 'y

D + 1766 N-1766N =0 D=0
y y

Force at D: D =9360N = <
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Two rods are connected by a
frictionless collar at B. Knowing
that the magnitude of the couple
MA is 500 1b*in., determine (a) the
couple M-required for equilibrium,
(b) the components of the

reaction at C.

N

Rod AB. Force B exerted by collar on AB is .l to AB.
M, = 500 lb‘1n.)

D ZMA= 0: B(101in.) —MA= 0

B(10in.) — 500 1b*in. = 0
B=501b

+) ZMC= O:
MC— (0.6 B)(20in.) - (0.8 B)(8 in.) =0

MC— (301b)(20in.) - (401b)(8 in.) =0

M= 920 1b*in. M =920 1b*in7) <«

+
—wZF =0: C +0.6B=0
C +0.6(501b) =0
C =-301b C =301b=— <«

+§zF =0: ¢ -0.8B=0
"y y
C.-0.8(501b) =0
y
G = +40 1b c, - win
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Determine the reactions at the supports, .
hlnge ‘3 kips linkage 3k1ps‘

% 55\ 3 @\ég
8 ft *Laft 6 ft =

(a) (b)

(a) Free Bodies. We choose AB and BD as free bodies.

3 kips
B p
B ‘—y B B C D

= -61— re— =g ]
éyf—é—-8ft———‘ —X Eyf&4ft—~l-—6ft —49_

Free Body: Member BD
+) M= 0: D(10ft) - (3kips)(4£t) = 0

D=+1.2 kips
.+.
._..ZFX_ O: BX_ 0

+ $IF =0: B -3kips+1.2kips=0 B =1.8kips
* yo o y P | % y p
Free Body: Member AB

+) ZMAzO: M - (1.8kips)(8ft) =0

MA_ +14.4kip ft M =14.4kip* ft) <

+
—2F =0: A -B =0 A =0

+*ZF:O: A -B =0 A -1.8kips=0
y y |y y f
A =+1.8kips : A =1.8kips
y p 2y P

A= 1.8 kips f

(continued)
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(b) $3 kips Detail of linkage

i =

Free Bodies. We choose AB and BD as free bodies.
Linkage exerts on each member two horizontal
forces which are equivalent to a horizontal force

and a couple. 3 ki
M psS
A MA MB —B B C;, D
—x J : 2 ]
sF—ste —B72 2 N leage st ——1_13
Free Body: Member BD —gm IF = 0: B=0
+’2Fy=0: D-3kips =0 2=3kipsf <
Note: 3-kip load and D=3kips form a couple.
+3ZMB= 0: (3kips)(6ft) —MB:O MB= 18 kip*ft

Free Body: Member AB

+
—=IF =0: A =0 +f2Fy:o. A= 0 A=0 <
+) ZMA=O: 18k1p‘ft—MA:O MA: 18 klp‘ft) <
Summary
M, = 14.4kip* £t f kips  M,=18kip-ft 3 kips
[ X 1D (T. 3 Ip
fA B C 1 fA B C f
A=1.8kips D=1.2kips A=0 D =3kips
(a) (b)
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350 1b B N |"'12m“’i C For the bracket shown
T 1 determine the intermal
__‘_ * forces at point J.

8 inst—16 in.
Free Body: Entire Bracket. + fZJF =0: _I_)_yz 0 <
3501b B C ) ZM _0:

(350 1b)(15 in.) - Dx(7 in.) =0

= +750 1b
D =750 1p —= <]

Free Body: Portion JCD.

__LZFX= 0: 750lb-F=0

FM ..__121n._.1_CT F=+7501b
: 8 in. F=7501b =— <«
i
- IF =0: V=20
+ ) , v >

D
D =0 QX: 750 1b

+Y M= 0: M+ (7501b)(8in.) = 0
M =460001b*in. M:6kip‘in.) <
Internal forces on JCD '

_F_=7501b4-€- J ;

M=6kip*in.
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300mm 200mm 200mm 300 mm Radius of each
| ~te -t - - pulley: r =100 mm.
'- . |7 p “‘r Determine
A"II ‘ ‘:;:;:;:;:;:;:;:-.:;:;(:3:;:;:;:;:;:;:fl;:?;:l};:-:-:-:-i;.;.;:-:-:é:;:;:;:;:;:;:;:;:;:;:;:;:;:-:-:P:-:-:- in terna ]' f orces
/ NGB J SHHDE »}3, (a) at C, (b) at J.
$600 N
Free Body: Entire Assembly Dimensions in meters.

) >

600N
/\T IF = 0:
A 600NL\/ \_/ T E=0

0.2 0.1 0.2 0.2 0.1 0.2

—>

+) ZME: 0: (600N)(0.2m) - (600N)(0.8m) + A(1m) =0
A= +360N - A= 360N f
+f2F=o: 360N + E = 0 E = -360N E = 360 N
y y

Slope of Cable

BC=DH=r:100mm sin o = 100 mm o = 30°
BGC = CD = 200 mm ~ 200 mm -
Replace Forces in Cables by equivalent forces at B and D.
At B: N o = 30° g 600 cos 30° B
600 N 600N ¥ 600sin30° 900 N
Follow same procedure at D. (continued)
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Problem 7.12
VECTOR MECHANICS FOR ENGINEERS 4/ | STATICS

Cont inued

Equivalent Loading of Beam ABCDE

519.6 N 519.6N
Ag — . g E

Tsson  Byooon C' DF900 1 ¥ 360N

je— 0.3 m —=f=—0.2m 0.2m—=t—0.3m —=

(a) Free Body: Portion AC.

