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1.1. Round off the following numbers to three significant 
figure~: (a) 4.65735 m, (b) 55.578 S, (c) 4555 N, (d) 2768 kg. a) 4.66 m b) '5.6 s c) 4.56 kN d) 2.77 Ma ...... 

I----------------.. -.------.. ---.--------------~--------II 
1.2. Wood has a density of 470 sIugjft3 . . 
density expressed in SI units?' . What IS Its 

{ 
(1it')(14.5938 kg) } 242 Mslm' 

(4.70a1ug/tt') (0.3048 m)3(1 slug) = . 
Aas 

1-----------------------_. __ ....... _ .. _------_.----------. 
1·3. Represent each of the following quantities in the 
correct SI form using an appropriate prefix: (a) 0.000431 kg. 
(b) 35.3(10~) N, (c) 0.00532 km. 

a) 0.00043lkg=0.000431(IOl ) 11=0.431 1 Ans 

b) 3S.3( 10l) N = 35.3 kN ...... 

c) 0.00532 Ian = 0.OOS32( lal) m = 5.32 m "'Id 
---.~----------.. --.... ----: ...... "" .. -----.. -...... - .. --.-..... ---.--.-.-..... ---------~------ ... -.-

.1.... Rep~~sent each of the following combinations of 
uniiS in the correct SI form using an appropriate prefix: 
(aJ mlms, (b) JLkm, (c) kslmg. and (d) km· JLN. 

( m ) (10>' m) (a) mlms = -- ~ -- - laD/s 
(10)-' S S 

( (10)' S) ((10)9 S) Os/kg 
(c) ts/1111 = ~ .. kg -

Ans 

Ans 

Ans 

Ans 

------------------------------------------------.----t 
1.5. If a car is traveling at 55 mi/h, determine its speed 

in.kilometers per hour and meters per second. 
SS mi/h .. (~)(S280ft)(~)(~) 

I h I IDI I ft 1000 m 
'" 88.S km/h Ans 

88.5 km/h = -- -- __ - 246 mls ( 88.Skm)(IOOOm)( Ih ) 
Ih Ikm 3600s - . 

1-----------_._----_._------------------_._--
1-6. EvaIuateeach of the follOwing and express with an 
appropriate prefix: (a) (430 kg)2 (b) (0.002 mg)2 and 
(c) (230m)3, ' • 

(a) 

(b) 

(c) 

(430 kg)' = 0.185(10') kg' = O.ISS Mi 

(O'(lO2 q)' = [2(10"') sf = 4p.,· 

(230 m)' = [0.23(10') m]' = 0.0122 laD' 

ADI 

-~----~'~----~---------------------4 
1·7. A rocket has a mass of 250(10~) slugs on earth. 
Specify (a) its mass in SI units, and (b) its weight in SI 
units. If the rocket is on the moon, where the acceleration 
due to gravity is gm = 5.30 ft/s2. determine to three 
significant figures (c) its weight in SI units, and (d) its 
mass in SI units. 

u .ine Table 1 • 2 IIId i&lPlyinl Eq.1 - 3, we have 

a) lSO( lal) .lup =[2S0( 10l) .IUIS](14.S938 kJ) 
I slulIS 

= 3.6484'( 10') kJ 
=3.6'01 

b) W. = ml =[3.6484'( 10') kl ]( 9.81 m/s2) 

= 35.791 (10·) k8' m/s2 

= 35.8 MN 

Or 

Ans 

Ans 

1 

c) W. = mI. = [lSO( 103) SIUIS] ( S.30 ftls2) 

( 4.4482N) = [ 1.32' (10') lb] lii) 
'"' ,.894( 10') N = '.89 MN 

('. ) (5.30 ftlS2) .0 MN W. = W. - = (3'.791 MN) ---, = S .... 9 
• I 32.2ftls· 

d) Since the mass is independent of its locaIion. then 

m .. = m. = 3.6S( 10') k8 = 3.65 01 

Aid 

Ans 



*1-8. Represent each of the following combinations of 
units in the correct SI form: (a) kN/fLS, (b) MglmN, and 
(c) MN/(kg' ms). 

(a) 

(b) 

(e) 

I<N/}Js = IO'N/(10-6)s = ON/s ADS 

Mg/mN = Htg/lO-'N = Og/N ADS 

MN/(kg·ms) = lo"NIkg(10-'s) = ON/(kg.s) ADS 

1---------.. ---.-.-----------, 

1-9. The pascal (Pa) is actually a very small unit of 
pressure. To show this, convert I Pa = I N/m2 to Ib/ft2. 
Atmospheric pressure at sea level is 14.7 Ib/in2. 
How many pascals is this? 

1-10. What is the weight in newtons of an object that 
has a mass of: (a) 10 kg, (b) 0.5 g, (c) 4.50 Mg? Express 
the result to three significant figures. Use an appropriate 
prefix. 

o sing Table 1- 2. we have 

=~(~)(0.30481 ml) = 20.9 ( 10-') Ib/ftl Ans 1 Pa ml 4.4482 N I ftl 

=~(~)(~)( lftz ) I ATM inl I Ib I ftl 0.30481 ml 

= 101.3 ( 10') N/ml 

= 101ltPa AIlS 

(al 

(bl 

(el W = (9.81 m/sl)(4,S Mg)(lo' kg/Mg) = 44.1 kN ADS 

1-----_-----_ ... _-_._._------------, 

I-IL Evaluate each of the following to three significant 
figures and express each answer in SI units using an 
appropriate prefix: (a) 354 mg(45 km)/(0.035 6 kN), 
(b) (.004 53 Mg)(201 ms), (c) 435 MN/23.2 mm. 

a) (3S4mg)(4Skm)/o.o3S6kN = [3S4(10-') g][4S(1O') m] 
0.03S6( 10') N 

= 0.447(10') g. m 
N 

= 0.447-kg . mIN 
Ans 

b)(0.00453 Mg)(201 IDS) =[4.53( 10-')( 10') kg][201( 10-') 5] 

= 0.911 kg. S Ans 

43S(1O") N 18.75(10') N 
e) 43S MN/23.2 mm = - = 18.8 GN/m Ans 

23.2(10-') m m 

1------------_ ... _------------, 

*1-12. Convert each of the following and express the 
answer using an appropriate prefix: (a) 175Ib/fP to 
kN/m3

, (b) 6 ftlh to mm/s, and (c) 835 lb· ft to kN. m. 

( 1751b)( It )'(4.4482 N) (al 175 Ib/ft' = til 0.3048 m --lb-

= (27.5 ~~l' N) = 27.5 kN/m' 

( 6 ft)(0.3048 m)( 1 h ) 
(bl 6 ftlh = h -I-r-t - 3600 s 

= 0.508(10)"' m/s = 0.508 mm/s 

( 4.4482 N)(0.3048 m) (el 835 Ib·ft= (8351b·ft) 1fu -I-[-t-

= 1.13(10)' N· m = 1.13 kN· m 

Ans 

Ans 

Ans 



1·13. Convert each of the following to three significant 
figures. (a) 20 Ib . ft to N . m, (b) 450 Ib/ftJ to kN/mJ, and 
(c) 15 ft/h to mm/s. 

U sinS Table 1 - 2. we have 

a) 20 lb· fl= (20 lb· fl)(~)(~) 
lIb I fl 

=27.1 N'm 
Ans 

b) 4501blfl] = (450 Ib)(~)(~)( lftl ) 
ft] 1 Ib 1000 N 0.3048] m] 

= 70.71cN/m] ADS 

c) 15 ftlh = (¥)(304~ ~Imm )(3~ s) = 1.27 mm/s ADS 

1-----------____________ . ____________ . __ . - _______ . ___ . ___ . __ -11 

1·14. If an object has a mass of 40 slugs, determine its 
mass in kilograms. 

1·15. Water has a density of 1.94 slug/fe. What is the 
density expressed in SI units? Express the answer to three 
significant figures. 

40 slugs (14.5938 kg/slug) = 584 kg 

Using Table 1-2. we have 

Pw = (1.94 SIUg)(14.5938 kg)( I ftl ) fl] I slug 0.3048] m] 

= 999.8 kg/m] = 1.00 Mg/m] 

ADS 

ADS 

1-----------------_._-----_ .. _----------.... 

*1·16. Two particles have a mass of 8 kg and 12 kg, 
respectively. If they are 800 mm apart, determine the force 
of gravity acting between them. Compare this result with 
the weight of each particle. 

1·17. Determine the mass of an object that 
has a weight of (a) 20 mN, (b) 150 kN, (c) 60 MN. Express 
the answer to three significant figures. 

F=G~ 
72 

Where G = 6.673(10-") m'/(kg.s2 ) 

W, = 8(9.81) = 78.5 N 

W2 = 12(9.81) = 118 N 

Applying Eq.I- 3, we have 

m = ! = 20( 10-]) kg· m/sl = 2_04 g 
a) g 9.81 m/s2 

ADS 

b) W 150(103) kg· m/sl = 15.3 Mg ADS 
m=, = 9.81 m/sl 

c) m = ! = 60( 10") kg· m/sl = 6.12 Gg ADS 
g 9.81 m/sl 

AIlS 

AIlS 

Ans 



--------------~~~====~ 

1·18. If a man weighs 155 lb on earth, specify (a) h~s 
mass in slugs, (b) his mass in kilograms, and (c) hIS 
weight in newtons. If the man is on the moon, where 
the acceleration due to gravity is gm = 5.30 ft/S2, 
determine (d) his weight in pounds, and (e) his mass in 
kilograms. 

(a) 

(b) 

(c) 

(d) 

(e) 

Also, 

m = 155 = 4.81 slug 
32.2 

- [14.5938 kg] _ 702 .... m - 155 _ ..... 
32.2 

w = 155 (4.4482) = 689 N 

[ 5.30J W = 155 - = 25.5 Ib 
32.2 

- [14.5938 kg] _ 70 2 "'n m - ISS _ ..... 
32.2 

[ 14.5938 kg] 02 "'n m = 25.5 = 7 ..... 
5.30 Ans 

L----------------------------, 

1-19. Using the base units of the SI system, show that 
Eq. 1-2 is a dimensionally homogeneous equation which 
gives F in newtons. Determine to three significant figures 
the gravitational force acting between two spheres that 
are touching each other. The mass of each sphere is 200 kg 
and the radius is 300 mm. 

*1-20. Evaluate each of the following to three significant 
figures and express each answer in SI units using 
an appropriate prefix: (a) (0.631 Mm)/(8.60 kgF, 
(b) (35 mm)2(48 kg)J. 

Using Eq.1- 2. 

F=G~ 
rZ 

N=(~)(kg.kg)= kg·m ED 
(Q . • . J kg. SZ ml Sl 

F=G~ 
rZ 

= 66.73 ( 1O-1Z)[~J 
O.@ 

= 7.41 (10-6) N = 7.41 ~N Ans 

(a) 0.631 Mml(8.60kg)l ,"(0.631(10') m)= ~ 
(8.60)2 kgl kgZ 

.. 8.S3(lo-')m/kgl = 8.S31cm/1cgZ 

4 

Ani 



'------~====~==~------

2-L Detennine the magnitude of the resultant force 
F R = Fl + F3 and its direction, measured counterclockwise 

from the positive x axis. FR = 1{6(0)2 + (SOO)' _ 2{6(0){SOO)cos7S0 = 866.91 = S67 N 

}j =600N 

6 = 63.05° 

tP = 63.05° + 45° = 10So AIlS 

------------~~~lll--~~----__ x 

2·2. Determine the ~gnitude of the resultant force if: 
(a) FR= FI + F2; (b) FR = FI - F2• 

PlITalldolram La.., : The parallelogram Jaw ofaddilion is shown in 
Fig. (a) and (c). 

TrilOlJomlt" : Using law of cosines [Fig. (b) and (d)]. we have 

a) 

b) 

FR = 11()()2+S02-2(lOO)(80)cos 75' 
= 111 N 

FR' = /1()()2 + 802 -2( 1(0)(80) cos 1050 
= 143N 

ADS 

ADS 

2-3. Determine the magnitude of the resultant force 
F R = Fl + F2 and its direction, measured counterclockwise 
from the positive x axis. 

y 

FI =2S01b 

FR = /{2S0)2 + (37S)2 - 2{2S0){375)coa7So = 393.2 = 3931b 

393.2 250 

I---,..-x 

*2-4. Determine the magnitude of the resultant force 
F R = Fl + F2 and its direction, measured clockwise from 
the positive u axis. 

~ = iin6 

6 = 37.S9° 

tP = 360° - 45° + 37.89" = 3530 ADS 

FR = /(300)' + (SOO)' - 2(300){SOO)cos95° = 605.1 = 60SN ADS 

,--r------u 
605.1 SOO 
sin9So = sin6 

6 = 55.40° 

tP = 55.40" + 30° = 85.4° 

5 

ADS 

ADS 

ADS 



------- ---------

2-5. Resolve the force F1 into components acting along 
the u and v axes and determine the magnitudes of the 
components. 

~..,-----u 

2-6. Resolve the force F2 into components acting along 
the u and v axes and determine the magnitudes of the 
components. 

2.7. The plate is subjected to the two forces at A and B 
as shown. If (J = 60°, determine the magnitude of the 
resultant of these two forces and its direction measured 
from the horizontal. 

Parall.logr_ lAw : The paralle10gnm law of IIIIdiIion is shown in 

Fig. (a). 

Trigo"o"."", : Using law of cosines [Fig. (b)), we have 

FR = /sz+62-2(S)(6)C05 100" 
.. 10.80 leN = 10.8 leN 

The angle9 can bedetennined using law of sincs(Fig. (b)]. 

sin 9 sin 100· 
-6-= 10.S0 
sin 9 = 0.5470 

9= 33.16° 

Thus, !he din:ction ;. of F, measured from dle:JC axis is 

, .. 33.16° - JOO .. 3.16° Aas 

Aas 

~_ 300 
sin4O" - iiD iiOO 

Ii. '= 20S N 
AIlS ~'I<:F-..IJ--- ... 

~ _ 300 
sin30· - ;fu 1 i(jO 

Ii, '= 160N 
AIlS 

F,. SOO 
~'=~ 

F,. = 376 N AIlS 

F" '= 482 N A ... 

(b) 

(a.) 



*2-8. Determine the angle 8 for connecting member A 
to the plate so that the resultant force of FA and FIJ is 
directed horizontally to the right. Also. what is the 
magnitude of the resultant force. 

Paralldo,ratn lAw : The paralJelogram law of addition is shown in 
Fig. (a) . 

Trigollometry : Using law of sines [Fig. (b»). we have 

sin (9()0 - 9) sin 500 --,---=-
6 8 

sin (90° -' 9) = 0.5745 

9 = 54.93° = 54.90 An. 

From rite mangle, , = 180° - (90° - 54.93°) - 500 = 94.93°. Thus. using 
law of cosines. the magnitude of FR is 

Fir = /82 +62-2(8)(6)cos 94.930 

= 10.4 kN An. 

2-9. The vertical force F acts downward at A on the two
membered frame. Determine the magnitudes of the two 
components of F directed along the axes of AB and AC. 
Set F = 500 N. 

ParalldogrlJlll lAw : The paralJe10gram law of addition is shown in 
Fig. (a). 

Tri,ollotnetry : Using law ofsincs [Fig. (b»). we have 

1;., 500 
Siil6(jO = SiiiW 

1;..=448N Ans 

l'Ac =366N Ans 

A 



2-10. Solve Prob. 2-9 with F = 350 lb. 

Parallelogram Law: The parallelogram law of addition is shown in 
Pig. (a). 

Trigollometry: Using law of sines [Pig. (b)J. we have 

fAB = 350 
sin 60° sin 75Q 

FAB = 314 Ib Ans 

FAC 350 

sin 45° sin 75° 

F.,c = 256 Ib Ans 

2-11. The force acting on the gear tooth is F = 20 lb. 

A 

Resolve this force into two components acting along the F 
lines aa and hb. 

20 Fa 
sin 40° = sin 80n • 

Fa = 30.6 lb An.~ 

20 Fb 
sin 40° = sin 60° . F. = 26.9 Ib An.~ 

*2-12. The component of force F acting along line aa 
is require to be 30 lb. Determine the magnitude of F and )' 
il~ component along line hb. 

30 F 
.in 800 = sin 40° ; F = 19.6 Ib An.~ 

30 l'b 
sin 80'" = sin 60° : 

u-

8 

''',30' 

"~ /<,e 

/ 
/ 

3501b 
(al 

/// """ 
/ 



2·13. The 500-lb force acting on the frame is to be 
resolved into two components acting along the axis of the 
strul~ AB and AC. If the component of force along AC 
is required to be 300 Ib, directed from A to C, determine 
the magnitude of force acting along A B and the angle fJ 
of the 500-lb force. 

PtllYJlklullt'Gm lAw: The parallelogram law of addition is shown in 
Fig. (a). 

Trigonometry: Using law of sines Il'i!!. (br!. we have 

sin</> sinn" 
300 = 500 

sin</> = 0.5796 

</> = 35.42' ADS 

Thus, 

45' + 9 + 75' + 35.42' = ISO' 

(J = 24.58' = 24.6' 

F,IB 500 
sin(45° + 24.58') = sin 75' 

I::' B = 485 Ib ADS 

2·14. The post is to be pulled out of the ground using 
two ropes A and B. Rope A is subjected to a force of 
600 Ib and is directed at 60° from the horizontal. If the 
resultant force acting on the post is to be 1200 Ib, verti
cally upward, determine the force T in rope B and the 
corresponding angle (J. 

T = J(600)2 + (1200)0 - 2(600)(1200) cos 30' 

T = 743.59 Ib = 744 Ib ADS 

sin (I = ,;1130'. (I = 23.S' 
600 743.59 

AIlS 

51X) Ib 

(a) 

F=5001b 

'" ' , , , 
, 45'+ 9 " FAB 

" 75',' 
3IXI Ib "<"7 

~ 

(b) 

600lb 

T 

fJ B 

~ 1200lb '" 

9 

O' 600lb 
60' 



2·15. Determine the design angle 8 (0°"" 8 "" 90°) for 
strut A B so that the 400-lb horizontal force has .a. 
component of 500-lb directed from A towards C. What is 
the component of force acting along member AB? Take 
tP = 40°. 

Pu"JI.'06NUr1 Law : The paraJlclogram law of Iddition is shown in 
Fig. (a). 

Tri6oflom.try : Using law of sines [Fig. (b) J. we have 

sin 8 sin 40° 
500 =""'400 
sin 8 = 0.8035 

8 = 53.46° = 53.5° Ans 

Thus. ,= 1800-40"-53.46° .. 86.54° 

Using law of sines [Fig. (b)) 

~. -6211b Ans 

400lb A 

<kJO Ib 

B 

~" 
~, r-
, " rA8 , " 

!5oc Ib' "" 
I " , \ 

~¢ Gi\ 
400lb 

tb) 

_------------... ----~----.---.. ---.---------------11 

*2·16. Determine the design angle tP (0°"" tP "" 90°) 
between struts AB and AC so that the 400-lb horizontal 
force has a component of 6OO-lb which acts up to the left. 
in the same direction as from B towards A. Take 8 = 30°. 

Pullll.lo6r_ Law : 'The paraJlclogram law of addirion is shown in 

Fig. (a). 

Tri6oflomtltry : Using law of cosines [Fig. (b)). we have 

~c .. ./ 40()1 + 60()2 - 2( 4(0) (600) cos 300 = 322.97 Ib 

'The angle, can be dclermined using law of sines [Fig. (b». 

sin, sin 300 
400 = 3i2.97 
sin , = 0.6193 

, .. 38.3° Ans 

400lb A 

(b) 



'-------------------------------

2-17. The chisel exert, a force of 20 Ib on the wood 
dowel rod which is turning in a lathe. Resolve this force 
into components acting (a) along the II and y axes and (b) 
along the x and taxes. 

F 20 
(a) --'-=--

sin 45° sin 60° 

F, = 16.3 lb Ans 

-f~ 20 

sin 75:· sin 60' 

Fit = -22.3 Ib Ans 

f; 20 
(b) = ---

sin IS' sin 1200 

r; = 5.98 Ib Ans 

F, 20 

sin 45 t' = sin 1200 

F, = 16.3 Ib Ans 

2-18. Two forces are applied at the end of a screw eye 
in order to remove the post. Determine the angle II (0° ::: 
II ::: 90°) and the magnitude of force F so that the resultant 

201b 

force acting on the post is directed vertically upward and SO() N 

has a magnitude of 750 N. 

Parallelogram lAw: The parallelogram law of addition is shown in 
Fig. (a). 

TrigolJometry: Using law of sines [Fig. (b)l. we have 

sin'; sin 30" 

750 500 

sin,; = 0,750 

,; = 131.41 0 (By observation,'; > 80') 

Thus, 

II = 1800 - 30" - 131.41° = 18.59" = 18.6' Ans 

F 500 

sin 18.59" sin 300 

F = 319 N Ans 

SOON 

x 

750N 

(a) (h) 



---------- - -------
---,====~--

2-19. If Fl = F2 = 30lb, determine the angles (J and tf> 
so t~at the resultant f?rce is directed along the ositive 
x 8XlS and has a magn~tude of FR = 20 lb. P 

~ _ 30 
Sin; - :ri;;8 

(30)2 = (30)2 + (20)2 

*2.20. The truck is to be towed using two ropes. 
Determine the magnitude of forces FA and F B acting on 
each rope in order to develop a resultant force of 950 N 
directed along the positive x axis. Set 6 = 50°. 

P",alldollrlUfl Law : The parallelollnun law of addition is shown in 
Fig_ (a). 

Trillonometry : Using law of sines [Fig. (b»). we have 

-2....=~ 
sin 50" sin 110° 

~ =774N Ans 

Fa 950 
sin 20° = ;;;;!i'i)O 

F,=346N Ans 

;=8=70.5° 

12 

- 2(30)(20)cos8 

Ans 

'--_-+ ___ x 



2·21. The truck is to be towed using two ropes. If the 
resultant force is to be 950 N, directed along the Qositive 
x axis, determine the magnitudes of forces FA C!!1d F n 
acting on each rope and the angle of e of F n so that the 
magnitude of F H is a minimum. FA acts at 20° from the x 
axis as shown. 

Parallelogram u.w : In order to produce a minim..". force Fs , Fshas 

to act perpendicular to FA .The parallelogram law of addition is shown in 
Fig. (a). 

Trigonometry: Fig. (b). 

F;, = 950sin 20· = 325 N A ns 

~ = 9S0c0s 200 = 893 N Ans 

The angle 8 is 

8 = 900 - 200 = 70.00 Ans 

2-22. Determine the magnitude and dire t' f h 
resultant F - F CIon 0 t e 
fi d· h R - I + F2 + F3 of the three forces by first 
In 109 t e resultant F' = F + F d h . 

F = F' + F 1 2 an t en fonrung R 3. 

:::-_-+ ___ x 

~ 
9501'1 

(b) 

FI= 30N 

F' = ,1(20)2 + (30)2 - 2(20)(30) cos73.13° = 30.85 N 

F' " " , , 
y 30.85 30 

8' = 1.470 ---= 
sin73.13° sin(70° - 8')' 

FR = ,,(30.85)2 + (50)2 - 2(30.85)(50) cos 1.47· = 19.18 = 19.2 N l' Am 

~ 

x 

l.W I SOleN 19.18 30.85. ~~ __ x 
sm1.47° = ~; 8 = 2.37 ~ Am 30.~5N - - F" 

---=~~1--. --x 

13 



------_._------_ .... ------ .-

2-23. Determine the magnitude and direction of the 
resultant FR = Fl + F2 + F3 of the three forces by ftrst 
finding the resultant F' = F2 + F3 and then forming 
FR = F' + Fl' 

y F' = 1(20)2 + (50)2 - 2(20)(50) cos70° = 47.07 N 

e = 23.53° 
20 47.07 
ainU = sln700; 

F3= SON 
__ ~~~&-_-.. __ x FR = 1(47.07)2 + (30)2 - 2(47.07)(30) cos13.34° = 19.18 = 19.2 N AIlS 

20° 

*2-24. Resolve the SO-Ib force into components acti 
along (a) the x and yaxes, and (b) the x and y' axes. ng 

19.18 30 
; = 21.15° 

sln13.34° = sin;; 

8 = 23.53° - 21.15° = 2.37° "\l Ans 

(a) F. = 50 cos4SO = 35.4 Ib 

(b) 

F,. = 50 s1n45° = 35.4 lb 

F. 50 
sin 15° = sin1200 

F. = 14.9 Jb 

E· 50 
~=-
sln45° sin 120° 

F,.' = 40.8 Jb 

Ans 

Ans 

Ans 

Ans 

, QO·ol3.S3°o('OOo3U7·) 
• 13. !&to 

& 

50/1. ~ 

1~ '- F~ 

J'J 

~. 1)0· 
;,(' . 



2-25. The log is being towed by two tmctors A and B. 
Detennine the magnitude of the two towing forces FA 
and F B if it is required that the resultant force have a 
magnitude F R = \0 kN and be directed along the x axis. 
Set {I = 15°. 

Parallelogram lAw: The parallelogram law of addition is shown in 
Fig. (a). 

Trigonometry: Using law of sines [Fig. (b)]. we have 

~=_1_0_ 
sin 15° sin 135' 

fA = 3.66 kN Ans 

~=_I_O_ 
sin 30° sin 135' 

Fa = 7.07 kN Ans 

2-26. If the resultant F R of the two forces acting on 
the log is to be directed along the positive x axis and 
have a magnitude of 10 kN. determine the angle (J of the 
cable, attached to B such that the force F B in this cable 
is minimum. What is the magnitude of the force in each 
cable for this situation? 

Parallelogram lAw: In order to produce a millimum force FR. FH has 
to act perpendicular to F.\. The parallelog ... m law of addition is shown 
in Fig. (a). 

Trigonometry: Fig. (b). 

Fa = JOsin30° = 5.00 kN A, .. 

f~. = lOcos 30' = 8.66 kN Ans 

The angle IJ is 

o = 90' - 30° = 60.0° Ans 

F8 

(a) 

(a) 

B 

~ ~ 
IOkN 

(b) 

~. 'FE 
~ 

lOkN 
(bi 



2-27. The beam is to be hoisted using two chains. 
Determine the magnitudes of forces FA and F n acting on 
each chain in order to develop a resultant force of 600 N 
directed along the positive y axis. Set 0 = 450. 

~-~; F.,-439N A_ lia 4'· sin 10$" 

*2-28. The beam is to be hoisted using two chains. If the 
resultant force is to be 600 N, directed along the positive 
y axis, determine the magnitudes of forces FA and F n 
acting on each chain and the orientation 0 of FIJ so that 
the magnitude of FI/ is a minimum. FA acts at 30° from 
the y axis as shown. 

For III iaim um F,. require 

8-6/Y' Au 

F, - 600 siD 30" -300 N A_ 

------Q·-----------x 

----------- x 

16 



2·29. Three chains act on the bracket such that they 
create a resultant force having a magnitude of 500 lb. If 
two of the chains are subjected to known forces, as shown. 
determine the orientation 8 of the third chain. measured 
clockwise from the positive x axis, so that the magnitude 
of force F in this chain is a minimum. All forces lie in the 
x-y plane. What is the magnitude of F? Hint: First find 
the resultant of the two known forces. Force F acts in this 
direction. 

COIiDe Jaw: 

F. , • .; 3O()Z + 200Z - 2(JOO)(ZOO)cos6O" .. 264.61b 

Sine Jaw: 

sin(3O" + 9) sin6O" 
--::;;-- • - IJ. 10.9" Au ZOO 264.6 

F • • F. , +F 
500. 264.6+ F.;. 

F •• -2], Ib 

2·30. Three cables pull on the pipe such that they create 
a resultant force having a magnitude of 900 lb. (f two of 
the cables are subjected to known forces. as shown in the 
figure. determine the direction 8 of the third cable so that 
the magnitude of force F in this cable is a minimum All 
forces lie in the x-y plane. What is the magnitude of F? 
Hint: First find the resultant of the two known forces. 

F" .. /(600)2 + (400)2 - 2(600)(400) cos 10So .. 802.64lb 

F ,. 900 - 802.64 .. 97.41b Au 

sin, .. ~: ,= 46.220 
600 802.64 

IJ .. 46.220 - 30" .. 16.20 Au 

., 

:00. 

I 

17 

lb 

~~;;;::----r---x 

2001b 

~ 
<.;t:J~. 

'., 

F 

F 



2-3L Determine the x and y components of the 800-Ib 
force. 

800lb 
y F; = SOOsin40" = 5141b 

F; = - SOOcos40° = -613 Ib 

*2-32. Determine the magnitude of the resultant force 
and its direction, measured clockwise from the positive 
x axis. 

Ans 

Ans 

y ~ FR. = l:.F.; FR. = 70 + 50 cos 30° - 65cos45° = 67.34 N 

50N 
FR, = - 50sin300 - 65sin45° = -70.% N 

FR = /(67.34)2 + (-70.96)2 = 97.S N Ans 

~I------!~---x 
70N 

65N 

8 = tan-I 70.% = 46.50 
67.34 Ans 



2·33. Determine the magnitude of force F so that the 
resultant F R of the three forces is as small as possible. 

y 

20kN 

---------,----- x 

12kN 

Sc.u.r NOUllioll: Suming the force componcncs aigcbraic:ally, we have 

..:. F,. = u.; F,. = 20G)- Fccs 45· 

= 16.0-0.707IF -+ 

+1 F,,=l:F,; F,,=20G)-12+FSin45. 

=O.707IF 1 

The magnillide of the resultant force F. is 

F,=~ 

= J(l6.0-0.7071F)2 + (O.7071F)2 

= .; F2 - 22.63F + 256 

Ft = r -22.63F + 156 
dF, 

2F, dF = 2F - 22.63 

( d2 F, dF, dF, ) 
F,diil+ dF xdii = I 

In order to obtain the minimum resultant force F., dF, = O. From Eq (2) 
dF . 

dF, 
2F, dii = 2F - 22.63 = 0 

F= 11.31 kN = 11.3 kN 

SubstitulC F= 11.31 kN into Eq.[l), we have 

Fj, = II 1.3(2 -22.63( 11.31) + 256 -IllS kN 

dF. 
SubstirulC Fj, = IllS kN with -.!!. = 0 inlD Eq. [31, we have 

dF 

Ana 

Hence, F = 11.3 kN is indeed producing a minimum resultant force. 

[ I) 

(2) 

(3) 



2-34. Determine the magnitude of the resultant force 
and its direction, measured counterclockwise from the 
positive x axis. 

y 

--------------I~-----------X 

F2 =625N FJ =850N 

2-35. 'Three forces act on the bracket. Determine the 
magnitude and direction () ofF1.so that the resultantforce 
is directed along the positive x' axis and has a magnitude 
of! kN. 

*2-36. If FI = 300 N and () = 20·, determine the 
magnitude and direction, measured counterclockwise from 
the x' axis, of the resultant force of the three forces acting 
on the bracket 

4 
FR. = 5 (850) - 625 sin 30" - 750 sln45" = -162.8 N 

+ t FR, = l:F,; FR, = - ~(850) - 625cos30" + 7S0cos45" = _ 520.9 N 

FR = 1(-162.8)2 + (-520.9)2 = 546 N AIls 

tP = tan-I --' = 72.64" [ -5209J 
-162.8 

8 = 180" + 72.64" = 253" Ans 

+ 

~FR, = l:F,; 1000 cos30" = 200 + 450 cos45" + fj cos(8 + 30") 

+ t FRy = u,; - 1000 sln30' = 450 sln45' _ fj sln( 8 + 30") 

fj sin(8 + 30') = 818.198 

fj cos( 8 + 30') = 347.827 

8 + 30' = 66.97", 8 = 37.0' Ans 

fj = 889 N 
Ans 

+ 

~FR, = l:F,; FR, = 300 cos50' + 200 + 450 cos45' = 711.03 N 

+ t FRy = u,; FRy = -300 sin50" + 450 sin45" = 88.38 N 

FR = 1(711.03)2 + (88.38)2 = 717 N Ans 

, -I[ 88.38] tP (angle from x axis) = tan rum 
;' = 7.10" 

tP (angle from x' axis) = 30" + 7.10" 

tP = 37.1' Ans 

20 



------------~---.-. 

2·37. Determine the magnitude and direction 8 of FI so 
that the resultant force is directed vertically upward and 
has a magnitude of 800 N. 

S CIlUu N "till;"" : SUming the fora: components algebraically. we have 

.:. FR. = U. ; FR. = 0 = Fj sin 8 + 4OOcos 30" - 600(;) 
Fj sin 8= 133.6 

+ i FR, =u,; FR, =800=Fjcos 8+ 400sin 3O"+600(n 
Fj cos 8 = 240 

Solving F.q.[I] and [2] yields 

8=29.1 0 Fj = 275 N Ans 

[ I] 

[2] 

21 

400 N 

J!al:------ x 

~ 

r; = ;'00;J ~J 
r-~~----- I 
i 31'~ 
I "4t" 

, , , 
: F.<. --~~~~~~~~~~x 

;:;~ r;~ 

" 'if 

I 
1;. : 800 

---------r--------x 



2·38. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force of the three forces acting on the ring A. Take FI = 
500 Nand (J = 20·. 

Scala,. Notatio" : Suming the force compolICftll aJacbnically, we have 

..:. .... = u. ; .... = SOOsin 20" + 4OOcos 30" - 600(; ) 

=37.42 N .... 

+ f ... , = u, ; ... , = SOOcos 20" + 400sin 30" + 6OOG) 
.. 1029.8N f 

The magnilllde of the resultant force F~ is 

... = V I'l + I'l = ./37.422 + 1029.82 = 1030.5 N .. 1.03 kN ADS 

The directional angle I} measured counraclockwise from positive x axis is 

l} .. ran·I~ .. ran-I (1029.8) = 87.9" 
.... 37.42 Au 

2·39. Express FJ and F2 as Cartesian vectors. 

F2 = 26 kN 

"-'---x 

F, =30kN 

YlIr---_--1. __ x 

'i .. - 30 sin 30" I - 30 cos 30" J 

.. {-IS.OI_ 26.0J} kN 

iii 5 12 
.. -jJ(26)1 +jJ(26JJ 

.. {-lo.ol + 24.0J} kN 

?? 



*2·40. Determine the magnitude of the resultant force 
and its direction measured counterclockwise from the 
positive x axis. 

~ Flo .. u.; Flo" - 3Osin3O" - ~ (26) .. -25 kN 
13 

F., '" -3OcoS3O"+.!!(26} = -1.981 kN 
13 

8 .. 180"_"'"-4.53° ~ J.8So 4 ... 

2·41. Solve Prob. 2-1 by summing the rectangular or 
x, y components of the forces to obtain the resultant force. 

~FR. = 14; FR. = 6OOcos45' - 800sin60' = - 268.556 N 

+ i FR, = 1:.F,; FR, = 6OOsin45° + 800cos60' = 824.264N 

FR = ,,(824.264)2 + (-268.556)2 = 866.91 = 867 N Ans 

• _, 824.264 
9 = 180 - tan ( 268.556) 

= 180' - 71.95' = 108' Ans 

F, =30kN 

F2 =800N F] = 600N 

--..J.~---x 

23 



2-42. Solve Prob. 2-22 by summing the rectangular or 
x, y components of the forces to obtain the resultant force. 

- 30(~) - 20(sin200) = -30.8404 ~' = Fix + ~x - - 5 

, - 30(~) - 20(cos200) = -0.79385 F., = fj, + Fi, - 5 

= F.x ' + F','x = - 30.8404 + 50 = 19.1596 Fox 

, r - -079385 + 0 = -0.79385 FRy = F; + r3y - . 

Fo = /(19.1596)2 + ( 0.79385)2 = 19.2 N 

-1 -0.79385 __ 2.37260 = 2.37° "Ji 
6 = tan (19.1596) -

Ans 

Ans 

2-43. Determine the magnitude and orientation 8 of FI/ 
so that the resultant force is directed along the positive 
y axis and has a magnitude of 1500 N. 

Scllilu NOllllion: SUrning the fora: components algebraically. we have 

~ Fir, = IF; ; 0 " 700s!n 30° - Fir eos 9 

Fireos 9" 350 

+ i FR, "IF,; 1500" 700c0s 30° + Fir sin 9 

Fir sin 9" 893.8 

Solving Eq. [lJ and (2) yields 

9" 68.6° Fir "960 N 

r IJ 

[2J 

Ans 

y 

FA" 700N 

--J.+-:III--___ x 

F..;- 6=7001'( ---"/; 
r. Fe". I : 

JIIf---- 3IJ", 
I " I, 
I " : 

~~ I 9 " 'F; .. 
)( 

II 

f 
r;.·/500tJ 

24 



2·42. Solve Prob. 2·22 by summing the rectangular or x. 
y components of the forces to obtain the resultant force. 

F; = F,. + fi,. = -30 G) -20(sin 20°) = -30.8404 

F; = F'r + F" = 30 (~) - ZO(cos ZOO) = -0.79385 

FR.. = F; + F" = -30.8404 + 50 = 1'1.15'16 

"-Ny = F; + Fh = -0.79385 + 0 = -0.79385 

FR = ,1119.15'16)1 + (-O.79385l' = 19.2 N Ans 

.. , (-0.7'1385) ry ry ,. , • .,.. R = tan --- = -~.37.6 = 2.37 ..... 11 
19.1596 

An.. 

2·43. Determine the magnitude and orientation (J of F B 

so that the resultant force is directed along the positive v 
axis and has a magnitude of 1500 N. 

F" = 700 N 

;,l-----x 

Scalar Nowtion: Summing lhc force components algebraically. we 
have 

FBCOSI!=350 III 

+ t FR. = 'LF,; 1500 = 700 cos 30" + FB sinO 

FE sin II = 893.8 121 

Solving Eq. [I] and 121 yields 

/I = 68.6" Fn = 960 NAilS 

F,= 30 N 

F,= 50 N 

--~~~tr--..--x 

F,= 20 N 

y 



~-- ------~--- ..... 

2·44. Determine the magnitude and orientation, 
measured counterclockwise from the positive y axis, of 
the resultant force acting on the bracket, if Fu = 600 N 
and (J = 20°. 

Sctd.,. N.,., •• : Suminllhe (oree componenllllpbnically. we have 

.:. Fa ... U. ; Fa. = 7()(bin 30" - 6OOc:os 20" 

.. -2t3.8 N .. 213.8 N ... 

+ f Fa, .. U, ; Fa, = 700c0s 30" + 600sin 20" 

=811.4N f 

The I1IaJnitudc o( die leSul13111 (ora: F. is 

The directional angle 9 measured counta"Clockwise from positive y uis is 

9 .\ Fa. -\ (213.8) 148" =-ean -=tan -- = . Fa, 811.4 
Ana 

2-45. Determine the x and y components of Fl and F2. 

y 

Fj =200N 

Ii = ISON 

x 

r 

l'jz = 2OOsin4S· = 141 N ADS 

l'jy = 200cos4S· = 141 N ADS 

F2z = - IS0cos30· = - 130 N ADS 

l'2y = IS0sin30· = 7S N 
AIlS 



2-46. Determine the magnitude of the resultant force 
and its direction, measured counterclockwise from the 
positive x axis. 

-+-_--1 ___ ..... F, = 200 N 

Fl = 150 N 

x 

2-47. Determine the x and y components of each force 
acting on the gusset plate of the bridge truss. Show that 
the resultant force is zero. 

.2-48, If (} = 60° and F = 20 kN, determine the 
magnitude of the resultant force and its direction 
measured clockwise from the positive x axis.. 

y 

SOkN 

----~~~-----------------x 

40kN 

27 

+'.F". = I:.F.:; F". = - 150cos30· + 200sin45· = 11.518 N 

/'+F"y = l:F,; Fity = 150sin300 + 200cos45. = 216.421 N 

F" = /(11.518)2 + (216.421)2 = 217 N 
Ans 

(} = tan-I ~ _ • 
( 11.518 ) - 87.0 Ans 

Fj. = -200lb Ans 

Fjy = 0 Ans 

4 
Fi. = 400(5) = 320lb Ans 

3 
Fi y = -400(5) = -2401b Ans 

F. = 300(~) = 180 Ib 
3z 5 Ans 

1';y = 300( i) = 240 Ib Ans 

F4. = - 300 Ib Ans 

F4y = 0 Ans 

FR. = -200 + 320 + 180 - 300 = 0 

F"y = Fjy + F,y + 1';y + F4y 

F"y = 0 - 240 + 240 + 0 = 0 

Thus, F" = 0 

4 I 
FoR = SO( -) + r.; (40) - 20 cos60· = 58.28 leN 

• 5 y2 

3 I .• 
F" =50(-)- r.;(4O)-20sm60 =-15.601eN 

y 5 y2 

FR = /(58.28)2 + (-15.60)2 = 60.3 leN Ans 

(} = tan-I [15.60J = 15.0· Ans 
58.28 



2-49. Determine the magnitude and direction () of FA so 
that the resultant force is directed along the positive x 
axis and has a magnitude of 1250 N. 

FRx = 1';. sinll + 800 cos 30° = 1250 

FRy = 1';. cosll - 800 sin30° = 0 

II = 54.3° Ans 

1';. = 686 N Ans 

2-50. Determine the magnitude and direction, 
measured counterclockwise from the positive x axis, of 
the resultant force acting on the ring at 0, if FA = 750 N 
and () = 45°. 

Scalar NoIlI/ioll: SUnUng Ihe force componcolS algebraically. we have 

~ FR. = IF. ; FR. ,. 7SOsin 4S' + 800cos 30' 

= 1223.15 N-. 

+ t FR, ,. U, ; FR, .. 75Ocos 45· - 800sin 30· 

,. 130.33N t 

The magniwde of die resullant force F~ is 

FR "";11 +11 . , 
= 11223.152 + 130.332 '" 1230 N ,. 1.23 leN Ans 

The directional angle 9 measured counrerclockwise from positive x axis is 

9,.tan·t~ =tan-t(~)"6.08. 
FR. 1223.15 

Ans 

'T------X 

28 



------------------------ ----_. __ ._-.-

Z·5L Express each of the three forces acting on the 
column in Cartesian vector form and compute the 
magnitude of the resultant force. 

*2·52. The three concurrent forces acting on the screw 
eye produce a resultant force FR = O. If F2 = i FI and 
Fl is to be 90° from F2 as shown. determine the required 
magnitude of FJ expressed in terms of Fl and the 
angle e. 

Fl = Fj cos 60"1 + Fj sin 6O"j 

= 0.50Fj i + 0.8660Fjj 

2 2 
F2 = 3Fj cos 30"1 - 3Fj sin 3O."J 

= 0.5774Fj i -0.3333FjJ 

F, = -Fi sin 8i - Fi cos 9J 

R.I/lIIIIIII Fore. : 

F.=0=F1 +F2 +F3 

o = (O.sOFj + 0.577 4Fj - F, sin 9) i 

+ (0. 8660Fj - 0.3333Fj - Fi cos 9) J 

Equaling i and j components, we have 

0.50Fj + 0.577 4Fj - F, sin 9 = 0 

0.8660Fj - 0.3333Fj - Fi cos 9 = 0 

Solving Eq. [1) and (2) yields 

9'"' 63.7· F, '"' 1.20Fj Ana 

3 4 
F, = 150(-)1 - 150(-)J 

5 5 

F, = {9Oi - 120j} Ib 
ADS 

F2 = {-275J} Ib 
ADS 

F, = - 75 cos6001 - 75 sin600j 

F, = {-37.51 - 65.0j} Ib 
ADS 

FR =:tF = {52.51 - 460j} Ib 

F" = 1(52.5)2 + (-460)2 = 4631b ADS 

I---+------x 

[ I) 

(2) 



2-53. Determine the magnitude of force F so that the 
result~nt F R o.f ~he three forces is as small as possible. 
What IS the mInimum magnitude of FR? 

Se'" No''''ioll : Sumins!he force c:ompOneftlS alscbraically. we naw 

.:. FI, = U. ; FI, = 5 - Fsin 30" 
= S-O.SOF -+ 

+ i FI, = U, ; FI, = Fcos 30" - 4 
= 0.8660F - 4 i 

The masnilUde of die rcsulJanI force FR is 

FI=~Fl+Fl , , 
s JeS-0.SOF)%+(0.8660F-4)% 

= /FZ -1I.93F+41 [II 

iff = r -11.93F+41 
dFi 

2F1 dF = 2F-l1.93 [2] 

( F.R tPFI + dFi x dFl ) = I 
dFZ dF dF [3] 

dF. 
In order 10 obJain !he minimum resulJanI force F.. d; = O. From Eq. [21 

dFi 2Fi dF =2F-lI.93=0 

F= '.964 kN = 5.96 kN Ans 

Substilliling F = 5.964 kN into Eq. [1 I. we have 

FI = /5.964% -11.93(5.964) +41 

= 2.330 kN = 2.33 kN Ans 

dF. 
SubstilUting FI = 2.330 kN widl d; = 0 into Eq.[31. we have 

[ d%F.] (2.330) d~ +0 = 1 

tPFI 
dFZ = 0.429 > 0 

Henc:e. F = '.96 kN is indeed produc:inl! a minimum resultant force. 

, I 

, i 
I 

30·' I 
+/(11 \: 

I ---~=-
"t 

___ ---.l~ 5 kN 

- I -rp, r;;;?J t"~ 
I r~ 1':. 



2-54. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and 
y axes. Determine the magnitude and direction IJ of Fl so 
that the resultant force is directed along the positive x' 
axis and has a magnitude of FR = 600 N. 

2-55. The three concurrent forces actinl\ on the po~t 
produce a resultant force FR = O. If F2 == 2Fl, and Fl IS 

to be 90° from F2 as shown, determine the required 
magnitude F3 expressed in terms of Fl and the angle 9. 

y 

l:Ilrz' = 0; 

l:Ilr,. = 0; 

31 

FI = {Fj C0881 + Fj s1n8J} N 

F2 = {350i} N 

F, = {-I00J} N 

Require, 

F. = 600 cos 30° I + 600 sin 30° J 

F. = {519.61 + 300j} N 

Equating the I and j components yields : 

519.6 = Fj cos8 + 350 

Fj cos 8 = 169.6 

300 = Fj sin 8 - 100 

Fj sln8 = 400 

8 = tan-l[~] = 6700 ADS 169.6 . 

Fj = 434 N ADS 

Iii cos(8 - 90°) = Fj 

Iii sin(8 - goo) = F, 

tan(8 - 90°) = !i = ~ 
Fi 2 

8 - goo = 26.570 

8 = 116.57° = 117° ADS 

l{ 
F; = cos( 116.570 _ 900) 

F; = 1.12 Fj Ans 

ADS 

ADS 

ADS 



*2·56. Three forces act on the bracket. Determine the 
magnitude and orientation () of F2 so that the resultant 
force is directed along the positive u axis and has a 
magnitude of 50 lb. 

Sc"",, NOllllioll : SUming the force componcnrs a!&ebraically, we have 

..:. .... =L<;; SOCOS25·=80+5{~)+FiCOS (25.+8) 

Ficos (25· + 8) = -54.684 (I] 

+ i ... , = IF,; -50sin 25· = 52G~)- Fisin (25·+ 8) 

Fisin (25·+8) =69.131 (2] 

Solving Eq. (I] and (2] yields 

25· + 8 = 128.35· 8 = 103. 
ADS 

Fi = 88.llb Ans 

32 



*2·57. If F2 = 150 Ib and 8 = 55°, determine the 
magnitude and orientation, measured clockwise from the 
positive x axis, of the resultant force of the three forces 
acting on the bracket. 

S c/llar N otlllion : Suming Ihe forte components aJaebraically, we have 

Fit = 80+S2(~)+ IS0c0s 80" • 13 
= 126.05 Ib -t 

FR = S2(~)- 150sin 80" , 13 

= -99.72 Ib = 99.72 Ib j. 

The ID88ni11lde of Ihe resultant forte FR is 

FR =vFJ. +~ =1126.052 +99.722 = 161 Ib Alii 

The directional angle 9 measured clockwise from posilive JC axis is 

9= tan' I ~ = tan-I (:!!:E..) = 38.3" 
FR. 126.05 

2·58. Determine the magnitude of force F so that the 
resultant force of the three forces is as small as possible. 
What is the magnitude of the resultant force? 

.=. F,. • IF.: F,... -F COl 4,. - 14 COl JO" 

+ f la, • IF,: F" • - F siD ..,.+ 14 siD JO" 

.7-FsiD4'· 

(1) 

F·2.03kN 1._ 

Praaaliq. (I): F,.7.l1kN 1._ 

F.2.03kN 1._ 

(F, >, . • IF, .: F, • 14 COl 1,. - 8 siD 4'· 

F,.7.l1kN 1._ 

.,., 

.,Fi.,,,80, 
\ i , ' , : 

\ I 
\ : 
\ I 

I 

-Jr;:/50 II. Fit J-

y 

~' 

fAul 

-.,.' 



2.59. Determine the magnitude and coordinate direct~on 
angles of IiI = (6Oi - 50j + 40k) Nand F2 = (-4Oi -
85j + 30k) N. Sketch each force on an x, y, z reference. 

" ~ 601-SOJ + 40k 

F, .. 1(60)1 + (-SO)1 + (40)1 .. 87.7SO .. 87.7N AM 

a, = cos·, ( ~) ,. 46.9" 
87.7SO 

Au 

PI .. cos·, ( -SO ) .. 1250 . 
87.7SO 

AM 

Y! ,. cos·'( ~ ) ,. 62.9" 
87.7SO 

AM 

llz ,. -40\ -8Sj + 30k 

Fz = 1 (-40)1 + (-8S)1 + (30)1 ,. 98.61S .. 98.6 N AM 

al ,. .I(~) = 114" cos 98.61' AM 

Ih = .I(~) .. ISO" 
cos 98.61' Au 

71 ,. cos·, ( ~) .. 72.3° 
98.61' 

A-. 

*2·60. The cable at the end of the crane boom exerts a 
force of 250 Ib on the boom as shown. Express F as a 
Cartesian vector. 

C"" •• illlf "/letor Notilliotl : Widt a .. 30" and fJ = 70", lite dUrd 
coordinalCdin:clion angle rean bcdc:a::rmined using Eq.2-1O. 

cos1a+cos1P+cos1r= I 

cos 130" + cos170" + cos1r = 1 
cos r '" ±O.3647 

r" 68.61° or 111.39° 

By inspection, r = 111.39° since the force F is directed in negative OCIInL 

F = 2'O{c:os 30"1 + cos 700j + cos 1I1.39"} Ib 
= {2171 + 8S.Sj - 91.2k} Ib Au 

.. 
FL 

'>. 

IS"· , 

--"" --;'/7'7"- Y 

70° 

F= 250 Ib 



2-61. Determine the magnitude and coordinate 
direction angles of the force F acting on the stake. 

4 
-F = 40, 
5 

F = 50N 

F = (40 cos700i + 40 sin700j + ~(50)k ) 

F = {13.7i +37.6j +30.0k}N ADs 

F = 1(13.68)2 + (37.59)2 + (30)2 = 50N Ans 

-1 13.68 
74.1° a= cos (so-) = 

f3= -1 37.59 
41.3° cos (so-) = 

'Y = -1 30 
cos (50) = 53.1° 

2-.62 .. Determine the magnl'tude and 
d the coordinate IrectlOn angles of the resultant force. 

CtU"t.SUut V.ctor Nottllion: 

F2 = SS{cos 3O°cos 6O"i + cos 30"sin 6O"j -sin 30"k} Ib 
= {23.82i+41.25j-27.5k} Ib 

RenlllUlt Force: 

F«=F,+F2 

= {23.82i + (-n.0+41.25)J+ (21.0-27.5)k) Ib 
= (23.82i - 3O.75j - 6.5Ok) Ib 

The magnitude of the resultant force is 

F. = -IFJ. +Fl, +FJ. 
= h3.822 +(-30. 7S)2 +(-6.50)2 
= 39.43 Ib = 39.4 Ib 

The coordinare direction angles are 

cos a= F.. =~ 
F. 39.43 a=52.8° 

F. -30.75 
cosfJ=~=_ 

F. 39.43 fJ= 141° 

~. _ F.. _ -6.S0 
~r-~-_ 

F. 39.43 r=99.5° 

Ans 

ADS 

ADS 

ADS 

Ans 

ADS 

Ans 

35 
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2-63. The stock S mounted on the lathe is subjected to 
a force of 60 N, which is caused by the die D. Determine 
the coordinate direction angle f3 and express the force as 
a Cartesian vector. 

x 

*2-64. Determine the magnitude and coordinate 
direction angles of the resultant force and sketch this 
vector on the coordinate system. 

F, =801b 

f1 = 90° Ans 

F = - 60(c056O"1 + cos900j + c0545°k) 

F = {-3Oi - 52.0k } N Ans 

F, = (80 c0530°c054O° i - 80cos300sin400j + 80sin300k) 

F, = {53. Ii - 44.5j + 40k } lb 

F, = {-13Ok } lb 

FR = {53. Ii - 44.5j - 90.0k} lb 

Fj, = /(53.1)2 + (--44.5)2 + (-90.0)2 = 114lb Ans 

x 

2-65. Specify the coordinate direction angles of Fl and 
F2 and express each force as a Cartesian vector. 

z 

F, = 80 lb 

F2 =1301b 

x 

Ans 

AIlS 

AIlS 

F, = (80 cos30°cos4O° i - 80cos300sin400j + 80sin300k) 

F, = {53.Ii - 44.5j + 40k } lb Ans 

Ans 

f1 _,(-44.5) 1240 ,=cos 80 AIlS 

AIlS 

F, = {-130k} lb Ans 

Ans 

Ans 

_, .,.130 
y, = cos (130) = 180° Ans 

36 



2-66. ~e mast is s~bjected to the three forces shown. 
DetellllIne the coordmatedirection angles a Q 'Y f 
F th h 1>,..10 10 

I SO at t e resultant force acting on the mast i 
FR = {35Of} N. s 

z 

2-67. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles a10 /310 'YI of 
FI so that the resultant force acting on the mast is zero. 

x 

F, = 500 cos a, I + 5OOcosPd + 500 cosy, k 

FR =F, + (-300J) +(-200k) 

350i = 500 cosa,1 + (500 cosP, - 300)J + (500 cosy, _ 200)k 

350 = 500 cosa,; Ans 

o = 500cosp, - 300; Ans 

o = 5OOcosy, - 200; Ans 

F, = {500 cos a, I + 500cosPd + 500 cosy, k} N 

I!.z = {-2OOk} N 

I!.z = {-300J} N 

SOOcos a, = 0; ADS 

500cosP, = 300; ADS 

500cos Y , = 200; ADS 



------------~ 

*2-68. The cables attached to the screw eye are 
subjected to the three forces shown. Express each force 
in Cartesian vector form and determine the magnitude 
and coordinate direction angles of the resultant force. 

C"".da Vector NoltltioIJ : 

FI = 3S0{sin 4O"j+cos 4O"k} N 

= {224.98j + 268. Ilk} N 
= {22Sj+268k} N 

Fz = lOO{cos 4S'; + cos 6O"j+cos 120"k} N 
= {70.7li + SO. OJ - so. Ok} N 

Aas 

= {70.1; + 50. OJ - SO.Ok} N Ana 

F, = 2S0{cos 60"1 + cos 13S'j+cos 6O"k} N 
= {125.Oi - 176.78j + 125.0k} N 
= {l2S1 - 177j + 12Sk} N Ani 

R., ,,'ttuft Force: 

F~ =F1 +Fz+F, 
= {(70.71 + 12S.0)1 + {224.98 + SO.O- 176.78)j+{268.12- 50.0+ 12S.0)k} N 
= {19S.7li+98.20J+343.12k} N 

The magnitude of Ihe resullant force is 

F. ,. ~ Fl, + Fl, + Fl, 
= It 9S. 7lz + 98.202 + 343.12z 
.. 407.03 N .. 401 N 

The coordinale direction angles are 

F. 19.5.71 
cos a= -.!. =--

F. 407.03 
a= 61.3' 

cos If = ~ = 98.20 
F. 407.03 

If= 76.0" 

F. 343.12 
cosy=.....!.=--

. -..f. 4Q2.QL 
y= 32.S· 

Aas 

Ans 

Ans 

Ans 

F =350N 
f---------:;oi 

-·I--.,r--'--- Y 



2-69. The beam is sUbjected to the two forces shown. 
Express each force in Cartesian vector fonn and 
determine the magnitude and coordinate direction angles 
of the resultant force. 

y 

. the magnitude and coordinate 2-70. Detenrune hi 
direction angles of the resultant force and sketch t s 
vector on the coordinate system. 

FI 
7 24 

= 630(ZS) j - 630(ZS)k 

FI = (176.4 j - 604.8k) 

FI = {176j - 605k } Ib Ans 

F2 = 250 cos 60°1 + 250 cos 135°j + 250 cos 600k 

F2 = (1251 - 176.777j + 125k) 

F2 = {l251 - 177j + 125k } Ib Ans 

FR = 1251 - 0.3767j - 479.8k 

FR = {1251 - 0.377j -480k} 1b Ans 

fiR = /(125)2 + (-0.3767)2 + ( 479.8)2 = 495.82 

= 4961b 

1 -0.3767 ° f3 = cos- (--) = 90.0 
495.82 

1 -479.8 ° r = cos- (49S:82) = 165 

Ans 

AIlS 

AIlS 

AIlS 

F, =250N FR = {348.211 + 75.0j - 97.487k} N 

fiR = ..'(348.21)2 + (75.0)2 (97.487)2 

------~~----,----y = 369.29 = 369 N 
Ans 

AIlS 

-I 75.0 
f3 = cos (369:29) = 78.3° AIlS 

1 -97.487 r = cos- (369:29) = 105° 
AIlS 

39 



2·71. The two forces F\ and F2 acting at A have a 
resultant force of FR = (-lOOk) lb. Determine the 
magnitude and coordinate direction angles of F2• 

f 
B 

x 

*2·72. Determine the coordinate direction angles of the 
force F\ and indicate them on the figure. 

UIj .. -cos 5O"COI 30"1 + COl SOOsin 3O"J - sin SOOk 
,,-o."67i+0.3214j-0.766Ok 

C oordi".,. Di~t:tioll All,,,, : From the IIIIiI vector obtained 
above, we have 

an a .. -0."67 
an fj .. 0.3214 
an y .. -0.7660 

a-I24" 
P" 71.3· 
Y"14O" 

40 

F. = {-lOOk} lb 

F\ .. 6O{-cos SOOCOl3O"1+cos SOOsin 3O"j-sin SOOk} lb 
.. {-33.401+ 19.28j-45.96k} Ib 

F •• F\ +FJ 

-lOOk = {(~, -33.40) i+(~, + 19.28)j+(~. -45.96) k} 

Equalinll. j and k componenlS. we have 

~, - 33.40 .. 0 ~ = 33.40 Ib 

~ +19.28=0 ~ =-19.28Ib 

,/ -45.96=-100 ' ~ .. -54.04lb 'J, • 

~ .. ~fi; +f{, +fi; 
.. h3.402 +(-19.28)J+ (-S4.04)J 
z 66.39 lb .. 66.4Ib Au 

~ 33.40 cos ex. --i. == __ 
~ 66.39 

a-59.8" 

~ -19.28 COIfj=...:L= __ 
Fi 66.39 

fj = 107" ADS 

Fi -54.04 
COl Y=..:L =--

Fi 66.39 
r= 144" 

x 



~~-~-~--------------------

2-73. The bracket is subjected to the two forces shown. 
Express each force in Cartesian vector form and then 
determine the resultant force FR' Find the magnitude and 
coordinate direction angles of the resultant force. 

F, = 2S0 {cos 3sosin 2so1 + cos 3Socos 25°j - sin 3S0k} N 
= {86.SSi + 18S.60J-143.39k} N 
= {86.SI + 186j - 143k} N 

~ = 400 {cos 12001 + COS 4S0j+cos 6O"k} N 

= {-200.Oi + 282.84j +200.Ok} N 
= {-200i+283j+200k} N 

1t ••• IIIIIII Fo,.e. : 

F. =F, +Fz 

Ans 

Ans 

= {(86.SS -200.0)1 +( 185.60+282.84)j+(-143.39+ 200.0)k} 
= {-1l3.45i+468.44j+56.6Ik} N 
= {-1l3i + 468j+ 56.6k} N Ana 

The magnitude of die resultant fo= is 

Fa = YFl. +FJ, +Fl, 
= J(-1l3.45)z +468.44% + 56.6iZ 
= 48S.3O N = 48S N 

The c:oordinale <iiI=ion angles are 

Fa. -113.4S cosa=-= __ _ 
Fa 48S.3O 

a= 104° 

Fa 468.44 cos tJ = -::L = -_ 
Fa 48S.3O 

tJ= 15.1° 

Fa S6.61 
cos r= -!. =--Fa 48S.30 r= 83.3· 

2-74. The pole is subjected to the force F, which has 
components acting along the x, y, Z axes as shown. If the 
magnitUde of F is 3 kN, and f3 = 30· and 'Y = 750, 
determine the magnitudes of its three components. 

Ans 

Ans 

Ans 

Ans 

z 

F, =250N 

eoia + OO82 p + coa2 r = 1 

cos'a+ cos2 300 + cosz7S. = 1 

a = 64.67° 

1'.; = 3 00864.67° = 1.28 leN Ans 

F, = 3 cos300 = 2.60 leN Ans 

F. = 3008750 = 0.776 leN Ans 



2-75. The pole is subjected to the force F which has 
components F:r; = 1.5 kN and Fz = 1.25 kN, If {:3 = 75°, 
determine the magnitudes of F and F,. 

*2-76. A force F is applied at the top of the tower at A. 
If it acts in the direction shown such that one of its 
components lying in the shaded y-z plane has a magnitude 
of 80 Ib, determine its magnitude F and coordinate 
direction angles a, {:3, -y. 

Fcos 45° .. 80 F ... I1l.141b .. I1llb Au 

Thus. 
F ... {l1l.14sin 4S01 +8Ocos 6O"J-BOsin 6O"k} Ib 

= {SO.0I+4O.0J-69.2~k} Ib 

1be coonlinale direc:lion angles are 

Fa SO.O 
(I- 45.0" cosa=-=--

F I1l.14 
JJ!l. 40.0 

cos .. F '" 113.14 JJoo 69.3" 

Pc -69.28 
.,-128" cosy .. - .. --

F Ill. 14 

Au 

Ani 

Au 

COS· a + cos' P + COS'" .. 1 

F =·2.02 leN AIlS 

F, = 2.02 cos 75° = 0.523 leN AIlS 

----y 

sotb 



2·77. Three forces act on the hook. If the resultant force 
F R has a magnitude and direction as shown, determine 
the magnitude and the coordinate direction angles of 
force F~. 

......,r-t----~y 

x 

2·78. Determine the coordinate direction angles of F\ 
and FR. 

Ulfit Vector of F. tutd F. : 

u. = cos 45"sin 30"1 + cos 45·cos 3O"J + sin 45"k 
= 0.35361 +0.6124j+ 0.707lk 

cos aF, =0.8 a.., =36.9" Am 
cos fJ.., = 0 f3F, = 90.0" Alii 
cos r.., = 0.6 rF, = 53.1" Alii 

cos a. = 0.3536 a. = 69.3" Alii 
cos fJ. = 0.6124 fJ. = 52.2" ADS 
cos r. = 0.7071 r. =45.0" ADS 

43 

F. = 120{cos 45·sin 30"1 + cos 45·cos 3O"J+sin 4S0k} N 
= {42.431 + 73.48j + 84.8Sk} N 

II: =80{~I+~k}N={64.0i+48.Ok} N 
• 5 5 

t; = {-IIOk} N 

F. = F. + F1 + F) 
{42.431 + 73.48J + 84.85k} 

= {( 64.0+ fiJ 1 + fi,J + ( 48.0- 110+ fi,) k} 

Equaling I, j and k components, we have 

64.0+ fi. = 42.43 

48.0- 110+ fl, = 84.85 

The magnitude of fora: F, is 

Fl=vT?+Fi;+F?, 

fi. = -21.S7 N 

Fl, = 73.48 N 

fi, = 146.85 N 

= J (-21.57)1 + 73.481 + 146.851 

= 165.62 N = 166 N ADS 

The coonlina/C direction angles for F, are 

Fl -21.57 
cos a = ~ = l65.62 a=97.5" ADS 

Fl 73.48 
cos fJ = It = 165.62 f3 = 63.7" ADS 

Fl 146.85 
cos r = fi' = l65.62 r= 27.5" Alii 

z 

-r-i----r- y 

x 



2-79. The bolt is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 80 N, and a = 60" and 'Y = 45°, 
determine the magnitudes of its components. 

x 

cos fJ = -/I - cos2 a - cos· r 

= -/I - cos26O" -c0s245° 

p = 120° 

1'; = 180 cos6O"1 = 40 N 

F,. = I 80 cos 12()O I = 40 N 

F, = I 80 cos45° I = 56.6 N 

ADS 

ADS 

Ans 

L-------____ ----------__ ~, __________ --______ . ___________ ~ 
(})' = cos' 110" + 000'80" + ooo'y 

*2-80. TWo forces F} and Fl act on the bolt. If the 
resultant force F R has a magnitude of 50 Ib and coordinate 
direction angles a = 110° and f3 = BO°, as shown, 
determine the magnitude of Fl and its coordinate 
direction angles. 

i 

2·81. If rl = {3i - 4J + 3kl m, r2 = {41 - SkI ~. r~ -
Pi - 2j + SkI m. determine the magnitude and dIrectIon 
of r = 2rl - 1'2 + 3r3' 

= 61- 8J + 6k- 41 + 5k +91- 6J + 15k 

= 111 - 14 J + 26 k 

r • {(11)2 + (- 14)2 + (26)2 _ lUlm - 3Um AM 

44 

y = }S7.44° 

SO cos11O" = (1';). 

SO cos8O" = (1';), 

so cos}S7.44° = (1';), - 20 

(1';). = -17.10 

(1';), = 8.68 

(1';), = - 26.17 

I'; = {(-17.1O)2 + (8.68)2 + ( 26.17)' = 32.41b 

.,(-17.10) 1220 a, = cos -- = 32.4 

, 8.68 ° P. = cos· (32.4) = 74.5 

• __ I1-I-~J+~k 
, lUI lUI lUI 

ADS 

ADS 

a_ cos-1(2.!...) _ 69.60 AU 
ll.51 

fJ a COI-I(~) a 1160 Alii 
l1.51 

1- COS -I(~) - 34.40 Au 
31.51 

A ... 



2·82. Represent the position vector r acting from point 
A(3 m,5 m,6 m) to point 8(5 m, -2 m .. l m) in Cartesian 
vector form. Determine its coordinate direction angles 
and find the distance between points A and 8. 

2·83. A position vector extends from the ongm to 
point A (2 m, 3 m, 6 m). Determine the angles a, p, "y 

which the tail of the vector makes with the x, y, z axes, 
respectively. 

Position Vector: This can be established from the coordinates of two 

points. 

r={2i+3j+6k} ft 

The distanre between pointA and B is 

The coordinate direction angles are 

2 
cosa=-

7 
3 

cosf3=;; 

6 
cos r="7 

a= 73.40 

f3= 64.60 

r=31.0° 

ADS 

ADS 

ADS 

ADS 

45 

P •• ill •• V ocl.r: This can be callblished from die coordinales of two 
points. 

rA, =«S-3)1+(-2-S)J+(l-6)kj fl 
..{21-7J-Skjft Ans 

The dislana: between poinlA and B is 

2 
cosa=-

.fii 
a = 76.9· Ans 

-7 cosfJ-- p= 142· Ans .fii 
-5 

cos Y= .fii 
78 

y= 124· Ans 



- ----------------

2-82. Represent the position vector r acting from point 
A(3 m. 5 m. 6 m) to point 8(5 m, -2 m. I m) in 
Cartesian vector form. Determine its coordinate direction 
angles and find the distance between points A and 8. 

Position Vector: This t:an tk! established from the Cl)ordinatl!s of 
two points. 

rAE = {IS - 3li + (-2 - 5)j + (I - 6)k}fl 

= (2i -7j - Skirt Ans 

The distance betwe\!ll point A and B is 

r,lI) = /2' + (-7)' + (-5)2 = v78 n = 8,83 ft Ails 

The coordinate direction angles arc 

2 
cos a = v78 a = 76,9' 

-7 
cosfl=v78 fl=142" 

-5 
cosy = v78 

Ails 

An.<rii 

Ans 

2·83. A position vector extends from the origin to point 
A(2 m. 3 m.6 m). Detennine the angles Ct, fJ, Y which the 
tail of the vector makes with the x, y, z axes, respectively, 

Position Vector: This can ~ established from the ct)()rdinates of 
two points. 

r = {2i + 3j + 6k} 1'1 Ans 

The distance between point A and B is 

rAE = V12' + (3)' + (6)' = 7 ft Ans 

The cnordinate direction angles are 

2 
cosa = - a = 73.4" 

7 

R 3 R = 64,60 cos,..=,) I' 

(, 
cos y =') y=31,(f 

Ans 

Ans 

Ans 

A6 



------------_ .. _----_ ... 

*2·84. Express the position vector r in Cartesian vector 
form; then determine its magnitude and coordinate 
direction angles. 

P06itiOtl Vector: 

r= {(6-2)l+[6-{-2)]J+{-4_4)1t} ft 
= {4i + 8j- Sit} ft ADS 

The magnitude of r is 

The coonlina/c direction angb are 

4 cosa=_ 
12.0 
8 cosp=_ 

12.0 
-8 cosy=_ 

12.0 

ADS 

a= 70.50 ADS 

fJ= 48.20 ADS 

Ans 

2-85. Express the position vector r in Cartesian vector 
form; then determine its magnitude and coordinate 
direction angles. 

x 
A 

47 

.\----7--,,-----,,-;r- -'" 

x 

r = (-5 cos200sin30"i + (8-5cos20°cos300)j + (2+5sin200)k) 

r = {-235i + 3.93j + 3.71k} ft 

r = /(-235)2 + (3.93)2 + (3.71)2 = 5.89 ft 

-I -2.35 
a = cos (5.89) = 113° 

1 3.93) = 48.20 f3 = cos- (5.89 

1 3.71) __ 51.00 r = cos- (5.89 

Ans 

Ans 

Ans 

Ans 

Ans 



2·86. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 

rA• = {(4-0)l+[I-<-2sin6O")]J+(0_2coI 60") It} ft 
= {4.00i + 2. 732j - 1.00k} ft 

TAB = J 4. ()()Z + 2. 7322 + (-1.00)2 .. 4.946 ft 

rAB 4.00i + 2. 732j -l.00k 
UAB .. - = ----:--::-:-:----

TA• 4.946 
= 0.80871 + 0.5524J - 0.2022k 

FOTCII VIICIOT: 

F = FuAl = 500{0.80871+0.5524J-0.2022k} Ib 

={404i+276J-1011t}lb Alii 

COOrdilltllll Di"'CI;oll ;tll,llI. : From die unit vector UA• oblained 
above. we have 

cos a .. 0.8087 
cos Jl = 0.5524 
cos 1 .. -0.2022" 

a .. 36.0" 
Jl= 56.5· 
1= 102· 

Alii 
A ... 
Au 

2·87. Determine the length of member AB of the truss 
by first establishing a Cartesian position vector from A 
to B and then determining its magnitude. 

y 

T 
o 

------\---~----~~r_------y 

x 

1.5 
rAB = (1.1+ i;;4(jO - 0.8)1 + (1.5-1.2)J 

rAi = {2.091 + 0.3J } m 

TAB = .; (2.()9)2 + (0.3)2 = 2.11 m 

48 



------------------------------

*2-88. At a given instant, the position of a plane at A 
and a train at B are measured relative to a radar antenna 
at O. Determine the distance d between A and B at this 
instant. To solve the problem, formulate a position vector, 
directed from A to B, and then determine its magnitude. 

" •• Id •• V.e'or: The c:oordiJwes of poinu A and B are 

A (-Sc:os 6O"cos 3So, - Scos 6O"sin 3,°. Slin 60") kill 
.. A (-2.048. - 1.434. 4.330) Ian 

B (2c:os 150sin 40". 2c:os 15°cos 40". - 2Iin 15°) kill 
'" B( 1.16'. 1.389. -0.84') Ian 

The poIilion _ rAJ can be esllblished from !he c:oordinlles of poinD A and B. 

rAJ .. ([1.16'-(-2.048»)I+[1.389-(-1.434)IJ+(~.84S-4.330)k} kill 
.. {3.2131+2.822j-'.17Sk} kill 

The dislllllCZ between poinu A and B is 

2-89. The hinged plate is supported by the cord AB. If 
the force in the cord is F = 340 Ib, express this force, 
directed from A toward B. as a Cartesian vector. What is 
the length of the cord? 

rA. = {(O-8)1+(0-9)j+(12-0)k} ft 
.. {-81-9j+ 12k} ft 

F"FuAI = 340{-!.I-!.I+!:k} Ib 
17 IT 17 

={-16Oi-180j+24Ok}1b AM 

x 



2·90. Determine the length of the crankshaft AB by first 
formulating a Cartesian position vector from A to Band 
then determining its magnitude. 

y 

---i----x 

2-91. Determine the lengths of wires AD, BD. and CD. 
The ring at D is midway between A and B. 

0.5 

x 

z 

m 
/-'-~~---7--~-Y 

rAB = «400 + 125sin25°)1 _ 125 cos250J) 

rAB = {452.831 -113.3J} mm 

'AB = '/(452.83)2 + (-113.3)2 = 467 mm 

( 2+0 0+2 1.5 +0.5) D (I I I) D -2-' -2-' --2- mE.. m 

rAD = (1-2)1 +(I-0)J+(1-1.5)k 

= -li+ Ij-0.5k 

rBD = (I-0)1+(I-2)j+(1-0.5)k 

= li-lj+O.5k 

reD = (1-0)1 + (I-O)j+ (1- 2)k 

= li+lj-Ik 

'AD=/( 1)2+12+( 0.5)2=I.S0m ADs 

'BD = /1'+( 1)2+0.52 = 1.50m Ans 

ADs 

AIlS 



*2·92. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 

U lIit V.eto r : 1be coordina&es of point A are 

Then 

A (-lOcos 70"sin 30". lOcos 70"c:os 30". 100in 70") ft 
=A(-l.710. 2.962. 9.397) ft 

rAJ = {[5-(-l.710))i + (-7-2.962)j+ (0-9.397)k} ft 
= {6.7101 -9.962j-9.397k} ft 

rAJ = J 6.71OZ + (-9.96.2)1 + (-9.397)1 = 15.250 ft 

rAJ 6.7101 -9.962j -9.397k 
uAB = rAS = 15.250 

= 0.44OOi -0.6532j-0.6162k 

Fore. V.etor: 

F = FUAB = 135 {0.44OOi -0.6532j-0.6162k} Ib 

= {59.4i - 88.2j - 83.2k} Ib Au 

Coordinat. Direction AlIgl •• : From the unit vector UAB oblained 
above. we have 

cos a = 0.4400 

cos /3 = ~.6532 
cos r = ~.6162 

a= 63.9· 

/3=131· 
r= 1280 

2-93. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 

z 

------~---r,r--y 

x 

A. 
A_ 
A. 

51 

x 

r = (51 + (1.5 + 3 8In6(0)j + (0- 3 cos6(0)k) 

r = {51 + 4.098j - l.5k} ft 

u = ~ = (0.75341 + 0.6175j - 0.226k) 
r 

F = 600u = (452.041 + 370.49j -135.6Ik) 

F = {4521 + 370j - 136k} lb 

452.04 
a = cos-'( 600 ) = 41.1 0 

, -135.61 0 r = cos- ("6Oil) = 103 

Ans 

Ans 

Ans 

Ans 



2-94. Determine the magnitude and coordinate 
direction angles of the resultant force acting at point A. 

x 

rAC = {3i - O.5j - 4k} rn 

I rAC I = /32 + (-0.5)2 + (-4)2 = /25.25 = 5.02494 

F2 = 200(3i - O.5j - 4k) = (119.4044i _ 19.9007j _ 159.2059k) 
5.02494 

rAB = (3cos600i + (1.5 + 3sin600)j - 4k) 

rAB = (1.5i + 4.0981j - 4k) 

I rAB I = /(1.5)2 + (4.0981)2 + (-4)2 = 5.9198 

1.5i + 4.0981j - 4k 
FI = 150( ) = (38.008Oi + 103.8405j - 101.3548k) 

5.9198 

F. = FI + F2 = (157.4124i + 83.9398j - 260.5607k) 

F. = /(157.4124)2 + (83.9398)2+ (-260.5607)2 = 315.7791 = 316 N Ans 

a = COS-I( 157.4124) = 60.099° = 60.1° Ans 
315.7791 

P = COS-I (3813;9;;981) = 74.584° = 74.6° Ans 

_I -260.5607 
Y = cos (315.7791) 145.60° = 146° Ans 

52 



2·95. The door is held opened by means of two chains. 
If the tension in AB and CD is FA = 300 N and Fe = 250 
N, respectively, express each of these forces in Cartesian 
vector form. 

u.u V.el.r: Finl dclamine \he posilion _rr u and rCD' 'The c:oonIinMeI of 

poinlS A and C lie 

A ro, - (1 + l.Scos 30") ,I.5sin 3If 'I m .. A (0, - 2.299, 0.750) m 
C[ -2.50, - (I + 1.5cos 30"), l.5sin 30-') m .. C( -2.S0, - 2.299, 0.750) m 

ru .. {(0-0)1+[O-(-2.299)]j+(0-0.750)k} m 
.. {2.299j-0.75Ok} m 

rAJ .. J2.2992+(ooO.750)1 .. 2.418m 

DAJ" rAJ .. 2.299j-0.75Ok =0.9507j-0.310lk 
'u 2.418 

rCD" nooO.5-(-2.5»)I+(0-(-2.299»)j+(0-0.7S0)k} m 
.. {2.00I+ 2.299j-0.75Ok} m 

rCD" J2.lW.+ 2.2992 + (ooO.7S0)1 .. 3.138 m 

DCD .. ~ .. 2.001 + 2.299j - 0.75Ok _ 0.63731 +0.7326j -0.239Ok 
'CD 3.138 

FA .. F.t DA •• 3OO{O.9S07j-0.3101k} N 
.. {28S.21j-93.04k} N 
.. {28Sj-93.Ok} N Au 

FC. FCDCD" lSO{O.63731+0.7326j-0.239Ok} N 
- {lS9.331+ 183 ;Sj-59.7Sk} N 
.. {l591+ 183j-,9.7k} N Au 

x 



---=====-""-~. 

*2·96. The two mooring cables exert forces on the stern 
of a ship as shown. Represent each force as as Cartesian 
vector and determine the magnitude and direction of the 
resultant. 

rCA = {(SO-O)I +(lO-0)J+(-3O-0)k) ft: {SOl + lOJ-3Ok} ft 

rCA .. J SOl + 10l + (_30)2 .. S9.16 ft 
rCA SOl + IOJ - 30k 

UCA .. ;;;.. S9.16 =O.84S2i+O.1690J-0.S071k 

rC. - {(SO-O)i +(SO-0)J"'(-3O-0)k) ft- {SOI+SOJ- 3Ok} ft 

rc. = J SOl + SOl + (_30)2 .. 76.81 ft 

rCA SOl +SOJ-3Ok 
UC ... ;;; .. 76.81 .. 0.6S091 + 0.6S09J - 0.3906k 

Force Vector: 

FA =F,.UCA =200{0.84S2i+O.I690j-0.S07lk) Ib 

'"' {l69.031+33.8IJ-I01.42k} Ib 
• {l69i + 33.8J -IOlt} Ib A .. 

F. '"'l'iuc. = lSO{O.6S09i+0.6S09J-0.3906k} lb 
.. {97.641+97.64J-S8.59k} Ib 
= {97.61+97.6J-S8.6k} Ib Au 

R.,ulttutt Fore. : 

F ... FA +F. 

= {(l69.03 + 97.64) I +(33.81 + 97.64)J + (-101.42-S8.59) k) Ib 
.. {266.671 + 131.4SJ -16O.00k} lb 

z 

The aanilUde of F. is 

I'i .. /266.672+ 131.4S2 + (-160.00)2 
.. 337.63 1b .. 338 Ib 

The coordinaIe direction an&lcs of F. are 

266.67 
cosa=--

337.63 

54 

P=~ cos 337.63 
160.00 

cos r= - 337.63 

a=37.8° 

{J=67.1° 

r= 118° 

y 

Ana 

Ana 

ADS 

Au 



2·97. Two tractors pull on the tree with the forces 
shown. Represent each force as a Cartesian vector and 
then determine the magnitude and coordinate direction 
angles of the resultant force. 

fU .. {(lOcos 30"-0) 1+ (-20sin 3O"-0)j+(2-30)k} ft 
= ( 17.321 - lo.oj - 28.0I<} ft 

rIA = J 17.321 + (-10.0)1 + (-28.0)1 = 34.41 ft 

flA 17.321-10.0j-28.0I< 
Uu = - = = O.S034I - 0.2906j - 0.8137k 

rIA 34.41 

f,C = «8-0)1+(10-0)j+(3-30)k} ftc {81+ IOj-27k} ft 

r.c = J 81 + 10l + (_27)2 = 29.88 ft 
ric 81 + 10j - 27k 

U,C = r,c = 29.88 = 0.26771+0.3346j-0.903Sk 

FAI = fA. ulA = ISO{O.S0341- 0.2906j -0.8137k} Ib 
= (7S.Sli-43.S9j-122.06k} Ib 
= {7S.Si -43.6j- 122k} Ib An. 

Fie = F,cu.c = IOO{0.26771+0.3346j-0.903Sk} Ib 
= {26.77i+33.46j-90.3Sk} Ib 
= {26.81+33'sj-90.4k} Ib Ana 

F. =FAI +F,e 
= {(75.S1 + 26.77) i + (-43.59+ 33.46)j+ (-122.06-90.3S)k} lb 
= {102.281 -1O.13j-212.41k} Ib 

'The macnilUde of F. is 

F, = b02.282 +(-10.13)2 +(-212.41)2 

= 23S.97 lb = 236lb Ana 

'The coordinate direction angles of F. are 

\02.28 
cosa=--

235.97 
\0.13 

cos P = - 23S.97 

212.41 
cosY=---

23S.97 

a= 64.30 

p= 92.S0 

Y = 1540 

AN 

AN 

AN 
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2-98. The g . 
uy Wires are used to s 

pole. Represent the force i . up port the telephone 
form. n each Wire In Cartesian vector 

rAC
" H-I-0)l+C4-0)J+CO_4)k} m .. {-U+4j-4k} m 

rAC = /C-l)Z+4Z + (-47 .. 5.745 m 
rAC -U+4j-4k 

uAC = - .. - =-o.17411+0.6963j_O.6963t rAC 5.745 

r.D ... {(2-0)l+(-3-0)J+(O_5.5)k} m ... {21-3J-5.5k} m 
r'D .. hz + (-3)z + (-5.,)Z .. 6.576 m 

u'D =!!e = ~3j-'.5k "O.30411-0.4'6~_O.8363t 
r'D 6.'76 

e forces in Cartesian vector 2-99. Express ea~h of th a 'tude and coordinate d detenmne the m gru 
form . an f the resultant force. direction angles 0 

c 

~L---:1i-----Y 
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x 

'A .. ~ UAC • 2SO{-o.17411 +O.6!I63J-O.6963k} N 
.. {-43.521 + 174.08J-174.08k} N 
.. {-43.SI+174J- 174k} N 

' • ...... u.D .17${o.304U-O.456~_O.8363t} N 
• {53.221-79.83J_ 146.36lc} N 
-{53.21- 79.8J- I46k} N 

rAe = (-2.S1 - 4J +61<) ; 'Ae = 7.6322 

F, = 80(~) = {-26.21 - 41.91 + 62.9k} Ib 'Ae 

F. = sO(~) = {I3.41 - 26.7J _ 4O.lk} Ib 
'Aa 

= {-12.81 - 68.7J + 22.8k} Ib 

1ir = ,1(-12.8)2 + (-68.7)2 + (22.8)2 = 73.471b 

= 73.S Ib 

-68.7 lS~ A _ COII-'(-_) = y_ 

" - 73.47 

-\ 22.S) = 71.9" 
'f = COlI (7~ 47 

AIlS 

ADo 

A.M 



*2-100. The cable attached to the tractor at B exerts a 
force of 350 lb on the framework. Express this force as a 
Cartesian vector. 

,...-----'7"""-] 

2·101. The load at A creates a force of 60 Ib in wire AB. 
Express this force as a Cartesian vector acting on A and 
directed toward B as shown. 

U lIil V lIc10r : Finl detamine the position vector r AI.The c:oordinIIeI of poinl B 

are 

B(Ssin 30". 'cos 30".0) fl=B(2.S0. 4.330. 0) fl 

rA. = {(2.S0-0)1 +(4.33O-0)j+[O-(-10)) k} fl 
= {2.SOi+4.330j+ 10.Ok} fl 

rA. = /2.SOl+4.330Z + 10.01 = 11.180 fl 

rA. 2.SOi +4.33Oj+ 10.Ok 
UAI = rAJ = 1~.180 

= 0.2236i + 0.3873j + 0.8944k 

Forefl V IIclor : 

"-FaAl -60{0.22361+0.3873j+0.8944k} lb 
_ {13 .... + 23,2J+ S3.7k} Ib Au 

57 

r = 50 sln2001 + 50cos200j _ 35k 

r = {17.10i +46.98j - 35k} ft 

r = 1(17.10)2 + (46.98)2 + (-35)2 = 61.03 ft 

r 
u = ; = (0.28Oi +0.770j -0.573k) 

F = Fu = {98.11 + 269j - 201k} Ib 

"T' 
10 ft 

I 

I 

Ans 



---------------====-,,----' 

2·102. The pipe is supported at its ends by a cord AB. If 
the cord exerts a force of F = ] 2 Ib on the pipe at A. express 
this force as a Cartesian vector. 

U lIil V fle'Dr : 'The c:oordinaICS o( point A arc 

A (S. 3cos 20·, - 35in 20") (I = A (S.OO, 2.819. -1.026) ft 

Then 

ru = {(0-S.00)i+(0-2.819)j+[6-(-1.026»)k) fl 
= {-5.00i-2.819j+7.026k} ft 

rAB = /<-5.(0)1 +(-2.819)1 +7.02@ = 9.073(t 

rAJ -S.OOI -2.819j+7.026k 
UAB = rAB = 9.073 

= -o.SSlli -0.3107j+0.7744k 

Force V flelDr : 

F=FuAI = 12{-o.sS11i-0.3107J+0.7744k) 1b 
= {-6.611-3.73j+9.29k} 1b Au 

2-103. The cord exerts a force ofF = {12i + 9j - Bk} lb 
on the hook. If the cord is 8 ft long, determine the location 
x, y of the point of attachment B, and the height z of 
the hook. 

y 

x 

*2-104. The cord exerts a force of F = 30lb on the 
hook. If the cord is 8 ft long, z = 4 ft, and the x component 
of the force is F", = 25 lb, determine the location x, y of 
the point of attachment B of the cord to the ground. 

y 

x B 
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x 

U = ! = {121 + 9J - 8k} = (0.7061 + 0.529J _ 0.471k) 
F ../(12)1 + (9)2 +(-8)2 

r = IU = 8u = {5.651 + 4.24J - 3.76k} ft 

x - 2 = 5.65; x = 7.65 ft AIlS 

y-0=4.24; y=4.24ft AIlS 

0- z = -3.76; z = 3.76 ft AIlS 

u. =~ = 0.833 
30 

r. = ru. = 8(0.833) = 6.67 ft 

x-2=6.67; x = 8.67 ft 

r = ./(6.67)2 + y2 + 41 = 8 

y = 1.89 ft 

Ans 

Ans 



2-105. Each of the four forces acting at E has a 
magnitude of 28 kN. Express each force as a Cartesian 
vector and determine the resultant force. 

z 

x 

2-106. The tower is held in place by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles a, f3. 'Y of 
the resultant force. Take x = 20 m. y = 15 m. 

x 

6 4 12 
F,... = 28( 14i - 14j - 14k) 

F,... = {l2i - 8j - 14k} kN 

6 4 12 
Fila = 28(14i + 14j -14k) 

FEB '= {l2I + 8j -14k} kN 

-6 4 12 
FBC = 28(14 i + 14i -14k) 

FBC = {-I2I + 8j -24k} kN 

-6 4 12 
FED = 28(14 i -14J - 14k) 

F.D = {-I2I - 8j -14k} kN 

F. = F", + FEB + FBe + FED 

= {-96k} kN 

20. IS 24 
FDA = 400(34:66' + 34:66J - 34:66k) N 

-6 4 24 
FDB = 800(--i + --j - --k)N 

15.06 15.06 25.06 

Foe = 600(~i - ~j - ~k)N 
34 34 34 

= {321.66i - 16.82J - 1466.71k} N 

Fir = 1(321.66)2 + ( 16.82)2 + (-1466.71)2 

z 1501.66 N = 1.50 kN ADS 

59 

Ans 

ADS 

Ans 

ADS 

Ans 

ADS 

ADS 

ADS 



2-107. The cable. attached to the shear-leg derrick. 
exerts a force on the derrick of F = 350 lb. Express this 
force as a Cartesian vector. 

U "" 11 .cto r : The coordina/es of point B lire 

Then 

B(50sin 30". 50c0s 30".0) ft= B(2S.0. 43.301. 0) Ct 

rA• = {(2S.0-0)i+(43.301-0)j+(0-3S)k} ft 
= {2S.0I+43.301j-3S.Ok} ft 

r .. = hS.()l+43.301 Z +(-3S.0)z -61.033ft 

rA• 25.01+43.301j-35.Ok 
uA ... ;:,:; = ---61,....0-3-=3---

= 0.4096i + 0.7094j - 0.573Sk 

F = FUAI = 350{0.4096i+0.7094j-0.573Sk} Ib 
.. {l43i +248j-201k} Ib Au 

*2-108. The window is held open by chain AB. 
Determine the length of the chain. and express the 50-lb 
force acting at A along the chain as a Cartesian vector 
and determine its coordinate direction angles. 

U IIit 1I.cto r : The coordinlleS of point A lire 

Then 

A (Scos 40".8, Ssin 40") fl=A(3.83O. S.OO. 3.214) ft 

r .. = {(0-3.S30)1+(S-S.00)j+(12-3.214)k} Ct 
= {-3.S301 - 3.00j + 8.786k} ft 

TAB = J(-3.830)2 + (_3.00)z +8.7861 = 1O.043ft= 10.Oft 

rAI -3.8301 -3.00j+ S.786k 
UAI = 'AB = 10.043 

= -{}.3814i -0.2987j+0.8748k 

Ana 

60 

x 

B 

1 ft 

I 

-,-->--y 

F = FUAI = SO{-{}.3814i -0.2987j+0.8748k} Ib 

={-19.1i-14.9j+43.7k} Ib Ani 

Coordill.' Dir.ctioll Allgles : From Ihe unit vCClOr u AB obtained 

above, we have 

cos a = -{}.38 14 
cos {J = -{}.2987 
cos Y = 0.8748 

a= 112· 
{J=107· 
Y= 29.0' 

Ana 

Ana 
Ans 
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2·109. Given the three vectors A. B, and D. show that 
A·(B + D) = (A·B) + (A·D). 

SiDce die component of (I + D) is equal 10 the sum of the componenlS of I and D. then 

A-(I+D) .. A·I + A·D (QED) 

Also. 

A·(B+D) .. (.4,,1 +A,J +.4,k)·[(B. + D.)I+ (B,+D,)j + (B, + D,)k! 

'" .4,,(B. + D.) + A,(B, +D,) + .4,(B, + D,) 

-(.4"B. + A,B, + .4,B,) + (A"D. + A,D, + .4,D,) 

= (A·B) + (A·D) (QED) 

2·110. D t . 
two vect e ermine the angle 0 between the tails of the 

ors. 

Positioll V.etors : 

rl = {(3-0)i+(-4-0)j+(0-0)k} m 
= {3i-4j} m 

rZ = {(2-0)i+(6-0)j+(-3-0)k} m 
= {2i+6J-3k} m 

The magni1lldc of posaon vec:lOrs are 

'1 = ';31 + (-4)z = S.OO m • ';2Z +,n (3)z 700 ·z = u-+ - =. m 

'Then. 

r l 'r1 = (3i-4j)·(2i+6j-3k) 

= 3(2)+(-4)(6) +0(-3) 

=-18.0mz 

9=COS.I(~)=COS'I[ -18.0]= • 
'1 r1 5.00(7.00) 121 An. 
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z 

2~~6mZF 
~4m--=7 8~l 3m 

/' r2'-.,J-L 
x 

y 



-
2-ll1. Determine the angle (J between the tails of the 
two vectors. 

y 
x 

*2-112. Determine the magnitude of the projected 
component of (1 along r2, and the projection of r2 along r1. 

z 

y 

x 

2-113. Determine the angle (J between the y axis of the 
pole and the wire AB. 

Po.itio" V"ctor: 

r A• = {(2-0)1+(2-3)j+(-2-0)k} ft 
= {21-IJ-2k} ft 

The magnitudes of the postion veaors are 

Th"A",I •• BOlt", •• " Two V,etors 9:ThedotproduClOftwovectOrli 
must be determined fll"Sl 

Then, 

rA4t,· rA• = (-3J) . (21- \j - 2k) 
=0(2) +(-3)(-1) +0(-2) 
=3 

62 

r, = 9(sin40°cos300i -sin40osin300j +cos400k) 

r, = {S.OlOi - 2.8925j + 6.894k} m 

r, = 6(cos6001 + cos4S0j + cos1200k) 

r. = {3i + 4.2426j - 3k} m 

r, ·r. = 5.010(3) + (-2.8925)(4.2426) + (6.894)(-3) = -17.93 

, -17.93 
= cos· ( 9(6) ) = 109° Ans 

r, = 9 (sin40°cos300i - sin40osin300j + cos400k) 

r, = 5.0101 - 2.8925j + 6.894k 

r, ·r. = 5.010(3) + (-2.8925)(4.2426) + (6.894)(-3) = -17.93 

r, . r. -17.93 
Proj.r, = -;;- = -6- = 1 2.99 ml Ans 

Proj.r. = r, . r. = -17.93 = 11.99 ml 
r, 9 Ans 

;'---- 3 ft ---;_/ 

.e~~".A--Y 
2 ft 

L'---_--I 
x/- 2ft

-( 

2ft 



2-114. The force F = {251 - 50j + 10k} N acts at the 
end A of the pipe assembly. Determine the magnitude of 
the components F\ and F2 which act along the axis of AB 
and perpendicular to it. 

UAI"' (0-0)1+(5-9)j+(0-6)k =-o.5S47j-0.8321k 
J(O-O)Z +(5-9)1+(0-6)1 

Pi = F . uAi .. (251- SOJ + 10k) . (-o.5547j - 0.8321k) 
.. (25)(0) +(-50)(-0.5547) + (10)(-6.8321) 
= 19.414 N .. 19.4 N Alii 

Cu,po •• ",o/ F P.rp •• dicu'"" to AS Ax" : The magniludc of force F is 

F= J2S1 + (_50)1 + 101 = 56.789 N. 

I;z .. JF1-I?" /56.7891-19.4141 = 53.4 N Au 

2~115. Determine the angle 8 between the sides of the 
tnangular plate. 

rAC" (31+4j-lk}m 

rAI .. (2j + 3k) m 

'AI • I( 2)1 + (3)1 • 3.60S6 m 

rAe· rAJ .. 0 + 4(2) + (-1)(3) • 5 

9 • 74.219" .. 74.2" "-
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*2-116. Determine the length of side BC of the 
triangular plate. Solve the problem by finding the 
magnitude of rHC; then check the result by first finding 
(J, r AH, and r AC and then use the cosine law. 

AIIo, 

r"c. {31+4J-l k} m 

rAl-{2J+3k} m 

r" • • /(2)l+(3)l .. 3.60'6m 

2-117. Determine the components of F that act along 
rod AC and perpendicular to it. Point B is located at the 
midpoint of the rod. 

x 

, • _-, (r"c' ru). _-, , 
r"C'AI ('.0990)(3.60'6) 

'.74.219" 

'.c • '.39 m AM 

rAC = (-31 + 4J - 4k), rAC = /(-3)2 + 42 + (-4)2 = I4i m 

rAC -31 + 4J - 4k 
rAB = 2 = 2 = - 1.51 + 2j - 2k 

= (41 + 6J - 4k) - (-LSI + 2j - 2k) 

= {5.51 + 4J - 2k} m 

rBD = /(5.5)2 + (4)2 + (-2)2 = 7.0887 m 

F = 600( rOD) = 465.5281 + 338.5659j - 169.2829k 
rBD 

Component of F along rA C is II I 

= F· rAC = (465.5281 + 338.5659J - 169.2829k)· (-31 + 4j - 4k) 
Ifl rAC ..j4i 

Ifl = 99.1408 = 99.1 N ADS 

Component of F perpendicular to rA C is l'J. 

F; = 6002 - 99.14082 

l'J. = 591.75 = 592 N Ans 
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2-U8. Determine the components of F that act along 
rod AC and perpendicular to it. Point B is located 3 m 
along the rod from end C. 

2·119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = {-SOOkl N. determine the 
magnitudes of the components Fl and F2 which act along 
the OA axis and perpendicular to it. 

(O-20)\+(O-40)j+(O-40)k 1 2 2 
BAO= - ---I--j--k 

J(O-20)Z+(O-4O)z+(O-4Il)Z 3 3 3 

ADS 

Com,o".",./ F Perpe",Ii •• ,.,. ,. OA Azu : SiDc:e Ibc mapiIude of 
forte F is F = SOO N so dill 

~ • J FJ - F? - ./ SOOZ - 333.33z - 373 N Au 

rCA = 3\ - 4J + 4k 

TCA = 6.403124 

r = --3-(rCA) = 1.405561 - 1.874085j + 1.874085k 
c. 6.403124 

= -31 + 4j + rca 

= - 1.S9444I + 2.12S9J + 1.874085k 

r.D = roo - ro. = (41 + 6J) - ro. 

= 5.59441 + 3.8741J - 1.874085k 

T.D = 1(5.5944)2 + (3.8741)2 + (-1.874085)2 = 7.0582 

F = 600( r'D ) = 475.5681 + 329.326j - 159.311k 
T.D 

rAC = (-3\ + 4J - 4k). TAC = .[4i 

CompoDcDt of F 810lIl rA C is Pi I 

F.rAC _ (475.5681 + 329.326J -159.311k)·(-3i +4J -4k) 
If I = --;::c- - {4t 

If I = 82.4351 = 82.4 N Au 

Component of F perpendicular 10 rAC is F,L 

F1 = ~ - 1!2.43512 

Ii = 594N Au 

x 

F= (-500 kIN 
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*2·120. Determine the projection of the force F along 
the pole. 

Proj F = F . II. " (21 + 4 J + 10 II) . (~I + ~ J _ ! II) 
3 3 3 

Proj F " 0.667 kN Ana 

2·UI. Determine the projected component of the 80-N 
force acting along the axis AB of the pipe. 

z 

x 
4m y 
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z 

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

w------r-----._y 

x 

rAB 6. 3 2 
= - = {--I --J + -k} 

rAB 7 7 7 

= {-0.857i - 0,429j + 0.286k} 

[ 
-6i -7j -10k ] 

F = 80 r="7=~:=';:=::=:: 
~(6)2 + (7)' + (10)' 

= {-35.29i - 41.17j - 58.82k} N 

Proj. F = Fcos8 = F'UAB 

= (-35.29)(-0.857) + (-4l.I7)(-0.425) + (-58.82)(0.286) 

= 31.1 N Ans 



2·122. Cable OA is used to support column OB. 
Determine the angle 8 it makes with beam Oc. 

Uoc = 11 

1ben. 

2·m. Cable OA is used to support column OB. 
Determine the angle </J it makes with beam OD. 

x 

x 

'I1Icn. 
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z 

Uoo • -sin 30"1 + cos 3O"J = -0..51 + 0.866Oj 

(4-0)1+(8-0)J+(-8-0)k 

Uo.t. ~(4-0)Z+(8-W+(-8-W 
122 

= -I+-J--k 
333 

•• COl'· (Il00· Uo.t) • cos'· 0.4107 .65.SO AM 



*2-124_ The force F acts at the end A of the pipe 
assembly. Determine the magnitudes of the components 
FJ and F2 which act along the axis of AB and 
perpendicular to it. 

Unit V.etor: The unit vector along AB axis is 

(3-0)1+(8-4)J+(0-0)k 3 4 
u~= _~+~ 

1(3-0)2+(8-4)'+(0_0)2 5 5 

F, =F·UB. =(20i+lOj-3Ok){~i+ij) 

= (20)G)+( 10)(;)+(-30)(0) 

=20.0N 
Alii 

Compon.nt of F Perp.ndieullU' to AB Axis: Themasnitudeoffon:eF 

is F= hO' + 102 +( _30)2 = 37.417 N. 

Iii = ..; F' - 1'( = /37.417' - 20.02 = 31.6 N Au 

F = {20i + IOj - 30klN 

.·a!"EEEE~~~~~~F~_y 

4ft-_..:-_ 
x 

~-.-------------------. 
2-125. Two cables exert forces on the pipe. Determine 
the magnitude of the projected component of FJ along 
the line of action of F2 . 

Fore. V,dor: 

UII = cos 300sin 300i + cos 300cos 300j - sin 300k 

= 0.433Oi + O. 75j - O. 5k 

F, = F, uF, = 3O(0.433Oi +0.75j-0.Sk) Ib 

= {12.99Oi + 22.Sj - IS.Ok} Ib 

Unit V.etor: <Ale can obtain the angle a = 135° for F, using Eq.2-IO, 

cos'a+cos'p+ cos'y = I, with 13= 600 and y = 6OO.The unit vector along the 
line of action of F, is 

U.o; = cos 13soi + cos 600j + cos 600 k = -0. 707 Ii +0.5j+0.5k 

Proj.cted Compon.nt of F, Alon, the Un. of Action ofF, : 

(F,).o; =F, ·u.o; =(12.99Oi+22.5j-IS.Ok)·(-o.707li+0.5j+0.5k) 

= (12.990) (-0.7071) + (22.5) (0.5) +( -15.0)(0.5) 
=-5.44lb 

Negalive sign indicates that the projected component (F, ) F, acts in the opposite 

sense of direction to that of U.o; . 

The magnitude is (F,).o; = 5.44 lb. Ans 

x 

F, = 30lb 



2-126. Determine the angle (} between the two cables 
attached to the pipe. 

IIbcn. 

Ul'j . u..., = (0. 4330i +0. 75j-0.Sk). (-0.70711 +O.Sj+O.Sk) 

= 0.4330( -0. 7071) +0.7S(0.S) + (-o.S)(O.S) 
= -0.1812 

9= cos" (ul'j .u...,) = cos" (-o.ISI2) = 100" Ans 

2-127. Determine the angle (J between cables AB and 
AC. 