_LZFX: 0: 519.6 N—F =0
M F=519.6N

A 519.6 N |
% "; F F =520 N =— «

360N Bv9OON C@
fe— 0.3m —=f=- O. 2m--|—*

+ fz:Fy:o: 360N - 900N =V = 0

V= -540N v=sson § <
2 mM = 0: ~(360N)(0.5m) + (900N)(0.2m) + M= 0
M=0 <
(b) Free Body: Portion AJ. ...LZFX=O: 519.6 N~ F =0
F=519.6N
519.6N (M
A = <
: --B:JEN}E F = 520 N =a—
360N 900 N y ‘V
l— 0.3 m —sle— -
O.1lm
+ §ZF = 0: 360N - 900N -V =0
g |
V = -540N ‘ y_:SAONf .|
Y M = 0: ~(360M)(0.4m) + (900N)(0.1m) + M = O

M= +54N'm _1\4=54N'm) ‘
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Problem 7.36
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 266

Draw the shear and
bending-moment
diagrams for the

f2 ftofa—b ft —afae 4 £t —ole2 f el beam AB.

Reaction. Uniformly distribute? upward reaction.
6 kips 6 kips + $§IF_=0:
Y . y
B -2(6kips) + w(12ft) =0

EEEEEEEEEEN Y w=1kip/ft
oo 12 ft ——~

From A to D

A X 'ﬂisﬂ +’2Fy:0: wx - V=0
[ EEREERRALY; V=WX=(11)x2 V=x
X Y

=%wx2=%(l)x2 M:=-;—x2

. M
6 kips r__-x—-Z——»J -~ From D to C
A = ZV) +’ZF-—O' wx - 6 kips - V=0
AREEEEEEEREE ¥ y~ O ps = V=
«12‘-——-——-’25——[ ()x-6-V=0 V=-64+x
wx |
+ ZM2= : (6)(x-—2)-—wx§-FM:=O
M:=12-—6x-+(1)x§ M:=12-6X4-%X2
V(kips)
X
M(kip*ft)
X
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120N 120 N 120N Draw the shear

' and bending-moment
diagrams for the
beam AB.

p“iZOOmm*L—zoOmm»L—zoo:nm—-J \

Reactions

120N 120N 120N -—-h-ZFX— O:
\\‘\) -
| X
|

L 0.2 m—et=—0.2m —+—O.2m-‘t_

A IM,= 0: B_(0.6m) - (120M)(0.2m) ~ (120N) (0.4m) = 0

By—-+120N By— 120N ’
+ §IF =0: A-3(120N) + 120N =0
Y A=+240N A= 240N f
Equivalent Loading of Beam AB. For each arm we have
120N IF = 0: F=120N
IM = 0: M= (120N)(0.2m)
= 24N°*m
M
0.2m F
120N 120N 120N

A xtxzaNm A’t\24Nm Kt\leNm
—ZAONL—O 2m —-l-— 0.2m —-L—O 2 m 4_]_3_:120N

(continued)
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Equivalent Loading 120N 120N 120N

‘1\24N m ‘1\24N m 4\24N m
*24ONL—O 2m 4—1-0 2m ‘—L—OZ ——tB— 120N

From A to C '

D F =0: V = 240N

v y
tz‘*ON - IM.= 0: M= 240 x

1

120N M

24 N*m - From C to D
A ‘ * D
2

[ +f>:Fy=o: 240-120-V=0

Jason ¢ l Y V=120N
0.2 m—wfe-x - 0,2 +3 IM. = O:
t-— X 2

-240x + 24 +120(x-0.2) +M=0

M=120x
V 24N°m 120N
A ’l\ , From D to B
vyt
—t_IB _jB F =0: 120-120-V=0
£0.6 —x~ 120N y V=0

+) IMp=0: M-24=0
+240 M=24N*m
+120

V(N)
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20 1b/in. 1251b 1251b

fe—0 in.eje—121in. 12 in. 12 in.

Draw the shear and bending-moment diagrams for the
beam and loading shown.

Reactions. Consider entire beam as a free body.

180 1b .
. :1—45“1 1251b 1251b
20 1b/in. l

A i |
'*91n*+“-121n -12 in. 12 in~

+) ZMBz O:
(1801b)%4.5in) - (125 1b)12 in.) - (125 1b)(24 in.) + EG6 in) =0
E=+102.5 b E=102.510 § <]
+ 4 IF = 0: B -1801b-1251b-1251b+102.51b =
B = +327.51b B =327.5 R I
+
—= IF =0: B =0 B =0 <]

(continued)

Copyright ¢ 1985 McGraw-Hill, Inc.



BEER & JOHNSTON

Problem 7.58

VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Continued

180 1b | ~4.5 1in.

201b/in. B

1251b 125 1b

A ;.;.;._.:.;.:...;.;.:.;.;.;._.:.;.;.;.:.;.,.;.;.:.;.;.;.;.:.:.;.;.;.;.;.;.;.;I:.:.;.;.;I;:;.;.;.:.-Z;::.:I-:-:;Z-I-:-::Z;Z_-Z-:-:-Z-:-:-2-:-Z-:-Z-:-:-Z-!-Z-Z-Z-Z-2'Z-!-Z-Z-2-:-Z-2-Z-Z~C-2':':'b:-I-Z'I'!'Z-Z':':-.

B = Lb l ‘ﬁIE-—loz .5 1b
=9 in."”—lz 1n.—’|’—12 in. 12 in.

Computation of Shear (sample)

180 1b !
| fF = 0:
! 448 iﬁy 180+ 327.5 -V = 0
327.5 10| V=4+147.51b
V + +147.51b

c +22.5 £(~1230 1b*in.)

N_180 1b

\(+177O 1b*in.)

+960 1b*in. _

-102.51b

(+270 1b*in.)

+1230 1b°*in.

parabola

-810 1b-*

in.

Computation of Bending Moments:

MB— MA: - 810

MC— MB= +1770

MD— MC= + 270

ME— MD= -1230

MA=O

MB: - 810 1b*in.

MC: + 960 1lb°*in.

MD= +1230 1b*in.

ME: 0 (checks)
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BEER & JOHNSTON STATICS Problem 7.62

VECTOR MECHANICS FOR ENGINEERS 4/e Page 273
2 kN/m Draw shear and
EREEE EENEEEERENE bending-moment
A S e L T R ey = C d ]
3 4 kN * iagrams.
e 3.2m ————wte0.8m-
| Reactions:
{ 8kN 5
— 2m K2 m —'IC M= 0: é=4.8ka
) 'EEN! t { "X 5F —0: G =0
A R C1—> X ~X
A 4 kN y fg IF = 0: C :7.2ka
e 3.2m =m0, 81rree{ — Y y -y
2 kN/m
A* { ! ! ! Just to right of A
- B C V.= +4.8 kN
1 a-s4.8kn LN Y O VAT
QZ 7.2kN Just to left of B,
Vi 14,8 kN V.= 4.8 - (2)(3.2)

(=5.12 kN*m)
(-0.64 kN*m)

.........
...............