P",iti"" Vector: 

rA• = {(0-IS)l+(3-0)j+(S-0)k} fl 

= {-ISI+3j+8k} ft 

rAe = {(0-IS)i+(-S-0)j+(12-0)k} ft 

= {-lSi -Sj+ 12k} ft 

The magnitudes of the postion vCClOrs arc 

rA • = J(-lS)'+ 31 + S' = 17.263 ft 

r.e = J(-lS)'+(-S)2+ 121 = 20.S09 ft 

Tlte A"Ile, Betwu" Tw" Vectors 9: 

Then. 

rAa . rAe = (-lSi + 3j+ Sk) . (-lSi - 8j+ 12k) 

= (-IS)( -IS) + (3)( -8) + 8( 12} 

= 297 ft' 

9 - cos" (rAa . rAe) = cos" [ 297 ] = 34.2° Ans 
- rAi rAe 17.263(20.809} 
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x 

F\ = 30 Ib 

U"it Vector: 

UFo = cos 300sin 30°\ + cos 30"cos 30"j - sin 300k 

= 0.433Oi +0. 75j - o. 5k 

U..., = cos 13sol+co5 6O"j + C05 6O"k 

= -0. 707li +O.Sj +O.Sk 

I'--+---y 



2·128. If F has a magnitude of 55 lb. determine the 
m~gnitude of its projected component acting along the x 
aXIs and along cable A C. 

3ft 

T 
12ft 

Iif'---r-__ y 

x 

2-129. Determine the angle 8 between the edges of the 
sheet-metal bracket. 

x 

y 

(0-15)i+(3-0)j+(8-0)k 
UAB = r.=::=:===;=::=:==:=;==:=::::=: 

J(0-15)2+(3-0)2+(S_0)2 

= -{).S6S9i + 0.173Sj + 0.46341< 

F = FUAB = 55 (-{).8689i +0. I 738j + 0.46341<) lb 

= {-47.7911+9.558j+2S.489k} lb 

U"it Vector: The unil vec:lor along negative x IIltis and AC are 

U.:r =-Jj 

(0-15)1 + (-8 -O)j+( 12-0)k 
UA C = r.=::=:===;=::=:==:§;==:=~~ 

/(0-15)2 + (-8 -0)2 +( 12-0)2 

= -{).72091 - 0.3845j + 0.5767k 

Projected Compo"e"t of F : 

F. = F ·U. = (-47.79li +9.558j+25.489k). (-Ii) 

= (-47.791)(-1) +9.558(0) +25.489(0) 
= 47.Slb Ans 

FAc = F· UAC = (-47.79 Ii + 9.5SSj+ 25.489k) . (-{).7209i -0.3845j+0.5767k, 
= (-47.791) (-{).7209) + (9.558)(-{).3845) +(25.489)(0.5767) 
=4S.5Ib Ans 

The projccll:d c:omponenlllClS along cabIeAC. "Ac. can also be determined using 
FAc = Fcos 8. From Ihe solution of Prob. 2-137. 8 = 34.2°. Then 

FAc '" S5c:os 34.20 = 45.5 lb 

r l = {400i + 2SOk} mm ; 
'1 = 471.70 mm 

rz = {5Oi + 300j} mm; 'z = 304.14 mm 

r l . r, = (400)(50) + 0(300) + 250(0) = 20000 

-I( 20000 
= cos (471.70)(304.14» = 82.0° ADS 
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2-130. The cables each exert a force of 400 N on the 
post. Determine the magnitude of the projected 
component of F, along the line of action of F2. 

u,. = sin 3S·cos 2O"1-sin 3S·sin 2O"J + cos 3S"k 

= 0.53901 -0. 1962j+0.8192k 

F, =F,u,. = 400(0.53901-0. 1962j+0.8192k) N 

= {215.S9i -78.47j+327.66k} N 

U.it Vector: The unit vector along the line of action ofFl is 

u'" = cos 45·1 + cos 6O"j + cos 120"k 

= 0.70711 +0.5J-0.5k 

(F,)", =F, ·u'" = (215.59i-78.47J+327.66k)·(O.70711+0.SJ-0.Sk) 

= (215.59) (0.7071) + (-78.47) (O.S) +(327.66)(-0.5) 
=-5O.6N 

NegaIive sign indicates that the force component (F,),., &as in the oppoaUe sense 

of dircaion 10 that of u,., . 

thus the magnitude is (F,),., = 50.6 N Au 

H---r---Y 

=400N 

-------------- .. -----.. -- .. --------------11 

2-131. Determine the angle e between the two cables 
attached to the post. 

u,. = sin 35·cos 20"1 -sin 3S·sin 20"j+ cos 3S·k 

= 0.53901 -0. 1962j+0.8192k 

U,., = cos 45·i+cos 6O"j + cos 12O"k 

= 0.70711+0.Sj-0.Sk 

Til. A..gI., B.tw ... Two V.ctorr 9: The dot product of two unit 
vectors must be dela'mined rust 

Then, 

U'I . u" = (0.53901 -0. 1962j+0.8192k) . (0. 707li +O.SJ-O.Sk) 

= 0.5390( O. 7071) + (-0.1962)( 0.5) + 0.8192 ( -0.5) 
= -().1265 

H-~--y 

=400N 
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*2-132. Determine the. angles 8 and '" made between 
the axes OA of the flag pole and AB and AC, respectively. 
of each cable. 

x 

y 

2-133. Determine the magnitude and coordinate direction 
angles of F3 so that the resultant of the three forces acts 
along the positive y axis and has a magnitude of 600 lb. 

x 

Ilt. '" U. ; 0 = -ISO + 300 cos3O"sin4O" + 1'3 cosa 

Ilt. '" U, ; 600 = 300 cos3O"cos40° + 1'3 cosfJ 

Ilt. = U. ; 0 = -300 sln3O" + 1'3 cosy 

SOlving : 

1'3 = 428 lb ADs 

a = 88.3° ADs 

fJ = 20.6° Aas 

y = 69.So ADs 

rAC = {-2i -4j + lit} m; 
'AC = 4.58 m 

rAB '" {l.51 - 4J +31t} m; 
rAB = 5.22 m 

rAO = { - 4j -31t} m; 
rAO = 5.00 m 

rAB 'rAO = (1.5)(0) + (-4)(-4) + (3)(-3) = 7 

9 = COS-I(rAB'rAO) 

'ABr",O 

= COS-I(~ 
5.22(5.00» = 74.44° = 74.40 

rAe ·rAO = (-2)(0) + (-4)(-4) + (1)(-3) = 13 

; '" COS-I(rAe'rAO) 

'AC'AO 

= COS-I( 13 
4.58( 5.00» = 55.4° Ans 

A .. 



---"==-==--

2-134. Determine the magnitude and coordinate 
direction angles of F3 so that the resultant of the three 
forces is zero. 

/ 
F1 =1801b 

y 

x 

F2 = 300 lb 

2·135. Determine the design angle 0(0 < 90°) between 
the two struts so that the 500-lb horizontal force has a 
component of 600-lb directed from A toward C. What IS 

the component of force acting along member BA? 

Parallelogram Law : The parallelogram law of addition is shown in 

Fig. (a). 

Trigonometry: Using law of oosines [Fig. (b) I. we have 

FIlA = /6002 + 5002-2(600)(500) oos 20° 

= 214.911b = 2151b Ans 

The design angle e (e < 90°) can be determined using law of sines 

[Fig. (b)]. 

sin e sin 20° 

500 214.91 
sin 0 = 0.7957 

9= 52.7° Ans 
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I'j,z = :r.F;; 0 = -180 + 300 cos30°sln40° + F, cosa 

FRy = :u;; 0 = 300 cos30°cos4O" + F, cosp 

I'j" = :r.F;; 0 = -300 sin30° + F, cosr 

cos2 a + cos2 p + cos2 r = 1 

SOlving : 

F, = 250 lb Ans 

a = 87.0° Ans 

p = 143° Ans 

r = 53.1° Ans 

A 

"00\'0 
\"' ......... -. 

...... 9 .......... 
\ --
\. J;:'r ..... " 
,,~- \ 500 It; --__ _ \ -- \ --------\j~ 

r~ 

(P) 

Soolb .. 



2-134. Determine the magnitude and coordinate direc
tion angles of F 3 so that the resultant of the three forces 
is zero. 

FR., = 1:F,; 0 = -180 + 300 cos 30' sin 40' + F:, cos a 

FRy = 1:F,.; 0= 300 cos 30" cos 40' + F,cosfj 

FR: = 1:F,; 0= -300 sin 30' + F,cosy 

Solving: 

F3 = 250 Ib AIlS 

ex = 87.0' An.. 

fj = 143" AIlS 

y = 53.1' Ans 

2-135. Determine the design angle 0(0 < 90°) 
between the two struts so that the 500-lb horizontal force 
has a component of 6OO-lb directed from A toward C. 
What is the component of force acting along member B A ? 

Parallelogram Law: The parallelogram law of addition is shown in 
Fig. (a). 

Trigonometry: Using law of cosines [Fig. (bll. we have 

FHA = J6()()2 + 5()()2 - 2(600)(500) cos 20' 

= 214.91 Ib = 215 Ib AIlS 

The design angle Ii (11 < 90') can be determined using law of sines 
[Fig. (b)]. 

sin f} sin 20° 
500 = 214.91 

sinll = 0.7957 

I) = 52.7' 

x 

Fz =300 Ib 

500lb 

0:... \,~ __ 600Ib 
F ~t1 .......... 

lIA\ ZQ;:r-:::.,. 
04 500lb 

(a) (b) 
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"2-136. The force F has a magnitude of 80 lb and acts 
at the midpoint C of the thin rod. Express the force as a 
Cartesian vector. 

B ;. 

.'" 

"1' 

6ft 

"2-137. 1\vo f\lfceS Fl and F2 act on the hook. If their 
Iin«:f of action are at an angle 9 apart and the magnitude 
of ~h force is FI = F2 = F, determine the magnitude of 
the resultant force FR and the angle between FR and Fl. 

2-138. Determine the angles 9 and t/J between the wire 
segments. 

O.6m---7'C 

r AB = (-31 + 2J +6k) 

1 
reB = 2rAB = (-1.51 + Ij + 3k) 

= -6k - LSI +lj + 3k 

= -LSI +lj - 3k 

reo = 35 

F = 8O{eo) = {-34.31 + 22.9j - 68.6k} Ib ADS 
reo 

F F 
sIn;=~ 

sin(8-;) = sin; 

8-; = ; 

Ans 

lit .. .; (F)' + (F)' - 2(F)(F) cos(l80" - 9) 

SiDce cos(lSO" - 9) = - cos 8 

8 ,1+ cos8 Since cost -) = __ _ 
2 2 

Thus 

8 
lit = 2FCOS(:i) Ans 

r BA = {-{I.4j -O.Sk} m; 

r.c .. {0.S1 + O.2J - O.Sk} m; rBC =0.964 m 

rBA·rSC = 0+ (-{I.4)(0.2) + (-{l5)(-{I.S) = 0.170 m' 

8 = COS-'( 0.170 _ 0 

(0.640)(0.964» - 74.0 Ans 

reB - {-{I.S1 - 0.2j + OSk} m; 
rCB =0.964 m 

reD = {-{I.Si } m; reD = O.SOO m 

reB' reD = (-0.8)(-{I.S) = 0.640 m' 

_, 0.640 
; = cos «0.964)(0.800» = 33.90 Ana 
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2-·139. Determine the magnitudes of the projected 
c;omponents of the force F = {6Oi + 12j - 40k} N in the 
direction of the cables AB and AC. 

F = {6OI + 12J - 4Ok} N 

(-31 - 0.75J +k) 

,f{-3)2 + {-o.7S)2 + 12 

= (-o.92311 - 0.2308J + 0.3077k) 

(-31 + j + 15k) 
UAC = -:,f;={-';3";)2;;"';+={~1)';'2;;+;;{~1=.5=)2 

= (-o.85711 + 0.2857J + 0.4286k) 

= 60(-0.9231) + 12{-o.2308) + (-40)(0.3077) = -70.46 N 

Proj FA.. = 70.5 N AIlS 

Proj FA.c = F·u"c 

x = 60(-0.8571) + 12( .().2857) + (-40){0.4286) = - 65.14 N 

F 

"'2-140. Determine the magnitude of the projected 
component of the l00-lb force acting along the axis BC 
of the pipe. 

(0-6)1 +( 12-4)j+ [O-(-2»)k 
uCD = 

./(0-6)2+ (12-4)2 +[0-(-2»2 

= -0.58831 + 0.7845j + 0.1961k 

F = FUCD = 100(-D.58831+0.784Sj+0.1961k) 
= {-S8.835i+78.446j+ 19.612k} Ib 

U "it Y.ctor: The unit vector along CB is 

(0-6)1 + (0- 4)j+[O- (-2» k 
UC. = -7===========:::======.= ./(0- 6)2 + (0-4)2 + [0-( _2))2 

= -o.80181-0.5345J+0.2673k 

Proj FA.c = 65.1 N 

Ih = F· UC ... (-58.8351 + 78.446j + 19.612k). (-o.80181-0.5345j+0.2673k) 
'" (-58.835) (-0.8018) + (78.446) (-0.5345) +( 19.612) (0.2673) 
.. 10.5Ib Au 

2·141. The boat is to be pulled onto the shore using two 
ropes. If the resultant force is to be 80 lb, directed along 
the keel aa, as shown, determine the magnitudes of forces 
T and P acting in each rope and the angle (} of P is a 
minimum. T acts at 30° from the keel as shown. 

From Ihc figure P is minimum, when 

9 + 30" = 90" ; 9 = 60" 

p 80 

ain30" '" ~ P=40lb 

T 80 
~~~ T = 69.31b 

AIlS 

y 

AIlS 

AIlS 

AIlS 



3-1. Determine the magnitudes of F) and F2 so that 
particle P is in equilibrium. 

EqUllliDIU DI Equilibrium: 

":'u. =0; Fj(;)-400Sin3O"-~lin6O".0 
O.SFj - O.S660~ = 200.0 

+ f tF, = 0; 4OOc:os 30" - Fj (D -~ cos 60" = 0 

0.6Fj +O.s~ = 346.41 

Solvina Sq •. [I) and (2) yicIcIs 

Fj =43SIb ~ = 1711b AIlS 

y 

400lb 

-----------A~-------------X 

[ 1) 

(2) 

~.----------------------------------------------- ----_._--._-
3-2. Detennine the magnitude and direction 8 of F so 
that the particle is in equilibrium. .:. u.; = 0; 

y 

7kN +'tu,=o; 

Solving. 

---------- a..----~------ x 

F 

3kN 

3-3. Determine the magnitude and angle 8 of F 1 so that 
particle P is in equilibrium. 

Equations 01 Equilibrium: 

~ ~ = 0; 300(~)+450c0S 200-F; cos 8= 0 

F; cos 8 = 538.25 [1] 

+ t ~ = 0; 300(H)-450sin 200-F;sin 8 = 0 

F; sin 8 = 123.01 [2] 

Solving Eqs.[I] and [2] yields 

(J = 12.9° F; = 552 N Ans 
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-7(~) + Fcoa9 = 0 
S 

7(~) - 3 - F sin 9 = 0 
S 

9 = 31.8° ADS 

F - 4.94 tN ADS 

y 

300N 

'1~N~ •• 
e 't 

F 
3l<N 

------~--~J~----_r---------x 



--------------------------- ----,-,====== 

';'3-4. Determinc thc magnitude and an?k II of F so that 
the particlc is in cljuilihrium. 

F 

7.5 kN 

+ 
-> l:f; = 0; 

+ i l:F" = 0; 

F cos8 + 2.25 cos60° - 4.5 - 7.5 sin30° = 0 

F sin 8 - 2.25 sin60° - 7.5 cos 30° = 0 f 

8.444 
tan8 = 7.125 = 1.185 

9 = 49.8° Am 

F = Il.0kN Ans 1.5i:N 

1-----------------------------, 

3-5. The members of a truss are pin-connected at joint 
O. Determine the magnitudes of F] and F2 for 
equilibrium. Set IJ = 60° 

£9,",,;011' 0/ Equilibrium: 

~ l:f; = 0; F, cos 60" + ~ sUi 70" -5coa 30" -7G) .. 0 

O.SF, +0.9397fi = 9.9301 (1] 

+ i U, = 0; ~cos 70" -F, sin 60"+ Ssin 30" -7G) = 0 

0.3420fi - 0.8660F, = 1.70 (2] 

Solving Eqs. (I] and (2] yields 

Fj = 1.83 kN fi = 9.60 kN Ans 

5kN 
y 

--:.......~----x 

x 

71<11 
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3·6. The members of a truss are pin-connected at 
joint O. Determine the magnitude of FJ and its angle (J 

for equilibrium. Set F2 = 6 kN. 

EqlUltiolU II/ Equilibrium: 

~ U. = 0; I'j cos 9+6 sin 70"-5cos 3O"-7(~}.0 
I'j cos 9 = 4.2920 [I] 

+ T IF, = 0; 6cos 70" -I'j sin 9+ Ssin 30" -7G) .. 0 

I'j sin 9 = 0.3S21 [2] 

Solving Eqs.[I] and [2] yields 

9 = 4.69" I'j = 4.31 kN Ans 

3·7. The device shown is used to straighten the frames 
of wrecked autos. Determine the tension of each segment 
of the chain, i.e., AB and Be, if the force which the 
hydraulic cylinder DB exerts on point B is 3.50 kN, as 
shown. 

EqullliolU II/ Equilibrium: A direct solulion for F.ccan be obtained by 
summing fortes along the y axis. 

+ T IF, = 0; 30Ssin 48.37· - F.csin 6O.9S· = 0 

F.c = 2.993 kN = 2.99 kN Ans 

U sing the result F.c = 2.993 kN and summing forces along Jt axis, we have 

.:. ~ = 0; 3.5cos 48.310 + 2.993cos 6O.9So -~. = 0 

FA. =3.78kN Ana 
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"'3-8. Determine the force in cables AB and AC 
necessary to Support the 12-kg traffic light. 

EflUllioIU of Etullibrlum : 

~u. ",,0; F.t.cos 12°-F.tc(B}·0 

F.t. = 0.9814F.tc [IJ 

+iu, =0; F.t.sin 12°+F.tc(~)-117.72.0 
0.2079F.t. +O.28F.tc = 117.72 (2) 

Solving Eqs.(l] and [2] yields 

ADS 

3-9. Cords AB and AC can each sustain a maximum 
tension of 800 lb. If the drum has a weight of 900 lb, 
determine the smallest angle () at which they can be 
attached to the drum. 

~e ~ 

~r~' 
1Z(9·81)=/ln.z II 

900 - 2(800) sine = 0 

9 .. 34.20 ADs 



3.10. The 500·lb crate is hoisted using the ropes AB and 
AC. Each rope can withstand a maximum tension of 2500 
lb before it breaks. If AB always remains horizontal, 
determine the smallest angle () to which the crate can be 
hoisted. 

Case 1 : Assume T..B = 2500 Ib 

~v; = 0; 2500 - T..c cosB = 0 

T..c sinB - 500= 0 

Solving. 

A~""""'~B--"'F 
B = 11.31° 

:lA c = 2549.5Ib > 2500 Ib 

Case 2: Assume T..c = 2500 Ib 

+iu,=o; 2500 sinB - 500= 0 

T..B - 2500 cos 11.54° = 0 

:lAB = 2449.49Ib < 2500 Ib 

Thus. the smallest angle is B = II. 5° ADS 

3·11. Two electrically charged pith balls, each having a 
mass of 0.2 g, are suspended from light threads of equal 
length. Determine the resultant horizontal force of 
repulsion, F, acting on each ball if the measured distance 
between them is r = 200 mm. 

+ 
-+~=o; F-T(~)=O 

ISO 

.!I 

i",~J/500.u. 
-~ 

500.14 

(N.G!) 

~ 

'.SOOU~e t. __ " --x 
SOOLb 

I 
+iu, = 0; J J 150Z - 752J 'l ISO - 0.2(9.81)( 10-') = 0 +-x 

150mm F = 1.13 rnN ADS ('l(1.81) N 
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*3·12. The concrete pipe elbow has a weight of 400 Ib 
and the center of gravity is located at point C. Determine 
the force in the cables AB and CD needed to support it. 

F,.,. Bod, m.~,._ : By observllion. cableAB bas III suppon die 

entire weight of the concme pipe. Thus. 

F... =4001b 

The !elISion fora: in cable CD is die same throughout die cable. Ih8t is 
~c =~o· 

Equtllioru 0/ Equilibrium: 

~c=~< =F 

+ il:F, =0; 400- 2Fcos 4S· = 0 

F= ~o = 1'<:. = 2831b Au 

3·13. Determine the stretch in each spring for 
equilibrium of the 2-kg block. The springs are shown in 
the equilibrium position. 

l--~-t------ 4 m-----.\ 
\ 

't 

I :;;~ =400 Ib 

E 
-----:k---- x. 

\ l'Ao = 2(9.81) = XAo(40) 

kAC= 20 N/m 
XAD = 0.4905 m 

ADS 

~l:I; == 0; 4 1 
l'AB(-) -l'Ad r;.)= 0 

5 y2 

+iu, =0; 1 3 
l'Ad.(2) + l'AB(5) - 2(9.81)= 0 

l'Ac = 15.86 N 

15.86 
xAC = 20 = 0.793 m ADS 

FAs = 14.01 N 

14.01 
XAB = 30 = 0.467 m ADS 
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3-14. The unstretched length of spring AB is 2 m. If the 
block is held in the equilibrium position shown, determine 
the mass of the block at D. 

r---3m--~~----4m----~'1 

F= lex = 30(5-2) = 90N 

":'u. = 0; 

kAD =40 N/m 

3-15. The spring ABC has a stiffness of 500 N/m and an 
unstretched length of 6 m. Determine the horizontal force F 
applied to the cord which is attached to the small pulley B so 
that the displacement of the pulley from the wall is d = 1.5 m. 

+ 
-+ 1:1'; = 0; 

F 

*3-16. The spring ABC has a stiffness of 500 N/m and 
an unstretched length of 6 m. Determine the displacement 
d of the cord from the wall when a force F = 175 N is 
applied to the cord. 

~ ~ =0; 

By tria1 and error : 

175 = 2T 8inB 

T 8inB = 87.5 

J_d ] = 87.5 'lb 2 +d2 

T = ks = 500(,132 + d 2 - 3) 

3 
d(1- ~) = 0.175 

v9 + d 2 

d = 1.56 m AIlS 

83 

T c0845° - 90( ~ ) = 0 
5 

T = 101.82 N 

- W + 101.82 sin45° + 90( ~) = 0 
5 

W = 126.0N 

126.0 
m = W = 12.8kg ADS 

.. -----.- -~-~-.. --- ----~----~~---.. 

1.5 
,r,:-;;;<n(2) - F = 0 

V 11.25 ) T f_/Lx 
T = ks = 500(,132 + (1.5)2 - 3) = 177.05 N ~ 1 

F = 158 N 

F 

AIlS 

B 

k = 500 N/m 

Prohs, 3-15/16 

I • 
W 

d 

T 
, I 

6m 



3·17. Determine the maximum weight of the flowerpot 
that can be supported without exceeding a cable tension 
of 50 Ib in either cable AB or AC. 

Equations of Equilibrium: 

~ IF" = 0; J:.csin 30° - J:.B G) = 0 

J:.c = 1.20J:.B 

+ t ~ = 0; J:.c oos 300 +J:.B G)- W= 0 

0.8660J:.c + 0.8J:.B = W 

S· '" > F: failure will occur first a! cableACwith J:.c = 50 lb. IDee cAe AB, 

Then solving Eq. [1] and [2] yields 

J:.B = 41.67 lb 
W= 76.61b Ans 

[1] 

[2] 

3·18. The motor at B winds up the cord attached to the ~U; = 0; 

65-lb crate with a constant speed. Determine the force in 
cord CD supporting the pulley and the angle 9 for 
equilibrium. Neglect the size of the pulley at C. + t U, = 0; 

D 

OA 

w 

FeD cosB - 65(~) = 0 
13 

FeD sinB - 65 - 65(E) = 0 
13 

B = tan-'(S) = 78.7° AIlS 

FeD = 1271b Ans 



---------------_ .. _------

3·19. The cords BCA and CD can each support a 
maximum load of 100 lb. Determine the maximum weight 
of the crate that can be hoisted at constant velocity, and 
the angle (J for equilibrium. 

*3·20. Determine the forces in cables AC and AB 
needed to hold the 20-kg ball D in equilibrium. Take F = 

300 Nand d = 1 m. 

Eq/UldolU of Equilibrium: 

~IF, =0; 3OO-~.(~)-~c(~)-0 
06247~. +0.8944~c = 300 ( 1) 

+ i ~F, = 0; ~. (k )+~c( ~ )-196.2 = 0 

0.7809~. +0.447~c = 196.2 [2) 

Solving Eqs. [I) and (2) yields 

~. = 98.6 N ~c .. 267 N Ana 

85 

100 coso = W(~) 
13 

100 sinO = w(E) + w 
13 

o = 78.7° ADS 

w = 51.01b ADS 

;

.:100 11, 

--I
J: 11. 

'< 

W vJ 

..,-----D---.F 

D 

A 
--..::.-~~--...,. --:;(. 

300N 



------'--""==-:----:---

3·21. The ball D has a mass of 20 kg. If a force of F = 
100 N is applied horizontally to the ring at A, determine 
the largest dimension d so that the force in cable A C is zero. 

+iu,=o; l'A.sin9-196.l=O l'A.sin9=1962 

Solvinl Eqs. [llllld [ll yields 

From !he scomeuY. 

9 = 62.99" I'A • • m.ll N 

d+ 1.5 -ltan6:2.99" 
d-l.4lm 

[ll 

86 

C-.---l!)--.... F 

D 

__ -.z:-..::l .... __ '_OC+" -x. 

d+l-5" f\ 
lj:"6Z.99· 
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3·22. The block has a weight of 20 lb and is being hoisted 
at unifonn velocity. Detennine the angle I) for equilibrium 
and the required force in each cord. 

B 

30° 
It 
~ 

"---e___. 
T 

t 
I:L 

J 

PoinlA : 

~ u; = 0; T.B cos60° - 2Osin9 = 0 

T.B cos60° = 20sin9 

+ f u; = 0; JAB sin60° - 20 - 20 COS 9 = 0 

JAB sin60° = 20(1+cos9) 

I +cos9 
tan60° =-

sin9 

tan600sin9 = l+cos9 

9 = 60° Ans 

20sin60° 
1.;B = ~ = 34.6Ib Ans 

Also: 

LF, = 0; 
9 

Requires 2: = 30° 

ADS 

1.;B - 2[2Ocos300] = 0 

1.;B = 34.6 Ib ADS 

87 
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3·23. Detennine the maximum weight W of the block 
that can be suspended in the position shown if each cord 
can support a maximum tension of 80 lb. Also, what is the 
angle B for equilibrium? 

B 

30° 

T 

I I 

I) Assume ~B = 80lb 

+ t l:F, = 0; 80sin6O° - W - W oos6 • 0 

80 sin6O° = W(I +0056) (I) 

+ 
-+:tF.: = 0; 8000560° - Wsin6 = 0 

80 cos6O° = W sin 6 

1 + cos 6 
tan6O° =-

sin 6 

tan6O°sin6 = 1 +cos6 

6 = 60° Ans 

8Ocos6O° 

(2) 

W = sinW" = 46.188Ib < 80lb (O.K!) 

2) Assume W = 80 Ib 

+ i l:F, = 0; Tsin6O° - 80 - 80 cos 6 = 0 

TSinW" = 80(1+cos6) (3) 

~:tF.: = 0; TcosW" - 8Osin6 = 0 

T cos 60· = 80 sin 6 

• l+cos6 
tan60 =-

sin6 

tan600sin6 = I +cos6 

(4) 

80sin6O° 
T = ~ = 138.61b > 80 Ib (N.G!) 

Thus. W = 46.2 Ib ADS 
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*3-24. Determine the magnitude and direction 8 of the 
equilibrium force FAB exerted along link AB by the 
tractive apparatus shown. The suspended mass is 10 kg. 
Neglect the size of the pulley at A. 

Fru Bod, DiGlrlllfl : The lelllion in Ihc coni is die same throughout Ihc 
cord, thai is 10(9.81) = 9.81 N. 

EqutJliolU 0/ Equilibriu .. : 

'::'u. =0; FA.cos9-98.1coa7so-98.lcos4so.0 
FA,cas8 .. 94.7S7 [I) 

+ i U, - 0; 98.lsin 7S· - 98.lsin 45· - FA. sin 8 .. 0 

FA. sin 8 = 2.5.390 [2) 

Solvin. Eqs.[l) IIId [2) yields 

8 = IS.O" FA • ... 98.1 N Alii 

:} 
IO(9.al):9~./ N 

10(9·8/)=98·/ N 

89 



3·25. Blocks D and f weigh 5 lb each and block E 
weighs 8 lb. Determine the sag s for equilibrium. Neglect 
the size of the pulley~. 

1------- 4 ft ----f.~- 4 ft ------I 
I I 

C 
<>, B <> 

I 
s 

I _____ ~-L 

D E F 

3·26. If blocks D and F weigh 5 lb each, determine the 
weight of block E if the sag s = 3 ft. Neglect the size of 
the pUlleys. 

B 

s 

:tr'~ ____ l 

D F 

90 

2(5) sinO -8= 0 

o = sin-'(O.8) = 53.13° 

s 
tanO = 4 

s = 4 tan53. \30 = 5.33 It ADS 

2(5)(~) - W= 0 
5 

W=61b ADS 



3·27. The lift sling is used to hoist a container having a 
mass of 500 kg. Determine the force in each of the cables 
AB and AC as a function of O. If the maximum tension 
allowed in each cable is 5 kN, determine the shortest 
lengths of cables A B and A C that can be used for the lift. 
The center of gravity of the container is located at G. 

. • B observalion. die forte F\ bas II) suppon die 
Fr .. Bod, D"f

ram 
. . Y F. "SOO(9.81) -490S N. 

CIIbre weight of the conwner. Thus. \ 

EqlUJliolU 0/ Equilibrium: 

FAcCOS 9-FA.cos 9,,0 FAc"FA."F 

490S - 2Fsin 9 " 0 F" {24S2.Scsc 9} N 

Thus, .,. - 1', "F" {2.4Scsc 9} kN 
rAC- U 

. aIIo able tenSion in die cable is S kN. 1hcn If the malUI1Ium w 

24S2.Scsc 8 " 5000 
9" 29.37' 

_ ~ and 8 " 29.37'. Therefore 
From the geometry. 1- cos 8 

l.S 
1 .. 1.72 m 
.. cos 29.37· 

Ana 

Ana 
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F 

4 

I F, =500(98 1) 
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*3-28. The load has a mass of 15 kg and is lifted by the 
pulley system shown. Determine the force F in the cord 
as a function of the angle O. Plot the function of force F 
versus the angle 0 for 0 ~ 0 ~ 90°. 

Free Body Diagram: The tenSion force is the same throughout the cord. 

Equalions of Equilibrium: 

~ u. = 0; Fsin8 - Fsin8 = 0 (5 allsfied!) 

+il:F, =0; 2Fcos 8-147.15 = 0 

F= {73.6scc 9} N Ans 

F 

'\ iN) 

{1 

f5(q.BI)~/4-715 tJ 

~--------------------------.--. 

3-29. The picture has a weight of 10 Ib and is to be hung 
over the smooth pin B. If a string is attached to the frame 
at points A and C, and the maximum force the string can 
support is 15 Ib, determine the shortest string that can be 
safely used. 

Fr •• Bod, 01"""". : Since the pin is smooth, the lalSion force in 
the cord is Ihe same Ihroughout die cord. 

EqUaiiOlU of Equilibriu". : 

~u, =0; 

+il:F,=O; 

Tcos /I-Tcos /1 .. 0 

1O-2Tsin /I = 0 T=_5_ 
sin /I 

If tension in die cord cannot exceed IS Ib, then 

_5_= 15 
sin /I 
/I = 19.47' 

I 9 
From the geometry, - = -- and /I = 19.47·.lben:fore 

2 cos /I 

18 
1= ---= 19.1 in. 

cos 19.47' 
ADS 

A 

---.j-- 9 in. ~ 
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3·30. The 200-lb uniform tank is suspended by means 
of a 6-ft-long cable, which is attached to the sides of the 
tank and passes over the small pulley located at O.lf the 
cable can be attached at either points A and B, or C 
and D, determine which attachment produces the least 
amount of tension in the cable. What is this tension? 

Fr"" Bod:! DillgNIIII : By obaervalioll, dlefon:e F has 10 support the 
eotire weight of die IaIIIt. Thus, F - 200 lb. The tension ill cable .. die same 
throughout the cable. 

Equalio"s 0/ Equilihrium : 

.:. IF. = 0; Toos B - Toos B a 0 (Salis/i"d I) 

200-2TsillB= 0 
100 

Ta-
sillB 

[11 

From die funaioo obtai.oed above, Doe realize& dial ill oroer 10 produce the 
least amouot of tension ill die cable, sill B heoce B must be as greal as 
possible. Sillce the alSaduneDt of the 'cable 10 poillt C aDd D produces a 

sr-B (B = OOS-I~. 70.530
) as c:ompared 10 the~otofdle cable 

IOpoiIItsA aDdB(8.co.s-l~a48.19°), 

The attach meat or the cable to polat C IlIId D ",III produce 
the least amoDDt or teDIIloD la the cable. ADI 

Thus, 

T-~-I061b 
sill 70.53° 

F 

o 

T 

I It 

3~ 
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·3-31. A vertical force P = 10 Ib is applied to the ends 
of the 2-ft cord AB and spring AC. If the spring has an 
unstretched length of 2 ft, determine the angle 0 for 
equilibrium. Take k = 15 Ib/ft. 

f---- 2 ft ---i-------
4U,; ... 0; F, cos. - Tcoe8= 0 

Tlin8 + F, sinf-lO= 0 

% = /(4)2 + (2)2-2(4)(2)cos8 = 2/5-40008 

1'; = Iu = 2k(/s-4cos8 -I) 

From Eq. (I) : T=F.(~) 
• cos8 

From Eq. (2) : 

(I) 

(2) 

2k(pcosB -1)(2-cos8) tan 8 + 2k(pcosB -1)2.inB _ 10 

JS-4cosB 2JS-4cosB 

p 
(PCOSB -1)(2tanB _ sinB + sinB) = ~ 

JS -4cos8 2k 

Set k = 15 Iblft 

Solving for 9, 

B = 35.0' ADS 

*3-32. Determine the unstretched length of spring AC 
if a force P = 80 Ib causes the angle 0 = 60° for 
equilibrium. Cord AB is 2 ft long. Take k = 50lb/ft. 

1= 14J. + 2' - 2(2)(4)cos6O" 

1!i.. _ 2 
sin 60° - sin , 

, = sin-' ( 2 sin 60" ) = 30" 

.fI2 
p + i I:F, = 0; Tsin 60" + I'; sin 30° - 80 = 0 

":':I:F. = 0; - Teo.60° + I'; cos3QO = 0 

Solving for 1';. 

1';=401b 

I';=kx 

40 = SO(/12 - I') 

I' = 2.66 ft Ans 
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-3·33. A "scale" is constructed with a 4-ft-long cord and 
the lO-lb block D. The cord is fixed to a pin at A and 
passes over two small pulleys at Band C. Determine the 
weight of the suspended block E if the system is in 
equilibrium when s = 1.5 ft. 

Fr •• Bod, DIq,.... : The lCIISion force in the cord iI cbe same tbroupout 
cbe cord, !bat is 10 lb. From cbe aeomcuy, 

_1(0.5 ) 
9 '" sin 1.25 - 23.580

• 

EfulllWM 0/ Equllibriu .. : 

+iu, -0; 2(10)coa23.58°-W,_0 

W, -18.3Ib 

95 

IOlb 

O·5}t 

U-f.S t1~=;'Z5ft 

IOlb 

------~------x 
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• 3·34. A car is to be towed using the rope arrangement 
shown. The towing force required is 600 lb. Determine 
the minimum length I of rope AB so that the tension in 
either rope AB or AC does not exceed 750 lb. Hint: Use 
the equilibrium condition at point A to determine the 
required angle () for attachment, then determine I using 
trigonometry applied to triangle ABC. 

600ib 

Case 1 : Assume lAc = 750 Ib 

~l:F. = 0; 750 cos30· - lA. cos 8 = 0 

+ i :u; = 0; 600 - 750 sin30· - lAB sin 8 = 0 

8 = 19.107· 

lAB = 687.391b < 7501b (0. KI) 

4 

sin(l80· - 30· -19.107·) = sin30· 

1= 2.65 ft 

Case 2: Assume lAB = 750 Ib 

~l:F; = 0; 

+i u; = 0; 

lAc cos30· - 750 cos 8 = 0 

600 - lAc sin30· -750 sin8 = 0 

600 - ~Sin30· - 7508in8 = 0 
cos30· 

433.01cos8 + 750 sin8 = 600 

An analytic approach to the solution is as follows: 

(433.01/1 - sin2 8)2 = (600 - 750 sin8)2 

172 500 - 900 OOOsin8 + 750 OOOsin28 = 0 

Solving this quadratic equation for the root of 8 thai gives a positive value for lA c we g. 

8 = 13.854· 

T. _ 750 cos 13.854· 
AC - cos30. 

lAc = 840.83 Ib > 7501b (N.G!) 

Thus, 1= 2.65 ft ADS 

96 



.*3·35. The spring has a stiffness of k = 800 N/m and 
an unstretched length of 200 mm. Determine the force in 
cables Be and BD when the spring is held in the position 
shown. 

Til. Fort:. ill Til. Sprillg: The spring sln:ll:hcs s = 1-10 ,. 0.5-0.2 
.. 0.3 m. Applying Eq.3 - 2, we have 

1';, = k.r = 800(0.3) = 240 N 

Ef"41iOll, 0/ Ett"i1ibri"lII : 

.:. IF, = 0; F.cC:OS 45° + F.o G) -240 = 0 

0.707IF.c+ 0.8F.o = 240 

+ tu, = 0; F.csin 45°-F.°G) = 0 

F.c = 0.8485F.o 

Solving Eqs. (1) and e21 yields, 

F.o = 171 N . F.c = 14S N Ana 

( II 

(21 

-------_.-_.-

k=80N/m 

500 mm ---11---

"'---ili~---x 

...... --~~----------~----------~.r-~--.--------. r; 

*3·36. The sling BAC is used to lift the lOO-lb load with 
constant velocity. Detennine the force in the sling and plot 
its value T (ordinate) as a function of its orientation (}, + t U; = 0; 
where 0 s (} s 90°. 100 - 2Tcos8= 0 t 1091. 1)1 

T ~T 5+-t.--~ SO Ans 
T = cos8 

IOOlb 
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-3·37. The lO-lb lamp fixture is suspended from two 
springs, each having an unstretched length of 4 ft and 
stiffness of k = 5 lb/ft. Determine the angle (j for 
equilibrium. 

"3·38. The pail and its contents have a mass of 60 kg. If 
the cable is 15 m long, determine the distance y of the 
pulley for equilibrium. Neglect the size of the pulley at A. 

Fru Bod, Diag,.am : Since the pulley is smooth, the lmSion 
in the cable is the same throughout the cable. 

EquatiO"$ 0/ Equilibrium: 

.:. IF. = 0; Tsin9 - Tsin , = 0 9 = , 

Since 9 = " two triangles are similar. 

Also. 

I. +~ = IS 

/(lO-X)2+<Y- 2)2+./x2+y 2 = IS 

(~X2+Y2)/(lG_X)2+(Y_2)2+./x2+Y2 = IS 
X2+y2 

However, from Eq.[l] 

(
IO-X) ';X2+y2 -x- +';X2+y2 = IS 

~u; = 0; 

+ t U, = 0; 

F = ks; 

Teos9 - Teos9= 0 

2Tsin 9 - 10 = 0 

Tsin9 = Sib 

T= 5(_4_ -4) 
eos9 

1 
T = 20(- - I) 

eos9 

sin 9 
20(-- sin9) = 5 

eos9 

tan9 - sin9 = 0.25 

Solving by trial and error, 

9 = 43.0° ADS 

1 
2m LB 

~ 

T~j~T 
~x 

10.1.4 

c 

~~----------lom--------__ ~ 
Oividin& both sides of Eq. [3] by ./x2 + y2 yields 

X= ,lQsy [4] 

From Eq.[I] ~=y-2 
x y 

Sy 
.%=-

y-I [S] 

Equaling Eq. [I] and [S] yields 

[I] 

[21 

T 

[3] 
------~~-------x 
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3·39. A 4-kg sphere rests on the smooth parabolic 
surface. Determine the normal force it exerts on the 
surface and the mass mn of block B needed to hold it in 
the equilibrium position shown. 

a.II .. "" : The angle 9 which !he: surfaa: mMc willi die horimnlal U III 

be determined forsL 

Ian .J .. ~I .. s.OxI .. 2.00 ' ... -0... dz .-0... ..0 ..• 
9= 63.43° 

Fn. B lid, Dill,,,,, : The lension in the cord is die same duoughoutdle 
coni and is cquallll the weight of block B. W, .. "" (9.S1). 

EqlltlliolU III £qlli/ibnll .. : 

":'u; =0; m.(9.81)cos6()O-Nsin63.43°.0 
N=S.484Om. ( 1) 

+ t l:F, = 0; "'. (9.SI)sin 60" +Nc:os 63.43° -39.24 .. 0 

S.49S7",. +0.4472N" 39.24 (2) 

Solving Eqs.(l) and (2) yicIds 

"" .. 3.SS kg N .. 19.7 N A .. 

y 

~~~-----7-----------------X 

"' r 
I 

4{f.M".H24,.;1 

----fl~---x 

N 
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':'3-40. The 30-kg pipe is supported at A by a system of 
five cords. Determine the force in each cord for 
equilibrium. 

L'Ie 

JAB = 339.83 = 340 N 

11\6 ~ 

~o. A T~E 
--:0: 

30(~.'I)N 

+tl:F,=O; JA. sin6()O - 30(9.81) = 0 

ADS 

+ 
.... 1:.1'; = 0; JA£ - 339.83 cos6()O = 0 

JA£ = 170N ADS 

~u; = 0; 

18D(~) - 339.83sin60° = 0 

18D ~ 490.5 = 490N ADS ~~ 5, " 
T., W l( 

49O.S( ~) + 339.83 cos6()O - 18e = 0 33"'31'1 

T,c = 562 N ADS 

100 



3-41. Determine the magnitude and direction of Fl 
required to keep the concurrent force system in 
equilibrium. 

F, = {-SOOj} N 

F, =400 = {-114.29i-342.86j+171.43k} N 
( 

-2i-6j+3k ) 

~(_2)2+(-6)2+32 

F. = 3OO{cos 3O"j+sin 3O"k) N = {259.8Ij+ 150.Ok} N 

F, = {-4SOk} N 

EqullliOlf$ of Equilibrium: 

(I'i. -1I4.29)1+(1'i, -500-342.86+ 259.81)J 

+ (I'i, + 171.43+ 150.0-450) k· 0 

Equaling i. j and k components. we have 

I'i. - 114.29 = 0 

I'i, -Soo-342.86+259.81 =0 

I'i, + 171.43+ 150.0-450 = 0 

The magnitude of FI is 

I'i = vF?; +F?; +F?; 

I'i. = 114.29 N 

I'i, = 583.05 N 

Fi, = 128.57 N 

= ./ 114.292 + 583.052 + 128.57' 
= 607.89 N = 608 N 

The coordinare direction angles are 

a = cos -!. = cos -- = 79.2· _I (Fi) _I (114.29) 
I'i 607.89 

1'= cos ~ =cos -- = 1 . R -I (Fi) -I (583.05) 64. 
Fi 607.89 

r=cos ....:..!.. -cos -- =77. _1(Fi) _1(128.57) 8. 
Fi 607.89 

Alii 

Ana 

Ana 
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3-42. Determine the magnitudes of Fb F2, and F3 for 
equilibrium of the particle. 

z 

800 N 

F, = Fj {cos6001 + sin6O"k} 

= {0.5Fj I + 0.8660Fj k } N 

3 4 
F,=F,{SI-si} 

= {0.6F, I - 0.8F,j} N 

F, = F, {-cos3001 - sin300j } 

{-0.8660F,1 - 0.5F,j}N 

l:.F. = 0; O.SF, + 0.6F, - 0.866OF, = 0 

l:.F, = 0; -0.8F, - O.SF, +8oosin30o = 0 

U; = 0; 0.8660Fj - SOOcos300 = 0 

Fj = 800 N ADS 

F, = 147 N ADS 

FJ = 564 N ADS 

~-------------------------~-... _-.. _.,.-. 

3-43. Determine the magnitudes of Fb F2, and F3 for 
equilibrium of the particle. 

z 

1/-___ ---. .. 8.5 kN 

x 

102 

~ = 0; 1'j sin300-2.8.0 

1'j = S.6O kN Ans 

24 
U, = 0; 8.S cos ISO- (25)F, = 0 

l:.F. = 0; 

F, = 8.55 kN ADS 

F, - S.6coS3Qo-8.SS(2.) - 8.SsinI5°= 0 
25 

F, = 9.44 kN Ans 



"'*3·44. Determine the magnitude and direction of the 
force P required to keep the concurrent force system in 
equilibrium. 

Cmerian V.ctor Notation: 

FI = 2 {cos 450 1 + cos 6O"J + cos 120"k} kN = {1.4141 + I.00J -LOOk} kN 

Fl =0.75 = {-o.2SOI +O.SOj+O.SOk} kN 
(

-LSi +3J+3k ) 

~(_1.5)1 + 32 + 32 

F) = {-o. SOJ} kN 

P = P'i+p,J+P'k 

Equations of Equilibrium: 

(P. + 1.414-0.250) 1 + (p, + 1.00+ 0.50-0.50) J + (P, -1.00+ 0.50) k = 0 

Equating i. j and k components. we have 

p. + 1.414-0.250 = 0 

P, + 1.00+0.50:"0.50 = 0 

P, -1.00+0.50 = 0 

The magnilllde of FI is 

p= ';P'2+P'2+P'2 

P. =-1.164kN 
P, = -1.00 kN 

P, =0.500kN 

= ~ (_1.164)2 + (_1.00)2 + (0.500)2 

=1.614kN=1.61kN Ans 

The coordinate direction angles are 

I(P.) _1(-1.164) a=cos- ~ =cos -- = 1360 

P 1.614 
Ana 

fJ -I (P, ) -I (-1.00) - 1280 
= cos - =cos ---

P 1.614 
Ana 

-I (P. ) -I G'SOO
) 0 r=cos ..!. =cos -- =72. 0 

P 1.614 
AM 
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3·45. The three cables are used to support the 800-N 
lamp. Determine the force developed in each cable for 
equilibrium. 

y 

x 

1:F, = 0; 

fA 0 = 1.20 leN Ans 

~F; = 0; 

fAc = 0.40 leN Ans 

1:F, = 0; 

fA. = 0.80 leN AIM 
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3-46. If cable AB is subjected to a tension of 700 N, 
determine the tension in cables AC and AD and the 
magnitude of the vertical force F. 

eMf •• icIt V.etor Not.ioll : 

(
-LSI +2J-6k ) 

FAe = ~e = -o.2308~cl +o.3077~d-O.9231~ck 
~(_I.S)1 +21 + (-6)1 

( 
-31-6j-6k ) 

FAD = ~D = -o.3333~DI-O.6667~oJ-O.6667~Dk 
~(-3)1 + (_6)1-+(-6)1 

F=Fk 

Equ.;oll6 01 Equilibriu", : 

(200-0.2308~e -0.3333~D) I + (300+0.3077~e -O.6667~D)J 
+(-600-0.9231~c -O.6667~D+F)k =0 

Equaling i. j and k <:amponcnlS, we have 

200-0.2308~c -O.3333~D" 0 
3OO+0·3077~c -O.6667~D = 0 
-600-0.9231~e -O.6667~D +F= 0 

Solving Eqs. [I), [2) and [3) yields 
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3·47. Determine the stretch in each of the two springs 
required to hold the 20·kg crate in the equilibrium 
position shown. Each spring has an unstretched length of 
2 m and a stiffness of k = 300 N/m. 

F =F. =-Foei+-FoeJ+-Foek 
(

6i+4J+I2k) 3 2 6 
oe oe ~@ + 41 + 121 7 7 7 

F = {-I96.2k} N 

£q/UlliollS 0/ Equilibrium: 

l:F = 0; Foe + FOA + Fo. +F = 0 

Equaling i. j and k componenlS. we have 

3 
::;Foe-Fo. =0 

2 
::;Foe-FoA =0 

6 
::;Foe -196.2 = 0 

Solving Eqs.[I]. [2] and [3] yields 

Foe = 228.9 N Fo. = 98.1 N FOA = 65.4 N 

Spri,., £Io,.,atio,. : Using spring fonnula. Eq.3 - 2, 1he spring 
F 

eiongabon is s = k' 

9S.1 
'08 = 300 = 0.327 m = 327 mm 

65.4 
.OA = 300 = 0.21S m = 21S mm 

Ans 

Ans 

[ I] 

[2] 

[31 
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*3·48. If the bucket d' 
of 20 Ib det . an Its contents have a total weight 
DB, and D~~mllle the force in the supporting cables DA, 

z 

2.5 ft--1 
I 

x 

c 

I 
I 

3ft 

j 
y 

3 1.5 3 
uOA = {-I - -I +-k} 

4.5 4.5" 4.5 

1.5 I 3 
Uoc = {--I + -j + -k} 

3.5 3.5 3.5 

u. = 0; 

IF, = 0; 1.5 I 
- 4 5 FoA - FoB + -Foe = 0 . 3.5 

u. = 0; 
3 3 

4.5FoA + 3./he-20= 0 

FDA = 10.0 lb AIls 

FOB = 1.1 I lb AIls 

Foe = 15.61b AIls 

t---------------------------.... -.-
-3·49. The 2500·N crate is to be hoisted with constant 
velocity from the hold of a ship using the cable 
arrangement shown. Determine the tension in each of the 
three cables for equilibrium. 

F= 2500 N 

~ 
3m 

m 

y 
x 

( 
-0.751+ Ij-3k J 

FAD =F,.D { =-o.2308F,.DI+0.3077F,.oJ-0.9231F,.Dk 
(-0.75)' + I' +(-3)' 

( 
1i+J.5j-3k ) 

FAC =F,.c J =0.2857F,.cl+0.4286F,.cJ-0.8571F,.ck 
1'+1.5'+(-3)' 

( 
Ji-3j-3k ) 

FAB =F,.. { =0.2294F,..1-0.6882F,..j-0.6882F,..k 
1'+(-3)'+(-3)' 

F = {2.5k}leN 

lJ'=O; FAD+FAB +FAC+F=O 

(-o2308F,. DI + 0.3077F,.Dj - 0.9231F,.Dk) 

+ (0.2294F,..1- 0.6882F,..j -0.6882F,.. k) 

+ (0.2857F,.cl + 0.4286F,.cJ-0.8571F,.ck) + (2.5k) = 0 

(-o.2308F,.D+0.2294F,.. +O.2857F,.c)1 

l:f; = 0; 

:r.r; =0; 

l:f; =0; 

+ (0.3077F,.D - 0.6882F,.. +0.4286F,.c)j 
+ (-o.9231F,.D -0.6882F,.. -O.8571F,.c +2.5)k = 0 

-0.2308F,.D +0.2294F,.. +0.2857F,.c = 0 

0.3077F,.D -0.6882F,.. +0.4286F,.c = 0 

-0.9231F,.D -O.6882F,.. -O.8571F,.c +2.5 = 0 

Solving Eqs.[1]. [2J and [3] yields: 

F,.. = 0.980 leN F;.c = 0.463 leN FAD = 1.55 leN Ans 
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-3·50. The lamp has a mass of 15 kg and is supported 
by a pole AD and cables AB and AC. If the force in the 
pole acts along its axis, determine the forces in AD, AB, 
and AC for equilibrium. 

x 

2 3 6 
FAC = I;.d--I + -j - -k} N 

7 7 7 

w = 15(9.81)k = {-147.15k}N 

1:1'; = 0; 0.30771;.0 -0.6667J:.. - 0.2857J:.c = 0 

U; = 0; -0.23081;.0 + 0.33331;.. + 0.42861;.c = 0 

l:f; = 0; 0.92311;.0 - 0.6671;.. - 0.85711;.c - 147.15 = 0 

1;.0 = 319 N Ans 

1;.. = liON Ans 

I;.c = 85.8 N ADS 
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3·51. Cables AB and AC can sustain a maximum tension 
of 500 N, and the pole can support a maximum 
compression of 300 N. Determine the maximum weight 
of the lamp that can be supported in the position shown. 
The force in the pole acts along the axis of the pole. 

F 2. 1.5 6 
AO = I';.o{-' - -j + -k} N 

6.5 6.5 6.5 

F - F. {6. 3. 6 z 

A I 
A8 - A8 --, + -J - -k} N 

9 9 9 

2 3 6 -':.c = F.cf--i + -j - -k} N 
. 7 7 7 

w = {-Wk} N 

6~ _~ ,,-2-~7;1.-5-~m--~~-----------Y 
I 1.5m 

II y 

IF; = 0; 

l:F, = 0; 

rF; = 0; 

x 
I) Assume I'A. = SOO N 

2 F. _ ~(SOO) - ~l'Ac = 0 6:5 AO 9 7 

1.5 F. + ~(SOO) + ~l'Ac = 0 -6:5 AO 9 7 

~F. - ~(SOO) - ~l'Ac - w = 0 
6.S AO 9 7 

Solving, 

1'A0 = 1444.462 N > 300 N (N_G!) 

I'A c = 388.902 N 

W = 666.677 N 

2) Assume I'Ac = SOO N 

2 F. _ ~F. - ~(SOO) = 0 6.5 AO 9 A" 7 

l..5 F. + ~F. + ~(SOO) = 0 -'6.5 AO 9 Aa 7 

6 _ ~F. _ ~(SOO) - W = 0 
6:51'A0 9" 7 

Solving, 

1'A0 = 18S7.143 N > 300 N (N.G!) 

I'A. = 642.8S7 N > SOO N (N.G!) 

3) Assume fAo = 300 N 

2 6 2 0 
6:5(300) - 91'A. - 7F..c = 

15 3 3 0 
(300) + -F.. + -l'Ac = -6:5 9 A 7 

~(300) - ~I'A. - ~l'Ac - W = 0 
6.S 9 7 

Solving, 

I'Ac = 80.8 N 

I'A. = 104 N 

W = 138 N 
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x 

*3-52. Detennine the tension in cables AB, AC, and AD. 
required to hold the 60-lb crate in equilibrium. 

z 

y 

w; -6Ok 

; -0.706Tel + 0.529Td + 0.471Tek 

; -0.857TDI - 0.286TDj + 0.429TDk 

l:F. ; 0; T. - 0.706Te - 0.857TD ; 0 

:FE, ; 0; 0.529Te - 0.286TD ; 0 

I:.F, ; 0; -60 + 0.471Te + 0.429Tv ; 0 

Solving. 

r" ; 109 Ib ADs 

Te ; 47.4 Ib Am 

Tv ; 87.9 Ib Am 
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3-53. The boom supports a bucket and contents, which 
have a total mass 0000 kg. Determine the forces developed 
in struts AD and AE and the tension in cable AB for 
equilibrium. The force in each strut acts along its axis. 

F", {-2943k} N 

Equtlliolls 0/ Equilibriu", : 

EqUllin,I. J and k components. we have 

Solving Eqs.[I). [2) and [3) yields 

F"E '" F"D '" 1420.76 N '" 1.42 kN Au 
F", '" 1319.28 N '" 1.32 kN Au 

x 
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3-54. Determine the force in each of the three cables 
needed to lift the tractor which has a mass of 8 Mg. 

Caneli"" Vector NotGlioll: 

( 
21 - 1.2Sj - 3k ) 

F .. = F,.. = 0.S241F,..1-0.3276F,..J-0.7861F,.,k 
~21+(-I.2S)1+(_W 

F = {78.48k} leN 

EqUGliOlll 0/ Equilibrium' 

(0.S241F,.. +0.S241F,.c -0.3162F,.D)i + (-O.3276F,., +0.3276F,.C>J 

+(-O.7861F,.. -0.7861F,.c -0.9487F,.D +78.48)11. = 0 

Equaling i, j and 11. components, we have 

O.S24IF,.. +0.S241F,.c -0.3162F,.D = 0 
-0.3276F,.. +0.3276F,.c =0 
-0.7861F,.. -0.7861F,.c -0.9487F,.D+78.48 = 0 

Solving Eqs. [I), [2) and [3] yields 

F,.. = F,.c z 16.61tN fAD = SS.21tN 
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3-55. Determine the force acting along the axis of each 
of the three struts needed to support the SOD-kg block. 

( 
3 J + 2.S II) 

r •• F. 3.90' 

• 0.7682 F, J + 0.6402 F, II 

(
0.151 - 'J - 2 .. H) 

Fc '" Fc S.640 

'" 0.1330 Fc 1 - 0.886S FcJ - 0.4432 Fc II 

(
-1.2.51- SJ - 2.H) 

FD '" FD S.728 

• -0.2182 FD 1 - 0.87l9 FD J - 0.4364 FD II 

W • -500(9.81) II '" -4905 II 

IF..O; 

IF, ,. 0; 

IF, .0; 

F. + Fc + FD +W • 0 

0.1330 Fc - 0.2182 FD • 0 

0.7682 F. - 0.8865 Fc - 0.87l9 FD • 0 

O.6402F. - 0.4432Fc - 0.4364FD- 4905 • 0 
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*3·56. The 50-kg pot is supported from A by the three 
cables. Determine the force acting in each cable for 
equilibrium. Take d = 2.5 m. 

Cartesi,.,. Vector NO/lIlion: 

( 
6; + 2.Sk) 12 5 

FAB =J;.. ~ =-J;.Bi+-J;.Bk 
V61+2.52 13 13 

F = {-490.Sk} N 

EqUlllions of Equilibrium: 

Equaling I. j and k components. we have 

12 6 6 
i3J;.. -,~c-,~o =0 

2 2 
-,~c+,~o=O 

5 3 3 
i3~' + , .... c + , .... 0 -490.5 = 0 

[I] 

[2] 

(3) 
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3·S7. Determine the height d of cable AB so that the 
force in cables AD and A C is one-half as great as the force 
in cable AB. What is the force in each cable for this case? 
The flower pot has a mass of 50 kg. 

F: {-49O.51t} N 

EflUlliolU 0/ Equilibriu", " 

(F...), -~F... - ~F... } +(-~F... + ~F... ) 
+(F...), +~F... +~F... -49O.5)k" 0 

Eqllllling i, j and It components, we have 

1 1 
-7F.., + 7F... : 0 (SlItu/i.d!) 

3 3 
<F...), +i4F... +i4F... -490.5:0 

Howeva-. Ft. : (F...); + (F...):, rhcn subslilUle Eq •. [I) IIId (2) into dIis 
expression yields 

SoIvin, for posilive root, we have 

Thus. 

Also, 

F... '" 519.79 N = 520 N 
1 

F..c '" F..D '" 2(519.79) '" 260N 

6 (F..,l, = ,(519.79)" 445.53 N 

3 (F...), = 490.5-,(519.79) = 267.73 N 

9. 1aII.1[(F.., l, ] .. 1aII·1 (267.73) .. 31.00" 
!hen, (F..,l. 445.53 

d= 61a119= 61a1131.00" '" 3.61 m Au 

x 

[ IJ 

[2J 
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3·58. The 80-lb chandelier is supported by three wires as 
shown. Determine the force in each wire for equilibrium. 

z 

1--~lIF==:===---_...L... ___ Y 

x 

:u.; = 0; 

l:F, = 0; 

U; = 0; 

SolVing, 

i 

~
• f •• 

F •• 

A J 
x 

(OUo 

2.4 2.4 2.4 
2.6 fAc + 2.6 fAD + 2.6fA. - 80= 0 

fA. = 35.9 lb ADS 

fAc = I;iD = 25.4 lb ADS 

-------------~----~-.--

3·59. If each wire can sustain a maximum tension of 120 
lb before it fails, determine the greatest weight of the 
chandelier the wires will support in the position shown. 

z U; = 0; 
1 1 450 -0 -F.c - -1';.. cos -

2.6 A 2.6 
(1) 

l:F, = 0; 
1 1. 450 0 (2) 

- 2.61';.D + 2.61';.. sm = 

u. = 0; 
2.4 2.4 2.4F. _ W = 0 (3) 
2.61';.c + 2.61';.D + 2.6 A. 

Assume 1';.c = 120 lb. From Eq. (I) 

~(120) - ~1';..cos45° = 0 
2.6 2.6 

1';.. = 169.71 > 120 lb (N.G!) 

Assume 1';.. = 120 lb. From Eqs. (I) and (2) 

~F. - ~(120)(COS45°) = 0 
2.6 AC 2.6 

1';.c = 84.853 lb < 120lb (0. K!) 

-~F. + ~(120)Sin45° = 0 
2.6 AD 2.6 

1';.D = 84.853 Ib < 120 Ib (0. K!) 

Thus, 

W = 2.4(1';.c + 1';.0 + 1';..) = 267.42 = 2671b 
2.6 
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*3-60. Three cables are used to support a 900-lb ring. 
Determine the tension in each cable for equilibrium. 

( 
-3<:05 30"1 - 35in 30· J - 4k ] 

FAO = ""0 -;===============:;==~ ~(-3co& 30")% + (-35in 30")%+(-4)% 

= -o.5196""01-0.3fAoJ-0.8""ok 

F = {9OOk.} Ib 

EqNtllions 0/ EqNtllbriNlr' : 

(0.5 I 96"" c -0.5196""0)1 + (0.6fA, -0.3fAc -0.3""0)J 

+(-0.8"", -0.8""c -0.8fAo + 9(0) k = 0 

Gj...ung i. J and k components. we have 

0.5196fAc -0.5196""0'" 0 

0.6"", - 0.3"" c - 0.3fAo = 0 
-0.8fA, -0.8fAc -0.8fAo +900= 0 

Solving Gjs. [I]. [2] and [3] yields 

"", =fAc =fAo = 375 Ib An. 

{I 

[2 

{3 

This problem also can be easily solved if one reali= ilia! due to symlllCll'y all cables arc 

subjected to a same !enSile fo=. ilia! is "", = ""c = ""0 = F. Summing folCC$ along, 
axis yields 

IF, =0; 900-3"~)=0 F=3751b 
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3-61. The 800-lb cylinder is supported by three chains 
as shown. Determine the force in each chain for 
equilibrium. Take d = 1 ft. 

x 

z 

( 
-Ij+lk ) 

FAD = I',;D .; = -0.7071I',;oJ + 0.70711',;Dk 
(-1)'+1' 

( 
li+ Ik J FAC = I',;c ~ = 0.7071F"ci + 0.707IF" ck 

yl'+1' 

F -F. (-O.707li+0.7071j +lk J 
A6 - A6 ';(-0.7071)'+0.7071' + I' 

= -O.5F".i +0.5F",j+0.7071F",k 
Fz [-800k)lb 

lJ! = 0; FAD+FAC +FA, +F = 0 
(-0.7071F"oJ +0.707IF"Dk) +(0.707ll',;c i +0.7071l',;ck) 

+(-0.51',;,1 +0.5I',;,j+0.7071I',;,k) + (-&00k) = 0 
(0.7071l',;c -0.51',;,) i + (-O.707II',;D +0.51',;,)j 

l:F. =0; 

l:F, = 0; 

:tF, = 0; 

Solving Eqs.[11. [21 and [31 yields: 

r.;, = 4691b 

+ (0.707 II',; D +0.7071l',;c +0.70711',;, -800)k s 0 

0.7071F"c - 0.5r.;, = 0 

- 0.7071I',;D + 0.51',;, = 0 

0.7071I',;D + 0.7071I',;c +0.70711',;, -800= 0 

I',;c=F"D=331Ib 
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3·62. A small peg P rests on a spring that is contained 
inside the smooth pipe. When the spring is compressed 
so that s = 0.15 m, the spring exerts an upward force 
of 60 N on the peg. Determine the point of attachment 
A(x, y, 0) of cord PA so that the tension in cords PB 
and PC equals 30 Nand 50 N, respectively. 

F =3O( -o.4j-0.ISk )=O{-28.09j-IO.s3k}N 
PI .f (-{l.4) 2 + (-{l.lS)2 

F =50( -o.3i+0.2j-0.ISk )={-38.41i+2S.6Ij -19.2Ik} N 
PC .f(-{l.3)2 +0.22 + (-{l.ISj2 

F = {6Ok} N 

EquatiolU 01 Equilibrium: 

17 =0 0; Fl'. + Fl'. + Fpc + F = 0 

[(~.), -38.41]1 + [(F,. ), -28.09 + 2S.61]1 

+[(~.), -1O.S3-19.21 +6O]k = 0 

Equaling i, j and k components, we have 

(~.), -38.41 =0 

(~.), -28.09+25.61 =0 

(~.), -10.S3-19.21 +60 = 0 

(~.), =38.41 N 
(~.),=2.4BN 

(~.), = -30.26 N 

The magnilUde of Fl'. is 

F,. = {(F,.); +(~A)~ +(F,A)~ 
= ./38.41 2 + 2.482 + (-30.26)2 = 41.96 N 

The coordinate direction angles are 

a=cos· __ x =cos· -- =38.3 ,[ (I)-A) ] ,(38.41) 20 
Fj.. 41.96 

P=cos· --' =cos· -- =87.09 I[(F,.)] 1(2.48) ° 
F,. 41.96 

r=cos·I[(FI'·){]=cos·I(~)= 128.17. 
F,. 48.96 

The wire PA has a lengd! of 

Thus, 

(PA), -{l.15 
PA = --= = 0.2427 m 

cos r cos 128.17° 

x :PAcos a:0.2427cos 38.32° =0.19Om ADS 
y = PAcos P = 0.2427cos 87.09° = 0.0123 m ADS 
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3-63. Detennine the force in each cabl 
support the 3500-lb platform. Set d = 4 ft. 

z 

I 
35001b 

- 4 I. 10 
FAD = 1';.D{- "..,-:;1 + /'p;J - /'p;k} 

Y 117 y117 y117 

= {-o.36981';.Di + 0.092451';.Dj - 0.92451';.Dk} Ib 

3 10 
FAc = 1';.d r,;;;;j - r;ru;k} 

Y 109 Y 109 

= { 0.28731';.d - 0.95781';.ck} lb 

4310 
FA» =1';.B{--i - --j - --k} 

.flli.flli.flli 
= {0.35781';.Bi - 0.26831';.Bj - 0.89441';.Bk} lb 

l:F" = 0; - 0.36981';.D + 0.35781';.. = 0 

l:F, = 0; 0.09245~D + 0.2873~c -0.26831';., = 0 

l:F, = 0; - 0.9245~D - 0.9578~c - 0.89441';.. + 3500 = 0 

Solving. 

1';.D = 1.42 kip Am 

1';.c = 0.914 kip Am 

F..B = 1.47 kip AIlS 
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3. IA. The 80-lb ball is suspended from the horizontal 
ring using three springs each having an unstretched length 
c)f 1.5 ft and stiffness of 50 lb/ft. Determine the vertical 
distance h from the ring to point A for equilibrium. 

EflUllU,II of Eqllilibrillm : This problem also c:an be euily solWld if one 
reaJim liIat due 10 symmcay aU springs are subjected 10 • same lCnSiIe force 
of F. •. Summing forces along l axis yields 

IF, =0; 3F,.cos r-80=0 

Sprillg Force: Applying Eq.3 - 2. we have 

F.. =ks=A:(I-Io) =50 -.--1.5 =-.--75 ( 
1.5 ) 75 

SIR r SIR r 

Subslinuing Eq. [2J inlO [I J yields 

3(~-75)COS r-80=0 
SIR r 

45 
tan r= i6(1-sin r) 

Solving by IIiaI and error. we have 

r=42.4425" 

h=~= 1.5 =1.64fl 
tan r tan 42.4425" 

[IJ 

[2J 

Ans 

--------~~------- ~ G 

h 
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3-65. Determine the tension developed in cables OD 
and OB and the strut OC, required to support the 50-kg 
crate. The spring OA has an unstretched length of 0.8 m 
and a stiffness kOA = 1.2 kN/m. The force in the strut acts 
along the axis of the strut. 

Fr •• Bod, Diagram: The springslrClChes s "'/-10 = 1-0.SaO.2m. Hence, 
Ihe spring force is F., = ks '" 1.2(0.2) = 0.24 kN = 240 N. 

Can.si"" Vlle'or NO'alioll: 

( 
-2i-4j+4k ) I 2 2 

F =F, ",--Fo,i--Fo,j+-Fo,k o. 0' ~(_2)2+(-4)2+42 3 3 3 

( 
-4i+3k) 4 3 

Foe'" Foe = --Foci + -Foek 
~(-4)2+32 S S 

(
2i+4j +4k) I . 2 2 

Foo"'Foo "'-Fool+-3Fooj+-3Fook 
{22+42+42 3 

F" '" {-240j} N F = {-49O.Sk} N 

EqUaliOIlS 01 Equilibrium: 

l:F '" 0; Fo, +Foe+ Foo +F" +F = 0 

( I 4 I) (2 2 )J --Fo,--Foc+-FoD 1+ --Fo.+-FoD-240 
35333 

(
2 3 2 ) + -Fo. +-Foe+-FoD-49O.S k=O 
3 5 3 

Equaling i. j and k componencs. we have 

I 4 I 
--Fo, --Foe+-FoD =0 

3 5 3 
2 2 

- -Fo. + -FOD -240 = 0 
3 3 

2 3 2 
-Fo. + -Foe +-FoD -49O.S '" 0 
3 S 3 

Solving Eqs.[II. [2] and [3] yield5 

Fo, = 120 N Fae .. ISO N FaD .. 480 N Alii 

[1] 

[2] 

[3] 
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3~. The pipe is held in place by the vice. If the bolt 
exerts a force of 50 Ib on the pipe in the direction shown, 
determine the forces FA and Fa that the smooth contacts 
at A and B exert on the pipe. 

+tu, = 0; 

F,; = 34.6 Ib ADs 

... = 57.3 Ib ADs 

3-67. When y is zero, the springs sustain a force of 60 
lb. Determine the magnitude of the applied vertical forces 
F and - F required to pull point A away from point B a 
distance of y = 2 ft. The ends of cords CAD and CBD 
are attached to rings at C and D. 

F 

-F 

Initial s pring stretch : 

60 
$, = 40 = 1.5 ft 

+ t U, = 0; 

':'EF; = 0; -F, + 2(iJ.)F= 0 

Fs 
F, = 1.732F 

Fmal stretch is 1.5 + 0.268 = 1.768 ft 

40(1. 768) = I. 732F 

F = 40.8 Jb ADS 

jjlH 
I o.,~,J I, 7Jl~t 

1-------------··-----·.-··--_----------
*3-68. When y is zero, the springs are each stretched 1.5 + t l:F, = 0; 

ft. Determine the distance y if a force of F = 60lb is 
applied to points A and B as shown. The ends of cords 
CAD and CBD are attached to rings at C and D. ~l:F; = 0; 

F 

2Tsin8=60 

Tsin9=30 

2Tcos9=F 

F 1an9 = 60 (1) 

F = /0: 

F = 40(15 +2 -200s9) 

k = 40 lb/ft ~ 
Subsliwle Fin Eq. 1 

==,i~II\.uI'f.~.r=~=. un 40( J.5 + 2 - 200s9) 1an9 = 60 
k 40 lb/f! 

-F 
By IriAl and error: 
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(3.5 - 2 oos9) Ian 9 = L5 

3.Stan8 - 2sin8 = 1.5 

1.7Stan8 - sine = 0.75 

9 = 37.9· 

~ = 2 sin37.9° 
2 

y = 2.46 ft AIlS 

t 
,I,. 

~. 
T T 

f T 

-tQ[-_v 
T 



3.69. Romeo tries to reach Juliet by climbing with 
constant velocity up a rope which is knotted at I 'oint A. 
Any of the three segments of the rope can sustain a 
maximum force of 2 kN before it breaks. Determine if 
Romeo. who has a mass of 65 kg, can climb the rope, and 
if so, can he along with his Juliet, who has a mass of 60 kg, 
climb down with constant velocity? 

B 

c 

-3-70. Determine the magnitudes of forces F" F2, and F3 
necessary to hold the force F = {-9i - 8j - 'ik} kN in 
equilibrium. 

~~ __ ~L-_________ y 

F 

• 
(4 m, 4m, -2m) 

+TEF, = 0; :r.. SI060° - 6~(9.81) = 0 

JAB = 736.29 N < 2000 N 

1i~:. ~ T., 
-x 

&S(Q.B1l'" 

+ 
-+l:F; = 0; :r.c - 736.29cos60° = 0 

JAc = 368.15 N < 2000 N 

Y cs, Romeo can climb up the rope. ADS 

+ i EF, = 0; JA. sin60° - 125(9.81) = 0 

:r.. = 1415.95 N < 2000 N 

~l:F. = 0; :r.c - 1415.95cos60° = 0 

JAc = 708 N < 2000 N 

y~ RnmPt"l ~nd Jnlif"t can climb down Am 

U; = 0; 

Solvina. 
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1; sin60° + f2 co56O° - ~J) - .'5 = 0 
6 

0.433fj - 0.707F, + 0.667F, = 9 

-O.2S0Fi + o . .500F; + O.667Fi = 8 

O.866fj + 0..500F, - 0.333F, = 5 

fj = 8.26 kN AIlS 

1'; = 3.84 kN A"" 

F; = 12.2 kN Ans 



3·71. The man attempts to pull the log at C by using the 
three ropes. Determine the direction e in which he should 
pull on his rope with a force of 80 Ib, so that he exerts a 
maximum force on the log. What is the force on the log 
for this case? Also, determine the direction in which he 
should pull in order to maximize the force in the rope 
attached to B. What is this maximum force? 

~u; = 0; SOcos 8 - I:.c sm60° = 0 I:.s + 

SOsin8 -J:,ccos60° = 0 

F. = 160sin8 AC 

dJ:,c = 160cos8 = 0 
d8 

8 = 900 ADS 

F. = 1601b AC 
ADS 

. 600 
- I:.s + 80cos8 I:.c sm -

• 0 _ (F. + SOcos 8) cos 600 

SOsin8sm60 - AS 

F. - 13S.6sin8 - 80cos8 AB -

dJ:,s = 13S.6cos8 + SOsin8 = 0 
d8 

-1[13S.6J = 1200 

8 = tan -so 

1200 
- 160 Ib F. = 13S.65in 1200 

- SOcos -
AS 

ADS 

ADS 
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-3-72. The ring of negligible size is subjected to a vertical 
force of 2ao lb. Determine the required length I of cord AC 
such that the tension acting in AC is 160 lb. Also, what is 
the force acting in cord AB? Hint: Use the equilibrium 
condition to determine the required angle e for attachment, 
then determine I using trigonometry applied to dABe. 

Equation, of Equilibrium: 

.:. I:F. = 0; F..,cos 4O"'-16Ocos 9 = 0 

+ i IF, = 0; F..,sin 40" + 160sin 9- 200 = 0 

Solving Eqs.[I] and [2] yicIds 

9= 33.25· 
F... = 175 Ib 

G_om"" : Applying law of sines. we have 

2 
;;;40"=~ 

1= 2.34fl 

Ans 

Ans 

[I] 

[2] 

3-73. Determine the maximum weight ofthe engine that 
can be supported without exceeding a tension of 450 Ib 
in chain AB and 480 Ib in chain AC. 

c 

+iU; =0; FAcsin30'-W=0 

zoo I/' 

~ L Z.!-e., 

Assuming cable AB reaches the maximum tension FA. = 450 lb. 
From Eq.[l) FAccos30'-450= 0 FAc =519.6 Ib >4801b (N.G!) 

Assuming cable AC reaches the maximum tension FA c = 480 lb. 
From Eq.(1) 480cos3Q'-FA. =0 FA. =4I5.7lb <450 lb (O.K!) 

480sin3Q'- W = 0 W = 240 Ib A .... 
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-3-72. The ring of negligible size is subjected to a 
vertical force of 200 lb. Detemline the required length 
I of cord AC such that the tension acting in AC is 160 
lb. Aho, what is the force acting in cord AB? Hint: Use 
the equilibriulIl condition to determine the required angle 
() for attachment, then detelmine I using trigonometry 
applied to !'J.ABC. 

Equations of Equilibrium: 

~EF. = 0; C'B co. 40" - 160cosO = 0 

+ t EF, = 0; F,B siI140" + 160sinli - 200 = 0 

Solving Eqs. [l/ and [21 yields 

Ii = 33.25' 
FAB = 175 Ib 

or 
0=66.75" 

F.18 = 82.4 Ib 

[II 

[21 

An. 

c 

2[)(J Ib 

Geometry: Applying law of sines, we have 

sin 400 sin 33.25" 

2 
or --=---

sin 40" sin 66.75° ~ 12ft 

1= 2.34 ft or 1= J.40 ft Ans 

3-73. Determine the maximum weight of the engine that 
can be supported without exceeding a tension of 450 Ib 
in chain A Band 480 Ib in chain AC. 

+tEF,=O; FAcsin}O"-W=O 121 

Assuming cable AB reaches the maximum tcmdOfl F .. tR = 450 lb. 
From Eq. III FAC cos 30' - 450 = 0 F«' = 519.6 Jb > 480 Ib C".G!) 

Assuming cable AC reaches the maximum tension F..tC = 480 lb. 
fOrom Eq. III 480 cos 30" - F.,IB =0 FAB =415.7 Jb < 450 Ib (O.K!) 

From Eq. [21 480;in30" - W = 0 W = 240 Ib Ans 
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FAB 30° 
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"'3-74. Determine the force In 
SUpport the 500-10 load. each caole needed to 

Eq_w .. of ,..uilibrium : 

FCD = 625 lb Au 

Using the resulls FCD = 625 lb and then summing forces along;r IIId y axes 

we have 

u: =0; FCA(~)-FC.(~)=O FeA = Fe. =F 

U; =0; 2i~)-62SG)=O 
FCA = Fe. = F= 1981b Au 

Ht. ----------. , 
//1 : 

I : 

I Fr.P : e:~ 

'500 11> 

I 
I 
I 

T 
8ft 

y 

---_.-------------------------------
3-75. The joint of a space frame is suojected to four member 
forces. Memner OA lies in the x - y plane and memner OB 
lies in the y - z plane. Determine the forces acting in each of 
the memners required for equilibrium of the joint. 

Equatio" of ,..lIilibrillm : 

u: =0; 
U; =0; 

I'j sin 45· = 0 

~sin4O"-200=0 
F, =0 Au 
~ =311.l4lb=3111b Au 

Using the results F, .. 0 IIId Fi = 311.14 Ib IIId then summing forces along 
the y axis. we have 

u, = 0; I'j - 311.14cos 40" = 0 Fj = 2381b Ans 

--L....·==iIIiIIIII .. ~=-Lr_~---- y 

x 200lb 

ZOOlb 
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4-1. If A 8 and D . 
. . . " are gIven vectors, prove the 

dlstnbutlve law for the vector cross product i A 
(8 + D) = (A x 8) + (A x D). ,.e., x 

Consider die IhR:e vecIOrs; wid! A yenicl/. 

Note obd i.t perpendicuiu' 10 A. 

od .. IA x (B + D)I = IAI(la+ DI) sin 9, 

ob ,. IA x a I .. IAIIIIl sin9, 

bd .. IA x 01 .. IAIIDI sin 9z 

Also, Ibese IhR:e crOll prodUCIS lillie in !be plaae 
obd sUQ!bey are III papendjcu.lIr to A • ...., noted 
die mapiIudc o( eId! croaa product is proponioaal 
to !be Ienllb o( eIICb side o( !be lriansJe. 

Tbc IhR:e vecIOr crou - prodllC1l IIao (orm a c:loeed 
IrilDp o'b'd' wlW;h iI similar to lrianp obd. Thill 

(rom !be figure. 

A x (a + D) - A x a +A x D (QED) 

NOIe lIso, 

A .~I+A,J+A,k 

8 • 8.1 + 8,.J + B,k 

D ,. D.I + D,J + D,1t 

I 
1 J 

A x (B + D). ~ A, 

8. +D. 8,. + 0, 
• [A,(s. + Dr) - A, (8,. + 0,.»)1 

-[ ~(s. + 0,) - .... (a. + D.) U 
+ [.4,.(B, +0,) - A, (8. + D.»)1t 

- [(.4,s. - .... B,)I - CA.s. - A,B.)J + (~B, - A,8.)1E) 
+ [(.4,Dr - .... 0,)1 - CA.D, - .... D.)J + (.4,,0, - A,D,)IE) 

- (A x a) + (A x D) (QED) 

~., _________________________________________ =-<4=-e __ 

4-2. Prove the triple scalar product identity A.8 x C = 
A x 8·C. 

...., shown in die /ipm: 

Area .. 8(Csin9) z la x Cl 

Thill, 

Volume o( paral/elepiped iI la x cilid 

aut. 

nus. 

Volume = IA· a x cl 

SiPc:e IA x a . CI rqK'C:lCllll this same volume dIeD 

A· a xC,. A x a . c (QED) 

LHS-A·axc 

- (.4,,1 + A,J + .... 1t)·I~ i ~I 
- ~(B,~ - s.e;) - A,(B.~ - B.C.) + .... (B.e; - B,C.) 
-~B,~-~a.C;-A,a.~+A,s.c.+ .... a.e;- .... B,c. 

RHS-Axa·c 

Thus. UlS - RHS 

A·axc -Axa·c (QED) 
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4·3. Given the three nonzero vectors A, B, and C, show 
that if A·(B x C) = O. the three vectors must lie in the 
same pldne. 

COGIider. 

IA· (I x C)I '" IAIII x CI coall 

= (IA I coall) I I x CI 

.. Ihlll x CI 

'" volwne of parallelepiped. 

If A· (I xC) .. O. Ibeo Ibe volume equals zao. '0 Ibal A. I. IUd C l1'li c:opI.uIIr . 

. ------------.--------------- ---' 

*4·4. Determine the magnitude and directional sense 
of the moment of the force at A about point O. 

(+ Mo = 4OOcos 30" (S) + 400sin 30" (2) 

=2132N·m 
= 2.13 kN· m (Counterclockwiu) An. 

y 

-4m--1p 

T 
3m 

----.--::+-_--"-....L.-I __ x I 0 

5m 

1 
1--2 m--j 

.-----------------------~--"-

4·5. Determine the magnitude and directional sense 
of the moment of the force at A about point P. 

(+ M, = 4QOcos 30"(8) - 400sin 30"(2) 

=2371 N·m 
= 2.37 kN·m (Counterclockwise) Ans I 0 

5m 

I 
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y 

1---4 m --1 p 

T 
3m 

I x 

~400N 
A 30° 

f-2 m--j 



4·6. Determine the magnitude and directional sense of 
the moment of the force at A about point O. 

(+ Mo = S20(TI)<6) 

= 2880 N . m = 2.88 kN . m (Coullterclockwis,) 

y 

P 

I~ 4m 

0 

520N 

\ 5 

X 
6m A 

L--_________________________ _ 

4·7. Determine the magnitude and directional sense 
of the moment of the force at A about point P. 

<+ M, = S20(*)(6+4sin 30") -S20(i3)<4coS 30") 

=3147 N'm 
= 3.1S kN· m (Coullterclockwise) Au 

P 

~ 4m 

0 

y 

520N 

_\Z 5 

6m /A 
x 

----,--------------------
*4-8. Determine the magnitude and directional sense of 
the resultant moment of the forces about point O. 

y 

1----4 m ----1 p 

.t 260N 

3

1
m 0} 

----~~----------+-~--~-------x o /-2m-jB 

5m 

= 3572.1 N'm = 3.57 W.m,) 
AIlS 

---------------------~----~~~--~.~ 
4-9. Determine the magnitude and directional sense of 
the resultant moment of the forces about point P. 
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5 12 
\ +M, = 260(13)(3) + 260(13)(2) - 400sin300(2) + 400cos300(8) 

=3151N-m '" 3.15kN_m') AIlS 



4·10. The wrench is used to loosen the bolt. Determine 
the moment of each force about the bolt's axis passing 
through point O. 

(+ (MF,) 0 = 100c0s 15° (0.25) 

= 24.1 N'm (Counterclockw ise) Ans 

,+ (MF,) 0 = 80sin 65°(0.2) 

= 14.5N·m (Counterciockw ise) Ans 

4-11. Determine the magnitude and directional sense of the re
sultant moment of the forces about point O. 

A 

lOft /~250lb , 
30° 

4 3 
(' +Mo = 250(5)( IOsin300) + 250( 5)( IOcos300) + 300(sin300)(6) - 300(cos300)(3) 

Mo = 2419.62 Ib·ft = 2.42 kip·ft J ADS 

*4·12. Determine the moment about point A of each of 
the three forces acting on the beam. 

,+ ( M,,) A = -375 (8) 

= -3000 lb· ft = 3.00 kip. ft (Clockwiu) Ana 

,+ (MF,) A = -500(i)(I4) 

= -5600 lb· ft = 5.60 kip. ft (Clockwise) Ana 

(+ (MF,) A =-16O(cos 300)(19)+ I 60s in 300(0.5) 

= -2593 lb· ft = 2.59 kip. ft (Clockwise) Ans 
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"4·13. Determine the moment about point B of each of 
the threc forl:es acting on the beam. 

t (MF,), =375(11) 

=4125Ib·fl=4.l25kip·n (Collntuclockwise) AIlS 

(+ (MF,) , =500G}5)< 

= 2000 lb· fl = 2.00 kip. n (Collnterclockwise) Ans 

,+ (M .• J B = l60sin 30"(051 ·16Ocos 30"(0) 

=40.0Ib·fl (Co .... terclockwise) Ans 

4-14. Determine the mom(;nt of each force about the 
bolt located at A. Take F8 = 40 lb. Fc = 50 lb. 

4-15. If F8 = 30/b and Fc = 45 Ib, determine the 
resultant moment about the bolt located at A. 

*4·16. The power pole supports the three lines, each line 
exerting a vertical force on the pole due to its weight as 
shown. Determine the resultant moment at the base D 
due to all of these forces. If it is possible for wind or ice 
to snap the lines, determine which line(s) when removed 
create(s) a condition for the greatest moment about the 
base. What is this resultant moment? 

(+ MR. = r.Fd; MR. = 700(3.5) - 450(3) -400( 4) 

= -500 lb· fl= 500 lb· fl (Clockwise) Ans 

When the cable at A is removed it will create the createst moment at 
pointD. AM 

, + (M) =r.Fd; RD .... 

(M • .) ... = -450(3) -400(4) 

=-29S0Ib·Ct=2.9Skip·fl (Clockwise) Ans 
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FI = 375 Ib 

I 
6 ft ---r- 5 ft 

F, = IIiOlb 

, +M. = 40 cos25°(2.5) = 90.6 Ib·ft ') Am 

, +Mc = 50 cos300(3.25) = 141 Ib·ft ') Am 

,+MA = 30 cos25°(2.5) + 45cos300(3.25) 

= 195 Ib·ft") Am 

A 

700lb 
I 

L3.5ft 

D 

4ftJ 

C 

400lb 



~----------------

4-17. A force of 80 N acts on the handle of the paper 
cutter at A. Determine the moment created by this force 
about the hing.e at O. if II == 60'. At what ang.le e should 
the force be applied so that the moment it creates about 
point 0 is a maximum (c\ockwise)~ What is this maxi
mum moment? 

= -(0.800(0,11 + 32.0sioll) N· In 

= (O.80Ueos II + .12.0,;nll) N· In (Clockwise) 

At II = 60". M" = O.800e{)s60" + 32.0s;n60" 

= 28.1 N· In (Clockwise) Ans 

In order to produce the maximum and minimum moment about point 

A, <1M" =0 
dll 

£1M" = 0 = -0.800,;nll + 32.0cosll 
dl! 

I; = 88568" = 88.0' 

£I'M 
dli" = -O.ROOeo,t! - 32.0sint! 

Ans 

. d'MA I 00 88'i' '2 a . < 8" Smce --,- = -0.8 cos l •• 68 -., . slO R~L16 = 
dO- tl,,-,i:\!U6!!'\' 

-32.00 is a negative value, indeed at /I = 88.568', the 80 N produ-
ce~ a maximum dockwise moment at O. This maximum cl()ckwi~e 
moment is 

(Mo )"", = 0.800cos88.568" + 32.0 sin 88.56So 

= 32.0 N· In (Clockwise) Ans 

4-18. Detennine the direction e (00 :':: e :':: 180°) of the 
force F = 40 Ib so that it produces (a) the maximum 
moment about point A and (b) the minimum moment 
about point A_ Compute the moment in each case. 

(a) ~ +(MAl",,,, = 40(""8' + 22) = 330 lb It Ans 

o1>=tan~1 0) = 14(J4' 

II = 90" - 14.(J4° = 76.0° Ans 

(h) ~ +(MA1",," = 0 Ans 

01> = lan~ I (D = 14.().f' 

H = 180" - 14.04" = 16(;- An.. 

F= 40 lb IJ F=401b 

~ A ",p:..:~::c..====-2 ft 
8ft 
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*4-19. The hub of the wheel can be attached to the axle 
either with negative offset (left) or with positive offset 
(right). If the tire is subjected to both a normal and radial 
load as shown, determine the resultant moment of these 
loads about the axle. point 0 for both cases. 

For cue 1 with negative offset. we have 

(+ Mo=-800(0.4)-4000(0.05) 

=- 120N·m (Count.rclockwiu) Ans 

For case 2 with positive offset. we have 

C+ Mo =- 800(0.4) +4000(0.05) 

=-520N·m (Count.rclockwiu) Ans 

*4-20. The boom has a length of 30 ft. a weight of 800 lb. 
and mass center at G. If the maximum moment that can 
be developed by the motor at A is M = 20(HP) lb· ft. 
determine the maximum load W. having a mass center at 
G'. that can be lifted. Take () = 30°. 

4-21. The tool at A is used to hold a power lawnmower 
blade statlOnary while the nut is being loosened with the 
wrench .. If a. force of 50 N is applied to the wrench at B 
10 the dIrection shown. determine the moment it creates 
about the nut at C. What is the magnitude of force F at 
A so that It creates the opposite moment about c? 
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1 
0.4m 

800N 
~l 

800N 

4kN 4kN 

20(10') : 800(16cos30") + W(30cos30· + 2) 

W:3191b Ans 

(a) ( + M.. =- 50 sin 60"(0.3) 

M.. = 12.99 = 13.0 N'm AIlS 

(b) (+M.. = 0; 12 
- 12.99 + F( 'i3 )(0.4) = 0 

F = 35.2 N 
AIlS 



4·22. Determine the moment of each of the three forces 
about point A. Solve the problem first by using each force 
as a whole, and then by using the principle of moments . 

.... --'icuIar 10 each fora: from point'" is TIle moment arm mcasu .... 1""1""_ 

dl = 2sin 60" = 1.732 m 

~ = 5sin 60" = 4.330 m 

~ = 2sin 53.13° = 1.60 m 

Using each fora: whele MA = Fd. we have 

C+ (MF,) A = -250(1. 732) 

= -433 N· m = 433 N· m (Clockwise) 

,+ (MF,) A = -300(4.330) 

=-1299N·m= 1.30kN·m (Clockwiu) 

C+ (MF,) A =-500(1.60) 

= -800 N· m = 800 N· m (Clockwise) 

Using principle of moments, we have 

(+ (MI';)A =-2.50c0s 30"(2) 

= -433 N· m = 433 N· m (Clockwise) 

\+ (MF,) A =-300sin 60"(5) 

=-1299N'm= 1.3OkN·m (Clockwiu) 

,+ (MF,) A = 500(~)(4) -.500G)(5) 

=-800 N· m=800 N'm (Clockwise) 

Ans 

Ans 

Ans 

Ans 

An. 

An. 

4·23. As part of an acrobatic stunt, a man Supports a girl 
who has a weight of 120 Ib and is seated on a chair on top 
of the pole. If her center of gravity is at G, and if the 
maximum counterclockwise moment the man can exert on 
the pole at A is 250 Ib·ft, determine the maximum angle 
of tilt, 0, which will not allow the girl to fall, i.e., so her 
clockwise moment about A does not exceed 250 Ib.ft. 

In order 10 prevent the girl from falling down, the clocJcwise moment produad 
by Ihe girl's weight must not exceded 2.50 Ib . fL 

MA = 120( 16sin 9) S 2.50 
sin 9 S 0.1302 

9 = 7.48° Ans 

F,= 500 N 

~s.", 

~ 
~or:."::>-O,;J 
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4·24. The two boys push on the gate with forces of 
FA = 30 Ib and FH = 50 Ib as shown. Determine the 
moment of each force about C. Which way will the gate 
rotate. clockwise or counterclockwise? Neglect the 
thickness of the gate. 

C+ (Md c =-30G)C9) 
.. -1621b·f!= 162lb·ft (Cloc/cw;u) Au 

~+ (MF,) C .. SOCsin 60")(6) 

.260 lb· ft (COIIIII.rc/oc/c",;u) Au 

4·25. Two boys push on the gate as shown. If the boy at 
B exerts a force of FH = 30 lb. determine the magnitude 
of the force FA the boy at A must exert in order to prevent 
the gate from turning. Neglect the thickness of the gate. 

In order 10 prevent !he ,lie from 1IImin,. !he 
resulwlt moment about point C must be equal 10 lJCIIO. 

~ =28.9Ib AIlS 
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4-26. The towline exerts a force of P = 4 kN at the end 
of the 20-m-long crane boom. If Ii = 30°. determine the 
placement x of the hook at A so that this force creates a 
maximum moment about point O. What is this moment? 

P=4kN 

--~~~~~--x------------~ 

4-27. The towline exerts a force of P = 4 kN at the end 
of the 20-m-long crane boom. If x = 25 m, determine the 
position Ii of the boom so that this force creates a 
maximum moment about point O. What is this moment? 

A 

Maximum moment, OB 1. BA 

Maximum Imment, OB 1. BA 

x = 24.0 m 

(+(MO)~D = 4000(20) = 80000 N·m = 80.0 kN'm Ans 

4000 sin,(2S) - 4000 cos,( I.S) = 80000 

6 = 90° - S6.43° = 33.6° ADS 

Also, 

(1.5)' + z' = y' 

2.2S + z' = y' 

Similar triangles 

20y + y' = 2Sz + z' 

z = 2.2S9 m 

y = 2.712 m 
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*4.28. Determine the direction 8 for 0° s 8 s 180° of 
the force F so that F produces (a) the maximum moment 
about point A and (b) the minimum moment about point 
A. Calculate the moment in each case. 

/2) 

~ 
~2~ 

9 = 90" - 33.69" ,. 56.3° A .. F-; "'tJOAI 
8 

~~ b) 

,+"<0 .. 0 A .. 

9 .. 180" - 33.69" .. 1~0 A .. 

4·29, Determine the moment of the force F about point 
A as a function of 8. Plot the results of M (ordinate) versus 
8 (abscissa) for 0° s 8 s 180°. 

, +A(. .. 400 sin9(3) +400 cos9(2) 

,. 12OOsin9+800cos9 

tIM • .. 12OOcos9-800 sin9 .. 0 
d9 

Ans 

(M.) •• .. 1200 sin 56.3° +800<:0156.3° .. 1442 N· ID 
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F=400N 

r-----3m 

F=400N 

A 

I 
"1 

1------ 3 m------, 

2m 



*4-28. Determine the direction () for 0° ~ () ~ 180° of 
the force F so that F produces (a) the maximum moment 
about point A and (b) the minimum moment about point 
A. Calculate the moment in each case. 

fa) ..( +MA = 400)(3)' + (2)' = 1442 N ·m 

M,\ = 1.44 kN . m Ans 

<p = tan-I (n = 33.69" 

Ii = 90" - 33.69° = 56.3° ADS 

(b) ..( +M., =0 Ans 

<p = tan- t G) = 33.69" 

1/ = 180" - 33.69° = 146" Ans 

4-29. Determine the moment of the force F about point 
A a. a function of e. Plot the results of M (ordinate) 
versus ()(abscissa) for 0° ~ () ~ 180°. 

..( +M,\ = 400sinH(3) + 40000s8(2) 

= 1200sinli + 800eo,H Ans 

dM" dI! = 1 200 cos I} - 800 sin Ii = 0 

,(1200) " II = tan- 800 = 5(d' 

(MA)",~ = 1 200 sin 56.3° + 800eos56.3" = 1442 N m 

A 

1------3 m ---------1 

A 

1------3 m------I 

1442 
1200 
800 

MfN'Ill) 

-[ 
2m 

i 

2m 

i 

-----t---+--+-~--_T------e 
1800 

-800 
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4·30. The total hip replacement is subjected to a force 
of F = 120 N. Determine the moment of this force about 
the neck at A and at the stem B. 

MOmMt Abo"t Point A : The angle between the line of action of the load 
and the neck axis is 20° - 150 = 50. 

(+ MA = 120sin 5°(0.04) 

= 0.41B N· m (CO"ntucloc/c",iu) 
Ans 

Moment Abo"t Point B : The dimension 1 can be determined using the law 
of sines. 

55 
~=~ 1= 15B.4rnm=0.1584m 

Then. 

+ Ms = -120sin 15°(0.1584) 

=-4.92N·m=4.92N·m (Cloc/cwiu) Ans 

*4.3:'. The crane can be adjusted for any angle 00 s (J s 
90

0 
and any extension 0 s x sSm. For a suspended mass 

of 120 kg, determine the moment developed at A as a 
function of x and (J. What values of both x and (J develop 
the maximum possible moment at A? Compute thIs 
moment. Neglect the size of the pulley at B. 

141 

{+ MA = -120(9.81)(7.S+x)cos 9 

= {-1I77.2cos 9(7.S+x)} N'm 

= {1.I8cos 9(7.S+x)} kN·m (cloc/cwlse) Ans 

The maximum moment at A. occurs when 9 = 00 and x = 5 m. 

{+ (MA) ••• ={-1177.2cosoo(7.S+5)}N·rn 

=-14715 N·m 

= 14.7 kN· m (clDckwlse) 

Ans 

Ans 



*4-32. Determine the angle (j at which the 500-N force 
must act at A so that the moment of this force about point 
B is equal to zero. 

Thi ... problem n:::4t1ires that the resultant moment about point B be 
equ;tl to zero. 

Ii = H.sf Ans 

Abo note that if the line of adion of the 500 N fOfce passes through 
point B, it produce~ zero moment about point B. Hence. from the geometry 

4-33. Segments of drill pipe D for an oil well are tight
ened a prescl;bed amount by using a set of tongs T. which 
grip the pipe. and a hydraulic cylinder (not shown) to 
regulate the force F applied to the tongs. This force acts 
along the cable which passes around the small pulley P. If 
the cable is originally perpendicular to the tongs as shown, 
determine the magnitude of force F which must be applied 
so that the moment about the pipe is M = 2000 lb . ft. 
In order to maintain this same moment what magnitude 
of F is required when the tongs rotate 30° to the dashed 
position? Note: The angle DAP is not 90° in this position. 

This problem requires that the moment produced by F and F' about 
the z axis is 20{)O lb· ft. 

M, = 20()() = FlU) 

F = 1331.3 Ib = 1.33 kip 

F = F' cosH. where 

O=30"+wn-' (I.S-1.5COS30') 
2.25 

=35.104' 

F' = 1333.33
0 

= 1.63 kip 
cos 35.104 

Ans 

Ans 

x 
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4·34. Determine the moment of the force at A about 
point O. Express the result as a Cartesian vector. 

r OA = {(-3-0)i+(-7-0)J+(4-0)k} m 

= {-3i-7J+4k} m 

Mom.llt 0/ Forc. F A.bout Poilll 0: Applying Eq.4-7. we have 

MO =rOA xF 

=I~ 
J 
-7 

"'"30 

= {26Oi+ 180J+SIOk} N'm Ans 

A 

/1 
F= {60i-30j-20k}N j 

/}--l----Vf'·-/--73;; y 

x 

~---------------------------------------------~ 

4·35. Determine the moment of the force at A about 
point P. Express the result as a Cartesian vector. 

Pos ilio" V .ctor : 

rpA = {(-3-4)i+(-7-6)J+[4-(-2»)k} m 

= {-7i-I3J+6k} m 

Mom.llt 0/ Force F A.bout Poi"t 0: Applying Eq.4-7. we have 

Mo=rOAxF 

=I~ 
J 

-13 
-30 

= {44Oi + 220J+ 99Ok} N·m 
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*4-36. Determine the moment of the force F at A about 
point O. Express the result as a Cartesian vector. 

x 

z 

/// 

6m 

U 
k-~'-----------8-m-_-_-_ -~_-_-:::~-:tI/ p 

4-37. Determine the moment of the force F at A about 
point P. Express the result as a Cartesian vector. 

B 

...- ...- -r ...- ...-
...-

A 

T 8m 

U 
6m 

~ 4m 
25 m 

y 

6m 

U 
8m ,/ p 

x 

rAB = { - I.Si + 6j + 2k} m 

TAB = {(-1.5)2 + 62 + 22 = 6.5 m 

I 
I j k 

Mo = r"" x F = -25 -3 6 I 
-H(I3) !s(l3) ir(13) 

Mo = {-841 - 8j - 39k} lcN·m Ans 

Mp = rpA X F = I -~.s -{I k I 
-_.1..~(13) -••.• (13) .1...(613) , , u 

Mp = {-I16i + 16j - 13Sk} lcN.m 
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4-38. The curved rod lies in the x-y plane and has a radius 
of 3 m. If a force of F = 80 N acts at its end as shown, 
determine the moment of this force about point O. 

z 

0 

/ 
y 

/ 
I / 

3m / 

L / 

/ 
1m / 

I / 
/' /' F=80N 

! / /' 

2~/ x I c 

4-39. The curved rod lies in the x-y plane and has a radius 
of 3 m. If a force 01 F = 80 N acts at its end as shown, 
determine the moment of this force about point B. 

z 

x 

*4-40. The force F = {600i + 300j - 600k} N acts at 
the end qf the beam. Determine the moment of the force 
about point A. 