).

B _16kN

M at D,
max

where V=0

X 3.2-x 3.2
4.8 1.6 6.4

AD=x=2.4m
DB =3.2-2.4=0.8m
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STATICS Problem 8.16 '

Given: WA= 501b, WB= 25 1b,
usz(Ll5 between the blocks,
p§=0 between block B and

incline. Determine the value

of 0 for which motion is
impending.

Impending Motion

Friction forces

Impending F
motion , _—— —V F=uN
4 4(’,,F s
are directed as shown.
Impending _ ’
motion - |
Free Body: Block A
y e) 501b
I
. 4 X
/
/V
. F= 11le
-1
+\ 3F =0: Nj-50cose=0 (1)
yZFX:O: T + pSNl— 50sin® =0 (2)
Substituting for lerom, (1) into (2):
T4~50uscose-—SOsin@::O (3)
(continued)
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VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Continued

From the free body of block A we have found:

Y\% s501b T N - 50cos@=0 (1)

- X
/ T+50uscos®—5051n6:0 (3)
——¥
N\ SRCE

Free Body: Block B

Y\E* 25 1b Note. M= 0 between

F=u N . .
N - .
— s 1 block B and the incline

t#iF =0: T-uN- 25sin@® =0 (4)

Substituting for N, from (1) into (4):

1
T—SOuScose—ZS sin® =0 (5)

Subtracting (5) from (3):
100uscos © -25s5in0 =0

Given: M= 0.15

100(0.15) cos® - 25sin© =0
tano = 0.6 o=31.0° <«
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Given: uS::O at C,

uS::O.ZS'between collar
and horizontal rod.

Find: Range of values
of Q for equilibrium.

Free Body: Rod AB. We first assume motion of collar A is
impending to the left.

FA: }.ISNA:: O.25NA
50 mm
Fa_y , AC = ——
. - sin 20
Q . A\z/o 300mm |
=“min
+) IM, = O: (60N)(300mm)cosZOo—C (MF):O
| A sin 20
C = (60N)(6)cos20°sin20° C=115.7N

+ f ZF_y: 0: -N, + Ccos 20°- 60N = 0
N + (115.7N)(co0s20°) = 60N = 0

A
N,= +48.72N  F,=0.25N,=12.18N
&JF =0: Q . +F,-Csin20°=0 )
— 2TV Rpint AT V0 - '
Q . +12.18N - (115.7N) sin20°%= 0 Q . = 27.4N <]

Assuming now motionof A is to the right, FA is e#— and

Eq. (1) becomes:

+ . 0
_q-ZFX—-O. Qmax—ﬁF -Csin20 =0

A
. o —
Q - 12.18N - (115.7N)sin20°= 0 Q_ =51.88 <]
Equilibrium maintained for: 27.4N <Q<51.8N <

Copyright <1985 McGraw-Hill, Inc.



BEER & JOHNSTON

VECTOR MECHANICS FOR ENGINEERS 4/e

Problem 8.72
Page 313

STATICS

1400 1b

A 5° wedge is forced under
the machine base at A.
Knowing that My =0.20 at
all surfaces, ®determine
(a) force P required

to move the wedge, (b) whether the machine base will move

Free Body: Machine Base +) ZMB: O:
1400 1b (1400 1b)(20 in.) - Ay(7O in.)=0
A, oV B g= 400 1b
ok ’sz:o: A +B-14001b = 0
éy f=— 50 in. —=f= in™ Ey

je——— 70 in, ————=]

400 1b + B_~ 1400 1b = 0

B =10001b
y

Free Body: Wedge. We assume that machine does not move
and, therefore, that motion of wedge is impending
relative to both machine base and floor.

“10.200=11.31° P

M= 0.20, ¢S; tan

=

11.31 = 400 1b

I

Force Triangle

(a) From force triangle, P=Aytanq> +Aytan(q) +5°)

P=(4001b)tanll. 31%% (400 1b) tan (11. 31% 5 )— 197.01b

P=197.01b —= <
(b) Total friction force available at A and B:
Fm: uSW: (0.20)(14001b) = 280 1b

Since P < Fm, we check that machine will not move.

<
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BEER & JOHNSTON Problem 8.76
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 314

()
L /i Screw ABC:

Double-~threaded at each

end, pitch =16 mm
diameter = 200 mm
pS=:O.08.

AD = CD =9m

The main features of a screw-luffing crane are shown.
The position of the 6-Mg boom CDE is controlled by
the screw ABC, which has a left-handed thread at A
and a right-handed thread at C. Determine the
magnitude of the couple which must be applied to

the screw (a) to raise the boom, (b) to lower the boom.

Geometry of Triangle ACD

Angle ACD = 180°- 120°= 60°,
and AD = CD; thus A ACD
is equilateral. We have

d =DH = (9m)cos 30°= 7.7942 m

BN

A F—-9rn-—4])
Free Body: Boom CDE W::(6Mg)(9.81m/52)
E = 58.86 kN
- P = (10Mg)(9.81m/s%)
4 = 98.1 kN
—AC — 0
+) ZMD_ 0:
4\/ F,.d-W(9m) - P(30m) =0
AC
FAC(7.7942m) -~ (58.86kN)(9m) - (98.1kN)(30m) =0
FAC: 445.55 kN

(continued)
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VECTOR MECHANICS FOR ENGINEERS - 4/e STATICS Continued

We have found the tension in screw ABC: FAC=4A5.55kN

(a) To Raise the Boom.