A 

rAe = {Ii - 3j - 2J<} m 

rAe = 1(1)' + (-3)2 + (-2)2 = 3.742 m 

I
i j 

Mo = rocx F = 4 0 

';.2 (SO) -,i'2 (SO) 
k I -2 

-'}'2 (SO) 

Mo = {-12Si + 128j - 257k} N'm Ans 

rAe = {"11 -3j - 2k} m 

rAe = /(1)2 + (-3)2 + (-2)2 = 3.742 m 

M. = rBA X F = 13C~450 (3-3!in45 0 ) k I 
d;rr(SO) -'."'2(80) ~(SO) -,. "2 

M. = {-37.61 + 9O.7j - 155k} N'm 
Ans 

I· ~O.2J + 1.2J} m 

MA = {-720! + 120J - MIlk} N·m Ans 
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'4-41. The curved rod has a radius of 5 ft. If a force of 
60 Ib acts at its end as shown, determine the moment of 
this force about point C. 

rCA = {(Ssin6O"-0)j+(Scos600 -S)kl m 

= { 4.33Oj - 2.SOk I m 

_ (..:(~6=-=0)=i;;=+=(7==-=S==S",in=6O"~)~j +;=(O:=;:-=S":CO,,,S=60=;;::O);::,;,k ) lb F .. -60 
J(6- 0)2 + (7 - Ssin 60")2 + (0- SeQs 60°)2 

= {S 1.23 Ii + 22.797j-21.346k} lb 

Moment of Force F., Ahollt Point C: Applying Eq.4-7. we have 

x 

4·42. A force F having a magnitude of F = 100 N acts 
along the diagonal of the parallelepiped. Determine the 
momentofFaboutpointA,usingM/I = rl/xFandM/I = 
rc X F. 

y 

F x 

j 
4.330 
22.797 

k I -2.50 
-21.346 

= {-3S.4i -128j - 222k} lb· fl 

F '" lOO(~·41 + 0.6J + 0.2k) 
0.7483 

F '" {-53.5 1+ 80.2J + 26.7k} N 
.z 

M. '" r, x F = I ~ J k I -0.6 0 .. 1-16.01-32.lkIN. m 
- 53.5 80.2 26.7 

Also. 

MA .. rcxF .. l~·4 0 0\1=1-16.0l-32.1kIN.m 
. 53.5 80.2 26.~ 

rCA '" {4.3301j - 2.5k} It 

Ans 

AM 

4-43. Determine the smallest force F that must be applied 
along the rope in order to cause the curved rod, which has 
a radius of 5 ft, to fail at the support C. This requires a 
moment of M = 80 lb· ft to be developed at C. 

FA. '" F;.. ( 6i + (7 - 5sin6O")j - Scos6O"k ) 
';(6)2 + (7-5.io60°)2 + (-5C086O")2 

z 
FA. '" F;.. (0.8538; + 0.3799j - 0.3558k) 

Me = F..../ ~ 4.3~01 -~.5 / 
0.8538 0.3799 -{).3558 

Me = F;..(~.5909i + 2.135j - 3.697k) 

Me = F..../(-{).S909)2 + (2.135)1 + (-3.697)' 

80 = F....(4.3IO) 

x 
80 

F.... = 4.310 = 18.56181b 

F.... = 18.61b Ans 
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*4·44. The pipe assembly is subjected to the BO·N force. 
Determine the moment of this force about point A. 

Positio" Vec'or A"d Force Vector,' 

rAC = {(0.SS-O)i+(0.4-0)j+(-o.2-0)k} m 
= {O.sSi +0.4j-0.2k} m 

F = 80( cos JO·sin 40"1 + cos 3OOcos 4O"j - sin 3OOk) N 
= {44.S31 + S3.07j - 4O.Ok} N 

Mome,,' of Force F About Po;", A : Applying Eq.4-7. we have 

MA =rAcxF 

= / O.~S 0.4 ~.21 
44.53 53.07 -40.~ 

= {-S.39i+13.lj+11.4k} N·m Ans 

4·45. The pipe assembly is subjected to the SOoN force. 
Determine the moment of this force about point B. 

rae = {(O.SS-O)I + (0.4-0.4)j+ (-o.2-0)k} m 
= {O.SSi -0.2k} m 

F = 80( cos 3O"sin 4O"i + cos JO·cos 4O"j - sin 3O"k) N 
= {44.53i+S3.07j-40.0k} N 

Mom.", of Force F Abo,., Po;", B : Applyin. Eq.4 -7. we have 

Ma =r.cxF 

=/ O.~S 0 ~.21 
44.53 53.07 -40.~ 

= {10.61 + 13.1j + 29.2k} N . m Ans 
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4-46. Strut AB of the I-m-diameter hatch door exerts a 
force of 450 N on point B. Determine the moment of this 
force about point O. 

z 

t---->---y 

x 

rOB = {(O-O)I+(leos 30"-0)j+(lsin 30"-0)k) m 
= {0.8660j+0.Sk} m 

rOA = {(o.Ssin 30"-0)1+(0.S+0.Seos 300 -0)j+(0-0)k) m 
= {O. 2SOi + 0.9330j} m 

F = 4S0( (O-O.5sin 30") 1 + (Ieos 30° - (0.5 +0.5eos 30"»)j+ (Isin 30° -0) k ) N 

J (0- O.Ssin 30°)2 + [ leos 30° - (0.5 + 0.5cos 30") j2 + (lsin 30" - 0)2 

= {-199.821 -S3.S4j + 399.63k} N 

Moment of Force F About Point 0 : Applying Eq. 4 -7. we have 

Or 

4-47. Using Cartesian vector analysis, determine the 
resultant moment of the three forces about the base of 
the column at A. Take F\ = {400i + 300j + 120k} N. 

z 

Fl = (IOOi - IOOj - 60klN 

E --~!Nor--'-------y 
A 

x 
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MO = rOB xF 

I 
1 

- 0 
-199.82 

j 
0.8660 
-53.54 

k I 0.5 
399.63 

= {373i -99.9j+ 173k} N· m Ans 

MO = rOA xF 

= I 0.;50 
-199.82 

j 
0.9330 
-53.54 

= (373i-99.9j+173k) N'm 

(MA). = Il J Ik~ = {-3.61 + 4.8j} kN'm 0 
300 12 

(MA)' = I ~ J 

1~ = {1.21 + 1.2J} kN'm 0 
100 -100 -6 

(MA ), = /g ~1 -?J = {0.51} kN'm 

MAz = -3.6 + 1.2 + 0.5 = -1.90kN'm 

MAy = 4.8 + 1.2 = 6.00kN'm 

M. = {-I.9Oi + 6.00j} kN'm Ans 



*4-48. A force of F = {6i - 2j + 1k} kN produces a 
moment of Mo = {4i + 5j - 14k} kN· 01 about the 
origin of coordinates, point O. If the force acts at a point 
having an x coordinate of x = 1 01, determine the v and 
z coordinates. . 

/0 y 

I / 

I / 
/ 1m 

'/ 

y 

x 

4-49. The force F = {6i + 8j + 10k} N creates a 
momentaboutpointOofMo = {-14i + 8j+ 2k} N·m. 
If the force passes through a point having an x coordinate 
of 1 01, determine the yand z coordinates of the point. Also, 
realizing that Mo = Fd, determine the perpendicular 
distance d from point 0 to the line of action of F. 

y 

x 

149 

M,,=rXF 

~+5J-14k=/i L ;/ 
4=y+2z 

5= -1+6z 

-14=-2-6y 

y=2m ADS 

z=lm ADS 

-141+8J +2k=/i ~ I~ 
-14 = lOy - 8z 

8= -IO+6z 

2 = 8 -6y 

y=lm ADS 

z=3m ADS 

Mo = /(-14)2 + (8)2 + (2)2 = 16.25 N'm 

F = /(6)2 + (8)2 +(10)2 = 14.14 N 

d=~-
14.14 - 1.15 m ADS 



,4·50. Using a ring collar the 75-N force can act in the 
vertical plane at various angles O. Determine the 
magnitude of the moment it produces about point A, plot 
the result of M (ordinate) versus (I (abscissa) for 0° ::5 0::5 
I HO°, and specify the angles that give the maximum and 
minimum moment. 

2m 

x 

4·51. Determine the moment of the force F about the 
Oa axis. Express the result as a Cartesian vector. 

F = (5Oi - 20j + 20k) N 

~ 
I I 
I I 

6m 
I 0 

~---.:::.,.J<:::""~-I-m---l.-'-- y 

x 

MA z lo~ 1.5 ~ I 
75 cos 9 n SinJ 

'" 112.5 sin91-150sin9j+ 150cos9k 

tiMA I( I 

dii" 2 126S6.2SsiDZ9+ 22 500f'(l26S6.2S){2Sin9COS9)zO 

sin9cos9=0; 9=(1'.90".18(1' Alia 

A(.. = 187.5 N· m at 9 .. 90" 

A(. •• = ISO N· m at 9 .. (1'. 18(1' 

117.5 

N.D ~ - - - -

----~------+-------4---___ ~ 
~o· 11o· 

(Mo.)p .. { 218j + 163k} N·m ADS 
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*4·52. Determine the moment of the force F about the 
aa axis. Express the result as a Cartesian vector. 

x a 

4-53. Determine the resultant moment of the two forces 
about the Oa axis. Express the result as a Cartesian vector. 

F2 = 50 Ib 

+ 

r={(-2-0)i+(3-0)j+(2-0)k) m={-2i+3j+2k) m 

U"il V"clor Alo"g II -II Axis: 

u ... = (4- 0) i + (
4 

-O)j = 0.707 Ii + 0.7071j 
';(4-0)' + (4 - 0)2 

Mo"",,,, of Forc" F AboUI II -II Axis: With F = {3Oi + 40j + 2Ok} N, 
applying Eq. 4 - II, we have 

M ... =u .. ·(r x F) 

/

0.7071 0.7071 ~ 
= -2 3 2 

30 40 2 
= 0.7071 [3(20) -40(2» -0.7071 [(-2) (20) -30(2») +0 

= 56.6N·m AIlS 

F, = 80(coa12001 + cos600j + cos45°k) = {-4Oi +4Oj+S6.569k} Ib 

F, = {SDk} Ib 

r, = (4sin300- 0)/ +(4cos300-0)j+(6_0)k 

= {21+3.464j+6k} ft 

r, = (-Ssin300)j = {-2.5j} ft 

AI.. =r, XF, +r, xF, 

= ; 3.~ 6 + (-2.5j)x (5Ok) 
/

. . k I 
-40 40 56.569 

= [3.464(56.569) - 4O(6)J /- [2(56.569) -(-40)(6)]j+ [2(40) - (-4O)(3.464)J k-1251 

= {-169.0441 - 353.138j+218.56Ok} lb. ft 

Uo. = COs 30°1 - sin 300j = 0.866Oi - 0.5j 

(MR)O. = uo•· MR = (0.866Oi -0.5j). (-169.0441 _ 353. 138j+ 218.5601<) 

= (0.8660)(-169.044) +(-0.5)(-353.138) +0(218.560) 

= 30.173 lb· ft 

= {26.1i-15.1j}lb·ft ADS 
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*4-52. Detennine the moment of the force F about the 
a{/ axis. Express the result as a Cartesian vector. 

Position Vector: 

r = 1(-2 - O)i + i3 - O)j + (2 - O)k}m = 1-2i + 3j + 2k} m 

Unit ~'ector Along a - a Axis: 

U",,= (4-0)i+(4-0)j = O.707li+0.707Ij 
v'(4 - 0)2 + (4 - 0)' 

Moment of Force F About a - a Axis: With F = {3Oi + 40j + 20k} 
N. applying liq. 4-11, we have 

= 10.~0;J 0.7~71 ~ I 
30 40 20 

= 0.7071[3(20) - 40(2)1 - 0.7071[( -2)(20) - 30(2)1 + 0 

= 56.6 N . mAns 

= 56.5710.7071; + 0.707Ij) 

= {40; + 40jlN . mAns 

4-53. Detennine the resultant moment of the two forces 
about the Oa axis. Express the result as a Cartesian vector. 

F, = 80(eos 120"; + cos 60''j + cos 45°k) = {-4Oi + 40j + 56.569k} Ib 

F, = {50k} Ib 

r, = (4sin30' -O)i+ (4 cos 30° -O)j+ (6-0)k 

= {2i + 3A64j + 6k} ft 

r, = (-5 sin 3()')j = {-2.5j} ft 

I
i j k I - 2 3,464 6 + (-2.5j) x (50k) 

-40 40 56.569 

F, =501b 

= 13.464(56.569) - 40(6)1; -12(56.569) - (-40)(6)ij + 12(40) - (-40)(3.464l1k - 125; 

= [-169.(144; - 353.U8j + 2IS.560k} lb· ft 

Uo" = cos 30
0

i - sin 30'j = 0.8660i - 0.5j 

(MR)o" = Uo" ·M, = (0.8660i-O.5j)· (-169.044i- 353.J38j+218.560k) 

= (O.8660)(-t69(144) + (-0.5)(-353.138) +0(218.560) 

=30.173Ib·ft 

= {26.li - 15.tj}tb· ft Ans 
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4-54. Determine the magnitude of the moment of each 
of the three forces about the axis AB. Solve the problem 
(a) using a Cartesian vector approach and (b) using a 
scalar approach. 

Po,;/ioll V.c/or GIld Forct! V.c/or: 

r, = (-l.Sj} m 
F, = (-ook} N 

r2 = r J = 0 
F2 = {85i} N 

Unit Vector Alon, AS Axi. : 

FJ = {45j} N 

U = (2-0)i+(0-I.5)J =0.8i-O.6j 
AI ~(2-W+(0-1.S)' 

Mo""",t of ElICh Forct! About AS Axis: Applying Eq.4-11. we 
have 

/

0.8 

= ° 
° 

-0.6 
-1.S 

° 
= 0.8[(-1.5)(-60) -0) -0+0= 72.0 N· m Ans 

/

0.8 

= ° 85 

/

0.8 

= ° 
° 

-0.6 

° ° 

-0.6 

° 45 

~ =0 Ans 

Alii! 

b) S cillar A nlll" is : Since moment arm from force F2 and F, is cquailO 
zero, Hence 

Alii! 

Moment arm d from force F,IO axis AS is d .. 1..5sin '3.13° OK 1.20 m, 
Hence 

(M.,), - Fid- 60(1.20) - 72.0 N· m Alii! 
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4-55. The chain AB exerts a force of 20 Ib on the door 
al B. Determlnc the magnitudc of the moment of this 
force along the hinged axis x of the door. 

Po.itio" Vector IUId Fore. Vector: 

r<>A = {(3-0)i+(4-0)k} ft= {3i+4k} ft 
rOB = {(0-0)1+(3cos 20"-0)j+(3sin 2O"-0)k} ft 

= {2.819Ij+ 1.0261k} ft 

F=W ~ 
( 

(3-0)i+(0-3cos 20")j+(4-3sin 20")k ) 

~(3-0)2 +(0-3cos 20")2 +(4-3sin 20")2 

= {11.814i - 11.I02j + 11.712k} lb 

Or 

Mom.,,' 0/ Force F A.bout % A.%i. : The unit vector along Ibex axis is 

i. Applying Eq.4-II, we have 

M. =1·(roA x F) 

I 
I 

'" 3 
11.814 

o 
o 

-11.102 
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Ht 

x 

= 1[0(11.712)-(-11.102)(4)]-0+0 

= 44.4 lb· ft 

M. =I·(ro, x F) 

-I ~ 2.8~91 
11.814 -11.102 

1.0~611 
11.712 

= 1[2.8191(11.712) - (-11.102)( 1.0261)]-0+ 0 
=44.4lb ·ft 

y 

ADS 



*4·56. The force of F = 30 N acts on the bracket as 
shown. Determine the moment of the force about the 
a-a axis of the pipe. Also, determine the coordinate 
direction angles of F in order to produce the maximum 
moment about the a-a axis. What is this moment? 

.. • 30 ( COl 60" I + cos 60" J + COl 4,0 II) 

r = (- O. 1 I + O. 1$ II) m 

u = J 

M. .. 1-~.1 ~ 0.~51" 4.37N· m 
IS IS 21.21 

F must be perpeodicuIar 10 U and r. 

=~I+~II 
UF 0.1803 0.1803 

" 0.83211 + 0.5547 II 

a" COS-I 0.8321 ,. 33.7" AIlS 

Y= COS-I 0.5547 .. 56.3° AIlS 

M. 30(0.1803) • S.41 N· m AM 

~----'" 

0.' .... 
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4-57. The cutting tool on the lathe exerts a force F on 
the shaft in the direction shown. Determine the moment 
of this force about the y axis of the shaft. 

z 

y 

x 

4-58. The hood of the automobile is supported by the 
strut AB, which exerts a force of F = 24 Ib on the hood. 
Determine the moment of this force about the hinged axis y. 

r = {41} m 

F -;vi -2; + 2j + 4k ) 
- l/(-Z)2+(2)2+(4)2 

= {-9.8Oi + 9.80j + 19.6Ok} Ib 

I 0 I O~ 
~ = 4 0 0 

-9.80 9.80 19. 
= -78.4Ib·ft 

My = { -78.4j} Ib·ft Ans 

4-59. Determine the magnitude of the moments of the 
force F about the x. y, and z axes. Solve the problem 
(a) using a Cartesian vector approach and (b) using a 
scalar approach. 

Positio" Vector: 

rAI = {(4-0)i+(3-0)j+(-2-0)k) ft= {41+3J-2k} ft 

Mome"t of Foru F About x, , /JIId z Axes: The unit vectors along 

x. y and l axes are i, j and k respectively. Applying Eq.4- II, we have 

Mx =i·(r .. x F) 

=/! ~ ~21 
4 12 -3 

= 1[3(-3)-(12)(-2»)-0+0= IS.Olb·ft Am 

M, =j·(r .. x F) 

=I~ ~ ~21 
4 12 -3 

= 0- 1[4(-3) -(4)(-2») +0 = 4.00 lb· ft Am 

M, = k· (rAB X F) 

=I~ ~ ~21 
4 12 -3 

=J1"'.O."t.-1L!Ull=,4(3)] = 36 Olb: fl Alii 
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~ = Uy . (r X F) 

= 10.03C6~.400 ~ 0.03s~n4001 
-4 -7 

~ = 276.57 N'mm = 0.277 N.m Ans 

A 

y 

F = {4i + 12j - Jk)lb 

IJ) Scalar A "alysis 

Mx = L.Mx; Mx = 12(2) - 3(3) = 15.0 lb· ft Am 

My = rM,; My = -4(2) + 3(4) = 4.00 Ib fl Ans 

M, =!M,; M, = -4(3) + 12(4) = 36.0 Ib~ .Am 



*4·60. Determine the moment of the force F about an 
axis extending between A and C. Express the result as a 
Cartesian vector. 

POlitio" V,etor : 

reI = {-2k} ft 

r., = {(4-0)i+(3-0)j+(-2-0)k} fi= {4i+3j-2k} ft 

Unit V~etor Along AC Axis : 

(4-0)i+(3-0)j . . 
~e= =Q&+Q~ 

~(4-0)2+(3-W 

Mom~nt of Forc~ F AbDUl AC Axis: With F = {4i+ 12j-3k} lb 
applying Eq.4-11. we have 

1

0.8 0.6 0 I 
- 0 0 -2 

4 12 -3 
= 0.8[ (0)(-3) - 12( -2)J -0.6[0(-3) -4( -2)] +0 

= 14.4Ib· ft 
Or 

4·61. The lug and box wrenches are used in 
combination to remove the lug nut from the wheel hub. 
If the applied force on the end of the box wrench is F = 
f4i - 12j + 2k) N, determine the magnitude of the 
moment of this force about the x axis which is effective 
in unscrewing the lug nut. 

x 

1
0.8 0.6 0 I 

= 4 3 -2 F = (4i + 12j - 3k JIb 

4 12 -3 
= 0.8[(3) (-3) - 12( -2)J -0.6[ 4( -3) - 4( -2)J + 0 

= 14.4Ib·ft 

Expressing M. e as a Cartesian vector yields 

M. e =M.eu. e 
= 14.4(0.8i +0.6j) 

= {lUi + 8.64j} Ib ft 
Ans 

Pod,;o" V.etor IUfd Foru Vector: 

r = {(0.075-0)j+(0.3-0)k} m = {0.075j+0.3k} m 

Mom~nt of Fore. F About x Axis: The unit vector along x axis is i. 
With F = {4i -12J+ 2k} N, applying Eq.4- II, we have 

M,=i'(r xF) 

= I~ 0.~5 0~31 
4 -12 2 

= 1[0.075(2) -(-12)(0.3)J -0+0 

=3.7SN·m Ans 
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4-62. A 70-lb force acts vertically on the "Z" bracket. 
Determine the magnitude of the moment of this force 
about the bolt axis (z axis). 

70lb 

4-63_ Determine the magnitude of the moment of the 
force F = {5Oi - 20j - 8Ok} N about the base line CA of 
the tripod. 

FV 
D I 4m 

1.5 m 

'< ~~J 
y 

x 

O.5m 

*4-64. The flex-headed ratchet wrench is subjected to a 
force of P = 161b, applied perpendicular to the handle 
as shown. Determine the moment or torque this imparts 
along the vertical axis of the bolt at A. 

M = 16(0.75 + lOoi0600) 

M = 151 lb· in. Ans 
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POlitiolf Vector Alld Foru Vector: 

rOA = {(-6-0)i +(6-0)j} in. = {-6i +6J} in. 

F = 70(sin 15°i -cos 15°k) Ib = {18.117i - 67.615k} Ib 

Momellt of Force F About: Axis: The unit vector along: axis is k. 
Applying Eq.4 - II, we have 

M;=k·(rOA xF) 

= 118~17 ~ -6}6J 
= 0-0+ 1[(-6)(0) -(6)( 18.(17») 

=-I09lb·in 

Negative sign indicaleS lila! M, is directed toward negative z axis. 
M, = 109lb·in 

{-21 + 2j} 
U -

CA - ./(-2)2 + (2)2 

UCA = {-0.7071 + 0.707j} 

, -0.707 0.707 0, 
MCA = UCA ·(rAD x F) = 2.5 0 4 

50 -20 -80 

I~AI = 226 N·m Ans 



4-65. If a torque or moment of 80 lb . in is required to 
looser the bolt at A. detemline the force P that must 
be applied perpendicular to the handle of the flex-headed 
ratchet wrench. 

80 = PilUS + 10sin 60') 

P= ~ = 8.50 Ib 
9.41 

Ans 

4-66. The A-frame is being hoisted into an upright posi
tion by the vertical force of F = 80 lb. Determine the 
moment of this force about the y axis when the frame is 
in the position shown. 

------y 
x 

x 

4-67. A horizontal force of F = (-50i}N is applied 
perpendicular to the handle of the pipe wrench. Detennine 
the moment that this force exerts along the axis OA (z 
axis) of the pipe assembly. Both the wrench and pipe 
assembly OABe lie in the y-z plane. Suggestion: Use a 
scalar analysis. 

M, = 50(0.8 + 0.2) cos 45' = 35.36 N . 111 

M, = [35.4kIN . 111 Ans 
ill 8 + 0.2) cos 45' 

Using x', .v'. ~: 

rAe = -6cos 15(;j' + 3j' + 6sin 15<:k 

F= SOk 

1

- sin 30' 
M!, = -6C~s IS' 

cos 30' 
3 
() 

M, = 282 lb· ft Ans 

Also, using x. y, z: 

Coordinates of point C: 

6s;215' 1= -120 + 40l.52 + 0 
80 

x = 3sin30' - OCO, 15" codO' = -3.52 It 

v = 3 co<30' + 6ws IS' ,in 30' = 5.50 ft 

,= 6sin IS' = 1.55 ft 

rAe = -3.52; + 5.50j + L55k 

F= SOk 

I 
0 0 i 

M, = -~52 sgo 18~51 = 282 lb· ft Ans 

x 

y 
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*4-68. Determine the magnitude of the horizontal force 
F = - Fi acting on the handle of the wrench so that this 
force produces a component of moment along the OA axis 
(z axis) of the pipe assembly of Mz = {4k)N . m. Both 
the wrench and the pipe assembly, OABC, lie in the y-~ 
plane. Suggestion: Use a scalar analysis. 

M, = FCO.8 + 0.2) cos45" = 4 

F = 5.66 N Ans 

4-69. Determine the magnitude and sense of the couple 
moment. 

About point A, 

..( +Me = 5cos30'(2.5l +5sin30'(3) 

Me = 18.3 kN . m ~ Ans 

4·70. Detennine the magnitude and sense of the couple 
moment. Each force has a magnitude of F = 65 lb. 

Me = 65 (~) (6 + 2) + 65 (~) (4 + 2) 

= 650 lb· ft (Coul1terciockwise) An. 

4·71. Detemline the magnitude and sense of the couple 
moment. Each force has a magnitude of F = 8 kN. 

Me = 8 G) (5 +4) - 8 G) (3 + I) 

= 17.6 kN . m (Counterclockwise) Ans 
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y 

)' 

0.5 m 71 

A (t" 5kN 4m 

B --r-
1m 

0 
x 

2m 

4ft 

11---__ 
6 ft----j A 
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*4-72. If the couple moment has a magnitude of 
300 lb . ft. determine the magnitude F of the couple forces. 

F = 108 Ib Ans 

4-73. A twist of 4 N . m is applied to the handle of the 
screwdriver. Resolve this couple moment into a pair of 
couple forces F exerted on the handle and P exerted on 
the blade. 

For the handle 

F = 133 N Ans 

For the blade. 

Me = "EM,; P(O.OO5) = 4 

P=800N ADS 

4-74. The resultant couple moment created by the two 
couples acting on the disk is MR = {I Ok}kip . in. Deter
mine the magnitude of force T. 

MR = EM,; 10 = T(9) + T(2) 

T = n.909 kip Ans 

127r 
- I /- -F 7 ft 

---.-----rt-':::------'--x 

-T 
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4·75. A device called a rolamite is used in various ways 
to replace slipping motion with rolling motion. If the belt, 
which wraps hetween the rollers, is subjected to a tension 
of 15 N, determine the reactive forces N of the top and 
hottom plates on the rollers so that the resultant couple 
acting on the rollers is equal to zero. 

N 

100 mm 

25 mrn 

N 

4·76. The caster wheel is subjected to the two couples. 
Determine the forces F that the bearings create on the 
shaft so that the resultant couple moment on the caster 
is zero. 

162 

15(50+ 50s in 30") - N(5Ocos 30") = 0 

N = 26.0 N Ans 

{+rM. =0; SOO(SO)-F(40) =0 

F= 625 N Ans 



4-77. When the engine of the plane is running, the 
vertical reaction that the ground exerts on the wheel at A 
is measured as 650 lb. When the engine is turned off, 
however, the vertical reactions at A and Bare 575 Ib each. 
The difference in readings at A is caused by a couple acting 
on the propeller when the engine is running. This couple 
tends to overturn the plane counterclockwise, which is 
opposite to the propeller's clockwise rotation. Determine 
the magnitude of this couple and the magnitude of the 
reaction force exerted at B when the engine is running. 

4-78. Two couples act on the beam. Determine the 
magnitude of F so that the resultant couple moment is 
450 lb . ft, counterclockwise. Where on the beam does the 
resultant couple moment act? 
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When die engine of Ihe plane is rurned on, the resulting couple moment 

eltens an additional force of F= 650- 575 = 75.0 Ib on whee\.~ and 
a lesser the reactive force on wheel B of F = 75.0 Ib as well Hence, 

M = 75.0( 12) = 900 lb· ft Ans 

The reactive force at wheel B is 

II, = 575 -75.0 = 500 Ib Ans 

~ + M. = :EM; 450 = 200( 1.5) + Fco1300( 1.25) 

F= 1391b ADS 

The resultant COuple moment is a free vector. It can act at any point ollhe beam. 



- ---------- --------

4-79. Express the moment of the couple acting on the 
pipe assembly in Cartesian vector form. Solve the 
problem (a) using Eq.4-13,and (b) summing the moment 
of each force about point O. Take F = {25k} N. 

y 

400mm 

*4-80~ If the couple moment acting on the pipe has a 
magmtude of 400 N . m, determine the magnitude F of the 
vertical force applied to each wrench. 

400mm 
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(a) Me = r A8 x (25k) 

= 1-0;35 ~.2 2~1 
Me = {-51 + 8.75J} N.m AIlS 

(b) Me = rOB x (25k) + r OA x (-25k) 

= /0

1

3 oJ2 ~ I + 10.~5 oJ4 ~ I 
o 0 25 0 0 -25 

Me = (5-10)1 + (-7.5 + 16.25)j 

Me = {-51 + 8.75J} N'm AIlS 

(a) Me = ru x (fk) 

Me = {-o.2F1 + 0.35fJ} N· m 

Me = 1(-o.2F)2 + (O.35F)2 = 400 

F= 400 =992N 
~( -0.2)2 + (0.35)2 

Ans 



4-81. The ends of the triangular plate are subjected to 
three couples. Determine the plate dimension d so that 
the resultant couple is 350 N· m clockwise. 

lOON 

'\' ,.:r--.... 600 N 

loooo~d ' 
3?" 

~ ____ -.l",-___ ---:~ __ 600 N 

IN 200 N 

(+ M. = I:M.; - 350 = 200(dcos 30°) - 6OO(dsin 30") - IOOd 

d= 1.54'" An. 

4-82. Two couples act on the beam as shown. Determine 
the magnitude of F so that the resultant couple moment 
is 300 Ib . ft counterclockwise. Where on the beam does 
the resultant couple act? 

~' 
,-------r--"t-+ 200 Ib 

I 

1.5 ft 

r~-~'-~--~~ =--~.-=. ="=-==:~_1 .... 1 _ 200 Ib 

~; 
F~' ! 

,.----- 4 ft --~ 

4-83. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 80~lb couple forces. 

y 

1-2 ft-+-3 ft-'; 

300l150lb : 

B V~ I 

I ftr-'m~~" 0 

'~IV1 50lb ;30 

80~ -- III I 

5~Jl1: I I ,/"T 1 II 3ft 

801b A I, 

... . ... x 

3 4 
\ +(MC)R = SF(4) + sF(l.S) - 200(1.S) = 300 

F = 1671b ADS 

Resultant couple can act anYWhere. Ans 

4 
\ +Mc = -so cos300(3) + S(80)(d) = 0 

d = 2.03 ft ADS 
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*4-84. Two couples act on the frame. If d = 4 ft, 
determine the resultant couple moment. Compute the 
result by resolving each force into x and y components 
and (a) finding the moment of each couple (Eq. 4-13) 
and (b) summing the moments of all the force 
components about POlOt A. 

y 

4-85. Two couples act on the frame. If d = 4 ft, 
determine the resultant couple moment. Compute the 
result by resolving each force into x and y components 
and (a) finding the moment of each couple (Eq. 4-13) 
and (b) summing the moments of all the force 
components about point B. 

r 

4-86. Determine the couple moment. Express the result 
as a Cartesian vector. 

r .. = {[0-(-4»)i+(-3-S)j+[8-(-6»)k} ft 
= {4i-Sj+ 14k} ft 

Coupl. Mo",,,,,: With F = {SO; -20j+8Ok} lb. applying Eq.4-IS. 
we have 

Me = rA • xF 

=Is~ -8 
-20 

= {-3601 + 380j+ 32Ok} lb· ft Ani 

(a) Me =1:(rxF) 

I i 
j 

k/ I i ~I = 3 0 o + 0 4 
-50 sin 30" -50 cos 30° o -r(80) -t(80) 

Me = {126k} Ib·ft Ans 

4 4 
(b) \ +Me = - ;(80)(3) + 5(80)(7) + 50 cos300(2) - 50 cos30"(5) 

Me = 1261b·ft Ans 

(a) Me = 1:( r x F) 

I i 

j 

~I + \r(~o) 
j 

~I = 3 0 -4 
-50 sin 30° -50 cos 30° t(80) 

Me = {126k} Ib·ft Aos 

(b) \ +Me = 50 cos300(2) - 50 cos 30"(5) - ~(80)(1) + ~(80)(5) 
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Me = 1261b·ft Ans 

F = {501 -20j +SOk)lb 

o 
-~-;!----:"'5"--m--"-/--;;"'''--..L..+---:-- y 

x 

-F = {-501 +20j -SOk)lb 



4-87. Determine the couple moment. Express the result 
as a Cartesian vector. Each force has a magnitude of F = 
120 lb. 

rIA = «-3-2)i+[6-(-2»)J+(3-3)k} ft 
=(-5i+8j}ft 

( .[3~-~(~-3~)]=I~+~(4=-~6)~j+~(=0?-~3)~k) F .. 120 -; 
1[3 - (-3)]2 + (4 - 6)2 + (0- 3)2 

.. {l02.861- 34.26j - 5 1.43k} Ib 

Coupl. Mom.",: Applying Eq.4-15. we have 

Me = rIA xF 

/

1 
- -5 

102.86 

j 
8 

-34.26 

.. {-4IIi-2S7j-65Ik} Jb·ft Au 

*4-88. The gear reducer is subjected to the four couple 
moments. Determine the magnitude of the resultant 
couple moment and its coordinate direction angles. 

(M.), =IM.; 
(MR ), =~; 

(M.); = 35+50= 85.0 N· m 
(M.), =30+JO=40.0N.m 

The magnitude of lite resultant couple moment is 

MR = ";(M.)! +(M.)~ 
= ,185.()l+40.()l 
=93.941 N·m=93.9N.m 

The coordinarc direction angles are 

,[(MR) ] '( 85.0 ) a=cos- --' =cos- -_ =25.20 
M. 93.941 

fJ= cos-,[(MR
),] = cos-'(~)z 64.80 

M. 93.941 

_,[CM.) ] _,( 0 ) r = cos .:....:..:.a. = cos -- = 90.0-
M. 93.941 

AM 

Ans 

x 

x 
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A 
---r 
3ft 

~-7----;7 ~-
3ft 

--~~~--~~~~-----y 

ION·m 

30N'm 
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4·89. The main beam along the wing of an airplane is 
swept back at an angle of 25°. From load calculations it 
is determined that the beam is subjected to couple 
moments M, = 17 kip·ft and My = 25 kip·ft. Determine 
the resultant couple moments created about the x' and 
y' axes. The axes all lie in the same horizontal plane. 

(M.),. =:EM,.; (M.),. = 17cos 2's.-2Ssin2$0 

= 4.84 kip . fl Ana 

(M.),. = :EM,.; (M.),. = 17sin 2,S· + 2'scos 2$. 

= 29.8 kip· fl Au 

4-90. If F = {lOOk} N, determine the couple mom~nt 
that acts on the assembly. Express the result as a CartesIan 
vector. Member BA lies in the x-y plane. 

z 

y 

L, 

r, = {-360.6 sJn3.69°1 + 360.6 cos3.690J} 

= {-23.211 + 359.8J} mm 

8 -, 2 
= tan ( 4.5) + 30° = 53.960 

r, = {492.4 sln53.96°J + 492.4 cos53.960J} 

= {398.21 + 289.7J} mm 

Me = (r, - r,) x F 

= l-4il .4 7~1O I~ 
Me = {7.011 + 42.1j} N·m Ans 
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x 



4-91. If the magnitude of the resultant couple moment 
is 15 N· m, determine the magnitude F of the forces 
applied to the wrenches. 

z 

4·92. The gear reducer is subjected to the couple 
moments shown. Determine the resultant couple moment 
and specify its magnitude and coordinate direction angles. 

M1={SOj}N'm 

~ = 6O{cos 3O"i+sin 3O"k) N· m = {SI.96i +30.Ok} N· m 

RcsulllUll Coupl. Mom.",: 

M. =l:M; M. =M1 +~ 

= {S1.96i+ SO.Oj+30.Ok} N'm 

y 

r l = {-36O.6 sin3.69°1 + 360.6 cos3.69°j} 

= {-23.211 + 359.8j} nun 

8 = tan-l(~) + 30° = 53.96° 
4.5 

r, = {492.4 sin53.96°1 + 492.4 cosS3.96°j} 

= {398.2i + 289.7j} mm 

Me = {0.07f1 + 0.421F]} N·m 

Me = /(0.07F)' + (0.421F)' = 15 

F = IS = 35.1 N ADS 
~ (0.07)2 + (0.421)' 

Also, align y' axis along BA. 

Me = -F(0.15)1' - F(0.4)J' 

15 = /(F(O.IS»' + (F(O.4»' 

F = 35.1 N ADS 

The magnilUde of Ihe resultant couple moment is 

M. = /SI.962 + SO. 0' +30.0' 

= 78.102 N . m = 78. IN· m 

The coordinare direction angles are 
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( 
S1.96 ) a=cos- I 
-- =48.3° 
78.102 

13= COS-I(7:~;~)= SO.2° 

I( 30.0 ) y=cos- -- =67.4° 
78.102 

Ans 

Ans 

Ans 

Ans 



4·91. If the magnitude of the resultant couple moment is 
15 N . m determine the magnitude F of the forces applied 
to the wrenches. 

¢ = Ian ,(~) - 30' = 3.~Y' 

r, = 1-J60.6sin 3.69'i + 360.6 <,os 3.69'j} 

= I-H2Ii + 359.8j} mill 

H = lan' (...:..) + 30' = 53.96' 
4.5 

r, = 1492.4 sin 53.96'i + 492.4cos53.96'j\ 

= {398.2i + 289.7j) mm 

Me = (rl - r,) x F 

Me = {0.07 Fi + 0.421 Fj} N . 111 

Me = J(O.07F)' + (0.421 F)' = 15 

15 
F = = 35.1 N 

/ (0.07)' + (0,421)' 

Also, align y' axis along BA. 

Me = -F(O.IS)i' + F(O.4)j' 

15 = /(F(O.IS))' + (F(O.4»)' 

F = 35.1 N Ans 

Ans 

4·92. The gear reducer is subjected to the couple 
moments shown. Determine the resultant couple moment 
and specify its magnitude and coordinate direction angles. 

Expres~' I!.ach Couple JWolllent as a Cartesian Vector: 

MI = {50j) N . m 

M, = 60(cos 30'i + sin 30'k) N . m = {51.96i + 30.0k} N· m 

ResullOl,t Couple lWoment: 

= 151.96i + 5U.Oj + 30.0k} N· m 

The magnitude of the resultant couple moment is 

=78.I02N·m=78.IN·m Ans 

x 

H 

11 

A 

11 

;' 

45001111 
200mm 

A 

The coordinate direction angles arc 

,,= cos' I ( 51.96 ) = 48.3" Ans 
78.102 

f! = cos' (~) = 50.2" Ans 
7R.102 

y = coS~1 ( .,0.0 ) = 67.4' Ans 
7X.I02 
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4-93. The gear reducer is subject to the couple moments 
shown. Determine the resultant couple moment and 
specify its magnitude and coordinate direction angles. 

M2 = 80( ~ 300sin 45°1 -cos 30°cos 45°j - sin 3OOk) Ib ft 

= {-48.99i-48.99j-40.0I<} Ib·ft 

Resulttutl Couple Momenl : 

M. = IM; MR = M, + M2 
= {( 60 - 4S.99) 1 - 4S.99j - 4O.0I<} Ib ft 

= {I 1.0 Ii -4S.99j - 4O.0k} lb· ft 
= {lI.Oi - 49.0j - 4O.0I<} lb· ft Ans 

The magniwde of the resultant couple moment is 

MR = JIl.OP+(-48.99)2+(-40.0)2 
= 64.20 lb· ft = 64.2 lb· ft Ans 

The coordinale direction angles are 

_,(11.01) a = cos -- = SO.lo 
64.20 

, (-48.99) (3=cos· -- = 140" 
64.20 

., (-40.0) y=cos -- = 129° 
64.20 

An. 

Ans 

Ans 

4-94. The meshed gears are subjected to the couple 
moments shown. Determine the magnitude of the 
resultant couple moment and specify its coordinate 
direction angles. 

M,={501<}N'm 

M2 = 20( -cos 20"sin 30"1 - cos 20"cos 300 j + sin 2ook) N· m 
= {-9.3971-16.276j+6.84Ok} N'm 

R.sulltutl Couple Mom.", : 

M. = IM; MR = M, + M~ 
= {-9.3971- 16.276j +(50+ 6.840) k} N· m 
= {-9.3971 -16.276j+56.84Ok} N· m 

The magniwde of the resultant couple moment is 

MR = J(-9.397)2 +(-16.276)2 .(56.8~ 
= 59.867 N . m = 59.9 N . m An. 

The coordinare direction angles are 

_, (-9.397) a = cos -- = 99.0° 
59.S67 

(
-16.276) P=cos·' --- =106° 
59.867 

.1 (56.840) y=cos -- = 18.3° 
59.867 

Ans 

Ans 

Ans 

y 

M, = 50 N . rn 
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4-95. A couple acts on each of the handles of the 
minidual valve. Determine the magnitude and coordinate 
direction angles of the resultant couple moment. 

z 

y 

*4·96. Determine the resultant couple moment of the 
two couples that act on the pipe assembly. The distance 
from A to B is d = 400 mm. Express the result as a 
Cartesian vector. 

Veclor A IIl1ly sis 

Posilioll VUlor: 

r .. = {(0.35 -0.35) i + (~.4cos 30° -O)j+ (0.4sin 30° -0) k} m 

= {~.3464j+0.2Ok} m 

Couple Momellls : With F, = {35k} Nand Fz = {-50i} N, applying 
Eq.4-15, we have 

(Me), =r.,xF, 

=I~ ~.~464 

-0.3464 
o 

O.~.J = {-12.12i} N·m 
351 

O~~ = {-IO.Oj-17.32k} N'm 

Mx = - 35(0.35) - 25(0.35) c0860° = - 16.625 

My = -25(0.35)sin60° = -7.5777 N'm 

1M! = /(-16.625)2 + (-7.5777)2 = 18.2705 = 18.3 N'm 

r = COS-,(_O_) = 90° 
18.2705 

{35k}N 

Ans 

Ans 

Ans 

Relllilalll Co lip I" Momelll : 

M. =I:M; M. = (Mc), +(Mc)z 

= {-12.li -1O.Oj-17.3k} N· m Ana 

S clllar AlIlIlysis : Summing moments about.t, y and z axes, we have 

(M.)x =l:Mx ; 

(M.), =l:.M,; 
(M.). =L\.f.; 

(M. lx = -35(0.4<:os 300) = -12.12 N· m 
(M.), =-50(0.4sin300) =-IO.ON·m 

(M.). = -50(0.4cos 300) =-17.32 N· m 

Express M. as a Cartesian vector, we have 

M. = {-12.li -10.OJ-17.3k} N· m 

172 

y 



4-97. Determine the distance d between A and B so that 
the resultant couple moment has a magnitude of Mu = 
20 N·m. 

r .. = {(0.3S-0.35)i+(-dcos 300 -0)j+(dsin 30"-0)1t) m 

= {-o.866Od j+O.SOd It} m 

Coupl. Mommts: Wi!b FI = PSk) Nand F, = {-SOil N, applying Eq,4-IS, 
we have 

(Me), =r .. xF, 

=I~ 
j 

-o.866Od 
o 

O.:Od! '" {-30,3Id i} N'm 
3S 

-o.866Od 
o 

O'~I = {-25.Od j-43.3Od k) N,m 

M.=l:M; M.=(Me),+(Mc), 

= {-30.3Jd i-2S.Od j-43.3Od k} N'm 

The magniwde of M. is 20 N ' m !bus 

d", 0.3421 m = 342 mm Ans 

4-98. Replace the force at A by an equivalent force and 
couple moment at point O. 

y 

J~: 2m 
I ' , , 

I 
I I 

"

I 11300 
I ' 

4 m 375 N 

----,Pel 

o 1
1m 

~--------~~--------L--L ______ x 

2m--! 

4-99. Replace the force at A by an equivalent force and 
couple moment at point P. 

F,. z 375 N 

~ +M, = 375 cos30"(4) - 375 sin3O"(3) 

Mp = 737 N·m ') Ana 
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(35k}N 

F = 375 N Ans 

~ +Mo = 375 cos30"(2) - 375 sin300(4) 

Mo = -100.48 = 100N·m) Ans 

y 

----'Pe--r 

1m 

y 



---~---~---.-------. 

4-100. Replace the t()rce and couple moment system by 
an equivalent force and couple moment acting at point O. 

+ i FR = 'LF,: FR = -6ihin 30' - 140 

= -170.0 N = 170.0 Nt 

Thus. 

FR = jF~ + F~, = J51.%' + 170.0' = 178 N Ans 

and 

40N'111 

T 
6m 

I ~-- X III -----: 

x 

I .~ 
60 N 

I 
8m 

! 
f 

l. 
I-----~ 12111 ----, p 

g = tJn I (FR. ) = tan I (170.0) = 73.ft Ans 
FR 51.96 

MRn = -60sin30'(S) +40+ 140(3) 

= 220 N . J11 (Counterclockwise) 

4-101. Replace the force and couple moment system by 
an equivalent force and couple moment acting at point P. 