Double-threaded screw.
EAC:4A5'55kN Lead = 2(pitch) |
) L=2(16mm) = 32 mm
L =32mm L 32
1 tan® = 5— =550 = 0.05093
0 =2.9155"
27r = (200 mm) 7 tan¢S::ps=(L08 ¢s:4"57390

0+ ¢ = 2.9155% 4.5739%= 7.4894°

Q= (445.55kN) tan 7.4894°
= 58.57 kN

445,55 kN

Since there are threads at both
ends of the screw, torque is:

= 2Qr = 2(58.57 kN) (100 mm)
T=11.71kN°m <@

—
Q

(b) To Lower the Boom.

We again have:
=2.9155°

) | o = 4.5739°

6 - ©=4.5739"- 2.9155°= 1.6584°

] Q = (445.55kN) tan1.6584°
2 445,55 kN = 12.90 kN
T=2Qr =2(12.90kN) (100 mm)
Q

T = 2 ° 58 kN Om ‘H*'
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BEER & JOHNSTON Problem 8.114
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 328

A flat belt is looped around
two pulleys in a figure 8.
Determine the largest torque
which can be transmitted if
the allowable belt tension
is 3 kN. pS::O.BO

Geometry = 50 mm Triang1e5§CD:
, o)
8 COS O = 100 o= 60
Thus:
8 = 360°- 2qa = 360°- 120°
I’*lOOmm-—| B = 240°= %—E rad

Free Body: Pulley A. Assume rotation is ) . Then
impending slipping of belt relative to pulley is )
and the tension forces T, and T, are as shown.

-1 -2
Eq.(8.14):
8 4o E‘_Z_ 3 eusB
-3 T.= 3 kN T
b,
KN _ eO'BO(T)=3.514
T
3 kN
T1: 3514 T1= 0.854 kN

Torque

+) ZMA_-_ O: M- (T2— Tl)r =0

M- (3kN-0.854%kN)(0.05m) =0
M=107.3N°*m Torque = 107.3 N*m <
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BEER & JOHNSTON Problem 8.116
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 329
15in. ﬁ? A band brake is used to control

the speed of a flywheel as shown.
What torque should be applied to
the flywheel to keep it rotating
at a constant speed when P =101b?

A pS::O.BO pk::O.ZS
P ¥15in. N51in.
Free Body: Brake Lever
A -’I-‘_lA +3 ZMD: 0
A B D
{ — (101b)(20in.) - T, (5in.) =0
e 15 in.——efe— D
Vlo 1b S5in. D T,=401Db
Free Body: Flywheel
B :27OO=%T~T~rad
Since flywheel moves
relative to the belt
W= = 0.25
N T u, B
-Tl—'QOIb From Eq.(8.14): —Z::e k
T
1
2
W B 3
T.=T, e X = (401b)e'023"

2 1
= (40 1b)(3.2482) =129.93 1b

N M= 0: T,(15in.) - T, (15in.) - M= 0

(129.93 1b)(151in.) - (40 1b)(151in.) - M =0
M=1349 1b*in M=112.41bfr <@
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BEER & JOHNSTON Probs. 9.2 and 9.6
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 341

Determine the moment of inertia
of the shaded area with respect

to: (Prob. 9.2) the y axis,

(Prob. 9.6) the x axis.

Value of k. For x=a, y=b>b

B 1/3 b
b=ka k = 173
a
X b 1/3
Y= /3%
a
Problem 9.2
.2 .2 .2 b 1/3 b 7/3
dIy_x dA =x ydx =x 173 % dx = 173 % dx
a a
b 2 73 b 13 10/317 b £ 3 10/3
I =.[dI = ‘[ x ' Tdx = — : =-———-(—~51 )
y y a1/3 o a1/3 10 1o a1/3 10
3 3
Iy:ﬁab 4

Problem 9.6

3 3

1 3 1 b 1/3 _1b
dIX_By dx_B(al/Bx )dx—3axdx
3 a 3, 2.a 3 2

Ixz -él)—ab3 <
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BEER & JOHNSTON Probl 9
VECTOR MECHANICS FOR ENGINEERS 4d/e STATICS e 2

Page 342
—-—-—-—a—-«'-———a—-—-——

Determine the polar moment
of inertia and the polar
radius of gyration of
the trapezoid shown with
respect to point Pl'

s
2 2 2 2
Solution. Selecting x and y axes with origin

at Pl’ we have J1= Ix+ I

Differential Element. We use the element shown to
compute half of the area and half of the moments of

y inertia of the trapezoid.
-.—a——*—-a——-—i
x=24+2 L —Z(a+y)
t X 2 2 a 2
| _idy 1
- dA=xdy=-2-(a+y)dy
P y
1 1 § X
RN
2 2
Area.
a
}-AzjdA—-l- [(a+y)dy 1 ay+-—-y == 2+—1—512=§a2
2 2 X 2
. : 3 2 A
Moment of Inertia I A=7a <:j
1 24 2 L 1 301 4)°
ZIX_[y =7 f(ay +y)dy 5 §—ay + 7y .
1¢01 1 4 7 4 7 4
-3(5+2)2"=% > ez <l

(continued)
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BEER & JOHNSTON Problem 9.16

VECTOR MECHANICS FOR ENGINEERS 4/e | S TATICS Cont inued
We have:
x-—l(a-+ )
e A —— - 2 y
1 A=3a? <]
2
a
7 4
| VAN

___1__|1( ) 'a__L[(Za)4_a‘+ _15.4 5 4
BT A o 96 “962 732 ¢
5 4
Iyziﬂga <:]
Polar Moment of Inertia
7 4 5 4 43 4
J1_1X+I:-1—-2-a +7g @ Jl—zé-a <
Polar Radius of Gyration
43 4
2 J1 %8 2 43 2 43
Ki=a="33 =72° k=ay7;

‘2“&
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EER & JOHNSTON

Problem 9.32
ECTOR MECHANICS FOR ENGINEERS  4/¢ | S1ATICS

Page 351

Al"———lSO —————*B _

Determine I and I with
X y

respect to centroidal axes
parallel and perpendicular
to side AB.

Dimensions in mm

|60 |+ 60 ~|=60

% Centroid X =0
I oY _ 33a
40 3 2ya
! T
'
40 * (40x180)(20) + (80x60)(80)
-1 (40x180) + (80x60)
40
! 528 103
= —-———"—-——3- ¥ = 44 mm
12x10
N 20 LI
; W4 _20=24 Y= H4mm
1 1 x!
40
y @0—44=36
4
49 Dimensions in mm
30 "{3—“4‘"30

Moment of Inertl o

i
section (D): I_ 1—1-2—(180)(40)3+ (180)(40)(24)°= 5.11x10%mm™

Section @: Ix' (60)(80) + (60)(80)(36) - 8. 78x106 mm4
Entire Area: I

11x106+878><106

T -13.89x10° mn" <«

X

1
12
= 5.

Xl

(continued)
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BEER & JOHNSTON Problem 9.32
VECTOR MECHANICS FOR ENGINEERS 4/ STATICS Cont inued
180 ——] We have

1 4

40 W///{/// I ':13.89x106mm4 <

{ LS/ , %

X

f °'§

80 . . 0

1 \ Dimensions in mm

30 <30
y

Moment of Inertia I

y

. . 1 3 6 4
Section @ Iy_ 5 (40)(180)7=19.44%10 mm
, 1 3 6 4
Section @ Iy_ 17 (80)(60) " =1.44%x10" mm

Entire Area: _I-y: 19.44x106+ 1.44x106

Ty: 20.88x106 mméL <

Radii of Gyration

A = (40x180) + (80x60) = 12x103mm2

T, 6 4
k ?: z = 13'89x§0 r;m k = 34.02 mm
X 12x10” mm %
-5y 20.88x10% m® K = 41.71 mm
y o AT 3 2 Y

12x10" mm
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BEER & JOHNSTON Problem 9.36
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 352
% Two 6x4x% in. angles are welded
1 Z together to form the section shown.
6 ? X Determine the moments of interia and
2 radii of gyration of the section with
_L ’ respect to the centroidal axes shown.
7 rprnnsi
Yll 4 Dimensions in inches
From y' y ,
Fig. i |
9.13A x! : % {
/ .
C'1/111.99 in. é 3 in
/% |
— |+—0.987 in. / X
2 % —-1.01 in.|
A=4.75in Z TR
I ,:17.4in4 % 1.99 in 3 in.
X % . . 1
T .07 it o)
AR x = 1.263 in. J==1=<0.987 in.
2.25 in £J2.25 in.
I= 2[TX,+ Ay 2]: 2 [1 7.4 10"+ (475 in2)(1.01 1n.)2] - 44,49 in”
. 2 = b
Total Area = 2(4.75) =9.5 in I =44.51in <
_ X
_2 L 44.4940" 2
k "= = — = 4.683 in k =2.16in. <«
X Area 9.5 in2 X
I- 2[iy,+ A§2]= 2 [6.27 in*s (4.751n2)(1.263 in.)z] - 27.69 in"
7 | A I -27.7in" <«
F2_ Ty _27.69in’_, o o 2 7
y  Area 9.5 in2 ky: 1.707 in. <
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BEER & JOHNSTON Problem 9.60
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS - Page 363
3 ino 1 =
} 7%%%%%-1- Determine the product of

3in. inertia of the area shown
6in i X with respect to the x and y
L in. axes.

IIsOEOEOE,G,SG

__LT_%%%%V
- 3in

Solution. Divide area into three rectangles.

y 1.51in.
e BRI, For each rectangle:
(by symmetry)
2 1 2.75 in. 7 _Y Y
I =
l % x'y!
Thus: Ixy: £(I_, ,+ xyA)
Ixy: LXYyA
Rectangle Area, in X, in. §, in. §§A, in
1 (2.5)(0.5)=1.25] +1.5 }+2.75 | +5.156
2 (6)(0.5) =3 0] 0 0
3 (2.5)(0.5)=1.25}| -1.5 -2.75 +5.156

SxyA = +10.312 in®

| _;
I~ +10-311n «
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BEER & JOHNSTON
VECTOR MECHANICS FOR ENGINEERS

4/e

STATICS

Problem 9.66
Page 364

25. 2',“\ y 6.4
BRI X
12.52
L76x51x6.4
V6.4

= 76 —

Determine the

moments of

inertia and product of
inertia with respect to
new axes obtained by
rotating the x and y axes

through 30°

Dimensions in

clockwise.

mim

Moments of Inertia.
Fig. 9.13B and record:

6 4

For the axes shown here we use

3

I =0.163x10" mm = 163x10 mm4 <]

Iy— 0.454x10° mm"= 454x10° mn* <]
Product of Inertia. Divide area into two rectangles.
- 25.2 [y
6.4 —,18.8| 16,  34.8 - [3.2 |
D
] 12 ‘52 :::::2:::: //;%// aulll 12‘52 y
1k , ™
Y
12.98 ¢ C:) - 32For each rectangle:
51 I -0
e tyt ™
25.5 Y s =
L L L 76x51x6.4 by ™ By W)
6.4 Rl 69.6 — Ley= IXyA
Rectangle Area, mm X, mm |y, mm | XyA, mm
D | 6.6)(69.6) =445.4 | +16.0 | +9.32 |+66.42x10°
@ (6.4)(51) = 326.4 | =22.0 | ~12.98 | +93.21x10°

34

ZXyA = +159.63x10" mm

4

I

(continued)

=+459.6x103mm
Xy

<
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BEER & JOHNSTON Problem 9.66
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Cont inued

We have found: 3 4
Ixz 163x10~ mm

I = 454x103 mm4

y 3
I =+159.6x10" mm
Xy

4

For x', y' axes:

IX+ L IX— I
I = y+ ycosZG)—IysinZG)

x! 2 2
———(163+454)10+—(163 454)10°cos (~60°) — 159.6x10°sin(—60°)

= 308.5x103-— 72.75><10,3+ 138.2x103

: :373.9x103mm4 IX'=374x103mm4 ‘

I +1 I -1
"X

I = y _ X yC052®+I sin 20
Xy

y' 2 2

= 308.5«><103+ 72.'75x103- 138.2><1'O3

= 243 .‘1x103 rnm4 Iy': 243x103 mm4 <
I -1

I, .= X J sin20+ 1 cos 20
x'y 2 Xy

—

-2-(163 454)10331n( 60°)+ 159. 6x106COS( 60°)