FR. = -60 cos 30' = -51.96 N = 51.96 N +-

+ t FR. = 'LF,; FR, = -60sin30' - 140 

= - 170.0 N = 170.0 N ~ 

Thus, 

FR = jF~ + Fk = ./51.96' + 170.0' = 178 N Ans 

and 

I (FR ) I (170.0) , -;v II = tan- --'- = tan- -- = no # 
FR 51.96 

Ans 

..( +MR ,. = 'LM p : M R " =60sin30"(12-8)+60cos10'(S) 

+ 40 + 140(3 + 12) 

= 2676 N· m 

= 2.68 kN· m (C(}ullterc/ockwise) Ans 

Ans 

40 N'm :' 

T 
6

j
m 

-8m-I 
---'-k...1...-f-:

3 
m o-~'--'--ou ~-'---1 x 

... "" 60N 

140 N 8 m 

r---------<l 
1----- 12m -----II p 
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4-102. Replace the force system by an equivalent force 
and couple moment at point O. 

y 

--j 2f1/-

A-l 
430 Ib l 8 ft 260 Ib 

I 0 "f, -------.--~~t_~~--~~~-------X 
3
1
ft ! r-- 5 ft--l 
~~~ 

--12ft t-

4-103. Replace the force system by an equivalent force 
and couple moment at point P. 

+ iU)" = l:F,; 

I'M. = 260( ~) - 430 sln600 
13 

= -272.39Ib 

12 
I'M, = 260( 13) - 430 cos 60" 

= 251b 

I'M = 1(-272.39)2 + (25)2 = 2741b Ans 

(J - tan-l[~] - 524° AIlS - 272.39 -. o.},. 

Mo = 430 cos6O"(2) + 430 sI0600(8) + 260( .!:)(5) 
13 

Mo = 4609lb·ft = 4.61 lcip·ft') AIlS 

= -272.39Ib 

= 251b 

I'M = 1(-272.39)2 + (25)2 = 2741b Ans 

(J = tan-l[~] = 5 24° ~ Ans 272.39 . 

Mp = 430 sin6O"(1I) + 260(.!:)(7) _ 260(~)(3) 
13 13 

Mp = 5.48 lcip·ft j Ans 

175 



*4·]04. Replace the force and couple system by an equiv
alent force and couple moment acting at point O. 

Note that the 6 kN pair of 1()fccs form a couple. 

:'+ FII ="2. F,; FR, = 5 cos 45" = 3.536 kN ~ 

+ t FR. = "2.f".; FR. = -5sin45"-2 

= -S.536 kN = 5.536 kN ~ 

Thus, 

FR = j F~, + F~, = ./3.5361 + 5.536' = 6.57 kN Ans 

and 

0= tan -- = tan --- = 57.4 , (FR') _, (5.536) c 

FR. 3.536 
Ans 

= 19.9 kN· m (Counterclockwise) Ans 

4·105. Replace the force ,md couple system by an equiv
alent force and couple moment acting at point P. 

Note that the 6 kN pair of force ... fonn a couple. 

:'+FR = "2.F,; FR = 5 cos 45' = 3.536 kN .... 

+ i FR. = "2.F,: FR. = -5sin4S'-2 

= -5.536 kN = 5.536 kN ~ 

Thus, 

, .. _/~ I. ,. 
"R - V "R +1-"", = v3.S36- +5.5.,6- =6.57 kN Ans 

amI 

/I = tan -, ("'".) = tan'" (S.536) = 57.4' ~ 
FII 3.536 

An. 

..( +MR,. = "2.M p : MRI = 6(3) + 2(4.5 + 2) - 5(0) 

= 31.0 kN· m (Counterclockwise) An. 

y 

SkN 

y 

--,-----~L--n~--~~---,----x 

5kN 
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4-106. Replace the force and couple system by an 
equivalent force and couple moment at point O. 

y 

r--3m~ 

8kN.m(T' 0 P 
----.--+~----_r~----~~-x 

1 ~ 1 I---- 3 m ----i 
I 6kN 4

i
1

m / .. 4kN If La 
!---4m-

4-107. Replace the force and couple system by an 
equivalent force and couple moment at point P. 

Ilt, = 6(~)- 4 cos 60" 
13 

= 0.30769 leN 

= 2.0744 leN 

Ilt = 1(0.30769)2 + (2.0744)2 = 2.10 leN 

(J -If 2.0744] = tan -- = 816° 4JJ 0.30769 . 

Ans 

Ans 

12 5 
Mo ~ 8 - 6(13)(4) + 6(13)(5) - 4 cos600(4) 

Mo = -10.62 leN'm = 10.6 leN.m) 

Ilt, = 6(~) - 4 cos60° 
13 

= 030769 leN 

= 2.0744 leN 

Ilt = 1(0.30769)2 + (2.0744)2 = 2.10 leN Ans 

(J = wC
I 

[ o~~:~] = 81.6° 4JJ Ans 

Ans 

~ +M, = L\{,; 12 5 
Mp = 8 - 6(13)(7) ~ 6(13)(5) - 4 COS600( 4) + 4 sin6O"(3) 

M, = -16.8 leN'm = 16.8 leN'm ) Ans 
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*4·108. Replace the force system by a single force 
resultant and specify its point of application, measured 
along the x axis from point O. 

v 
850lb 

_"J15llb~o~ _______ 3_51LI_b--~----~p~x 
~ 2ft !-------6ft -~3ft~4ft~ 

4.109. Replace the force sys~em by a single force 
resultant and specify its point of application, measured 
along the x axi~; from point P. 

y 
850lb 

J 

_'2~!5Llb~o~ _______ 3_51L-lb __ ~ ____ ~p~x 
-12 ft !------- 6 ft --+ 3 ft +- 4 ft -1 

178 

+ i 1:.f;., = l:F,; FR, = 850 - 350 - 125 = 375 Ib 

FR = 375 Ib i ADS 

375(x) = 850(9) - 350(6) + 125(2) 

x = 15.5 ft ADS 

+ i 1:.f;., = l:F,; FR, = 850 - 350 - 125 = 375 Ib 

FR = 375 Ib i An. 

375(x) = 350(7) - 850(4) + 125(15) 

x = 2.47 ft AIlS (to the left) 



4·110. Replace the force system acting on the beam by 
an equivalent force and couple moment at point A. 

Thus. 

and 

~ fit, = l:F.; fit. = l.Ssin 30° - 2.SG) 
= -l.2S leN = l.2S leN +-

+ i fit, = IF,; fit, = -!.Scos 30" -2.sG)-3 

= -S.799 leN = S.799 leN .j, 

fit _= V Fl. + Fl. = / 1.2S2 + 5.7992 = S.93 leN 

,+ MR. =I.M.; MR. = -2.SG)c2) -I.Scos 30°(6) -3(8) 

Ans 

Ans 

=-34.81eN·m=34.81eN·m (Clockwise) Ans 

4.111. Replace the force system acting on the beam by 
an equivalent force and couple moment at point B. 

Thus. 

and 

~ fit, = l:F.; fit, = 1.5sin 30" - 2.SG) 
= -1.25 leN = 1.25 leN +-

+ i fit, = IF,; fit, = -1.5cos 300 -2.5(D-3 

= -5.799 leN = 5.799 leN .j, 

F" = VF,l +F,l = /1.252 +5.7992 = 5.93 leN , , 

,+ MR, =I:.M.; MR, = I.5~OS300(2)+2.5G)<6) 

Ans 

Ans 

= 11.6 leN· m (Counterclockwise) Ans 
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f 
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f 

15-799 KN 
I 
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~ I 
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--*rl~r--7<--

1
e 

I 
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I 
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*4-112. Replace the three forces acting on the shaft by 
a single resultant force. Specify where the force acts, 
meQ!:ured from end A. 

3 ft --t- 2 ft -t- 4 ft---1 

! Iil~ fiB 12 13 

5 

r Sft I 
1):·my 

SOOlb 
2001b 2601b 

.... 113. Replace the three forces acting on the shaft by a 
single resultant force. Specify Where the force acts, 
measured from end B. 

!---5ft I 

.%:-.: .... /? 
500lb 

FR. = -500(~) + 260(~) = -300 /b = 300 /b f-
5 /3 

3 12 
FR, = -500(5) -200 - 260(13) = -740 /b = 740 /b .J. 

F = /(-300)2 + (-740)2 = 798 /b Ans 

8= tan- I (740) = 679" ey 
300 . Ans 

740(x) = 500(~)(5) + 200(8) + 26O(E)(IO) 
5 13 

740(x) = 5500 

x = 7.43 ft Ans 

+ 
-+~x =~; 

3 12 
FR, = -500(5) -200 - 260(13) = -740lb = 740/b.J. 

F = /(-300)2 + (-740)2 = 7981b Ans 

Ans 

74O(x) = 500(~)(9) + 200(6) + 26O(E)(4) 
5 13 

x = 6.57 ft Ans 
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----------------"----- -------- ----_ .. _ .. _,.-

4-114. Replace the loading on the frame by a single 
resultant force. Specify where its line of action intersects 
member AB, measured from A. 

300lb 200lb 400lb 

f--- 3 ft -r--- 4 ft -

7ft 

4-115. Replace the three forces acting on the beam by 
a single resultant force. Specify where the force acts, 
measured from end A. 

700N 

300N & . ..;±,.- i) 
I I I 1S00N'm r-- 2 m -t-I --- 4 rn ---1'1--- 3 rn----, 

*4-116. Replace the three forces acting on the beam by 
a single resultant force. Specify where the force acts, 
measured from B. 

700N . 

F. ; -200 Ib ; 200 Ib ;-B. 

t F. .. ~ F.B_ ; - 300 -200 -400 ; -900 Ib ; 900 Ib .j, + By; .. r y ; , 

F; -/(-200)2 + (-900)2 ; 9221b Ans 

Ans 

900(x) = 200(3) + 400(7) + 200(2) - 600 

x ; 3200 ; 3.56 ft Ans 
900 

_ 125 N ; 125 N ;
; 450 cos60° - 700 sin30° = 

Fo, .j, 
= -1296N = 1296N 

_ 450 sin6O" - 700 cos300 - 300 FB, = 

F = f( _125)2 + ( 1296)2 ; \302 N 

-\ ~) ; 84.5° OJ' 
9= tan (125 

ADS 

(+MRA =LMA ; 

300(6) + 700 cos300(9) + 1500 
r296(x) ; 450 sin600(2) + 

x ; 7.36 m 

-+~z =~; FR. ; 450 coo6O" - 700 si0300; - 125 N ; 125 N ;-

~300. N. . .rf)30
0 

_ ;.rl FRy = - 450 sin6O" - 700 cos300 - 300 = -1296 N ; 1296 N J. 

B~ : F = ,1(-125)2 + ( 1296)2 = 1302 N 

. '''1'' 3 rn I 1500 N . rn 1296 
---j 9; ""-'(-125-) ; 84.5° 

A ... 

Ans 

(+M .. ;LIl.; 1296(x); -4508io600(4) + 700 cos 30°(3) + 1500 

x ; 1.36 m (to \he right) An. 
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4-117. Determine the magnitudes of F1 and F2 and the 
direction of F1 so that the loading creates a zero resultant 
force and couple moment on the wheel. 

Force Summation: 

.:. 0 = l:F.; 0 = Fi +60- F, cos 9- 3Ocos 45° 

Fi - 1'; cos 9 = -38.79 

+ i 0 = l:F, ; 0 = 1'; sin 9 - 30sin 45· 

1'; sin 9 = 21.21 

Moment Summation: 

[+ O=IM,,; 0= 80-Fi (0.75)-30(0.75) 

- F, sin 9(0.75cos 30°) 

- F, cos 9(0.75sin 30") 

[I] 

[2] 

0.6495F, sin 8+0.3751'; cos e,0.75Fi = 57.5 [3] 

Solving Eqs.[I]. [2] and [3] yields 

Fi = 25.91b 9 = 18.1° 1'; = 68.llb Ans 

4-118. ·Ine weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and couple moment acting at 
point A. 

+ i I), = l:F,; I), = -1750-5500-3500 

= -10750 Ib = 10.75 kip.l. Ans 

(+ MR, = l:M.; MR, = 3500(20) +5500(6) -1750(2) 

= 99500 Ib . ft 

= 99.5 kip. ft (Countercloc/cwiu) Ans 

y 

--x 

3500lb 'SOO Ib A 

~.- - 14 ~t·------+-6 ft 

2ft 
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4-119. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and specify its location 
measured from point A. 

+i!'R=u,; !'R=-1750-5500-3S00 

=-I07S0Ib=IO.7Skip.J. Ani 

LOCaliOfJ 0/ Rt!sIIIIIUfI Foret! Fro", Poi", A : 

(+ MR, = rM.; 10750(d) = 3500(20) +5500(6) -1750(2) 

d= 9.26 ft Ans 

*'4-120. Replace the loadi h 
f'esultant force . ng. on. t e frame by a single 
Inemb A8 . SpecIfy Where Its lme of action intersects 

er , measured from A. 

300N 

--Ilm~2m QI IB 
D 

250N 
5 3 

4 

I 5500 Ib A 

/-----14 ft-+6 

2 ft 

4 
FR. = -250(5) - SOO(cos6O") = -450 N = 450 N <-

3 
FRy = - 300 - 2S0( 5) - SOOsin60° = - 883.oJ27 N = 883.0127 N J. 

FR = ,1(-450)2 + (-883.0127)2 = 991 N Ans 

_I 883.0127 
8 = tan (4si)") = 63.0° iY 

A 
4 3 450y = 400 + (500cos600)(3) + 250(5)(5) -300(2) - 250(5)(5) 

y = 800 = 1.78 m Ans 
450 
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4-121. Replace the loading on the frame by a single 
resultant force. Specify where its line of action intersects 
member CD, measured from end C. 

300N 

3m~ 
D 

250N 

5 3 
4 

+ 
-+~ =Fj,x; FR. = -2SO(~) - SOO(cos/iOO) = -4.50 N = 4.50 N +-

5 
A 

3 
FR, = - 300 - 250(5) - SOOsi06O" = - 883.0127 N = 883.0127 N .j. 

FR = /(-450)2 + (-883.0127)2 = 991 N ADS 

_ 883.0127 
8 = tao '(450) = 63.0° i? 

4-122. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member AB, 
measured from point A . 

.::. F.. ,. IF,; F,. = 35 sin 30" + 25 '" 42.5 Ib 

+ J. F
" 

,. IF,; F
" 

= 35 cos 30" + 20 = 50.311b 

F. " /(42.5)2 + (50.31)2 = 65.91b Ans 

8 = WI-I (50.31) = 49.8° ~ Ans 
42.5 

~ +M.. = IMA ; .50.31 (d) = 35 cos 30" (2) + 20 (6) - 25 (3) 

d = 2.10 ft Ans 
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883.0127 x = -400+300(3) + 2SO( ~)(6) +SOOcos/iOO(2) + (500si06O")(1) 
5 

2333 
x = 883.0127 = 2.64 m Ans 



4·123. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member Be, measured 
from point B. 

+ J. F~, = IF,; F~,,, 35 cos 30" + 20 "' 50.311b 

9 -I (50.31) V" 
"ran 42.S ,,49.8° "' Aas 

r +M.. " IM.; SO. 31 (6) - 42.5 (d) .. 35 cos 30" (2) + 20 (6) - 25 (3) 

d • 4.62 ft Aas 

*4·124. Replace the force system acting on the frame 
by an equivalent resultant force and couple moment 
acting at point A . 

.:. Fa. • IF.; F.." 35 sin 30" + 25 " 42.5 Ib 

+ J. F~, " IF,; F.," 35 cos 30" + 20 " 50.311b 

F • .. ,1(42.5)2 + (50.31)2 = 65.91b Ana 

9" tan-I (~) " 49.8° '\: Aas 
42.5 

(+.11, ... IM..; M .. .. 35cos3O"(2)+2O(6)-25(3) 

1tI. • • 101i lb· ft J .. ... 

so·., I, 

4.125. Replace the force and couple-moment system .by 
an equivalent resultant force and couple moment at pOint 
O. Express the results in Cartesian vector form. 

r. " tF; F. = (I i + 6j + 8 k) kN AD. 

M.o = IMo; M.o = - 201 - 70j + 20k + 1-8'6 ~ ~ 
6 ~I, 

= (-101+ Ilj-56k}kN·m ADa 

251b 

2 ft 

~ 

.,;I.SII. 

~.1"~ 

251b 

M = (-2Oi -7Oj + 20k}kN· m 

'X-t 
~/>< 

F=(Si+6j+Sk}kN 
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4·126. Replace the force and couple-moment system by 
an equivalent resultant force and couple moment at point 
P. Expres, the results in Cartesian vector form. 

F. • (8 1 + 6 j + 8 k) kN An. 

M., = tM, = -201- 70j + 20k+l~ ! ~I 
Au 

4·127. Replace the force and couple-moment system by 
an equivalent resultant force and couple moment at point 
Q. Express the results in Cartesian vector form. 

F. -(81+6j+8k}kN A ... 

.. (-101- 30J - 20k) kN· m Alii 

*4-128. The belt passing over the pulley is subjected to 
forces F1 and F2, each having a magnitude of 40 N. F1 acts 
in the - k direction. Replace these forces by an 
equivalent force and couple moment at point A. Express 
the result in Cartesian vector form. Set (J = 0" so that F2 
acts in the - j direction. 

FR = {-40j - 4Ok}N Ans 

MR. = 1:(r x F) 

MR. = {-12j + 12k} N'm Ans 

F = {8i + 6j + 8k} kN 

h 
I Sm 

Q -~---- I~ 
6m 

M = (-2Oi -7Oj + 20k)kN. m F= (8i +6j +8k)kN 

~1 "I 
~ 5m 
3m Q j 

3 h>'---,--..".,:.=----...,J6? 
~~"-_ _.:::O*"-___ ".L.__L-___ y 

~4m~ 5m--"./ 

6m 
x I 

P 
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4-U9. The belt passing over the pulley is subjected to 
two forces FJ and F2, each having a magnitude of 40 N. 
FJ acts in the -k direction. Replace these forces by an 
equivalent force and couple moment at point A. Express 
the result in Cartesian vector form. Take 9 = 450. = - 40 cos45°j + (-40 - 4Osin450)k 

F, = { - 28.3j - 68.3k} N Ans 

rAFt = { -0.3/ + 0.08j} m 

rAF2 = -0.3/ - 0.08 si045°j + 0.08 cos450k 

= { - 0.3/ - 0.0566J + 0.0566k} m 

/
/ J k / /1 = -{).3 0.08 0 + -{).3 
o 0 -40 0 -{).0566 0.0~66 / 

-40 c0845° -40 sin450 

M'A = {-20.5j + 8.49k} N.m Ans 

Also, 

MRA, =~, 

M'A, = 28.28(0.0566) + 28.28(0.0566) _ 40(0.08) 
Mu , = 0 

MRA ., = .I.MA,. 

M'A, = - 28.28(0.3) - 40(0.3) 

M'A, = -20.5 N'm 

MRAt = LMA,f 

M'A, = 28.28(0.3) 

MRA , = 8.49 N·m 

M'A = {-20.5J + 8.49k} N·m Ans 
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4-130. Replace the force system by an equivalent force 
and couple moment at point A. 

F. s IF; F. = F, + F2 + F) 

= (300+ 1(0)1 +(400-100)j+(-100-50- SOO)k 

= {4OOi + 300j - 6SOk} N Ana 

The position VCCIOrs are r., = {12k} m and rAE = {-Ij} m. 

MR. = r. , X F, +r., 

=Il l 
j 
-I 
o 

o 
-100 

= {-3100i+4800j} N·m Ana 

4-131. the slab is to be hoisted using the three slings 
shown. Replace the system of forces acting on slings by 
an equivalent force and couple moment at point O. The 
force Ft. is vertical. 

Force Vectors: 

F, = {6.00k} kN 

F2 = S (-cos 4sosin 3O"i + cos 4SOcos 3O"j + sin 4S0k) 
= {-1.768i+3.062j+3.536k} kN 

F) = 4(cos 60"1 + cos 6O"j + cos 4S0 k) 

= {2.00i + 2.00j + 2.828k} kN 

Equi.alut Force and Couple Mom."t At Po/,,' 0: 

F. = IF; FR = F, +F2 +F) 

= (-1.768+2.00)1 +(3.062+ 2.(0)j 

+ (6.00+ 3.536+ 2.828) k 

= {0.2321 + S.06j+ 12.4k} kN 

The position vectors are r, = {2i + 6j} m and r2 = {4i} m. 

MRo =I:M.,; MRo =r, x F, +r2 x F2 

II j U I i =26 0+ 4 
o 0 6. -1.768 

o 
3.062 

Ana 

= f36,Oi - 26.lj + 12.2k} kN . m Ana 
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r, = {IOO; - 100j - 50k}N 

r, = { - 500k}N 

1m 

B 

'fr, = 000; + 400j -IOOk}N 

4m 

i 
8m 

--E".....--,i5'AI!:r--'------v 

x 



--'-===""'-

*4·132. A biomechanical model of the lumber region of 
the human trunk is shown. The forces acting in the four 
muscle groups consist of FR = 35 N for the rectus. 
Fa = 45 N for the oblique, FL = 23 N for the lumbar 
latissimus dorsi, and FE = 32 N for the erector spinae. 
These loadings are symmetric with respect to the y-z 
plane. Replace this system of parallel forces by an 
equivalent force and couple moment acting at the spine, 
point O. Express the results in Cartesian )lector form. 

rR = EF,; FR = {2(35 + 45 + 23 + 32)k} = {270k} N Ans 

~RO, = lMo,; Mw = [-2(35)(0.075) + 2(32)(0.015) + 2(23)(0.045»)i 

MRO = {-2.22i} N'm Ans 

4-133. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant 
force and specify its location (x, y) on the slab. Take 
FI = 30kN, F2 = 40 leN. 

+i~=u.; FR = -30-50-40-20= -14OkN = 140 kN J. 

(M.). =l:M.; -14Oy = -50(3) - 30( 11) -4O( 13) 

y=7.14m 

(M.), =l:M,; 140x = 50( 4) + 20( 10) + 4O( 10) 

x=5.71 m 

1-134. The building slab is subjected to four parallel 
:olumn loadings. Determine the equivalent resultant 
orce and specify its location (x, y) on the slab. Take 
'"1 = 20kN, F2 = SOleN. 

y 

ADS 

Ans 

A"" 

z 

20kN 50kN 

x y 

FR = 20 + 50 + 20 + 50 - 140 kN Ans 

14O(x) = (50)(4) + 20(10) + 50(10) 

x = 6.43 m Ans 

-14O(y) = -(50)(3) - 20(11) - 50(13) 

y = 7.29 m Ans 
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*4-135. Replace the two wrenches and the force, acting 
on the pipe assembly. by an equivalent resultant force and 
couple moment at point O. 

FI = {300k} N F, = {Iooj} N 

Fz = 2oo{cos 4S 0 j -sin4SOk} N 

= {141.42i - 141.42k} N 

MI = {lOOk} N·m 

M z = ISO{cos 45°; -sin4SOk} N m 
= {127.28i -127.28k} N· m 

Equival.nt Forct! tJlJd Couplt! Mom.nt At Point 0 : 

FR =l:F; F. =F1 +Fz+F, 

= 141.42i + loo.Oj+(300-141.42)k 

= {141i + looj+ IS9k} N Ana 

x 

EOON.m 
.Ai 

"-t/ 
300N 

c--" \.J .... 
f180N.m 

The position vectors are r l = {O.5j} m and rz = {I.IJ} m. 

M .. z tM,,; M ... = r l X FI +rz x Fz +MI +Mz 

=I~ O~S lJ 
I 
; 

+ 0 
141.42 

1.1 
o -14~J 

+ lOOk + 127.28; -127.2Sk 

*4·136. The three forces acting on the block each have 
a magnitude of 10 lb. Replace this system by a wrench 
and specify the point where the wrench intersects the z 
axis, measured from point O. 

z 

= {122i-183k} N'm 

FR = {-IOj} Jb 

M" = (6j + 2k) x (-10J) + 2(10)(-0.7071 _ 0.707j) 

= {5.8581 - 14.14j} Ib.ft 

x Require 

5.858 
Z = 10 = 0.586 ft An. 

Fw = {-lOj} Ib An. 

M,. = {-14.1j} Jb·ft Ans 
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4-137. Replace the three forces acting on the plate by a 
wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(x, y) where its 
line of action intersects the plate. 

z 
Fa = {800k}N 

FA = {500i}N 

Fe= {300j}N 

4·138. Replace the three forces acting on the plate by 
a wrench. Specify the magnitude of the force and cou~le 
moment for the wrench and the point P(y. z) where Its 
line of action intersects the plate. 

R .. ,,1liutt Foree Vector : 

FR = {-4Oi - 60j - 801t} Ib 

Fj, = J(-40)2+(-60)2+(_80)2 = loo.70Ib= I081b ADS 

-4Oi - 60j - 80k 
UFo = 107.70 

= -o.3714i -O.5571j -0. 7428k 

Resulttult Moment: 'The line of action of MR of the wrench is parallel 10 

the line of action of FR' Assume thaI both M. and F. have the same 

sense. Therefore. UM. = -o.3714i-O.557Ij-0.7428k. 

(M. )x' = tM •. ; -O.3714MR = 6O(12-l) + 80y 

(M.),. =rM,..; -0.557IM. =4Ol 

(M.),. =IM,.; -0.742HM. =4O(12-y) 

[II 

[2) 

(3) 

FR = {5001 + 300j + 800k} N 

Fj, = ./<5(0)2 + (300)2 + (800)2 = 990 N 

u,. = {O.50511 + O.3030j + O.808lk} 

M.". = LVx '; MR •. = 800(4-y) 

M.,. = 500y + 300(6-x) 

Since M. also acts in the direction of UFO • 

M.(O.S051) = 800(4-y) 

M.(O.3030) = 800x 

M.(O.8081) = 500y + 300(6-x) 

M. = 3.07 kN·m Ans 

x = 1.16 m Ans 

y=2.06m Ans 

FA = (-80k)lb 

SolvinC Eqs·[11. [21. and [3] yields : 

M. =-024 lb· fl l=8.69ft y=0.414ft 
Ans 

The necative sicn indicates that the line of action for M. is directed in the 
opposile sense 10 that of F •. 
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4-139. The loading on the bookshelf is dis1J:ibfu> 
Determine the magnitude of the equivalent resultant 
location, measured from point O. 

FRo = 8+5.25 = 13.25 = 13.2 1b.l. 

13.25x = 5.25(0.75 + 1.25) - 8(2 - 1.25) 

x = 0.340 ft 

---------------------------
"'4-140. lne masonry support creates the loading 
distrihution acting on the end of the beam. Simplify this 
load to a single resultant force and specify its location 
measured from point O. 

Equivalttlll RttsuiJanl Forctt: 

+ T FR = IF,; FR = 0.300+0.225 = 0.525 kN T Ans 

LocQJion of Equivalenl RttSullanl Force: 

( + (MR)o = Wo; 0.525(d) = 0.300(0.15) +0.225(0.2) 

d=O.I71 m Ans 

4-141. Replace the loading by an equivalent force and 
couple moment acting at point O. 

+ t Fo = u,: Fo = -22.5 - 13.5 - 15.0 

= -51.0kN ~ 51.0 kN.l. Ana 

C+ MRo = lMo: MRo = -500- 22.5(5) -13.5(9) -15(12) 

=-914kN'm 

=914kN'm (Clockwise) Ana 
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~ 7.5 m --1----4_5 m ~ 
-j;-('X75J=2.l.51<# 

j;(')(4-5J=o/35I3J 15 i<N 
,,"-~i" ... 
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4-142. Replace the loading by a single resultant force, 
and specify the location of the force on the beam 
measured from point O. 

Equi.al.III Resull4ll1 Forc. : 

+ i FR = IF,; - FR = -22.5 - 13.5 - IS 

FR = 51.0 kN ! Ans 

LoctUioll of Equi.al.III Resullalll Force : 

- 51.0(d) = -500- 22.5(5) - 13.5(9) - 15( 12) 

d=17.9m Ans 

4-143_ The column is used to support the floor which 
exerts a force of 3000 Ib on the top of the column. The 
effect of soil pressure along its side is distributed as 
shown. Replace this loading by an equivalent resultant 
force and specify where it acts along the column, 
measured from its base A. 

6 kN/m IHN 

~ 
l---1sm I "m~ 

3000 Ib :"'u.. = u,.; F". = 72JJ + 540 = 1260 Ib 

+!F"y = l:F,; F"y =3OOOlb 

200lblft 

A 1--------......,.-----· ----
*4-144. Replace the loading by an equivalent force and 
couple moment acting at point O. 

IS kNlm 

~£u I IUJLU II I Itt 
I 9m ! 

4-145. Replace the distributed loading by an equivalent 
resultant force, and specify its location on the beam, 
measured from the pin at C. 

B c 

1----_ IS ft ---_I--___ ""~ 

F" = /(1260)2 + (3000)2 = 32541b 

F" = 3.25 kip Ans 

8 = 1JIo-1[~:] = 67.20 or Ans 

126<h: = 540( 3) + 720( 4.5) 

x = 3.86 ft Ans 

\ 7'oU, 
~5lt01~ 

__ !:'J 

F" = 9OkN! ADS 

MBO = 90(3.75) = 338 kN'm j ADS 

---------- ----.---

+J.F" = U; F" = 12000 + 6000 = 18000lb 

F" = 18.0 kip J. ADS 

(-+MRC = rMc; 18 000x = 12000(7.5) + 6000(20) 

x = 11.7 It Ans 
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4-146. Replace the loading by an equivalent force and 
couple moment acting at point O. 

EqllivaJelll Force tuld COllple Moment AI Poi"l 0: 

+ifR=l:F,; fR=-800-300 

= -1l00 N = 1.l0kN.j. Ans 

+ M.o =!Mo; MRo = -800(2) - 300(5) 

=-3100N ·m 
=3.lOkN·m (Clockwiu) Ans 

*4-147. The bricks on top of the beam and the supports 
at the bottom create the distributed loading shown in the 
second figure. Determine the required intensity wand 
dimension d of the right support so that the resultant 
force and couple moment about point A of the system 
are both zero. 

Require fR = O. 

+ifR=l:F,; O=wd+37.5-300 

wd= 262.5 

0= 37.5(0.25) +w~3-D-300(2) 
wd1 

3wd - T = 590.625 

Solving Eqs.[l] and [2] yields 

d= 1.50m w=175Nlm Ans 

[1] 

[2] 
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,A 

2ooN/m 

J4! II! !!JJh~ 
1-1· --- 4 m ---+-1-- 3 m ---.j 

2m 

---

2ooN/m 

1 
75 N/m w 

~ J 
l-------3 m---~ 

--- ---"i 
I 
I , 

75(0·5)=:-15,,) 

r 3-.E5:. z 



*4-148. Replace the distributed loading by an 
equivalent resultant force and specify its location, + J. FR = I:.F; 

measured from point A. 
800N/m 

4-149. The distribution of soil loading on the bottom of 
a building slab is shown. Replace this loading by an 
equivalent resultant force and specify its location, 
measured from point O. 

o 

501b/ft 100 Ib/ft 

1
300 

1b/ft9 ft 

FR = 1600 + 900 + 600 = 3100 N 

FR = 3.10 leN J. AIlS 

x(3100) = 1600(1) + 900(3) + 600(3.5) 

x = 2.06 rn Ans 

+ i Fi = u,; Fi = SO( 12) +t(2S0)( 12) + t(200)(9) + 100(9) 

= 3900 Ib = 3.90 kip i AIlS 

\ +M •• = TMo; 39OO(d) = 50( 12)(6) + t(250)(l2)(8) + t(200)(9)(15) + 100(9)(16.5) 

4-150. The beam is subjected to the distributed loading. 
Determine the length b of the uniform load and its 
position a on the beam such that the resultant force and 
couple moment acting on the beam are zero. 

Require Fi = O. 

+ i Fi =1:F,; 0= 180-20b 

b = 9.00 ft AIlS 

Require MR. = O. Using Ihe resultb = 9.00 ft, we have 

(+ MR. =TM.; 0= 180(l2)-20(9.00)(a+9~) 
a=7.S0ft Ans 

d= 11.3 ft AIlS 

1---- b ~ 20lb/ft 

l----w" 60lb/ft 

6ft 

:::t<60)$J= 180 Ib 
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*4-148. Replace the distributed loading by an equivalent 
resultant force and specify its location, measured from 
point A. 

+ t FR = '£F; FR = 1600+900+ 600 = 3100 N 

FR = 3.tO kN.[ Ans 

~ +MRA = ,£M.\; ,(3100) = 1600(1) + 900(3) + 600(3.5) 

, = 2.06 ill Ans 

4-149. The distribution of soil loading on the bottom of a 
building slab is shown. Replace this loading by an equiv
alent resultant force and specify its location, measured 
from point O. 

+ t FR = '£F,; FR = 50(12) + ~(250)(12) 

+ t(200)(9) + lOO(91 

= 3900 Ib = 3.90 kip t Ans 

..( +MR" = '£Mo; 3900(ti) = 50(12)(6) + ~(150)( l2)(R) 

+ )-1200)(91(15) + 100(91(16.5) 

d=IU ft Ans 

4-150. The beam is subjected to the distributed loading. 
Determine the length b of the uniform load and its position 
a on the beam such that the resultant force and couple 
moment acting on the beam are zero. 

Require F R = O. 

+ t FR = '£F,.; 0 = ISO - 40" 

h = 4.50 ft Ans 

Require M R~ = O. Usjng the result h = 4.50 fl, we have 

" = 9.75 It Ans 

gOO N/m 

f---2m --+-- .. -.3m-.-.~ 

50lb/ft 
100lblJ't 

31KJ Ib/fl 
12 n ---~ .. <) It 

-'- (250)(12) Ib I 
1 -;-(2(Xl)(9) Ib 

1----" 

All Iblti i 
10 n ---_.+--- 6 It -_J 

;\ 

I 

I--- --T2-n------l + (olll (6) ~ IXlllb 
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4-151. Replace the loading by an equivalent resultant 
force and specify its location on the beam. measured from 
point B. 

800 Iblft 
-1-,--

~~ ________________ ~B~~. ______________ ~ 

I -y- I 
~-----12 ft ---------' ---- - 9 ft ------4

1 

+ J. FR ~ U; FR ~ 4800 + 1350 + 4500 = 10 650 1b 

FR ~ 10.6 kip J. Ans 

10 650x ~ -4800(4) + 1350(3) + 4500(4.5) 

x = 0.479 ft An. 

-. -- ------------ ------_.-_._-----------------. 
*4-152. Replace the distributed loading by an 
equivalent resultant force and specify where its line of 
action intersects member AB, measured from A. 

200 N/m r---r---r--.---..~ T llooN/m 
B 

,-----~.rJ:t C r 1+-,-. 
5m 

I 

I I 
, 

101-'-
200N/m ..!!~ 

I 

- --- 6 m --------1 

:"'u", = :r.F,; FR, = 1000 N 

FR = ,1(1000)2 + (900)2 = 1345 N 

FR = 1.35 kN Ans 

(J - tan- 1
[ 900 ] = 42.0° ey 

- 1000 
Ans 

~ +MRA = lMA; 1000y = 1000(2.5) - 300(2) - 600(3) 

y = 0.1 m Ans 

4-153. Replace the distributed loading by an equivalent 
resultant force and specify where its lint! of action 
intersects member Be measured from C 

200NlllillTrn lOOWm 

r--1i_~~~~c 
- -t::L 

:"'u", = :I:F;; FR, = 1000 N 

l+---II!ii-I---- 6 m ---_-II 
i+---'.'5m 

FR = y (I 000)2 + (900)2 = 1345 N 

FR = 1.35 kN Ans 

"-"l 
200N/m ~!I.. 

(J = tan-1L:] = 42.O"ey Ans 

~ +MRC = lMc ; 900 .. = 600(3) + 300(4) -1000(2.5) 

x = 0.556 m Am 
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4.154. Replace the loading by an equivalent resultant 
force and couple moment acting at point O. 

T 
3m 

7.5 kN/m + 3m 

t 
20 kN/m L-_-::;:;I~~?-, 

4·155. Wet concrete exerts a pressure distribution along 
the wall of the form. Determine the resultant force of this 
distribution and specify the height h where the bracing 
strut should be placed so that it lies through the line of 
action of the resultant force. The wall has a width of 5 m. 

Equi.IIl.II' Ruul,tut' Fore. : 

-F,. =-J dA =-J'Wdz 
A 0 

F. = r'"(20tl)( 101)dz 
o 

= 106.67 ( 101
) N = 1071cN ~ Ans 

Locatio" of Equi.IIl.", Resulltutl Force: 

Thus, 

_ fA tdA f~ twdz 
z = fA dA = f~ wdz 

_ J:"t[ (2047) (101
) Jdz 

- J:'" (2047) (JOl) dz 

_ J:'"[ (2041) (lOl) Jdz 

- J:'"(20t l) (I()3)dz 

=2.40m 

h=4-i=4-2.40= l.60m Ans 
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fR ~t(I2.5)(4.5)+7.5(4.5)+7.5(3)+t(7.5)(3) "" ~-~ 

= 95.6 kN -)0 An. 75(4":" """' SSM 

'. 1.$ ... l·lS 

:i.J'~JH~')J) 
MRo ~ -t(l2.5)( 4.5)( 1.5) -7.5( 4.5)(2.25) - 7.5(3)( 6) - t(7.5)(3)(8.5) 

~-349kN·m~349kN·m JAn. 

4m 

.. , 
,. 

~ ., .. 
'l ~ 

f, 

p ~ (4z"') kPa 

8 kPa 

l~\ " " dJ.=wdt '. -Y 
(H :' I--L :;, JF=dA 

" , 

" 

, , , 
I , 
;---. 
: I 

7 
-~-=<4-;r -z ; (IOlX5 ) 

=(j?Olt.)OO') 



*4-156. Wind has blown sand over a platform such that 
the intensity of the load can be approximated by the 
function w = (0.5x3) N/m. Simplify this distributed 
loading to an equivalent resultant force and specify the 
magnitude and location of the force, measured from A. 

w 

dA = wdx 

J JIO 1 3 
F, = dA = -x dx 

o 2 

=1250N 

F, = 1.25 leN 

J JIO 1 
xdA = -x'dx 

o 2 

_ [I 'IO 

- -x 
10 

= 10000 N·m 

_ 10000 

w • , 

~, 
" cI. 

Am 

x = 1250 = 8.00 m Am 

1--t-----lOm-----ic--t 

4·157. Replace the loading by an equivalent force and 
couple moment acting at point o. 

Fo = - J dA = - r wdx 
A 0 

Fo = -rm (200rl)dx 
° = -3600 N = 3.60 leN J. 

(+ MAo = IMo: MRo = -f;xwdx 
= -J:'" x (200rl)dr 
=-C'(200r~)dx 
=-19440N·m 

Ans 

= 19.41eN·m (Cloc/cwlu) Ans 

w 
I 

W = (200x T) N/m 600N/m 

'J);t------ 9 m-------i 
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*4·158. The lifting force along the wing of a jet aircraft 
consists of a uniform distribution along AB, and a 
semiparabolic distribution along Be with origin at B. 
Replace this loading by a single resultant force and 
specify its location measured from point A. 

Equivalent Resultant Force: 

+ t Fir =!F,; Fir = 34560+ r wdx 
o 

z<n 
Fir = 34560+ fo (2SS0- 5xZ) dx 

= S0640 Ib = SO.6 kip t Ans 

Location of Equivalent Resultant Force: 

S0640i = 34S60( 6) + r (x + 12) wdx 
o 

J24fl 
S0640i = 207360+ (x+ 12) (2880-SxZ) dx 

o 

J2• f t 

S0640i = 207360 + ( -Sx] - 6O.tz + 288(u + 34560) dx 
o 

X= 14.6 ft Ans 

4·159. Determine the magnitude of the equivalent 
resultant force of the distributed load and specify its 
location on the beam measured from point A. 

Equival.nt Resultant Force: 

-Fir = -f dA = -r wdx 
• 0 

f lOft 
Fir = [5(x-S)z+IOO]dx 

o 
= 1866.67 Ib = 1.87 kip J. 

Location of Equivalent Resultant Force: 

_ I. xdA I; xwdx 

x= l.dA = I;wdx 

_1~O"x[5(x-8)z+ lOOJdx 

- IJo,'[S(x-S)z+ lOOJdx 

I~Ofl(SX] _ S(UZ +42(U)dx 

I~O"[S(x - 8)z + lOOJdx 

= 3.66 ft 

Ans 

Ans 

L 

/~ 
AI 

A 

200 

w 

2880lb/ft w = (2880 - 5x2) Ib/ft 

.,.iiiliiiiiiip .... iiiii!..I.....I:-~_ x 

~12ft-+-24ft--t 

X 
~ 
t 

~ 
II 

w 

1420'b/ft w = (5 (x - 8 ~IOO) Ib/ft 

1 
II 

-w=[S(X-sttIOO] Ityf~ 
--..L _______ ; 



*4-160. Determine the equivalent resultant force of the 
distributed loading and its location, measured from point 
A. Evaluate the integrals using Simoson's rule. 

w 

-" or5H~fTl5 07kN/m 

2kNl~ , 
I. 3m .;. I m.J, 

4·161. Determine the coordinate direction angles a, f3, 
y of F, which is applied to the end A of the pipe assembly, 
so that the moment of F about 0 is zero. 

Require Mo .. O. This happens when force F is dircc1ed along line OA either 

from point 010 A or from potntA 10 O. The unit vecrors uo• and u.oat'C 

Thus. 

Thus, 

(6-0)i +( 14-0)j+( 10-0) k 
u = 

o. J(6-0)2 +( 14-0)2 + (10-0)2 

= 0.3293i +0.7683j +0.5418k 

a = COS -1 0.3293 = 70.8° 

/1 = COS-I 0.7683 = 39.8° 

r = COS-I 0.5488 = 56.7° 

(0-6)i+(0-14)j+(0-10)k 

u
AO = J(0-6)2+(0-14)2 +(0-10)2 

= -o.3293i - 0.7683j - 0.s488k 

Ans 

Ans 

Ans 

a = COS-I (-0.3293) = 109° Ans 

/1= COS-I (-0.7683) = 140" Ans 

r = COS-I (-0.5488) = 123° An. 

4·162. Determine the moment of the force F about point 
O. The force has coordinate direction angles of a = f:lJ0 , 

f3 = 120°, y = 45°. Express the result as a Cartesian 
vector. 

rO. = {(6-0)i+(I4-0)j+(1O-0)k} in. 

= {6i + 14j+ 10k} in. 

F = 20(cos 600 i + cos I 200j + cos 45°k) Ib 

= {IO.Oi -1O.0j+ 14.142k} Ib 

MonrMt 0/ Force F About Point 0: Applying Eq.4-7, we have 

Mo = ro. xF 

I
i 

- 6 
10.0 

14 
-10.0 

k I 10 
14.142 

= {298i+ 15.lj-200k} Ib·in Ans 

201 

FR = jwdt = fbx+(l6+x2 )J dt o 

FR = 14.9 kN Ans 

= 33.74 kN'rn 

_ 33.74 
x = 14:9 = 2.27 m Ans 

F=20 Ib 

0 

A 

8 in. ,I 
x 

F=201b 

1 1 
o IiI-iiiiiiiiiiiiiiiiiiiiiiiiiiilt~-TY 10 in. 

L;"~)·~J 
x 



4·163. If it takes a force of F = 125 Ib to pull the nail 
out, detennine the smallest vertical force P that must be 
applied to the handle of the crowbar. Him: This requires 
the moment of F about point A to be equal to the moment 
of P about A, Why'l 

~ +,11, = 125IsinflO"II:1) = }24,75'15 lb· in. 

P = 23,8 Ib Ans 

*4·164. Detelmine the moment of the force Fe about the 
door hinge at A. Express the result as a Cartesian vector. 

Position Vector And Force Vector: 

r,\8 = {[-O.5 - i-0,5)1i + [0 - (-I)U + (0 - O)k) m = [!jIm 

Moment of Force Fe About Point A: Applying Eq, 4-7, we have 

= {-5'1.7; - 159k)N . m Ans 

4-165. Detennine the magnitude of the moment of the 
force Fe about the hinged axis aa of the door, 

Position Vector And Force Vectors: 

r'/I = 11-0.5- (-0.5)1;+10- (-IIU+(O-OJkI ffi= fiji m 

Momellt of Force F<. About a . aAxis: The unit vector along the 
u - a axis is i. Applying Eq. 4-11, we have 

J 0 
\ IW.33 

o 0 \ 
I 0 

183.15 -5975\ 

a ~ 
1m 

,/ 

(/~ 
1m 

\ 
/ 

(I 

The negative ~ign indicalcs that 1\1<1 <J is directed toward negative x 
axis. 

M(J.~(J = 59.7 N . mAns 

202 



4-166. Determine the resultant couple moment of the 
two couples that act on the assembly. Member OB lies in 
the x-z plane. 

z 

400N 

4.167. Replace the force F having a magnitude of 
F = 50 lb and acting at point A by an equivalent force 
and couple moment at point C. 

A~ 

I 

y 

203 

Foe the 4OO-N fotCe8 : 

Me. = r.<B X (4001) 

= /0.6 ::450 -~.S -0.6 :n4S0
/ 

= -169.7J + 200k 

Foe the I SO -N fotCe8 : 

~ = r08 x (lSOJ) 

/ 

1 J 
= 0.6 cos4So 0 

o ISO 

= 63.61 + 63.6k 

MeR = {63.61 - 1701 + 264k} N·m Ans 

F. = 50[ (lOj + ISj - 3Ok) ] 
;(10)' + (15), + (-30)' 

FR = {14.3j + 21.4j - 42.9k} lb 

Moe = reB x F = II~ 15 ~ I 
14.29 21.43 -42.86 

= {-I929i + 428.6j - 428.6k} Ib.ft 

M. = {-1.93i + 0.429j - 0.429k} kip.ft 

Ans 

Ans 



-

*4-168. The horizontal 30-N force acts on the handle of 
the wrench. What is the magnitude of the moment of this 
force ahout the z axis" 

Position Vector And Force Vectors: 

rliA = 1-IUJIi + D.2j}m 

ro, = 1(-0.01 - OJi + 1().2 - O)j + (0.05 - O)k} m 

= I-O.OIi+O.2j+O.05k} m 

F = 30(sin ~5'i - cos 45'j) N 

= 121.213; - 21.213j} N 

Jloment of Force F About z Axis: The unit vector along the::,: axis 
is k. Applying Eq. ~-II. we have 

M, = k· (rH.I x F) 

I 
0 0 II' = -DOl 0.2 0 

21.213 -21.213 () 

= 0 - 0 + 11(-0.01 I( -21.213) - 2I.2Ll(O.2J1 

= --4.0:1 [\; m Ans 

4-169. The horizontal 30-N force acts on the handle of 
the wrench. Determine the moment of this force about 
point O. Specify the coordinate direction angles a. /3. y 
of the moment axis. 
Positioll \tec/or And Force Vectors: 

rO.1 = Ii-lUll - O)i + (0.2 - O)j + W.OS - ())k} m 

= I-O.Oli+O.2j+tI.05k) III 

= 121.213; - 21.213j} N 

Moment of Force F About Point 0; Appl} ing Eq_ 4-7. \Ve have 

l\10 = ro \ x F 

= I-ocli 
! 21.213 

k I 
D.2 0'0051' 

-21.213 

= IU)6Ii+ 1.11OIj-4.03lk} N·m 

= 11.06; + I.06j - 4.03k} [\; mAns 

The magnitude of ~[() 1."-

Mo = /I.(J6I' + 1.06(2 + 1-4.031)' = 43tJl :-.: III 

8
'1 ~-----'--200 mill __ , __ , __ ~~N 

A~5' 

50:1ll~- '~iJmlll 
L~tJr~O':::oi.t-. ---------

Or 

= 'II_(~()I 
21.213 

o 
0.2 0.05 

-21.213 D 

= 0 - 0 + 11(-0.01)1-21213) - 21.213(0.2)1 

= -4.03 N·m 

The negative ~ign indicatc~ that ~1: i~ directed along the negative 
.z <lxi~. 

-- 200 mm --" -- '--Z4s::?N 
A~5· 

'\ 
IOmm 

The cnnrdiot:lte direction angle~ for I\tl o are 

1(1.061) a = (;m,- -- = 75.7') 
4.301 

, (1.061) .' fJ = cos -- = 75.7' 
4.301 An" 

)I = co;.. ----- = 160 _,(-4031) ", 
, 4.301 

Ans 
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4-170. The forces and couple moments that are 
exerted on the toe and heel plates of a snow ski 
are Fr = (-50H80j-158k}N.!\Ir = (-6i+4j+2k}N· 
m,amlF;, = (-20i+60j-250k}N.Mh = (-20iHj+3kl 
N . m, respectively. Replace this system by an equivalent 
force and couple moment acting at point P. Express the 
results in Cartesian vector form. 

p 

FR =F,+Fh = {-70i+ 140j-408k} N 

I' . k I 
M RP = I (is 6 () 

--20 60 -250 

+IO.~2 ~ ~ 1+(-6i+4j+2k)+(-20i+8j+3k) 
-50 RO -1581 

MRF = (200j + 48k) + (145.36j + 73.6k) 

+ (-6i +4j + 2k) + (-20i + 8j + 3k) 

M"p = {-26i + 357.36j + U6.6k} N . m 

MRP = {-26i + 357j + 127k} N· m 

Ans 

Ans 
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5·). Draw the free b:;dy diagram of the 50-kg paper roll 
wht(h has a center ()f mass at G and rests on the smooth 
blacle of the paper hauler. Explain the significance of each 
force acting on the diagram. (See Fig. 5-7b.) 

Tiu Significance of &lcll Foret: 

W is the effcu of gravity (weight) on the paper roll. 

N. and N. are the smooth blade r=tions on the 
paper roll. 

t-----------------
~---------------------.-----~----------------.-~-----------

5·2. Dr,m the free-hod y diagram of the hand punch, which 
is pinned at A and hear, down on the smooth surface at B. 

F=8Ib~ 
... I 

1.5 ft 

---.L_--
B 

A 
J---_.~~_ 

0.2 ft 

5·3. Draw the free-body diagram of the dumpster D of 
the truck, which has a weight of 5000 Ib and a center of 
gravity at G. It is supported by a pin at A and a pin
connected hydraulic cylinder Be (short link) Explain the 
significance of each force on the diagram. (See Fig. 5- 7 b.) 

Til. Significance of Each Force: 

W is the effea of gravity (weight) on the dumpster. 

A, and A, are Ihe pin A reactions on the dumpster. 

Fac is the hydraulic cylinder Be reaction on the dUlnpslet. 

206 



*5-4. Draw the free-body diagram of the jib crane AB, 
which is pin-connected at A and supported by member 
(link) Be. 

--40--- 4 m--

8 leN 

5-5. Draw the free-body diagram of the truss that is 
supported by the cable AB and pin e. Explain the 
significance of each force acting on the diagram. (See Fig. 
5-7b.) 

TI" SigllificallCt! of Each ForCt! : 

<; and C. are the pin C reactions on the truss. 

r.. is the cableAB ICnsion on the truss. 

31cN and 41cN force are the effect of external applied forteS on 
the truss. 

3kN 

--1-1- 2 m --1--

c .. 

207 



5-6. Draw the free-hody diagram of the crane boom A B 
which has a weight of 650 Ib and center of gravity at G. 
The boom is supported by a pin at A and cable BC The 
load of 1250 Ib is suspended from a cable attached at B. 
Explain the significance of each force acting on the 
diagram. (See Fig. 5-7h.) 

W is the effect of gravity (weight) on the boom. 

A, and A. an: the pin A reactions on the boom. 

1Be is the cable BC force reactions on the boom. 

12.50 Ib force is the suspended load reaction on the boom. 

5- ..,: -Draw the free-body diagram of the beam, which is pin
supported at A and rests on the smooth incline at B. 

800 Ib 800 Ib 

400lb 
600lb 600 Ib 

Prob.5_7 

208 



*5-8. Draw the free-body diagram of member ABC 
which is supported by a smooth collar at A, roller at B, 
and short link CD. Explain the significance of each force 
acting on the diagram. (See Fig. 5-7b.) 

Th, Siglli/ic4IIc, of Each Force: 

N. is tile smooth collar reaction on member ABC. 

N. is the roller suppon B reaction on member ABC. 

FeD is the shon link reaction on member ABC. 

2. S leN is the effect of exremal appliod force on member ABC. 

4 leN . m is the effect of exremal appliod couple moment on 
mcmberABC. 

5-9. Draw the free-body diagram of the uniform bar, 
which has a mass of 100 kg and a center of mass at G. The 
supports A, B, and C are smooth. 

;:x;.5 m\ ~.2 m 
1.25 m 

h 
1.75 m 

O.lm 

1---------- -.---------

5-10. Draw the free-body diagram of the beam, which is 
pin-connected at A and rocker-supported at B. 

SOON 
8ooN'm 

~I 
5m 

1-----8 m---~r_-4 m 

209 
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5-11. Determine the reactions at the supports in Prob.5-1. 

EqUalion! 0/ Equilibrium: By setting up the x and y axes in the 

manner shown. one can obtain the direct solution for Nt. and N B • 

",+ IF; = 0; Ns -490.5sin 30· = 0 Ns = 245 N 

\+ IF, = 0; Nt. - 490.5cos 30· = 0 Nt. = 425 N 

*5-12. Determine the magnitude of the resultant forct' 
acting at A of the handpunch in Prob.5-2. 

F= 81h 
.. \ 

+ 

! 

I 

1.5 ft 

0.2 ft 

~LF; 

~+LMB 

= 0; 

= 0; 

2ft 

F-~8 

Ax 8 = 0 

Ax = 81b 

8( 1.5) - Ay (2) = 

Ay = 61b 

FA = 1(8)2 + (6)2 = 101b 

0 

Ans 

Ans 

Ans 

~ 
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Ax 
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5.13 •. Determine the reactions at the supports for the 
truss In Prob.5-5. 

Equations of Equilibrium: The tension in the cable can be obtained 

directly by summing moments about point C. 

( + IMc = 0; !A,cos 30°(2) + !As sin 30°(4) -3(2) -4(4) = 0 

!As = S. 89 kN Ans 

5·14. 
5-6. 

.:. IF. = 0; C. - 5.89 cos 30° = 0 

C. = S.l1 kN Ans 

+il:F,=O; S+5.89sin300-3-4=0 

S =4.0SkN Ans 

Determine the reactions on the boom in Prob. 

Equations of Equilibrium: The force in cable BC can be obtained 
directly by summing moments about point A. 

(+ IM" =0; 7j,csin 7.380°(30) -6SOcos 30°(18) 

-12S0sin 60" (30) = 0 

Tsc = 11056.91b = 11.1 kip Ans 

.:. IF. = 0; A. -110S6.9( *) = 0 

A. = 10206.4 lb = 10.2 kip 

+ tu, =0; A, -6S0-12S0-110S6.9(~)=0 
A, = 6152.7 Ib = 6.IS kip 

211 
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i 
I 

2m 
I 
! 
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5 l:i Determine the support reactions on the beam ill 
•• , (+~ =0; tNs(l2)-iNs(0.6)-800(3)-800(6)_600(9)_600(12)=0 Proh. )-7. 

Ns = 2142.86 Ib = 2.14 kip Ans 

..:. ~ == 0; Ax - t(2142.86) == 0 

+ i.u; = 0; 

SOO Ib SOO Ib 
600lb 600lb 

400lb 

*5·16. Determine the reactions on the member A, B, C 
in Prob.5-8. 

EqUalions of Equilibrium: The normal =tion NA can be obtained 

directly by summing moments about point C. 

(+ IMc" 0; 2.5sin 60°(6) -2.5cos 60°(3)-4 

+NA cos 45°(3) -NA sin 45°(10) = 0 

NA = 1.059 kN = 1.06 kN Ans 

.:. u. =0; 1.059cos 45° - 2.5cos 60° + !'CD .. 0 

!'CD = 0.501 kN Ans 

+ rtF, =0; Ns + 1.059sin 45° - 2.5sin 60° = 0 

NR = 1.42 kN Ans 

212 

Az = 1286 Ib = 1.29 kip 

4 
A,. + 5(2142.86) -400- 800- 800- 600-600= 0 

Ay = 1486 Ib = 1.49 kip Ans 

2.5 kN 

-,..---6 m-----I 

fI, 

I 
3m 

I 

.1 



5-17. Determine the reactions at the points of contact at 
A, B, and C of the bar in Prob. 5-9. \ +1:MA = 0; 

B 

~ 
/,,5m \3 2m 

1.25 m 

~ 
1.75 m 

0.1 m 

+ iU; =0; 

Solving; 

5-18. Determine the reactions at the pin A and at the 
roller at B of the beam in Prob. 5-10. 

SOON 
800 N· m 

5m 

~8 m----i--4 m 

\ +1:MA = 0; 8 
-500(e0822.61980) - 800 + By (8) = 0 

By = 641.6667 = 642 N Ans 

~ 1:F. = 0; -Ax + 500(8in22.6198°) = 0 

Ax = 192 N Ans 

+ i:u; = 0; -Ay - 500(e0822.6198°) + 641.6667 = 0 

A, = 180 N Ans 

213 

- lOO(9.81)(eos300)(1.75) - l00(9.81)(sin300)(0.1) 
+ N. (sin300)(0.2) + Ne (3) = 0 

-1535.7991 + O.IN. + 3Ne = 0 

N. - 100(9.81) + Neeos300 = 0 

N. = 981 - NC<eos300) 

Ne = 493 N ADS 

N. = 554 N Ans 

NA = 247 N Ans 



5·19. Determine the magnitude of the reactions on the 
beam at A and B. Neglect the thickness of the beam. \+lM. = 0; 

600N 150 

~_ J .". .~,tN 
1_, 4 m _~ ____ 8 m ~ __ ~ 

+iU; =0; 

*5·20. Determine the reactions at the supports A and B 
of the frame. 

"'IN. .0; 5(14) + 7(6) + 0.5(6) -2(6) -A,. (14) = 0 

A,. = 7.357 Jcip = 7.36 Jcip 

+ 

-+.tF. =0; B,-0.5=0 B, = 0..5 kip 

+il:.F, .. 0; 8,+7.357-5-7-10-2 .. 0 

B, -16.6 kip 

8,( 12) - (400cos 15°)(12) - 600(4) = 0 

~ = 586.37 = 586 N Ans 

Ax - 400 sin 15° = 0 

Ax = 103.528 N 

A, - 600 - 4OOcos 15° + 586.37 = 0 

A,=400N 

F;, = {(103.528)2 + (400)2 = 413 N Ans 

5 kip ?kip 10 kip 

8ft-~-4-~_ 
Hip 

- 't 

---------------...........--------------...... ~ -----.-.-
5·21. When holding the 5-lb stone in equilibrium, the 
humerus H, assumed to be smooth, exerts normal forces Fe 
and FA on the radius C and ulna A as shown. Determine 
these forces and the force F B that the biceps B exerts on the 
radius for equilibrium. The stone has a center of mass at G. 
Neglect the weight of the arm. 

1--~~~-14 in.-~~~ ......... I 

+ 
-+U'; = 0; 

214 

-5(12) + f,; (2) = 0 

f,; = 30lb Ans 

Fj, sin 75° - 5 - 30 = 0 

F" = 36.21b A,.. 

Fc - 36.2 cos75° = 0 

F;- = 9.38 Ib Ans 

~'::'.-------------• .. ~ I 

~ .. --.-.--.------~-- '. 
,...... t:l.'" • • 

r. 
.'" 



5-22. The man is pulling a load of 8 lb with one arm held 
as shown. Determine the force FH this exerts on the ~ +l:MB = 0; 

humerus bone H, and the tension developed in the biceps 
muscle B. Neglect the weight of the man's arm. 

8Ib 

5-23. The ramp of a ship has a weight of 200 lb and a 
center of gravity at C. Determine the cable force in CD 
needed to just start lifting the ramp, (i.e., so the reaction 
at B becomes zero). Also, determine the horizontal and 
vertical components of force at the hinge (pin) at A. 

B 

+ 
~u:; = 0; 

-8(13) + &(1.75) = 0 

FH = 59.43 = 59.4 lb Ans 

8 - 18 + 59.43 = 0 

18 = 67.4 lb Ans 

t,.+IMA 0; -PcDcos300(9 cos200) + FCD sin300(9 sin200) + 200( 6 cos 20°) 

FCD = 194.9 = 195 lb Ans Fcp 

~' 
+ 

~A;{ ~:u; 0; 194.9 sin 30° - Ax = 0 
. t 

Ax = 97.4 lb Ans e, o· Aj 

~ + tIT = O· -\ - 200 + 194.9 cos 30° 0 Hf y , 
Itft 3ft 

,1" 31.2 lb Ans 

215 
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*5-24_ Determine the magnitude of force at the pin A 
and in the cable Be needed to support the 500-lb load. 
Neglect the weight of the boom AB. 

Equations of Equilibrium: The force in cable Be can be obtained 
directly by summing moments about point A. 

Thus, 

(+ l:M. = 0; 1'8esin 13°(8) - 500c0s 35°(8) = 0 

Foe = 1820.7Ib= 1.82 kip 

As -1820.7cos 13°_ 500sin 35° = 0 

As = 2060.9 Ib 

'\+.EF; =0; A, + I 820.7sin 13°-50000535°=0 

A, =0 

F.. = As = 2060.9 Ib = 2.06 lcip 

Ana 

Ana 
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5-25. Compm-e the force exe11ed on the toe and heel of 
a l2ll-lb woman when she is wearing regular shoes and 
stiletto heels. Assume all her weight is placed on one foot 
and fhe reactions occur at points A and B as shown. 

Equations of Equilibrium: Regular shoe, we have 

..( +EM8 = 0; 120(5.75) - (Nd,(7) = 0 

(N d, = 98.6 Ib Ans 
Stiletto ht!el sh.oe, 

..( +EM8 = 0; 120(3.75) - (N,,),(4.5) = 0 

(N,Il, = I(X) Ib Ails 

The heal of the stiletto sh(:x! i!-. subjected to a greater force than that of 
the heel of the regular shoe. Actually the force per area (stress) under 
the stiletto heel will be much greater than Lhat of the regular shoe. It 
is thjs stress that ~an cause damage to soft. flooring, 

5-26. Determine the reactions at the pins A and B. The 
spring has an unstretched length of 80 mm. 

k= 600 N/m c 
-----,-

50mm 

~ 150 mm ----+--~ 
Spring Force: The spring stretches x = 0.15 - 0.08 = 0.07 m. 
Applying the spring formula. we have 

F,p = kx = 600(0.07) = 42.0 N 

Equations of Equilibrium: The! normal reaction N B can be obtajned 
directly by s-umming moments about poinl A . 

..( +I:M .• = 0; 41.0(0.05) - N(j(O.2) = () 

N. = 10.5 N Ans 

A, - 42.0 = () A, = 42.0 N Ans 

+ t EF, =0; A,. -10.5 =0 II, = 10.5 N Ans 

217 

12(\ Ih 

~ 

1201b 

1.25 in. 

(,'I,,), 

120lb 

t 
\ I 

, 1 , 

1 I i 

~
]'I,\" 
Al I B 

I I \+----, 
1),75 in. 3.75 in. 

120lb 

(I 3.75 in. 

0.75 in. 

(N")h INa)h 



5-27. The platform assembly has a weight of 250 lb and 
center of gravity at C I . If it is intended to support a 
maximum load of 400 lb placed at point C2, determine the 
smallest counterweight W that should be placed at B in 
order to prevent the platform from tipping over. 

When tipping occurs, Rc = 0 

c 1f========:O 
I ft 

*5-28. Determine the tension in the cable and 
the horizontal and vertical components of reaction 
of the pin A. The pulley at D is frictionless and the 
cylinder weighs 80 lb. 

EqutlliollS Df Equilibrium: 1be 1enSion force developed in the cable is 
the same throughout the whole cable. The force in the cable can be obtained 

directly by summing moments about pointA. 

,+ lM, = 0; T(S) + ~ ~ )(10) - 80(13) = 0 

T= 74.S831b = 74.61b Ans 

..:. tF,; = 0; A. -74.S83(~ J = 0 

A. = 33.4lb Ana 

+iu, =0; 74.S83+74.S83(~)-80-Bl =0 

A =61.31b Ans , 

- 400(2) + 250(1) + Wa (7) = 0 

W. = 78.6 Ib Ans 

T T 

5jt 

A~ 

218 

If, 

3ft 

80lb 



. d h ld an elevator door open. 
5-29. The device IS use to 0 f k = 40 N/m and it is 

. has a stIffness 0 . 
If the spnng . th horl·zontal and vertIcal 

F, = ks = (40)(0.2) = 8 N 

d 0 2 determme e " 
compresse . m,. h. A and the resultant 
components of reactIOn at t e pm 
force at the wheel bearing B. 

150mm+125mml 

I 
I 
I 

5-30. The cutter is subjected to a horizontal force of 
580 Ib and a normal force of 350 lb. Determine the 
horizontal and vertical components of force acting on the 
pin A and the force along the hydraulic cylinder Be (a 
two-force member). 

~U; = 0; 

+ tIF, = 0; 

EqUllliOlls of Equilibrium: The force in hydrauJic cylindec BC can be 
obtained directly by sUmming l1IomenlS about point A. 

(+ LM. =0; 580(1.5)-Foecos 30°(1.75) =0 

Foe = 574.05 Jb = 574 Ib ADS 

~ rr; = 0; 574.05cos 300+580_A, = 0 

A, = 1077 Jb = 1.08 kip ADS 

+ t IF, = 0; 574.05sin 30° + 350-A, = 0 

A, = 6371b Ans 
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-(8)(150) + F,,(cos300)(275) - F,,(sin300)(100) = 0 

F" = 6.37765 N = 6.38 N Ans F, ~N 

Ax - 6.37765sin300 = 0 A,~:) 
I~-A, = 3.l9N Ans Aj 

" 
A, - 8 + 6.37765cos30° = 0 "Irb"'~ 1))_-

A, = 2.48 N Ans 

350lb 

350fh 

I~""'" 

F~ 



5.31. The cantilevered jib crane is used to support the 
load of 780 lb. If the trolley T can be placed anywhere Require x = 7.5 ft 

between 1.5 ft $ x $ 7.5 ft, determine the maximum 
magnitude of reaction at the supports A and B. Note that l +1:MA = 0; 

the supports are collars that allow the crane to rotate freely 
about the vertical axis. The collar at B supports a force in 
the vertical direction, whereas the one at A does not. 

1------- 8 ft ------

A 

+ 
~~ =0; 

+ tu, =0; 

*5·32. The sports car has a mass of 1.5 Mg and mass 
center at G. If the front two springs each have a stiffness 
of kA = 58 kN/m and the rear two springs each have a 
stiffness of k/J = 65 kN/m, determine their compression 
when the car is parked on the 30° incline. Also, what 
friction force F n must be applied to each of the rear 
wheels to hold the car in equilibrium? Hint: First 
determine the normal force at A and B, then determine 
the compression in the springs. 

-780(7.5) + Bz (4) = 0 

Bz = 1462.5 Ib 

Az - 1462.5 = 0 

Az = 1462.5 = 14621b 

By - 780 = 0 

By = 780lb 

Fj, = 1(1462.5) 2 + (780)' 

= 1657.5 Ib = 1.66 kip 

EqulIliolts of Equilibrium ~e nonnal reaction N can be oblained 

directly by summina momenrs about point B. • 

(+ IM, .. 0; 141l5cos3O" ( 1.2) 

-14 71Ssin 30°(0.4) -2N. (2) = 0 

N. = 3087.32 N 

,+ IF;. = 0; 21'1 - 14 715sin 30· = 0 

1'1 = 3678.75 N = 3.68 leN Ans 

/+ IF,. = 0; 2N, + 2(3087.32) -14 715cos 300 = 0 

N, = 3284.46 N 

Spring Force Formul.: The compression of the sping can be determined 

usmg the spring fonnula x = F., 
k 

3087.32 
x • .. 5S( 1()3) ., 0.05323 m = 53.2 mm Ans 

3284.46 
x, = 65(l()3) ,. 0.05053 m = 50.5 mm Ans 
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5-33. The power pole supports the three lines, each line 
exerting a vertical force on the pole due to its weight as 
shown. Determine the reactions at the fixed support D. If 
it is possible for wind or ice to snap the lines, determine 
which line(s) when removed create(s) a condition for thl'; 
greatest moment reaction at D. 

~l:F; ;::' 0; D, = 0 A,.. 

D, - 1650 = 0 

D, = 1.65 kip A,.. 

-450(4) - 400(3) + 800(2) + MD = 0 

Mo = 1.40 kip·ft A,.. 

Require 800 Ib line to snap . 

• 450 lb 
1----+++--4 ft----j 

2ft 

5-34. The jib crane is pin-connected at A and supported 
by a smooth collar at B. Determine the roller placement x 
of the 5000-lb load so that it gives the maximum and 
minimum reactions at the supports. Calculate these 
reactions in each case. Neglect the weight of the crane. 
Require 4 ft :s x :s 10 ft. 

EqlltlliOllS 0/ Eqllilibrium : 

(+ 1M, =0; NB (12)-5x=0 N. =0.4167x 

+ i IF, = 0; A, - 5 = 0 A, = 5.00 kip 

~IF,=O; A,-0.4167x=0 A,=0.4167x 

By observation. the maximum support reactions occur when 

x = 10 ft 

(I] 

(2] 

(3] 

Ans 

With x = \0 f~ from Eqs.[I]. (2] and [3]. the maximum support 

reactions are 

A, = NB = 4.17 kip A, = 5.00 kip 

By observation. the minimum support reactions occur when 

x =4 ft 

With x = 4 f~ from Eqs.(l]. (2] and [3]. the minimum support 

reactions are 

A, = NB = 1.67 kip A, = 5.00 kip 

Ans 

Ans 

Am 

12ft 

l 
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5-35. If the wheelbarrow and its contents have a mass of 
60 kg and center of mass at G, determine the magnitude 
of the resultant force which the man must exert on each 
of the two handles in order to hold the wheelbarrow in 
equilibrium. 

6.(~.il) N 

(+l:M. = 0; -A,.(1.4) + 60(9.81)(0.9) = 0 ~ 

A,. = 378.39 N O.':r=~~ ~O.5"l 
i 8j 
A~ I 
~ ,~ i 

0.5", 08", 

+ i:u; =0; 378.39 - 60(9.81) + 2B, = 0 

B, = 105.11 N 

':'u; = 0; B, =0 

Fa = 105 N Ans 
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*5-36. The pad footing is used to support the load of 
12 000 lb. Determine the intensities Wl and W2 of the 
distributed loading acting on the base of the footing for 
the equilibrium. 

Equlllio'l$ of Equi/ibrlrnn: The load intensity "2 can be determined 
directly by summing moments about point A. 

"2 (H} 17.5 - 11.67) -12( 14-11.67) = 0 

"2 = 1.646 kip/ft = 1.65 kip/ft Ans 

+ i.EF, =0; ~("'-1.646)(~)+2.743(~)-12=0 
2 12 12 

w, = 6.581cip/ft Ans 

5-37. The bulk head AD is subjected to both water and 
soil-backfill pressures. Assuming AD is "pinned" to the 
ground at A, determine the horizontal and vertical 
reactions there and also the required tension in the 
ground anchor Be necessary for equilibrium. The bulk 
head has a mass of 800 kg. 

Equlllions of Equilibrium: The force in ground anchor Be can be 
obtained directly by summing moments about point A. 

+i.EF,=O; 

1007.5(2.167) - 236( 1.333) - F(6) = 0 

F= 311.375 kN = 311 leN Ans 

A. +311.375 +236-1007.5 = 0 

A. = 46() leN 

A,. -7.848 = 0 A, = 7.85 leN 

Ans 

Ans 
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12000lb 

~.~---- 35 in. -.--~ 

vt;.(1tJ 
~ ("f->v,Xft-) 

fl{,7in. '&i 

D 

~=====l-" 

118 kN/m A 

0'5"" 

800(9~1)=7848 /:# \ F 
\ 
\ , , 

\ 
\ 
\ 
\ 
\ 
\ 

2h67m \ 7J3 IO){("S) 
...... _,--t- = 100751<,J 

j{lIB)(+) '. 
=,<:3;' KtJ \ 

1333m \ 
Llb7m 

- ....... --i ... ~-----.; 
At'.. 

F 

m 

6m 



5-38. The telephone pole of negligible thickness is 
subjected to the force' of 80 lb directed as shown. It is 
supported by the cable BCD and can be assumed pinned 
at its base A. In order to provide clearance for a sidewalk 
right of way, where D is located, a strut CE is attached 
at C, as shown by the dashed lines (cable segment CD 
is removed). If the tension in CD' is to be twice the 
tension in BCD, determine the height h for placement of 
the strut CEo 

° 1 - 80(30) cos 30 + r,r; TBeD (30) = 0 
,,10 

TBeD = 219.089 Ib 

Require TeD' = 2(219.089) = 438.178 Ib 

+EMA = 0; 438.178(d) - 80cos 30°(30) = 0 

d = 4.7434 ft 

30 - h 30 

4.7434 10 

300 - lOh = 142.3025 

h = 15.8 ft Ans 

5-39. The worker uses the hand truck to move material 
down the ramp. If the truck and its contents are held in the 
position shown and have a weight of 100 Ib with center 
of gravity at G, determine the resultant normal force of 
both wheels on the ground A and the magnitude of the 
force required at the grip B . 

.( +EMB = 0; (NA cos 30°)(5.25) + NA sin 30°(0.5) 

- 100 sin 30°(3.5) - 100 cos 30°(2.5) = • 

NA = 81.621 Ib = 81.6 Ib Ans 

+ '\. l:,Fx = 0; - Bx + 100 cos 30° - 81.621 sin 30° = 0 

Bx = 45.792 Ib 

/' +EFy = 0; By - 100 sin 30° + 81.621 cos 30° = 0 

By = -20.686 Ib 

FB = J(45.792)2 + (-20.686)2 = 50.2 Ib Ans 
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*5·40. The beam is subjected to the two concentrated 
loads as shown. Assuming that the foundation exerts a 
linearly varying load distribution on its bottom, 
determine the load intensities WI and W2 for equilibrium 
(a) in terms of the parameters shown; (b) set P = SOD Ib, 
L = 12 ft. 

EquaJiolls of Equilibrium: The load intensity"'l can bedell:tmined 
directly by sUmming momcnlS about point A. 

Ans 

+iu, =0; 1( 2P) 2P 
- "'2 -- L+-(L)-3P=0 
2 L L 

4P 
"'2 =7: Ans 

If P = 500 Ib and L = 12ft, 

2(500) 
.., I = -1-2 - = 83.3 1b/ft Ans 

4(500) 
"'2 = -1-2- = 1671b/ft Ans 

p 2P 

I----------.~-------·--·---·----------------. 

5-41. The shelf supports the electric motor which has a 
mass of 15 kg and mass center at Gm . The platform upon 
which it rests has a mass of 4 kg and mass center at Gp • 

Assuming that a single bolt B holds the shelf up and the 
bracket bears against the smooth wall at A, determine this 
normal force at A and the horizontal and vertical 
components of reaction of the bolt on the bracket. 

60 

A 

+fl:F, ; 0; 
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B, (60) - 4(9.81)(200) - 15(9.81)(350) = 0 

B, ; 989.18 ; 989 N 

A, ; 989.18 ; 989 N 

By ; 4(9.81) + 15(9.81) 

B, ; 186.39 = 186 N Ans 



5·42. A cantilever beam, having an extended length of 
3 m. is subjected to a vertical force of 500 N. Assuming 
that the wall resists this load with linearly varying 
distributed loads over the O.15-m length of the beam 
portion inside the wall. determine the intensities WI and 
W2 for equilibrium. 

W2I.J 
t~ ~~Wt 
10.15 m 

+ t '£F,. =0, 

These equations bel:ome 

11', - "" = 6666.7 

211', - w, = 4000()() 

Solving. 

w, = 413 kN/m An .. 

"" = 407 kN/m An .. 

I ~ 

f W ](O'IS2i:-b 
I .05m 
IO.15m 3m 

5(X) N 

l 
1 

I 
3m -I 

10.15)(0.1) = 0 
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5·43. The upper portion of the crane boom consists of 
the jib AB, which is supported by the pin at A, the guy line 
BC, and the backstay CD, each cable being separately 
attached to the mast at C. If the 5-kN load is supported by 
the hoist line, which passes over the pulley at B, determine 
the magnitude of the resultant force the pin exerts on the 
jib at A for equilibrium, the tension in the guy line BC, 
and the tension T in the hoist line. Neglect the weight of 
the jib. The pulley at B has a radius of 0.1 m. 

c 

1-----~5 m~---~ 

5 kN 

*5·44. The mobile crane has a weight of 120,000 Ib and 
center of gravity at G I ; the boom has a weight of 30,000 lb 
and center of gravity at G2. Determine the smallest angle 
of tilt 8 of the boom, without causing the crane to overturn 
if the suspended load is W = 40,000 lb. Neglect the 
thickness of the tracks at A and B. 

When tipping occurs, RA = 0 

From pulley, tension in the hoist line is 

l +rMB = 0; T(O.I) - 5(0.1) = 0; 

From the jib, 

T = 5 leN Ans 

1.6 
-5(5) + Toc( ~)(5) = 0 

V 27.56 

Toc = 16.4055 = 16.4 leN Ans 

+il:F,=O; 
1.6 

-A, + (16.4055)( ~) - 5 = 0 
y27.56 

+ ->l:.F" = 0; 

A, = 0 

Ax - 16.4055(_5_) - 5 = 0 
b7.56 

F;, = Ax = 20.6 leN Ans 

-(30000)(12cosB-3)-(40000)(27cosB-3) + (120000)(9) = 0 

8 = cos -1 (0.896) = 26.40 Ans 
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5-45. The mobile crane has a weight of 120,000 Ib and 
center of gravity at G I ; the boom has a weight of 30,000 Ib 
and center of gravity at G2. If the suspended load has a 
weight of W = 16,000 Ib, determine the normal reactions 
at the tracks A and B. For the calculation, neglect the 
thickness of the tracks and take () = 300. 

= 0; -(30000)(12cos30"-3)-(l6000)(27cos300-3) - RA (l3) + (120000)(9) = 0 

RA = 40931 Ib = 40.9 kip Ans 

+ i ~ = 0; 40931 + Re - 120000 - 30000 - 16000 = 0 

Re = 125 kip Ans 

5-46. lbe winch consists of a drum radius 4 in., which 
is pin-connected at its center C. At its outer rim is a 
ratchet gear having a mean radius of 6 in. The pawl AB 
serves as a two-force member (short link) and holds the 
drum from rotating. If the suspended load is 500 Ib, 
determine the horizontal and vertical components of 
reaction at the pin C. 

Equatiolls of Equilibrium: The force in short linkAB can be obtained 

directly by summing moments about point C. 

(+ LMc=O; 500(4)-F;..(~}6)=0 F;.. =400.621b 

.:. :EF; = 0; 400.62(~ J- Cr = 0 

Cr = 333 Ib Ans 

+ i:EF, = 0; C - 500 - 400.62(2.) = 0 , .fl3 
C, = 7221b Ans 
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5-47. The crane consists of three parts, which have 
weights of WI = 3500 Ib, W2 = 900 Ib, W, = 1500 Ib and 
centers of gravity at Gt. G2, and G" respectively. 
Neglecting the weight of the boom, determine (a) the 
reactions on each of the four tires if the load is hoisted 
at constant velocity and has a weight of 800 Ib, and (b), 
with the boom held in the position shown, the maximum 
load the crane can lift without tipping over. 

EqutUionf of Equilibrium: The nonnal reaction NB can be obtained 

directly by summing moments about pointA. 

(+ rM. = 0; 2NB (17) + W(10) - 3500(3) 

- 900(11) - 1500(18) = 0 

NB = 1394.12-0.294IW [IJ 

Using the resultNB = 2788.24 -0.5882W, 

+ i 1:F, = 0; 2N. + (2788.24 - 0.5882W) - W 

-3500-900-1500=0 

N. = 0.7941 W + 1555.88 

a) Set W = 800 Ib and substirute into Eqs.[I] and [21 yields 

N. = 0.7941 (800) + 1555.88 = 2191.18 Ib = 2.19 kip 

NB = 1394.12 -0.2941 (800) = 1158.82 Ib = 1.16 kip 

[2J 

Ans 

Ans 

3 ft 

b) When the crane is about to tip over. the normal reaction on N E = O. 
From Eq.[IJ. 

NB =0= 1394.12-0.294IW 

W = 4740 Ib = 4.74 kip Ans 

-----------------------------
*5-48. The boom supports the two vertical loads. Neglect 
the size of the collars at D and B and the thickness of the 
boom. and compute the horizontal and vertical 
components of force at the pin A and the force in cable 
CB. Set FI = 800 Nand F2 = 350 N. 

c 

A 

1.5 m 

/ 
1m 

~~ = 0; 

+iLF; = 0; 

229 

-800(1.5 cos30") - 350(2.5 cos300 ) 

4 3 
+ SFCB(2.5 si030") + 5Fc.(2.5cos300) = 0 

Fe. = 781.6 = 782 N Ans 

4 
Ax - 5(781.6) = 0 

Ans 

3 
A, - 800 - 350 + 5(781.6) = 0 

A, = 681 N AIlS 



I 
5-49. The boom is intended to support two vertical loads, 
FJ and F2, If the cahle CR can sustain a maximum load of 
1500 Ih before it fails, determine the critical loads if 
FJ = 21'2' Also, what is the milgnitudt' nf the maximum 
reaction at pin A ~ 

.~. 

':'1:1'; = 0; 

+ t1:F, = 0; 

-2F,(1.5 cos 30°) - F,(2.5 cos 30°) 

+ ~(l500)(2.5 sin300) + ~(l500)(2.5cOS300) = 0 
5 5 

F, = 724 Ib Ans 

1\ = 2F, = 1448 Ib 

F, = 1.45 kip Ans 

Ax = 1200 Ib 

A - 724 - 1448 + ~(1500) = 0 , 5 

A, = 1272 1b 

1';. = /(1200)2 + (1272)2 = 17491b = 1.75 kip Ans 

5-50. Three uniform books, each having a weight Wand 
length a, are stacked as shown. Determine the maximum 
distance d that the top book can extend out from the 
bottom one so the stack does not topple over. 

Equilibrium: For lOp two books. the upper book willlOpp1e when the 

center of gravity of this book is 10 the right of point A. Therefore. the 
maximum distance from the right edge of this book 10 point A is a/2. 

EqlUllioll 0/ Equilibrium: For the entire three books. the lOp two books 
willlOpp1e about point B. 

+IM, =0; w(a-d)-W(d-~)=O 

d=~ 
4 

Ans 
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5.51. The toggle switch consists of a cocking lever that 
is pinned to a fixed frame at A and held in place by the 
spring which has an unstretched length of 200 mm. 
Determine the magnitude of the resultant force at A and 
the normal force on the peg at B when the lever is in the 
position shown. 

*5·52. The rigid beam of negligible weight is supported 
horizontally by two springs and a pin. If the springs are 
uncompressed when the load is removed, determine the 
force in each spring when the load P is applied. Also, 
compute the vertical deflection of end C. Assume the 

1= ,(0.3)2 + (0.4)2 - 2(0.3)(0.4)cosISOO = 0.67664 m 

sinB sinl500 
Q.3 = 0.67664; B = 12.808° 

F. = ks = 5(0.67664-0.2) = 2.3832 N 

~ + LVA = 0; - (2.3832sin 12.808°)(0.4) + N. (0.1) = 0 

N. = 2.11327 N = 2.11 N Ans 

/+l:F; = 0; Ax - 2.3832cos 12.808° = 0 

Ax = 2.3239 N 

"'-U; = 0; A,. + 2.11327 - 2.3832sinI2.808° = 0 I" 

A,. = - 1.5850 N 

FA = ,(2.3239)2 + (-1.5850)2 = 2.81 N Ans 

spring stiffness k is large enough so that only small +LVA = 0; 

deflections occur. Hint: The beam rotates about A so the 
deflections in the springs can be related. 

Ilr(L) + FcC2L) - P(~L) = 0 
2 

Ilr + 2Fc = UP 
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L U 
t\. = t\c 

51lr = UP 

Ilr = 0.3P 

Fe = 0.6P Ans 

0.6P 
Xc = -,t- Ans 



5·53. The uniform rod AB has a weight of 15 Ib and the 
spring is unstretched when () = 0°. If () = 30°, determine 
the stiffness k of the spring. 

G.o ... try : From biangle <:!!E. 1he cosine law gives 

1= /2.5362 + 1. 7322 - 2(2.536)( 1.732) cos 120" = 3.718 ft 

Using Ihe sine law. 

sin a sin 120" 
2.536 = 3:7i8 a = 36.21 ° 

EqualiolU 0/ Equilibrium: The force in Ihe spring can be oblaincd 
dll'CCtly by SUmming momenlS about pointA. 

(+:EM, =0; 15coS3O"(1.5)-F.,cos36.210(3)=0 

F., = 8.050 Ib 

Spring Forc. Formula: The spring slreldtes.r = 3.718- 3 = 0.718 fl 

F.. 8.050 
k = ...... = - = 11.21b/ft Ans .r 0.718 

5·54. The smooth pipe rests against the wall at the points 
of contact A, B. and C. Determine the reactions at these 
points needed to support the vertical force of 45 lb. 
Neglect the pipe's thickness in the calculation. 

+ tu, = 0; 

+ 
-+U; = 0; 

Also; 

+ lJ';. = 0; 

45 Ib 

+ u,. = 0; 

~ +lMc = 0; 
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B 

45cos300(36) - 4S8in300(8) - Rc(20) + R,,(8 tan3O") = 0 

Rc cos 30° - R" cos 30" - 45 = 0 

Rc = 63.91 = 63.9 Ib AIlS 

R" = 11.95 = 11.9 Ib AIlS 

~ + 11.95 sin30° - 63.91 sin 30° = 0 

~ = 26.01b Ans 

45 sin 30° - ~ cos30° = 0 45~' 

~ = 26.0 Ib Ans 

-4500830° + Rc - R" - 25.98 sin30° = 0 

45 cos300(16) - R,,(20-8 tan300) - 25.98(8cos30° + 20sin300) =0 

R" = 11.91b Ans 

Rc = 63.91b Ans 



------

*5-55. lhe horizontal beam is supported by springs ~t 
its ends. Each spring has a stiffness of k = 5 k~/m. and IS 

originally unstretched so ~hat the beam IS m the 
horizontal position. Determme the angl~ of ttlt of the 
beam if a load of 800 N is applied at pomt C as shown. 

. The' force al A and B can be obtained E,_/o ... of "q"mll""", : spong . 
d1rccIIy by summing momenlS about poinlS B and A. respecuvely. 

,+ IN. = 0; 800(2) - F. (3) = ° F. = 533.33 N 

, 
° Fo. (3) - 800( I) = ° Fa = 266.67 N +IN~= ; 

F 
Sprillg Formu"': Applying d = k . we have 

-~=0.1067m d .. - 5(IOJ) 

- 266.67 = 005333 m 
dB - S(IOJ) . 

G.om.try : The angle of tilt a is 

-\ (0.05333) _ I 02° Ans a=tan -3- - . 

*5-56. The horizontal beam is supported by springs at 
its ends. If the stiffness of the spring at A is kA = 5kN/m. 
determine the required stiffness of the spring at B so that 
if the beam is loaded with the 800 N it remains in the 
horizontal position. The springs are originally constructed 
so that the beam is in the horizontal position when it is 
unloaded. 

800 N 

c 

~lm-~ 
~-3m 

EquatloM 0/ E,,,mbriu,,,: The spring fortes alA and B can be 

obtained din:aly by swnminl moments about points B and A respectively. 

(+ IN. = 0; SOO(2) - F. (3) = ° F. = 533.33 N 

, + 1:M. = 0; Fa (3) - 800( 1) = ° Fa = 266.67 N 

F 
Spring For ... "",: Applying d = k . we have 

533.33 
d~ =--=0.1067m 

5(lOJ) 

266.67 
T=0.1067 

266.67 
11, =-_ 

k, 

Ai. = 2.500N/m= 2.S0kN/m Ans 
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5·57. Determine the distance Ii for placement of the load 
P for equilibrium of the smooth har in the position () as 
shown. Neglect the weight of the har. 

., 

I 
d I 

p 
/1 .8 I 

" __ L! 

- a-----i 

+i~ = 0; 

Also; 

thus 

5·58. The wheelbarrow and its contents have a mass m 
and center of mass at C. Determine the greatest angle of 
tilt f) without causing the wheelbarrow to tip over. 

Rcos8 - p= 0 

-P(dcos8) + R(_a_) =0 
cos8 

Rdcos'8 = RC_
a
_) 

cos8 

d = _a_ Ans 
cos3 8 

Require forces to be concurrent at point 0. 

AO = dcos8 

d= _a_ 
('o~38 

a/cos8 

cos8 

Ans 

Require point G to be ovec the w'-l axle for tipping. Thus 

b cos 6 = asin6 

6 = tan-I~ 
a 
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5-59. A man stands out at the end of the diving board, 
which is supported by two springs A and B, each having 
a stiffness of k = 15 kN/m. In the position shown the 
board is horizontal. If the man has a mass of 40 kg. 
determine the angle of tilt which the board makes with 
the horizontal after he jumps off. Neglect the weight of 
the board and assume it is rigid. 

Eq,..,iolU of Equilibrium: The spring {ora: alA and B can be obtained 
directly by summing momen~ut points B and A. respcclively. 

(+IM.=O; F,.(l)-392.4(3) =0 F,.=1177.2N 

(+ IM. =0; F.(l)-392.4(4) =0 F,=IS69.6N 

F 
Sprill, Formulll: Applying.1 = k . we have 

.1 = 1177.2 =O.07848m 
• IS(I()l) 

G.ome,,, : The angle of lilt a is 

1569.6 
.1. = --= O. 10464 m 

15(1()l) 

--------------------------_.--

*5-60. The uniform beam has a weight Wand length I 
and is supported by a pin at A and a cable Be. Determine 
the horizontal and vertical components of reaction at A 
and the tension in the cable necessary to hold the beam 
in the position shown. 

EqlUlliOlts of Equilibrium: The tension Ihe cable can be oblBined 
directly by summing momenlS about point A . 

(+ IM. =0; Tsin (~-9)I-Wcos 9G)=0 
Weos 9 

T= AM 
25in (~-9) 

Wcos 9 
Using Ihe result T= 

25in (~-9) 

A = Wcos ~cos 9 
s 25in (~-9) AM 

A = W(sin ~cos 9-2cos ~sin 9) AM 
1 25in (~-9) 

r- I m -11----- 3 m 

-

-··-----~---------------I 

Iv 

~1 ,;:"-s ...... 

~ ~- "t~~ 'T ! J I 

-4; r ~ I ~ 1 (: / 
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5·61. The uniform rod has a length I and weight W. It 
is supported at one end A by a smooth wall and the other 
end by a cord of length s which is attached to the wall as 
shown. Show that for equilibrium it is required that h = 
[(S2 - p)/3f/2. 

E,Ulllia". a/ Equilibriu",: The tension in the cable can be 
oblained directly by summing momau! about point A . 

(+ I:MA =0; TSin'(I}-WSin8G)=0 

Wsin 8 
T=-_ 

18in, 

. Wsin 8 
Usmg the result T = _,_, 

+tu, =0; 

18m, 

Wsin 8 
-,-cos(8-,)-W=0 
18m, 

sin Bcos (8-,) - 18in , = 0 [1) 

G~a"'~try : Applying the sine law with sin (180" - 8) = sin 8, we have 

sin, sin 8 
-h-=-s-

h 
sin, = -sin 8 

s 

Substituting Eq.[2) into [I) yields 

Using the cosine law, 

cos (8-,) = ~ 
s 

/2 =h2+/-2hscos (8-,) 

h2+r_/2 
cos (8-,) = 2hs 

Equating Eqs.[3) and (4) yields 

(Q.E.D) 

[2) 

[3] 

[4) 
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5-62. The disk has a mass of 20 kg and is supported on 
the smooth cylindrical surface by a spring having a 
stiffness of k = 400 N/m and unstretched length of 
10 = I m. The spring remains in the horizontal position 
since its end A is attached to the small roller gUide which 
has negligible weight. Determine the angle e to the nearest 
degree for equilibrium of the roller. 

5-63. The uniform load has a mass of 600 kg and is 
lifted using a uniform 3D-kg strongback beam and four 
wire ropes as shown. Determine the tension in each 
segment of rope and the force that must be applied to 
the sling at A. 

Eq .. ",io," of Equilibri .. ". : Due III symrneuy, all wires arc subjected 10 

!he same lI:nsion. This condition swisf.es mom"'l equilibrium aboul!he x 
and y axes and force equilibrium along y axis. 

1:F, = 0; 4TG F S886 = 0 

T= 1839.375 N = 1.84 leN Am 

1bc force F applied 10 !he sling A must suppon !he weiSht of !he load and 
stron,back: beam. Hence 

I.F, =0; F-600(9.81)-30(9.81) =0 

F- 6180.3 N = 6.18 leN 

+ i U; = 0: 

~u; = 0: 

Since 

Solving, 
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Rsine - 20(9.81) = 0 

Rcose - F =0 

lane = 20(9.81) 

F 

cose 

2.2 cos e 

1.0 + .to 
2.2 

20(9.81) 
1.0+ ---

400 lane 

880 sine = 400 lane + 20(9.81) 

e = 27.1° and e = 50.2° Ans 



*5-64. The wing of the jet aircraft is subjected to a thrust 
of T = 8 kN from its engine and the resultant lift force 
/ ,5 kN. If the mass of the wing is 2.1 Mg and the mass 
<.:enler is at G. determine the x, y, z components of reaction 
where the wing is fixed to the fuselage at A. 1:1'; = 0; 

I~. 
/ .. ' 

•• • 

'------ . 

1:F, = 0; 

1:1'; = 0; 

r.M, = 0; 

1:M, = 0; 

1:M, = 0; 

5-65. rhe uniform concrete slab has a weight of 5500 lb. 
Determine the tension in each of the three parallel 
supporting cables when the slab is held in the horizontal 
plane as shown. 

-A, + 8000 = 0 

A, = 8.00 leN ADS 

A, = 0 Ans 

- A, - 20 601 + 45000 = 0 

A, = 24.4 leN ADS 

M, - 2.5(8000) = 0 

My = 20.0 leN'm Ans 

45000(15) - 20601(5) - M, = 0 

M, = 572IeN'm Ans 

M, - 8000(8) = 0 

M, = 64.0 leN'm Ans 

Eq .. lltiolU of Eq .. ilibri .. m : The cable tension 18 can be obtained c 

dita::dy by summing moments aboutlhe y axis. I 
IM, = 0; 5.50(3) -18 (6) = 0 18 = 2.75 kip Alii 

IM, =0; TC(6)+2.75(9)-5.50(6) =0 

Tc = 1.375 kip 

U; = 0; r. + 2.75+ 1.375 - 5.50 = 0 

r. = 1.375 kip 

AIlS 

ADS 

T. 

9.ft ,/ 
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5-66. The air-conditioning unit is hoisted to the roof of 
a building using the three cables. If the tensions in the l:F, = 0; 

cables are TA = 250 Ib, TB = 3001b, and Tc = 200 Ib, 
determine the weight of the unit and the location (x, y) of 
its center of gravity G. UtI, = 0; 

B UtI, = 0; 

5-67. The platform truck supports the three loadings 
shown. Determine the normal reactions on each of its 
three wheels. 

380(15) + 500(21) + 800(5) - F.(35) = 0 

F. = 662.8571 = 663 Ib AM 

LV, = 0; 380( 12) - Fj, (12) - 500( 12) + Fc ( 2) ~"li 
'" 5I"'1ob 

Fe - Fi = 120 II I I ~'" 

250+300+200-W=0 

W = 750lb AM 

750(x) - 250( 10) - 200(7) = 0 

x = 5.20 ft AIlS 

250(5) + 300(3) + 200(9) - 750(y) = 0 

y = 5.27 ft An. 

Fi + Fe - 500 + 663 - 380 - 800 = 0 l (.P ""O"~ .... ' .L /<.< 

Fi + Fe = 1017.1429 /;:;;::-~ __ :!.::;~~?,~~T.-
6" .' /;/-

Solvina. 
1'2 ,Q" ~ .. 

Fe = 569 Ib ADS 

F, = 449 Ib ADS 
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*5-68. The wrench is used to tighten the bolt at A. If 
the force F = 6 Ib is applied to the handle as shown, 
determine the magnitudes of the resultant force and 
moment that the bolt head exerts on the wrench. The force 
F is in a plane parallel to the x-z plane. 

Equations oj Equilibrium: 

1:F,=O; 6cos30'-A,=O A,=5.196Ib 

1:1', =0; A,. =0 

1:1',=0; .4,-6sin30'=0 A,=3'(Xllb 

1:M, = 0; (MA ). - 65in30"(14) = 0 (MA), = 42.0 lb· in 

1:M, = 0; 6e08 30'(2) - (M.d, = 0 (M.,),. = 10.39 lb· in 

1:M, = 0; (M.d, - 6cos30'(l4) = 0 (M •• ), = 72.75 lb· in 

The magnitude of force and moment reactions arc 

F" = ! A; + A: = ../5.196' + ].00' = 6.00 Ib Ans 

= ../42.02 + 10.39' + 72.75' 

= 84.64 lb· in = 7.0,) Ib ft Ans 

5-69. The cart supports the uniform crate having a mass 
of 85 kg. Detennine the vertical reactions on the three 
casters at A, B, and C. The caster at B is not shown. 
Neglect the mass of the cart. 

Equations of Equilibrium: The nonnal rcadjon Nc ,'an be obtained 
directly by summing moments about x axis. 

1:M, = 0; N, (J.3) - 833.85(0.45) = 0 

Nc = 2R~.64 N = 289 N Ans 

1:M, = 0; 83].85!O.3) - 288.64(0.35) - N.,(0.7) = 0 

N" = 213.04 N = 2[3 N Ans 

1:F, = 0; NR + 288.64 + 213.04 - 833.85 = () 

No = 332 N Ans 

F=61b 

t=========::tl , 

~","=r~' 
61b 
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5-70. The boom AB is held in equilibrium by a ball-and
socket joint A and a pulley and cord system as shown. 
Determine the x, y, z components of reaction at A and the 
tension in cable DEC if F = {-1500k} lb. 

x 

5 f1 
! 

5-71. The cable CED can sustain a ~um tension of 800 lb 
before it fails. Determine the greatest vertical force F that can 
be applied to the boom. Also, what are ~e x, y, z components 
of reaction at the ball-and-socket Jomt A . 

y 

x 
5ftt-/ 

F 

From FBD of boom, 
5 

{125 1'0£(10) - 1500(5) = 0 :EM. = 0; 

ToE = 1677.05 Ib 

E.f; = 0; 

l:F, = 0; 10 
A, - {125(1677.05) = 0 

A, = 1500 Ib = 1.50 kip Ans 

l:F, = 0; 5 
A, -1500 + r,;;;;(1677.05) = 0 

V 125 

A, = 750lb 

From FBD of pulley, 

l:F, = 0; 4 I 
2( .(96) l' - .f, (1677.05) = 0 

l' = 918.56 = 9191b ADS 

From FBD of pulley. 

u,;. = 0; 2(8OO)cos24.09° - FOE = 0 

.... = 1460.59 Ib 

From FBD of boom; 

EM. = 0; 
5 

y'i2S(146O.59)(1O) - F(S) = 0 

F = 1306.39 Ib = 1.31 kip 

u,; = 0; A. = 0 

U, =0; 
10 

A, - y'i2S(146O.S9) = 0 

ADS 

AD. 

;>:/ 

A,. = 1306.391b = 1.31 kip Ans 

U. =0; S 
A, -1306.39 + y'i2S(146O.S9) = 0 

A, = 6531b Ani 
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*5-72. Determine the force components acting on the 
hall-and-socket at A, the reaction at the roller B and the 
tension on the cord CD needed for equilibrium of the 
quarter circular plate. 

EqutllioIJS of Equilibriu", " The normal reaction NB and A, can be 

obtained di .... :t1y by summing moments about the x and y axes respectively. 

I:.M, = 0; N. (3) - 200(3) - 200(3sin 60°) = 0 

NB = 373.21 N = 373 N Au 

IM, = 0; 350(2) + 200(3cos 60") -A, (3) = 0 

A, = 333.33 N = 333 N Ans 

u, =0; 1(.D+373.21+333.33-350-200_200=0 

TcD = 43.5 N Ans 

IF. =0; Ax =0 Ans 

u, =0; A, =0 Ans 

5-73. The windlass is subjected to a load of 150 lb. 
Determine the horizontal force P needed to hold the 
handle in the position shown, and the components of 
reaction at the ball-and-socket joint A and the smooth 
journal bearing B. The bearing at B is in proper alignment 
and exerts only force reactions on the windlass. 

I'M, = 0; 

U, =0; 

EM, =0; 

:u; = 0; 

1M, =0; 

U; =0; 

-~ 
v 

(150)(0.5) - P(l) = 0 

P = 751b AIlS 

A, = 0 Ans 

-(150)(2) + B,(4) = 0 
i 
I .1.f~ 

B, = 751b Ans [' 

"-~ A, + 75 - 150 = 0 {'" -~ ~ ~~ ~ 
1. 150M, 

P A, = 751b AIlS 

Bx(4) - 75(6) = 0 

B, = 1125 = 112 Ib AIlS 

A, - 112.5 + 75 = 0 

A, = 37.5 Ib AIlS 

242 



5-74. The pole for a power line is subjected to the two 
cable forces of 60 lb, each force lying in a plane parallel 
to the x-y plane. If the tension in the guy wire AB is 
80 Ib, determine the x, y, z components of reaction at the 
fixed base of the pole, 0, 

Equations of Equilibrium: 

E F, = 0; 0., + 60 sin 45" - 60 sin 45° = 0 

Ans 

EF, = 0; a.,. + 60 cos 45" + 60 cos 45° = 0 

0,. = -84.9 lb Ans 

EF, = 0; O. - 80 = 0 0, = 80.0 Ib Ans 

EM, = 0; (Mol< + 80(3) - 2160 cos 45"(14)] = 0 

(.110 ), = 948 lb· ft Ans 

EM,. = 0; (M,,), + 60sin45'(l4) - 60 sin 45" (14) = 0 

(.11,,),. =0 Ans 

EM, = 0; (Mo), + 60'in45°(I) - 60sin45\1) = 0 

(Mo), =0 Ans 

5-75. Member AB is supported by a cable Be and at 
A by a square rod which fits loosely through the square 
hole at the end joint of the member as shown. Determine 
the components of reaction at A and the tension in the 
cable needed to hold the 800-lb cylinder in equilibrium. 

F F (
3, 6. 2) 

Be = . Be -I - - J + - k 
777 

FBC = 0 

EF, = 0; A, = 800 Ib 

EM,=O; (MA),-800(6)=0 

(M,,), = 4.80 kip· ft 

EM, = 0; (M.,), = 0 

EM, = 0; (.11.,), = 0 

Ans 

Ans 

Ans 

.A!:l:-.=--r.7;---- 00 Ib 

8111b 

B 
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*5-76. The pipe assembly supports the vertical loads 
shown. Determine the components of reaction at the ball
and-socket joint A and the tension in the supporting cables 
Be and BD. 

x 

I 
3m 

I 
I 

I 

! 

r 
I 

v 

5-77. Both pulleys are fixed to the shaft and as the shaft 
turns with constant angular velocity, the power of 
pulley A is transmitted to pulley B. Determine the 
horizontal tension T in the belt on pulley B and the x, y, 
z components of reaction at the journal bearing C and 
thrust bearing D if 0 = 0°. The bearings are in proper 
alignment and exert only force reactions on the shaft. 

£qutltio", 0/ Equilibrium: 

"EM, : 0; 65(0.08) -80(0.08) + T(0.15) - 50(0.15) : 0 

T:58.0N Ans 

"EM, :0; (65 + 80) (0.45) - C; (0.75) : 0 

C; :87.0N Ans 