+126.O><103+ 79.80><1O3

Il

= +205.8x103 mm4 I = +206x 103 mm4<

X'yl
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BEER & JOHNSTON Problem 9.74
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 364
y-‘31nw1 Determine the moments and
f EZZZZZ product of inertia of the
IBin ¥ area shown with respect to
C X new axes obtained by
6 in. rotating the x and y axes
I j_ L in. through 30° counterclockwise.
3 ins
Product of Inertia. From Prob. 9.60, we have
4
I =+10.311in <:]

Moments of Inertia. Y, 1.5 in. Xy

A0,

’///I///////////////////

\§ 2.751in
6 in \§C l

%g X

\ % in

1

Y inl ——31n——‘
Ixz 2(Ix)1+ (IX)2=

2[%(2.5)(0.5)% (2.5)(0.5)(2.75)2] . 11-2-(0.5')(6)3

= 2(0.026 + 9.453) + 9.00 1=27.96 in™ <]
Iy:Z(I ) +(I ) =

_ 2[—-—(0 5)(2.5) 7+ (2.5)(0.5)(1.5)% |+ 15(6)(0.5)°

= 2(0.651 + 2.813) + 0.062 1,=6.99 int <]

(continued)
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BEER & JOHNSTON Problem 9.74
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS : Cont inued
y! *me% x' We have found: 4
o I =27.961in <]
: 0 =30 A
C [® - ' Iy: 6.99 in Q
Ixy— +10.31 in <<j

Mohr's Circle. The diameter XY is defined by
X(27.96, +10.31) and Y(6.99, -10.31)

I = (27.96 + 6.99)
ave 2

= 17-475 11’14
CD = (27.96 — 17.475)
X l = 10.485 1n4
xy R = \I(CD)2+ (DX)?
10.31
I 1(in") - V(10.485)% (10.31)°
DX 10.31 o
tan®=Gp=T10.485 BT 442
v =180°-60°- 44.5° vy =75.5°
I = ~Rcosy=17.475 - (14.705) cos 75.5°
X ave 4 4
=17.475-3.682 = 13.793 in I,=13.79in <
I =1 + Rcos v
y ave 4 4
= 17.475+ 3.682 =21.157 in 1,,=21.161n <
I, '::+Rsinyz:(14u705)sin75.50::14.237in4
x'y
I =+14.24in" <

x'y
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BEER & JOHNSTON Problem 9.82
VECTOR MECHANICS FOR ENGINEERS 4/e STAT'CS Page 365

y For the angle shown, determine the

/////%%/////////////// < principal axes and the principal
o moments of inertia. From Fig. 9.13:

L 76x31x6.4 Ix: 163><1O3 mmq, Iyz 454x103_mm4

From Prob. 9.66: Ixy: +159.6x103 mm

4

Mohr's Circle. The diameter is defined by

X(163x10>, 159.6x10°) and Y(454x10°, -159.6x10°)
» 1 3
I (103 mmq) Iave_ 2(163 * 4354)10
Xy =308.5x10" mm
'Ixz 16|3X CD = (308.5 - 163)10°
I - T = 145.5x103 mm4
5 (10°mm )
159.6 I(10 " mm B \/ 2 2
o 2 R = \J(CD) "+ (DX)
- V145.524 (159.6)2 10°
___m;“ — — 216x10° mm™
ave DX 159.6
I =454 o tan ZOm: oD = 1455
26 =47.6° o -23.8°Y
m 3 M3y
At A: I . =1 -R=1(308.5~-216)10"=92.5x10" mm
min ave .
I . =92.5x10° mm" <
min )
3 3 4
At B: I =1 +R=1(308.5+216)10"= 524.5%x10" mm
max ave

b. .y a B 3 4
%&n I =524x10" mn <
* X
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BEER & JOHNSTON ' Problme 9.104
VECTOR MECHANICS FOR ENGINEERS  4/e STATICS Page 378

A machine part is formed by
machining a conical surface
into a circular cylinder.

For b==%h, determine Iy and k

for the machine part.

The machine part is seen to consist of:

Cylinder Cone
y a-j Viea
h
Ih \\[b =3
2 1 2 h
Mass m .= ema h mconezzgpna 5
I I —-lm- a2 -——g-m 2
—y cyl 2 ¢yl cone 10 "cone®
1 4 3.1 4
=3pma h ==T5(€D“a h)
Machine Element
2 1 2 2
m::mcyl_'mcone: pma h-—gpﬂa h-—6pna h
1 4 1 4 9 4
L= Tey1™ Teone™2P™@ h = 55ema h =350ma h

Introducing the total mass m,

_ 54 2 27 2
——-a ( )(6p h) =71002 ™ Iy= soma <

'y
2 27 2
y

I
ki===%-a k=0.735a <
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BEER & JOHNSTON STATICS Problem 9.114
VECTOR MECHANICS FOR ENGINEERS  4/e Page 380

For the steel machine

element shown, determine
I

X" 3
vy = 490 1b/ft
2
1.8 in o =X _ 490 1b°s
g 32.2 ft4

1.8 in. 1.8 in.

We observe that the machine element consists of:

<>+ Q-G

Rectangular Prism Half Cylinder Cylinder

Rectangular Prism
!
Y3

Y o /% - 25.92 in>= 0.015 ft
0.6 in. - m= pV = (0.015 ft3)p

- 2 .2
I ,=:f%-(a +b7)

X

- _(0.015£t7)p {(1.2ft>2+<_1_@_ft>2]

V=1(1.2in.)(6 in.)(3.6 in.)
| 3

X' 12 12 2
- 3.5
I ,=(0.325x107" ££”)p

3 in.

1, v i 0325610 €%
I =TI+ md™=0.325x10 "p + (0.015p) ( 5

=o.325x1o‘3p + 0.9375x10_3p L= (1.2625x10_3ft5)p <]

(continued)
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BEER & JOHNSTON STAT'CS Problem 9.114
VECTOR MECHANICS FOR ENGINEERS 4/e Continued

Half Cylinder y!

_4r  4(1.8)
37~ 37w

= 0.7639 in.

X" V= 12T-(1.6)(1.8)2= 8.143 in>

X! C 4.712x107° £

m:=pV::4.712x10_3p

5.2 in.

m 2 2
IX":-l_Z— (3r "+ L)

X

I 4, 712x10 [ )2 ( ]
x"" 12
6

I n=33.49x10 "p

33.49x107% = T_,4 (6. 712x107) (226392

I ,= 14.39x107°,
X
IXZ?EU*‘maZ (a = distance between x and x' axes)
Ix= 14.39x10"6p + (4.712x10 [(5 2\ 2 (O .6 +1027639 ]

- 14.39x1o‘6p +. (4.712x10‘3p)(o.2oo7)
I =(0 96o1x1o‘3ft5)p <]
. .

(continued)
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BEER & JOHNSTON Problem 9.114
VECTOR MECHANICS FOR ENGINEERS 4/e ; STATICS Concluded

Cylinder. (To be subtracted)

T e () (
" 2 4in./ 1.5 in. 12
’ ) = 4. 9o9><10 p

%! -I-X'z-—(ffg;r + L )

4. 909X10 p [ (1.5 2 (1.2 2]
I = Rt
x'" 12

= (23.27><10_6)p

I =1 , + md
X X

=23.27x10 6p-+(4-909x10 p)(2 4)2

= (0.2196x1o“3ft5)p Q

- Entire Machine Element}

Rectangular Prism Half Cylinder Cylinder

s Ve

0_2625x10 ft)p I-«)9601x10 ft)p «)2196x10 ft)p

— (1.2625 + 0.9601 ~ 0.2196)10 >p = (2.003x10 > ft>) o

490 1be°s
32.2

~ (2.003x107> )( ) 30.48x10 " 1b*ft s>

I = 30.5x10 b fres’ <«
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VECTOR MECHANICS FOR ENGINEERS 4/e Page 385
y Dimensions This machine part was con-
80— in mm sidered in Sample Prob. 9.13.
i 50 Determine I with respect to

i e N an axis through the origin
' characterized by the unit

i/Agboﬂ;<f T g 80 vector: 5

1, 2
4—§l-+—k

100~ <80 % A=32

From Sample Prob. 9.13. (Page 375.)

I =3.00x10_3kg‘m2
% -3 2
IZ= 11.29><10_3 kg'm2

All products of inertia are zero.

For given axis:

>
e
fl

>
Il

>
<
I
WIN Wl WM

N

Substituting into Eq.(9.46),

2 2 2
Iyp= LA+ Iyxy + 1\
- (3.00x1o"3>(~32—)2+(13.28x1o'3)(-?1;)2+ (11.29><1o"3)(—32—)2
-3 2 -3 2
= 7.827x107” kg*m Iy4= 7-83x10 " kg'm” <
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BEER & JOHNSTON Problem 9.134
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 385

The thin bent plate is of
uniform density and total
mass m. Determine its mass
moment of inertia with
respect to a line joining
the origin O and point A.

Nl

Bent plate consists of two
thin square plates each

m
of mass 5

N

B (@) [ (2] () §[a+<>]

(continued)
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esg'?Os;lJSgg:Ig:::S FOR ENGINEERS 4/e STATICS g;:::ﬁ:’ed"'”l‘
y I~ a - We have: x= Zmaz 4
Ly % * ]
Iz= -g ma2 q

Products of Inertia. For each square plate I N
X'y
1 2
xy 2 (+a)+-—<+a)(—) Ixy_ +5yma 4
By symmetry: Iyz: IZX=:O <:]
Unit Vector along OA
(OA)._a + a +( )2 OA::%a
ai+aj+3 2k
\ _OA 2— —21 2. lk
20A" 0A ~ 3 Aoa=32 313X
~a
2
Substituting into Eq.(9.46),
I :I'x2+1 x2+1 x2—21 A A =21 A A —-21_ A
OA x x Xy X y YyZ y Z2 ZX Z X

)Y (00

1
3

“na?(Ls
h 3

- 4>____
2 ma

I

10

2
7ma

OA
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BEER & JOHNSTON

Probl 10.14
VECTOR MECHANICS FOR ENGINEERS  4/e | STATICS age 4

Page 400

Derive an expression for the
magnitude of the couple M
required to maintain the
equilibrium of the linkage
in the position shown.

y For the coordinate
|l system shown:
o=t % z ;1;—6}70 Xp= % cos ©
0 ¢ o 6xB=-%sin® e
Xy Vo= 2sin©
X3 8y =% cos© 60 <]
_Ssz 2 sin® &0 .l%5¢.__5x
2 - B
= %sin® 60
§¢ = 25in © 60 <]

sU = 0:
—P6yC+ M&§¢ = O

—P(% cos © 60) + M(2sin 6 80) =0

M:—%—P%cot@ <
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BEER & JOHNSTON

: Problem 10.32
VECTOR MECHANICS FOR ENGINEERS 4/e | STATICS

Page 401

The spring is unstretched
when © = 90°. Determine
the value of © corres-
ponding to equilibrium

for P=60 1b.

Spring. (@ in radians)

s::r(g - O)
8§s = -r 80 4

F = ks:kr(-g- - G))

Triangle COD is isosceles: CDzzzgsing-
6(CD)=25LC059(166) : G(CD):!LCOSQGG 4
' 2 \2 2

Principle of Virtual Work. Since F tends to decrease.
s and P tends to decrease CD, we have:

SU=0: -F8s - PS§(CD) =0

—kr(g--@)(—ré@)-P(%cos%&@)::O

T
27 °% py (60 1b) (15 in.)
= = 5 = 5 = 1.25
cos 3 kr (20 1b/in.)(6 in.)
Solve by trial: © = 0.33868 rad 0 =19.4° <
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BEER & JOHNSTON Problem 10.36
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 402

For the loading shown, (a)
express the force exerted by
the hydraulic cylinder on pin
B as a function of the
length BD, (b) determine the
largest value of © if the
maximum force exerted by the
cylinder on B is 12.5 kN.

\
Solution D

Origin for y at C: yA:(l.Zm)cose SyA=-4JZSinG &)<<]

Length BD. Law of cosines:

(BD) %= (BC) %+ (CD)2= 2(BC)(CD) cos (180°- 0)

= (0.75)%4 (0.4)%4 2(0.75)(0.4) cos o

(BD)Z: 0.7225 + 0.6 cos O (1)
Differentiating: 2(BD) §(BD) = -0.6sin o &0
0.3sin 6
8§(BD) =- BD e, (2)

(continued)
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We have:

8y,=-1.2sine so <]

§(BD) = — OBSJ_nG)(S <

Principle of Virtual Work. Since P tends to decrease
and F tends to increase BD, we write

YA ~BD
SU=0: Py + Fy 6(BD) = 0
_P(-1.25in0 §0) + BD( O—'BB————]?-E—@-G@):o
FBD: 4(BD)P
(a) For P=3kN, F_ =4(BD)3 Fy,= 12(BD) <
(b) For (Fp )  =12.5kN, 12.5 = 12(BD)

BD=1.04167m <

We recall Eq.(1):
(BD)2 =0.7225 + 0.6 cos ©
(1.04167)2: 0.7225 + 0.6 cos ©

cos © = 0.6043 0=52.8°
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Problem 10.44
VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Page 403
0.5m 2 kN 3 kN 5 kN

0.9m

1.2m
_L G

0.9m 1.5m  1.2m = 1.8m

Determine seperately the force and couple
representing the reaction at H.

Y7/

Force at H. We give a vertical virtual displacement

8§y, to point H while keeping FH horizontal.
Yy to P g
2kN 3 kN O kN

M
0.5 0.9 r G i E—H
. E J r
AP‘lB C bD "/1\\ - 1 oYy
yp 8y, y
A1 sy p g B
B Gyc D'E
L*O.9 fe— 1.5 —=t=1.2
Geometry GyF: SszvéyH

0.9
GyD_-———GyF=:0.756yH

Dimensions in m

1.2

1.5 1.5
(S}TC: —"*.'@'(SyD: 6‘:—5(0.75 GyH) =1.25 GyH

5 0.5

6)¢B:: ES?7§ SBZCf:,E;_?g (:l. 2f3 5§7P[> = 0. 6(94J4 S)Hi

Principle of Virtual Work
U= 0:

(2 kN) (SyB+ (3 kN) cSyD— (5 kN) SyG+ H (SyH: 0
2«L69446yH)4—3«L756yH)-5GyH+I{6yH:O

H=+1.361 kN H=1.361ky § <«

(continued)
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VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Continued

Couple at H. We rotate FH throﬁgh §0 about H.

5 kN
2 kN 3 kN
Lpes o )
A §o
H
2 GyB 5YC SyD 2
I’O.9-—~—1.5 —te— 1.2 1.8 —+f
Dimensions in m
Geometry
SyG: 1.2 8o
Gsz 1.8 56
sy =22 sy 2991 550) = 1.35 80
Ip°1.2 YF 1.2 =
1.5 1.5
0.5 0.5
6yB:6—.—9—6yC=6~’§(2 .2580) =1.25 86

Principle of Virtual Work

SU=0: (2KkN) GyB+ (3 kN) G-yD— (5 kN) 6yG+ MH 6 =0

2(1.25 60) + 3(1.35 60) - 5(1.2 80) + M, 80 =0

M, = 550 Nem ) <
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_ When AB and BC are
horizontal the spring
in unstretched.
Determine the value of
® for equilibrium for:
W W= 900N, = 225 mm,
k = 2kN/m

Spring. X o= 2% cos © s =2% - 2%cos®
. 1, 2 1 2
Potential Energy: V = -2—ks = —2—k(22, ~ 2% cos0)

A A

Weight. Potential Energy: Vg:z—WyB=-4N%simle
Total Potential Energy

V = Ve+ Vg: 2k52,2(1 - cos 9)2— W% sin @

Position of Equilibrium

g%::O: 2k22[2(1-cos@)sin@]-—W%cosezzo

W
(1 -cos®)tano = )
Substitute given data:

900 N

4(2000N/m)(0.225m)
(1 -cos®)tan® =0.5

(1 —cos ©) tan 0 =

Solve by trial: @ = 52.23° o=52.2°«

Copyright ¢ 1985 McGraw-Hill, Inc.



VECTOR MECHANICS FOR ENGINEERS 4/e

Page 411

Two uniform rods, each of length
% and weight W=3 1b are attached
to gears as shown. (Gear teeth
not shown here.) Determine the
positions of equilibrium of the
system and state whether the
equilibrium is stable, unstable
or neutral.

i )t o )

V-—sz( -sin® — cos 20) (1)
Positions of Equilibrium

dv 1 . '

36 = EWZC—COSG + 2sin 20) | (2)

= %—wz(—cos © + 4sin® cos o)

dv 1 .
86-_0. -EWZCOSG(—1+-451ne)-_O
cos@® =0 0 = ~90° and o = 90° ‘
and, -1+ 4sin®e =20
@:sin_lzl: 0 =14.5° and o=165.5° <

(continued)
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Problem 10.58

VECTOR MECHANICS FOR ENGINEERS 4/e STATICS Cont inued
Positions of Equilibrium
0=-90°, 0=90° o©0=14.5° @©=165.5°
Stability of Equilibrium
dv 1. .
Eq.(2): io = —Z-W%(—cose+2s1n2@)
d2V 1
—— = =W&(sin® + 4cos 20)
2 2 |
de
2
0 g-% stability
do

-90 lT/JSZ,[s:'Ln(—9OO) + 4(:05(—1800)] =-2.5W% < O}unstable <

2

14.5 -1-W2,(sin14.50+ bcos 29.00) =+1.874We >0 stable‘

2

90 L (sin 90% 4cos 180°) = -1.5W8 < O

2

16'5.5O -1fWSL(sin 165.5% 4cos331°= +1.874W8 >0 stable <

2

o =90°
(unstable)

o =270°
(unstable)

®=14.5° 0 =165.5
(stable) (stable)

o)
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