"EM, =0; (50+ 58.0) (0.2) - C, (0.75) = 0 

C, =28.8 N Ans 

u; = 0; D. =0 Ans 

IF, = 0; D, +28.8- 50-58.0 = 0 

D, = 79.2 N Ans 

IF, = 0; D. +87.0-80-65 = 0 

D, = 58.0 N Ans 

:EM, = 0; -3(4) - 4(5.5) + ~T'D(1) + ~:r.dl) + ~:r.D(I) + ~:r.dl) = 0 
3 3 3 3 

TaD + 1'sc = 34 

.EM, = 0; 

Tac = 16D 

1Bc = TBD = 17 kN Ans 

~ = 0; 

A,. = 11.3 leN Ans 

u, = 0; A, = 0 Ans 

u, = 0; A, + 17(~) + 17(~) - 3 - 4 = 0 
3 3 

A, = - 15.7 leN Ans 

z 

200 m~~~~::I~r_-_50 N 
250ml~ 

.<::~ (J 

x 

T 

6S N 
BON 

x 
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5-78. Both pulleys are fixed to the shaft and as the shaft 
turns with constant angular velocity, the power of 
pulley A is transmitted to pulley B. Determine the 
horizontal tension T in the belt on pulley B and the x, y, 
z components of reaction at the journal bearing C and 
thrust bearing D if 8 = 45°. The bearings are in proper 
alignment and exert only force reactions on the shaft. 

EqUaliOM of Equilibrium: 

rM, = 0; 65(0.08) -80(0.08) + T(0.15) -50(0.15) = 0 

T= 58.0 N Ans 

rMJ = 0; (65 + 80) (0.45) - 50sin 45°(0.2) - <; (0.75) = 0 

<; = 77.57 N = 77.6 N Ans 

~ = 0; 58.0(0.2) +50c0s 45°(0.2) -c,. (0.75) = 0 

CJ = 24.89 N = 24.9 N Ans 

U; =0; D, =0 Ans 

IF, = 0; DJ + 24. 89 - SOcos 45° - 58.0 = 0 

DJ = 68.5 N Ans 

!.F, = 0; ~ + 77.57 +50sin 45° - 80-65 = 0 
D, =32.1 N Alii 
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5-79. The bent rod is supported at A, B, and (. b~ 
smooth journal bearings. Compute the x, y, ::; components 
of reaction at the bearings if the rod is subjected to forces 
F, = 300 Ib and F2 = 250 lb. F, lies in the y-::; plane. The 
bearings are in proper alignment and exert only force 
reactions on the rod. 

F, = (-300cos45°j - 300sin45°k) 

= {-212.1j - 212.1k}lb 

45° . 30"', + 250 cos4socos30"j - 2S0sin4S0k) F, = (2S0 cos Sill 

c 
4 ft 

L:~~~ ~t 

= {88.39i + IS3.1j - 176.8k}lb ~ ~ 

,J.~ '[ L" 
8X~ 

Ax +Bx + 88.39 = 0 

1:F, = 0; Ay + Cy - 212.1 + IS3.1 = 0 

:u, = 0; B, + C, - 212.1 - 176.8 = 0 ;( 

I:Mx = 0; -B,(3) - Ay(4) + 212.1(S) + 212.1(S) = 0 

I:M, = 0; C,(S) + Ax (4) = 0 

I:M, = 0; Ax(S) + Bx(3) - Cy(S) = 0 

Ax = 6331b Ans 

A = -1411b Ans 
y 

Bx = -72llb Ans 

B, = 89S Ib Ans 

Cy = 200 Ib Ans 

C, = -506lb Ans 
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*5-80. The bent rod is supported at A, B, and C by 
smooth journal bearings. Determine the magnitude of F2 
which will cause the reaction C v at the bearing C to be 
equal to zero. The bearings are "in proper alignment and 
exert only force reactinm em the rod. Set FI = 300 lb. 

F\ = (-300oos45°J - 300sin45°k) 

= {-212.1J - 212.1k}lb 

F2 = (l'2 oos45°sin30"1 + l'2 cos45°oos30"J - l'2 sin45°k) Fi 

.,t;~~~~.o = {0.3536l'21 +0.6124l'2J - 0.7071l'2 k}lb 

IF. = 0; 

l:F, = 0; 

IF. aO; 

~ =0; 

IN, = 0; 

l:M, = 0; 

5-81. The silo has a weight of 3500 lb and a center of gravity at 
G. Determine the vertical compellent of force that each of the three 
struts at A, B, and C exerts on the silo if it is subjected to a resultant 
wind loading of 250 lb which acts in the direction shown. 

A 1----.-- Y 

F= 250 lb 

x 12 ft 

Top view 1 
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A. + B. + 0.3536Fi = 0 

A,. +0.6124Fi - 212.1 = 0 
e"i/J/ ~ " 

/ f, 

B, + C, - 0.7071Fi - 212.1 = 0 
;x 

-B,(3) - A,. (4) + 212.1(5) + 212.1(5) = 0 

C,(5) + A.(4) = 0 

A.(5) + B.(3) = 0 

A. = 3571b 

A,. = -200 Ib 

B. = -5961b 

B, = 9741b 

C, = -286lb 

Fi = 674 Ib AIlS 

Set !be coordinl/e- axes system at lite bale of !be aUo with !be origin at pointO . 

rM, =0; B,(5sin6O")-C;(5sin6O")-2.50sin300(lS) =0 

4.3308, - 4.33oc; -1875 = 0 [1] 

LII,. = 0; B,(Soos600) + C;(Soos600) -A,(S) + 2S0oos300( IS) = 0 

2.5B, +2.SC; -sA, +3247.6 =0 [2] 

l:F,=0; A,+B,+C;-3SOO=0 [3] 

Solving Eq •. [1]. [2] and [3] yields : 

B, = 11671b C; = 7341b A, = 1600 Ib 



5-82. Determine the tensions in the cables and the 
components of reaction acting on the smooth collar at A 
necessary to hold the 50-lb sign in equilibrium. The center 
of gravity for the sign is at C. 

z 

TDE '" 1[,E -I - -J + -I[ (I 2 2) 
3 3 3 

'Jl.c'" 1Bc -I - -J + -I[ (-I 2 2) 
3 3 3 

u. '" 0; 
I I 
31[,E - 31Bc + A. '" 0 

1:F, '" 0; 
2 2 
31[,E + 31Bc - 50 '" 0 

u, '" 0; 

EM. '" 0; 2 2 
(M,.). + 31[,E(2) + 31Bc(2) - 50(2) '" 0 

.r..v, '" 0; 2 2 
(M,,), - "370E(3) + "3 :z;,c(2) + 50(0.5) '" 0 y 

I ft '. I 2.5 ft .y 
I ftJ/ 125ft . 

~. 
I:.M. '" 0; 

Solving; 

1[,E '" 32.1429 '" 32.1 Ib Ans 

:z;,c = 42.8571 = 42.9 Ib ADS 

A. = 3.5714 '" 3.57 Ib ADS 

A, = 50 Ib ADS 

(M,,), = -17.8571 = -17.9Ib.ft ADS 

The boom is supported by a ball-and-socket joint 
5-83. . t B If the 5-kN loads lie in a plane at A and a guy wIre a. . . h 

h' h' arallel to the x-y plane. determlne.t e ~.y. z 
W IC IS P of reaction at A and the tensIOn In the components 
cable at B. 

Ell_10M 0/ Equilibrium: 

!.M. =0; 

:r.M, = 0; 

2[Ssin 30°(5») - r. (1.5) = 0 

r. '" 16.67 leN = 16.7 leN ADS 

Scos 300(5) -5cos 300(5) = 0 (SttlJis/ied!) 

5 kN ----;7 '. 

A . --:-tt---v 

x 
/ f--1.5m-j 

1:F, = 0; 

A. + Scos 300 - Scos 30° = 0 
A. =0 

A, - 2(Ssin 30°) = 0 

A, = S.OO1cN 

1:1'; = 0; A, -16.67 = 0 A, = 16.7 leN 

ADS 

--~-------1 
ADS 

ADS 
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*5-84. The boom AC is supported at A by a ball-and
socket joint and by two cables BDC and CEo Cable BDC 
is continuous and passes over a pulley at D. Calculate the 
tension in the cables and the x, y, Z components of reaction 
at A if a crate has a weight of 80 lb. 

y 

~(3:;1 =-=1",;2j~+=6k::,)== Fa = FCE • 
~32 + (-12)2 + 62 

,,;(~-;;31=-=1,;2;,J =+=4=k)~ Fco = £ooc. 
';(-3)2 + (-12)2 + 42 

= { -0.2308F"ocl - 0.9231F"ocJ + 0.3077F"ock} Ib 

(-31 - 4J + 4k) 
F -F-
.0 - .oc ~(-3)2 + (-4)2 + 42 

= fBoc( -{).46851 - 0.6247J + 0.6247k) 

rMz = 0; F"oc(0.6247)(4) + 0.4364Jh(12) + 0.3077F"oc(12) - 80(12) = 0 

rM, = 0; 0.4685fBoC< 4) + 0.2308F"oc(12) - 0.2182FCE (12) = 0 

fBoc = 62.02 = 62.0 Ib Ans 

FCE = 109.99 = 1I0lb Ans 

1:.F,. = 0; Az + 0.2182(109.99) - 0.2308(62.02) - 0.4685(62.02) = 0 

Az = 19.4lb Ans 

I:.F, = 0; A,. - 0.8729(109.99) - 0.9231(62.02) - 0.6241(62.02) = 0 

A,. = 192 Ib Ans 

U; = 0; A, + 0.4364(109.99) + 0.3077(62.02) + 0.6247(62.02) - 80 = 0 

A, = -25.8Ib ARB 
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5·85. Rod AB is supported by a ball-and-socket joint at 
A and a cable at B. Determine the x. y. z components of 
reaction at these supports if the rod is subjected to a 
.'iO-lb vertical force as shown. 

2 ft 2 ft 

~D~ Y 

IF.-O; -T,+A"",O 

IF, - 0; .4,+8,-0 

u. .. 0; -~+A" .. O 

I:M... '" 0; ~ (2) - 8, (4) .. 0 

IMA, .. 0; ~ (2) - T, (4) .. 0 

IM", .. 0; 8,(2) -T, (2) - 0 

Solving. 

T, .. 2S1b A ... '1 
A,,-2S1b A ... 

.4, .. -2Slb AM 

A, - ~Ib A ... 

S, - 2S1b AM 
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5-86. A vertical force of 50 Ib acts on the crankshaft. 
Determine the horizontal equilibrium force P that must 
be applied to the handle and the x, y, Z components of 
reaction at the journal bearing A and thrust bearing B. 
The bearings are properly aligned and exert only force 
reactions on the shaft. 

Ef/UIIU"" of Equilibrium: 

:EM, = 0; B, (2S) - SO( 14) = 0 B, = 2S.01b ADS 

:EM, = 0; P(S) -S0(10) = 0 P= 62.S1b Ans 

r..v. = 0; B. (2S) - 62.S( 10) = 0 

B. = 22.32 Ib '" 22.3 Ib Ans 

U. =0; 62.S+22.32-A, = 0 A, = 84.8Ib ADS 

IF, =0; B, =0 ADS 

IF, =0; A, +2S.0-S0 = 0 A, = 25.0 Ib Alii 

5-87. The platform has a mass of 2 Mg and center of mass 
located at C. If it is lifted using the three cables, determme 

h f . each of these cables Solve for each force by t e oree m '.. . 
using a single moment equation of eqUlhbnum. 

:u; = 0; 

1M, = 0; 

'EM, = 0; 

U; = 0; 

50/6 

~F. - ~Foe = 0; l'Ae = Foe 4 Ae 4 

4 4 _ 
3(9.81)(2) - sl'Ae(6) - sFoe(6) - 0 

l'Ae = Foe = 6.131 = 6.13 kN A .... 

~(6.131)(6) - 3(9.81)(3) + FDE(3) = 0 
S 

FDE = 19.62 = 19.6 kN AIlS 

~(6.131) + ~(6.131) + 19.62 - 3(9.81) = 0 
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*5-88. The platform has a mass of 2 Mg and center of 
mass located at C. If it is lifted using the three cables, 
determine the force in each of the cables. Solve for each 
force by using a single moment equation of equilibrium . 

.EM,. = 0; 

EM .. = 0; 

FDE(6) - 2(9.81)(4) = 0 

FoE = 13.1 leN ADS 

1
--{)·8944 0.4472 0 I 1--{)·8944 0.4472 0 

o 6 0 + -4 3 0 I = 0 
o -0.6Fie O·8f8e 0 0 -19.d 

-0.8944(6)(0·8f8cl - 0.8944(3)(-19.62) - 0.4472(-4)(-19.62) = 0 

Fie = 4.09 leN ADS 

l:Mb6 :: 0; 

1
--{)·8944 -0.4472 0 I 1--{)·8944 -{).4472 0 

o -6 0 + -4 -3 0 I = 0 
o 0.6l'Ae 0.8l'Ae 0 0 -19.62 

-0.8944(-6)(0.8l'Acl - 0.8944(-3)(-19.62) + (0.4472)(-4)(-19.62) = 0 

l'Ae = 4.09 leN ADS 
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5-89. The cables exert the forces shown on the pole. 
Assuming the pole is supported by a ball-and-socket joint 
at its base, detemine the components of reaction at A. 
The forces of 140 lb and 75 lb lie in a horizontal plane. 

1401b 

I 3 
Tso = r;nT,JDJ - r;nliok 

y 10 y 10 

-10 5 IS 
Ts c = r;;;; li c I + r.;;;; li d - r.;;;; li ck 

y 350 Y 350 Y 350 

l:Mx = 0; 
5 I 

(14Ocos30o + 75)(15) - r.;;;;Tac(15) - r;nlio(15) = 0 
y350 ylO 

1M,. = 0; 

1:1',; = 0; 

U; = 0; 

10 
14Osin30°(15) - r.;;;; Tsc(15) = 0 

y350 

A + 140 sin30° - ~lic = 0 
x {350 

I 5 
A - 14Ocos30° - 75 + r;n lio + r.;;;; lic = 0 

1 yl0 y350 

3 IS 
A - -T.o - r.;;;;lic = 0 '.flO y350 

lic = 130.96 = 131 Ib Ans 

Tao = 510 Ib Ans 

Ax = 0 ARB 

A, = 0 ARB 

A, = 5891b Ans 

Also, note that BA 18 a two - force member, so that Ax = A, = O. 
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5-90. The pole is subjected to the two forces shown. 
Determine the components of reaction at A assuming it 
to be a ball-and-socket jOint. Also, compute the tension 
in each of the guy wires, Be and ED. 

Foru V.ctor tuld Positio" Vectors : 

F\ = 860 {cos 45°j - sin 45°k} N = {608.11i -608.lIk} N 

F2 = 450{-cos 20·cos 300i+cos 200sin 3OOk-sin 2ook} N 
= {-366.2li+211.43j-153.9Ik} N 

F£O =F£O[ (-6-0)i+(-3-0)J+(0-6)k] 

I( -6- 0)2 + (-3-0)2 +(0- 6)2 
2 1 2 

=--F£Oi--F£01--R k 
3 3 3 £0 

F -.,. [_(i7.6z=-=;0)~if'+:=( -4:==:,.5,;,-=::0~)j~+,,;,(~0-:=4.;;),;;;k ] Be -rBe .J 

1(6-0)2 +(-4.5 -0)2 + (0-4)2 
12 9 8 

= j7FBe i -j7FBd-j7FBek 

r\ = {4k} m rz = {8k} m r] = {6k} m 

Equatio"s 0/ Equilibrium: Force equilibrium requires 

lJi'=0; FA +F\ +Fz +F£O+F'e =0 

(A, + 608.11 - 366.21 - ! R£O + E F. )1 
3 17 Be 

+ (A,. +211.43-~F.£O-!...F. ~; 
3 17 Be f 

+(1\ - 608.11-153.91_ ~F.ED -~F. )k - 0 
3 17 Be -

Equaling i.j and k componenlS. we have 

u. =0; 

IF, =0; 

A 2 12 ,+608.11-366.21--F£O+_F. =0 
3 17 Be 

I 9 A, +211.43--R£O-_F. =0 
3 17 Ie 

.. 2 8 
''z -60S.11 -153.91--F_ --R = 0 

3 - 17 Ie 

[ IJ 

[2] 

(3J 

~ 
"4.5 In ~, 

x 

Moment equilibrium requires 

(
12 9 8 ) 

4kx -FBei--FBd--Firek 
17 17 17 

+ Skx (241.9Oi + 211.43j -762.02k) 

( 
2 I 2 ) +6kx --Fmi--Fmj--Fmk =0 
3 3 3 

Equaling I,J and k componenlS. we have 

EM, =0; 
36 
j7Fire + 2F£O - 1691.45 = 0 [4] 
48 
j7FBe -4Fm + 1935.22 = 0 [5] 

IM, =0; 

Solving Eqs. [4] and [5] yields 

Fire = 205.09 N = 205 N FED = 628.57 N = 629 N Ans 

Substituting me resullS inca Eqs.[I]. [2] and [3] yields 

A, = 32.4 N A, = 107 N 1\ = 12n.S8 N = 1.28 kN Ans 

254 



*5-91. lbe shaft assembly is supported by two smooth 
journal bearings A and B and a short link DC. If a couple 
moment is applied to the shaft as shown, determine the 
components of force reaction at the bearings and the force 
in the link. The link lies in a plane parallel to the y-z plane 
and the bearings are properly aligned on the shaft. 

LIt, = 0; - 250 + FCD cll82O"(0.25 cos30") + FeD sin200(0.25 sin 30°) = 0 

FCD = 1015.43 N = 1.02 kN AIlS 

I:(M.), = 0; -A,(O.7) - 1015.43 sin20"(0.42) = 0 

A, = - 208.38 = -208 N Ana 

u. = 0; - 208.38 + 1015.43 sin20° + B, = 0 

B, = -139N A.a 

I:(M.), = 0; A, (0.7) - 1015.43 00$20"(0.42) = 0 

A, = 572.51 = 573 N A.a 

u, = 0; 572.51 - 1015.43 (".20" + B, = 0 

B,=382N Ana 
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5-92. Determine the horizontal and vertical components 
of reaction at the pin A and the reaction at the roller B 
required to support the truss. Set F = 600 N. 

£,Ulllio". of Equilibrium: The nonnal reaction N, can be obtained 
direo:dy by summing morllCllIS about point A. 

(+ l:M .. = 0; 600(6) +600(4) +600(2) -N,cos 4S0(2) = 0 
N, = S091.17 N = S.09 kN Au 

~ U. =0; A. - S09 1.1 7cos 4So = 0 

A. = 3600 N = 3.60 kN Au 

+iu,=O; S091.17sin4S0- 3(600)_A, .. 0 

A, = 1800 N = 1.80 kN AIlS 

5-93. If the roller at B can sustain a maximum load of 3 
kN, determine the largest magnitude of each of the three 
forces F that can be supported by the truss. 

E,Ulllio1f8 of E,uilibrium: The unknowns A. and A, can be e1iminued 
by summing moments about point A. 

f l:MA =0; F(6) + F(4)+F(2) -3cos 45°(2) = 0 

F= 0.3536 kN = 354N Ans 

F F F 

/..7'.. 

600'; f,o"tJ 

F F F 
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~.9~. Determine the normal reaction at the roller A and 
on.z?n~al and vertical components at pin B for 10 kN 

equIlIbrIum of the member. 

r O.6m 0.6m i 

EqlltUiolU 0/ &'"illbrilllfJ : The nonnal reaction N be b . 
d'-' b . A can 0 Wncd 

u .... "y y sumnung lDomentr about point B. 

(+ LIlA = 0; 10(0.6+ 1.2cos 6QO) + 6(0.4) 

-NA (1.2+ 1.2cos 6QO) = 0 

10 K,J 

O·6m 
~ l:F; = 0; B. - 6cos 30" = 0 B. = 5.20 leN 

Ans 

+Tu, =0; B,+8.00-6sinJOo_IO=0 

B, = 5.00 leN 

1-------------.------.-------------------------------------. 

*5·95. The symmetrical shelf is subjected to a uniform 
load of 4 kPa. Support is provided by a bolt (or pin) 
located at each end A and A' and by the symmetrical 
brace arms, which bear against the smooth wall on both 
sides at Band B'. Determine the force resisted by each 
bolt at the wall and the normal force at B for equilibrium. 

EqutUuu" 0/ Eqllilibrilllrt: Each shelf s post at its end supports half 
of die applied \old. ie, 4000(0.2) (0.75) = 600 N. The normal n:action N, 
can be oblained dirccdy by summing moments about pointA. 

(+ rMA = 0; N, (0.15) - 600(0.1) = 0 N, = 400 N Ans 

.:. l:F; = 0; 4OO-A. = 0 A. = 400N 

+TtF,=o; A,-600=0 A,=600N 

The force resislcd by th~ bolt at A is 

F. =~A;+"i=';40Q2+6OCJl=721N Ans 

0. 
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5-96. Determine the x and z components of reaction at 
the journal bearing A and the tension in cords Be and 
BD necessary for equilibrium of the rod. 

x 

F] = {-800k}N 

F, = { -SOOk} N 

F, = { 3S0j} N 

(-3j + 41<) 
F.c = Fsc 5 

= {-o.6Fsd + O.SFsck} N 

(3j + 41<) 
F.D = FsD--

S
--

l:F.=0; A.=O Ans 

l:F, = 0; 3S0-0.6Fsc + 0.6FsD = 0 

u. = 0; A, - SOO + O.SFsc + O.SFsD = 0 

1M,. = 0; MA • + 0.SFsD(6) + 0.8FscC6) - 800(6) = 0 

~ = 0; 800(2) - 0.8Fsd2) - 0.8F"D(2) = 0 

1M,. = 0; ~,- 0.6Fsc(2) + 0.6FsD(2) = 0 

FsD = 208 N Ani 

Fsc = 792 N Ani 

A, = 0 Ani 

MA• =0 Ani 

MA , =700N·m Ani 
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5-97. Detennine the reactions at the supports A and B 
for equilibrium of the beam. 

EquaJions of Equilibrium: The normal reaction No can be obtained 
directly by summing moments about point A. 

+EMA = 0; No(7) - 1400(3.5) - 300(6) = 0 

No = 957.14 N = 957 N Ans 

Ag - 1400 - 300 + 957 = 0 Ag = 743 N 

Ax =0 Ans 

5-98. Detennine the x, y, Z components of reaction at 
the ball supports Band C and the ball-and-socket A (not 
shown) for the uniformly loaded plate. 

W = (4 ft)(2 ft)(2 Ib/ft2) = 16 Ib 

E Fx = 0; Ax = 0 Ans 

EFy=O; Ay=O Ans 

EF, = 0; A, + B, + C, - 16 = 0 (1) 

EMx = 0; 2B, - 16(1) + C,(I) = 0 (2) 

EMy = 0; - B,(2) + 16(2) - C,(4) = 0 (3) 

Solving Eqs. (1)-(3): 

A, = Bz = C, = 5.33 Ib Ans 
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*5-99. Determine the x, y, z components of reaction ~t 
the fixed wall A.1be 150-N force is paralIel to the z aXIS 
and the 200-N force is parallel to the y aXIs. 

t:qlUlliD., 0/ Equilibrium: 

1:1'; = 0; A. =0 Au 

1:F, = 0; A, +200=0 A, =-2ooN Au 

1:1'; = 0; A. -150=0 A.=150N Ana 

LW. =0; (MA ). + 2oo(2) -150(2) = 0 

(MA ). =-looN·m Ana 

:EM, = 0; (MA ), =0 A .. 

LW. =0; (MA l, + 200(2.5) .. 0 

(MA ), --SooN·m Ana 

5-100. The horizontal beam is supported by springs at 
its ends. If the stiffness of the spring at A is kA = 5 kN/m, 
determine the required stiffness of the spring at B so that 
if the beam is loaded with the 800-N force, it remains in 
the horizontal position both before and after loading. 

Equilibrium : 

~r..w.. .. 0; F, (3) - 800( 1) .. 0 F • .. 266.67 N 

(+IM, "0; 800(2)-FA{3) .. 0 FA -533.33N 

Sprins force formula : 

533.33 266.67 
SOO)=T 

~ .. 2500 N/m = 2~ IeN/m 
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6-1. Determine the force in each member of the truss 
and stelle if the members are in tension or 
compression. Set PI = 800 Ib and P2 = 400 lb. 

M.tltod 0/ Joi",s " In this case. the ~uppon reactions are not required for 
determining the monber forces. 

Joint B 

~ IF; = 0; FacalS 45°-F,. G)-400 = 0 

+ t IF, = 0; Facsin 45°+ Fa. G)-SOO= 0 

Solving Eqs.[lJ and [2) yields 

Joint C 

Fa. = 285.711b (T) = 2S61b (T) 

Fac = 80S.12 Ib (T) = S08 Ib (T) 

~ IF; = 0; Fe. - 808.12cos 45° = 0 

Fe. = 571lb (C) 

+ t IF, = 0; £; - SOS.12.)e~5° = 0 

£; =571 Ib 

Ans 

Ans 

Ans 

Nate: The suppon reactions Ax and A, can be delennined by analyzmg 

JointA using the results obtained above. 

[IJ 

[2) 
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1i·2. Dckrmin~ the force un ~:Jch member vi" the 
tru" and state if the members are in tension or 
comrression. Set Pi = "no Ib and Pc = 100 lb. 

Method of Jol"u : In this case. the suppon reactions are not required for 
determining the member forces. 

Joint B 

":'l:F; =0; I'8cCOS4so-I'8.G)-IOO=O [IJ 

+iu,=O; I'8C Sin .W +I'8.(i)-SOO=O [2J 

Solving Eqs. [I] and [2] yields 

I'8A = 28S.71lb (T) = 2861b (T) Ans 

I'8c = 383.86 Ib (T) = 384lb (T) Ans 

Joint C 

..:. l:F; = 0; Fe. - 383. 86cos 4So = 0 

Fe. = 27IIb (C) Ans 

+ i U, = 0; C, -383.86S.iwso = 0 

c, = 271.431b 

Note: The suppon reactions Az and A,. can be determined by analyzing 

JointA using the results obtained above. 

--6 ft --":""'---8 ft--....: 

R It 
I 

i 

J 
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6·3. The truss, used to suppon a balcony, is subjected 
to the loading shown. Approximate each joint as a pin 
and determine the force in each member. State whether 
the members are in tension or compression. Set PI = 
600 lb. P2 = 400 lb. 

A 

41\ 

1-0---- 4 ft --_1--__ 

Joint A: 

+tEF,=O; FAll sin45'-6(Xl=0 

rAD = 848.528 = 849 Ib(C) Ans 

-:'> EF, = 0; FAB - 848.528 cos 45' = () 

F.18 = 600 Ib(T) Ans 

Joint B: 

+tEF)=O; FBo -400=() 

F80 = 400 Ib(C) Ans 

FDe = 600 Ib(T) Ans 

Joint D: 

+ t E F, = 0; Foe sin 45' - 400 - 848.528 sin 45' = 0 

Foe = 1414.2L4 Ib = 1.41 kip(T) Ans 

-:'> E F, = 0; ~48.528 co,45" + 1414.2L4cos45' - FOE = 0 

FDE = 16(X) Ib = 1.60 kip(C) Ans 

YI 400lb 
848.528 Ib" I / F[)( 

~~-x @I FDE 

IV 

~
40() Ib 

® F __ B_C_
x 

600 Ib t 
FBD 
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*6-4. The truss, used to support a balcony, is subjected 
to the loading shown. Approximate each joint as a pin 
and determine the force in each member. State whether 
the members are in tension or compression. Set 
P1 = 800 lb, P2 = O. 

A 

r 
4 

Joint A : 

+ i LF; = 0; ~D sin45° - 800 = 0 

~D = 1131.4 Ib = 1.13 lcip (C) 

~B - 1131.4cos45° = 0 

~B = 800 Ib (1) 
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6·5. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Assume each joint as a pin. Set P = 4 kN. 

M~t"od 0/ Join's: In this case, !he suppon reactions are not lajuired for 
deletmining the member fol"Ce$. 

Joint A 

+ tu, =0; .r:.E(~)-4=0 
.r:.E = 8.944 kN (el = 8.94 kN (C) Alii 

~ D; = 0; .r:..- 8.944( ~ ) = 0 

.r:.. = 8.00 kN (T) Alii 

Joint B 

~ D; = 0; Fie - 8.00 = 0 Fie = 8.00 kN (T) Alii 

+ t IF, = 0; Fir 8 = 0 fiE = 8.00 kN (el Alii 

JointE 

+ u,. = 0; F£ecos 36.87· - 8.00c0s 26.S7· = 0 

F£e = 8.944 kN (T) = 8.94 kN (T) Alii 

+D;. = 0; 8.944+ 8.00sin 26.S7· + 8. 944sin 36.87· -FED = 0 

FED = 17.89 kN (e) = 17.9 kN (e) Alii 

Joint D 

+tIF,=O; FDe-17.89(Js)=0 FDe=8.00kN(T) Ans 

~.I:F:-O· -D·' 1789(2.)=0 L>,=16.0kN ~ • -, .'" .fS 

Note: The suppon reactions C. and S can be deIamined by analysing 

Joint C using the results oblllincd above. 
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6-6. Assume that each member of the truss is made of 
steel having a mass per length of 4 kg/m. Set P = 0, 
determine the force in each member, and indicate if the 
members are in tension or compression. Neglect the 
weight of the gusset plates and assume each joint is a pin. 
Solve the problem by assuming the weight of each 
member can be represented as a vertical force, half of 
which is applied at the end of each member. 

Joilll Forcu : 

F;, =4(9.81)(~ v;o]=166.22N 

Fj, =4(9.81)(2+2+ I) = 196.2 N 

FE = 4(9.81)[1 +3( V:OJ] = 302.47 N 

FD :4(9.81)(2+ v;oJ= 166.22N 

M~tJ.od of Joints: In this case. the support reactions arc not required for 
detennining the member forces. 

Join! A 

+ i U, = 0; F;,£( Is )- 166.22 = 0 

F;,£ = 371.69 N(e) = 372 N (e) Ans 

~l:F;=0; F;,,-371.69(rsJ=O 
F;,. = 332.45 N (T) = 332 N (T) Ans 

Joint B 

~ kf; = 0; Fac - 332.45 = 0 Fac = 332 N (T) 
Am 

+il:F, =0; Far 196.2=0 

Fj,£ = 196.2 N (C) = 196 N (C) Ans 

Joint E 

x u,. = 0; FEccos 36.87· - (196.2 + 302.47) cos 26.57. = 0 

FEe = 557.53 N (T) = 558 N (T) Ans 

~ kf;. = 0; 371.69 + (196.2 + 302.47) sin 26.57. 

+ 557.53sin 36.87· - FED = a 
F6ZJ = 929.22 N (e) = 929 N (C) AIlS 

JOiDtD 

+ t:EF, = 0; Foc - 929.22( ~ )-166.22 = 0 

Pvc = 582 N (1) ADS 

D - 929.22(2..) = 0 
x f5 p. = 831.12 N 

Note: The support reactions Cx and Cy can be determined by analyzing 

Joint C using the results obtained above. 
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6-7. Det~rmine the force in each member of the truss 
and state If the members are in tension or compression. 

8kN !OkN 

4kN 

3kN-+-B~~~~~C~.~~~~ 

--+--- 2 m -------j 

-3(1.5) - 4(2) -10(4) +t;,(4) = 0 

+ i IF = O· y , 

Joint B : 

+ 
~IF. = 0; 

Joint A: 

+ 
~LF. = 0; 

t;, = 13.l25 leN 

~ _ 8 - 4 - 10 + 13.125 = 0 

~ = 8.875 leN 

3 leN 

FBC = 3 leN (C) 

FBA = 8 leN (C) 

3 
8.875 - 8 - -~c = 0 

5 

Ans 

Ans 

~C = 1.458 = 1.46 leN (C) 

4 
~F - 3 - -(1.458) = 0 

5 

~F = 4.l7 leN (T) 

Ans 

Ans 
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Joint C: 

+ iLF == O' y , 

Joint E: 

+ 
-7LF; == 0; 

+ tr.F == o· y , 

Joint D: 

+ i Lr; == 0; 

+ 
-7~ == 0; 

4 
3 + S(1.458) - FCD == 0 

FCD == 4.167 == 4.17 leN (C) 

3 
FCF - 4 + - (1.458) == 0 

5 

Ans 

FcF == 3.125 == 3.12 kN (C) Ans 

FEF == 0 

FED == 13.125 == 13.1 leN (C) 

3 
13.125 - 10 - SFDF == 0 

FDF == 5.21 leN (1) 

4 
4.167 - -(5.21) == 0 

5 
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*6·8. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set P J = 2 kN and P2 = 1.5 kN. 

M.".od of Joittt, : In this case, the suppon reactions are not required for 
dClCrmining the member fort:CS. 

Joint C 

+ i U, = 0; Fc. sin 30° - 1.5 = 0 

Fc. = 3.00 leN (1) Ans 

.:. r.c; = 0; FcD - 3.00:05 30° = 0 

FcD = 2.598 leN (C) = 2.60 leN (C) Ans 

JointD 

Joint B 

.:. U; = 0; FoE - 2.598 = 0 Fo£ = 2.60 leN (C) Ans 

+ i U, = 0; FoB - 2 = 0 FD• = 2.00 leN (T) AIlS 

yu,. =0; FB £cos 30" - 2.00:05 30" = 0 

FB£ = 2.00 leN (C) AIlS 

~u;' =0; (2.00+2.00)sin3O"+3.oo-FBA =0 
FBA = 5.00 leN (T) Ans 

N Ole : The suppon reactions at suppon A and E can be detennined by 
analyzing Joints A and E respectively using the results obtained above. 

----~~~c~ ____ x 

151<'; 

r 
f;,,, 

~=25"9~m 

f££ ]) 
-;: 

ZK# 

F~ 
} 

&="'001:" 
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6-9. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set 1'1 = p: = 4 kN. 

M.tlUld· 01 Joint. : In this case, the suppon reactions are not required for 
determuting the member forces. 

Joint C 

+ i l:F, = 0; Fc. sin 30° - 4 = 0 

Fc. = 8.00 leN (1") Ans 

~ l:F; = 0; FeD - 8.00c0s 30° = 0 

FcD = 6.928 leN (C) = 6.93 leN (C) Ans 

JointD 

~ l:F; = 0; Foe 6.928 = 0 FoE = 6.93 leN (C) 

+ i l:F, = 0; FoB - 4 = 0 Fo. = 4.00 leN (1") 

Joint B 

1+ l:F,. =0; FiEcos300-4.00c0s300=0 

'\t l:F;. = 0; 

fiE = 4.00 leN (C) 

(4.00+ 4.00) sin 300 + 8.00 - FiA = 0 

F,A = 12.0 leN (1") 

Ans 

Ans 

Ans 

Ans 

Note: The suppon reactions at suppon A and E can be detcnnined by 

analyzing loin IS A and E respectively using the "'SufIS obtained above 

270 

A 

t 

D 

[;t = :: 9Z8 r" ---""*_--'0,;;' ____ ;( 



6·10. Determine the force in h 
and state if the members are . eac ~ember of the truss 
Set PI = D, P

2 
= 1000 lb. In tensIon or compression. 

Reactions at A and D : 

Ax == 0 

Ay == 333.3 lb 

~ == 666.71b 

Joint A: 

+ 
~I.F.. == 0; 

+ iIT - O' y - , 333.3 - fAG sin45° == 0 

fAG == 471 lb (C) AIlS 

fAB == 333 Ib (1) AIlS 

Joint B: 

FBG == 0 AIlS 

FBc == 333 Ib (1) Ans 

Joint D: 

+ 
~I.F.. = 0; 

+ i IT == O· y • 666.7 - FDE Sin45° = 0 

j file. 

~-x 1 rFA8 

333.~U, 

~l, 

3~Ak--L-x 
. ® I Fee::: 33:,~(T) 

~E' ~ 

F ~s. ® 
Pc. )( 

~"'·1U. 

FDE = 942.9 = 943 Ib (C) AIlS 

Joint E: 

+ 
~I.F.. = 0; 

+ i IT =0' Y , 

Joint C: 

FDC = 666.7 == 667 Ib (1) AIlS 

FEG - 942.9sin45° = 0 

- FEc + 942.9cos45° = 0 

Fec = 666.7 = 667 Ib (1) 

FeG = 666.7 = 667 Ib (C) 

FCGcos45° + 666.7 - 1000 = 0 

p~~ = 471 Ib (1) 
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6-11. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set PI = 500 lb, P2 = 1500 lb. 

Reactions at A and D : 

~ = 833.33 Ib 

Dy = 1166.67 Ib 
Joint A: 

~IF., = 0; 

+ i LF = O· v , 

0.e = 1178.51 = 1179 Ib (C) 

Joint B: 
0.B = 833.33 = 833 Ib (1') 

+ 
---"IF., = 0; Fae -833 = 0 

+ i LF = O' y • Fae - 500= 0 

Fee = 8:' Ib (1') Ans 

Joint D: 
Fee = 500 Ib (1') Ans 

+ 
---"I.F; = 0; 

+ i U; = 0; 1166.67 - FDEsin45° = 0 

FOE = 1649.96 = 1650 Ib (C) 

Joint E: 
FOe = 1166.67 = 1167 Ib (1') 

FEe - 1649.96sin45° = 0 

+ i LF = O' y • -FEe + 1649.96cos45°= 0 

FEe 1166.67 = 1167 Ib (1') 

FEe 1166.67 = 1167 Ib (C) 

Joint C: 

+ i IF = 0; y Fee cos45° + 1166.67 - 1500 = 0 

FCc = 470.93 = 471 Ib (1') 
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*6-U. Determine the force in h 
and state if the members are . eac ~ember of the truss 
Set PI = 10 kN, P2 = 15 kN. III tensIOn or compression. 

'~2m~~---'4m----~-

0; 

+ i LFy = 0; 

Joint G: 

+ 
~Lr; = 0; 

Joint A: 

+ 
~Lr; = 0; 

+ i LF = O' y , 

Probs. 6-12113 

Gx (4) - 10(2) - 15(6) = 0 

Gx = 27.5 kN 

Ax - 27.5 = 0 

Ax = 27.5 kN 

Ay - 10 - 15 = 0 

Ay = 25 kN 

FGB - 27.5 = 0 

FGB = 27.5 kN (n 

F,..F = 15.0 kN (C) 

ADS 

ADS 

F,..B = 27.95 = 28.0 kN (C) ADS 

Joint B : 

+ 
~Lr; = 0; 

1 
27.95( ..f~/ + FBC - 27.5 = 0 

+ i LF = O' y , 

FBF = 24.99 = 25.0 kN (n ADS 

FBC = 15.0 kN (n ADS 
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b-\'l-

Joint F: 

+ i ~r; = 0; 

FFC = 2l.21 = 2l.2 leN (C) 

FFE = 0 

Joint E: 

+ 
~L.F; '= 0; ~D '= 0 

+ j L.F '= O· y , ~c - 15,= 0 

~c '= 15.0 leN (T) 

Joint D: 

0; 
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6·13. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set PI = 0, P2 = 20 kN. 

0; FCB ( 4) - 20(6) 

FCB = 30 leN (1) 

0; Ax - 30 = 0 

Ax = 30 leN 

+ i I.F = O· y • A, - 20 = 0 

A, = 20 leN 
Joint A : 

+ 
~I.~ 0; 

+ i I.F = O· y , 

o 

Ans 

o 

F',..F = 20 leN (C) Ans 

F',..B = 22.36 = 22.4 leN (C) Ans 
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Joint B : 

+ 
~Lf;; = 0; 

Joint F: 

+ 
~LF" = 0; 

+ i r.F = O' y • 

Joint E: 

+ 
~LF" = 0; 

+ i IF. = O' y • 

Joint D: 

+ 
~LF" = 0; 

1 
22.36( {s) + FEc - 30 = 0 

2 
22.36( {s) - FBF = 0 

FBF = 20 kN (T) ADS 

Fac = 20 kN (T) ADS 

FFC = 28.28 = 28.3 kN (C) 

FED-O=O 

FEc - 20= 0 

FED = 0 ADS 

FEC = 20.0 kN (T) ADS 

1 
-(FDd - 0 = 0 
{s 

FDC =0 ADS 
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6·14. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set PI = 100 Ib, P2 = 200 Ib, P3 = 300 lb. 

200(10) + 300(20) - Rocos300(30) ~ 0 

Ro = 307.91b 

+ i l:F; = 0; Ay - 100 - 200 - 300 + 307.9 cos 30° = 0 

A,. = 333.4 Ib 

~l:F; = 0; Ax - 307.9sin30° = 0 

A. = 154.01b 

Joint A: 

1 
333.4 - 100 - -FAs = 0 

12 
FAs = 330 Ib (C) Ans 

~l:F; = 0; 1 
154.0 + FAF - 12(330) = 0 

FAF = 79.37 = 79.4 Ib (T) Ans 
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~_ ~ 4-e-v v\+,,} 
Joint B : 

+ i LF; = 0; 

Joint F: 

Joint E: 

+ UFy = 0; 

"Joint C: 

+ 
~IF" = 0; 

+ UF = 0" y • 

1 
-(330) - FBF = 0 
(2 

FBF = 233.3 = 233 Ib cn Ans 

FEc = 233.3 = 233 Ib (C) Ans 

- ~FFc - 2(X) + 233.3 = 0 

FFc = 47.14 = 47.1 Ib (C) 

1 
Fi:E - 79.37 - (2 (47.14) = 0 

FFE = 112.7 = 113 Ib (n ADS 

FEe = 300 Ib (n ADS 

FED = 112.7 = 113 Ib (n ADS 

1 1 
(2(47.14) + 233.3 - {2FcD = 0 

FCD = 377.1 = 377 Ib (C) ADS 

1 1 
(2(47.14) - 300 + (2(377.1) = 0 
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6·15. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Set PI = 400 lb, P2 = 400 lb, P3 = O. 

B c Q--i 
10 fl 

k==~~==;¥===~ J 
F E 

Joint A : 

+ 
~rF.: = 0; 

Joint B : 

+ i rFy = 0; 

+ 
~rF.: = 0; 

-400(10) + Rvcos300(30) = 0 

Rv = 153.96 Ib 

A - 400 - 400 + 153.96 cos 30° = 0 y 

Ay = 666.67 Ib 

Ax - 153.96sin30° = 0 

Ax = 76.981b 

1 
666.67 - 400 - f2 FAB = 0 

FAB = 377.12 = 377 lb (C) Ans 

1 
76.98 + ~F - ,f2(377.12) = 0 

FAF = 189.68 = 190 lb (T) Ans 

1 
,f2(377.12) - FBF = 0 

FBF = 266.67 = 267 lb (T) Ans 

1 
/2(377.12) - FBe = 0 

FBe = 266.67 = 267 Ib (C) Ans 
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a.~.'~U) 

Joint F: ,Ill li: nov ,811· • ""'-- ~) 

+ i L.t;. 
1 ®~ ff~ 

=0; [2 FFC - 400 + 266.67 = 0 
4~lb 

FFC = 188.56 = 189 Ib (T) Ans 

+ 1 
-t~ = 0; FF£ - 190 + [2(188.56) = 0 

FF£ = 56.68 = 56.7 Ib (T) Ans 

Joint E: 

+ t fEe 
-tL.F" =0; FeD == 56.7 Ib (1) 

Ans 

+ Ir.F 
11..7 (bC!D F: 

= 0; Fee == 0 Ans 
fCj) 

y 

Joint C: 

+ 1 1 
OJ/J,J,=ttb 

-tL.F" =0; - /2(188.56) + 266.67 - -FCD = 0 ~ 2 f2 ~5 +) ft..'\:1 
,gg.S'blb; 

FCD = 188.57 = 189 Ib (C) Ans 
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*6·16. Determine the force in each member of the truss. 
State whether the members are in tension or 
compression. Set P = 8 kN. 

M.,ltod 0/ Joi,," : In litis case, Ibe suppon l"CIICIions are not required for 
delmnininS the IDallber fORleS. 

JointD 

+ tu, =0; Foesin 60° - 8 = 0 

Foe = 9.238 feN (T) = 9.24 feN (T) Ans 

~L'; =0; FoE - 9.238cos 60" = 0 

FoE = 4.619 feN (C) = 4.62 feN (e) Ana 

Joint C 

+tu,=O; Ihsin 60" -9.238sin 600 = 0 

FeE = 9.238 feN (C) = 9.24 feN (C) Ans 

.:. IF; = 0; 2(9.238 COS 60") - Fe. = 0 

Fe. = 9.238 feN (T) = 9.24 feN (T) Ans 

Joint B 

+tu,=O; FiESin 60" - FiA sin 60" = 0 

fiE = FiA '" F 

.:. IF; = 0; 9.238 - 2Fcos 60" ,. 0 

F=9.238 feN 

Thus. 
fiE = 9.24 feN (C) FiA = 9.24 feN (T) Ans 

Joint E 

+ t U, = 0; .E) - 2(9.238sin 60") = 0 .E) = 16.0 feN 

':'IF; =0; F ... +9.238 cos 60"-9.238 cos 60"+4.619=0 
F ... = 4.62 feN (C) Ans 

N ole : The suppon rcac1ions Az and A, can be detcnnined by analysing 
Joint A using Ibe l"C$u1lS obtained above. 
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6-17. If the maximum force that any member can 
support is 8 kN in tension and 6 kN in compression, 
determine the maximum force P that can be supported 
at joint D. 

M"ltod 01 Joillts : In this case. the suppon reactions are nol required for 

determining the member forces. 

Joint D 

+ iI:F, =0; /bcsin6O"-P=0 /bc = 1.1547P en 

.:. U; = 0; Foe 1.1547Pcos 60" = 0 FOE = 0.5773SP (C) 

Joint C 

+ i I:F, = 0; FCEsin 60" - 1.1547 Psin 60" = 0 

FCE = l.lS47P (C) 

.:. I:F.; = 0; 2( 1.1547P cos 60") - Fc. = 0 Fc. = 1.1547P (1) 

Joint B 

.:. U; = 0; 1.1547P-2Fcos 60" = 0 F= 1.1547P 

JoinlE 

.:. I:F.; = 0; F£4 + 1.1547P cos 60" -1.l547P cos 60· 

+ 0.57735P = 0 
F£4 = 0.5773SP (C) 

From Ihe above analysis, the maximum compression and rension in the InISS 

member is 1.1547 P. For Ihis case, compression controls which requires 

1.1547P= 6 
P=S.20kN Ans 

tilt 

fiE ·11S47P 

Fe ... 
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6-18. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: 
The horizontal force component at A must be zero. Why? 

Joint C: 

+ 
~~ = 0; 

+~ 0; 

Joint B : 

+ 
~~ 0; 

+~ 0; 

FeB - 800 cos60° 0 

FeB = 400 Ib (C) Ans 

FeD - 800 sin 60° = 0 

FeD 693 Ib (C) Ans 

3 
SFRD - 400 = 0 

FRD 666.7 = 667 lb (1) 

4 
FRA - -(666.7) - 600 = 0 

5 

FBA = 11331b = 1.13 kip (C) 

~ 8oot{, 

<01£ Fc8---", " 
Fcp 

Ans 

Ans 

Member AB is a two - force member and exerts only a vertical force along AB at A. 
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6-19. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: The 
resultant force at the pin E acts along member ED. Why? 

Joint C: 

+ i~ ==0; 

Joint B : 

+ 
~~ == 0; 

+~ == O' 

Joint D: 

+ 
~~ O' 

+~ O' 

2 
{l3f"cD - 2 = 0 

FCD 3.606 == 3.61 leN (C) 

3 
- FCB + 3.606( r,::,) == 0 

V 13 

3 leN (1) 

FHA = 3 leN (1) ADs 

FHD = 3 kN (C) ADS 

333 
r,::,FDE - r;-:;(3.606) + -FDA 

Y 13 V 13 fl3 

F'vA = 2.70 leN (1) ADS 

FDE = 6.31 leN (C) ADS 
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*6-20. Each member of the truss is uniform and has a mass 
of 8 kg/m. Remove the external loads of 3 kN and 2 kN and 
determine the approximate forcL in each member due to 
the weight of the truss. State if the members are in tension 
or compression. Solve the problem by assuming the weight 
of each member can be represented as a vertical force, half 
of which is applied at each end of the member. 

Joint C: 

+ i~ =0; 

+ 
--'tL~ = 0; 

Joint B : 

+ 
--'t~ = 0; 

+ iLr; = 0; 

Joint D: 

O' 

2 
J,:, FeD - 259.1-= 0 

Y 13 

FeD = 467.3 = 467 N (C) 

3 
- FeB + 467.3( r,:,) = 0 

y 13 

FeB = 388.8 = 389 N CI) 

FHA = 388.8 = 389 N (1) 

FHD ::; 313.9 = 314 N (C) 

333 
r,:,FDE - r,:,(467.3) - r;;FOA = 0 

y 13 Y 13 '113 

222 

A 

,---
E 

ADS 

Ans 

ADS 

ADS 

HN 

2 "'" 1 III i~ ---3rn- 1c 

• 
D 

'5/3QN 

~'.sZ8.'l;J 
FM T . 

FeJ> 

+ iLF = O' y , r,:,(FDE) + r;;(FOA) - r;;(467.3) - 313.9 - 503.0 = 0 
V13 '1 13 '1 13 

FOE 1203 = l.20 kN (C) ADS 

FDA = 736 N (1) ADS 
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6-21. Determine the force in each member of the trw,s 
in terms of the external loading and state if the members 
are in tension or comorcssion. 

p 

c 
====:=.;;;g-.P 

Joint B : 

+i~ =0; FnA sin20 - P = 0 

FBA = Pcsc20 (C) Ans 

+ 
-'irE" = 0; P csc20(cos20) - FBc = 0 

Pac = Pcot20 (C) Ans 
Joint C: 

P cot20 + P + FCDcos20 - FCA cosO = 0 

+ iIT =0' y , 

Joint D: 
+ 
-'irE" = 0; 

FCD sin20 - FCA sin 0 = 0 

cot20 + 1 
FCA = -------P 

cos 0 - sin Ocot20 

FeA = (cotOcos 0 - sin 0 + 2cos O)P 

FCD = (cot20 + l)P (C) 

FDA - (cot20 + 1)(cos20)P = 0 

FDA = (cot20 + 1)(cos20)(P) (C) 
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6-22. The maximum allowable tensile force in the 
members of the truss is (Ft ) max = 2 kN, and the maximum 
allowable compressive force is (F,)ma, = 1.2 kN. 
Determine the maximum magnitude P of the two loads that 
can be applied to the truss. Take L = 2 m and () = 30°. 

Joint B : 

+ i'I.F; == 0; 

+ 
~ 'I.F; == 0; 

Joint C: 

+ i'I.F; = 0; 

+ 
~ 'I.F; == 0; 

FBA cos 30° - P == 0 

FilA = 
P 

cos30° 
1.1547 P(C) 

~B sin300 - FEc == 0 

FBc == P tan30° == () 57735 P (C) 

sin60° 
== Fc D ( -:----30° ) 

Sin 
1.732FcD 

o 

tan 30° + 1 
== ( )P == 1.577 P(C) .f3 cos 30° - cos 60° 

FCA == 2.732 P (T) 
Joint D: 

T 

~ 'I.F; == 0; FDA - 1.577 P sin30° == 0 

FDA == 0.7887 P (C) 

1) Assume FCA == 2 leN == 2.732 P 

P == 732.06 N 

FCD == 1.577(732.06) == 1154.5 N < (F;)max == 1200 N (O.K!) 

Thus, Pmax == 732 N Ans 
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6·23. Determine the force in each member of the t~uss 
and state if the members are in tension or compressIOn. 

'+rMo = 0; 4(6) +S~) -E) (3) = 0 E) = 23.0 leN 

+ T l:F, = 0; 23.0-4- S -ll, = 0 ll, = 14.0 leN 

':'u. =0 D. =0 
Method of Joillts : 

Joint D 

+Tu, =0; FoE(v-k)-14.0: 0 
FoE = 16.33 leN (C) = 16.3 leN (C) Ans 

':'u. =0; 16.33(~)-Foc=0 
Foc = 8.40 leN (T) Ans 

Joint E 

.:.~ =0; F£A(iw)-16.33(~)=0 
F£A = 8.854 leN (C) = 8. 8S leN (C) Ans 

+ T IF, = 0; 23.0- 16.33( v-k )-8.8S4( (.o)- FEc = 0 

I'£c=6.201eN(C) Ans 

Joint C 

+ T l:F, = 0; 6.20-FcFsin 45° = 0 

FCF = 8.768 leN (1') = 8.n leN (1') Ans 

.:. u. = 0; 8.40- 8.76&:os 45° - Fc. = 0 
Fc. = 2.20 leN (1') Ans 

jointS 

.:. u. = 0; 2.20 - FaA cos 45° = 0 

FaA = 3.111 leN (1') = 3.11 leN (1') Ans 

+ T l:F, = 0; FaF-4-3.l1lsin 45° = 0 

FaF = 6.20 leN (C) Ans 

Joint F 

+ T l:F, = 0; 8.768sin 45° - 6.20 = 0 (C hllc/c!) 

.:. u. = 0; 8.768co5 45° - F,A = 0 

F,A = 6.20 leN (1') Ans 
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*6-24. Determine the force in each member of the 
double scissors truss in terms of the load P and state if 
the members are in tension or compression. 

B C 

Prob.6-24 

+ iLF = O' y , Ay=P 

Joint F: 

+ i U; = 0; 

FFB = I2p = 1.41P(T) 

0; o 

(1) 

Con'd 
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Joint E: 

+ i r.~ = 0; 

~ r.F. = O' x • 

Joint B: 

+ i I:F. = O' y • 

Joint C: 

+ i I:~ = 0; 

FEe = /2P = 1.41P (T) 

2.[s 
FBD = -P = 1.4907P = 1.49P (C) 

3 

(2 
FBI. = -P = 0.4714P = 0.471P(C) 

3 

290 

Con'd 



2 1 
-Fc.~ - -FCD = P 
{s {2 

Fe,.. = 2f P = 1.4907P = 1.49P (C) 

FCD = (2p = 0.4714P = 0.471P (C) 
3 

Joint A : 

+ 
---) LF" = 0; 

(2 1 2{s 2 
F...E - -P(-) - -P(-) = 0 

3 {2 3 {5 

5 
F...E = -P = 1.67 peT) 

3 

From Eqs. (1) and (2) : 

FEF = 0.667 P (T) Ans 

FFD = 1.67 P (T) Ans 

F...B = 0.471 P (C) Ans 

F...E = 1.67 P (T) Ans 

F...c = 1.49P(C) Ans 

FBF = 1.41 P (T) Ans 

Fa D = 1.49 P (C) Ans 

FEc = 1.41 P (T) Ans 

FCD = 0.471 P (C) Ans 
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6-25. Determine the force in each member of the truss and 
state if the members are in tension or compression. Hint: 
The vertical component of force at C must equal zero. Why? 

e 

1.5 rn--I------2 rn--~ 

6kN 
SkN 

Joint A : 

4 - 6 = 0 +iU; = 0; -FAB 
5 

~B = 7.5 leN cn 

3 
+ -FAE + 7.5(5)= 0 ~~ = 0; 

FAE = 4.5 kN (C) 

Joint E: 

+ 
FED 4.5 leN (C) 

~~ = 0; -

+i-u;, 0; FEB = 8 leN (T) 

Joint B : 

1 4 0 
+i-u;, 0; -(FBD ) - 8 - 5(7.5) = 

= [2 

FB D = 1 9.8 leN (C) 

3 1 
+ 

FBe - -(7.5) - (2(l9.8) 
~~ = 0; 5 2 

FBe = 18.5 leN (T) 

C is zero because Be is a two - force member. 
y 
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6-26. Each member of the truss is uniform and has a mass 
of 8 kg/m. Remove the external loads of 6 kN and 8 kN 
and determine the approximate force in each member due 
to the weight of the truss. State if the members are in 
tension or compression. Solve the problem by assuming 
the weight of each member can be represented as a vertical 
force, half of which is applied at each end of the member. 

~========:i:jCI _, 

2m 

D 

A ~====~C:=:======~o ~~--'-t 
J~rn 

2m 

6,N 

8 kN 

~===~c.. 

Joint A : 

+i~ 
4 

A =0; 5~B - 157.0 = 0 

.:lIS.iN :D 

~B = 196.2 = 196 N (T) Ans 

+ 3 
~~ = 0; -~E+ 196.2(-) = 0 

151.oN F. 5 
~.£ ~ 

~E = 117.7 = 118 N (C) Ans 
o .. FilE 

Joint E: 

\::-
+ I E'~ 
~I.F; =1); FED = 117.7 = 118 N (C) Ans T® 

+iI.F; = 0; FEB = 215.8 = 216 N (T) Ans 
11'1.tN ----+ r-- f f? Y 

::<15. &1-1 
Joint B : 

+iI.F; 0; 
1 4 

fi(FBD) - 366.0 - 215.8 - 5(196.2) = 0 
31.1..0/'1 

FBD 
@J 

= 1045 = 1.04 kN (C) Ans jf)~ Fat 
+ 3 1 1%'~N 215!N Fal> 
~~ = 0; FBc - -(196.2) - -( 1045) = 0 

5 {2 

FBc = 857 N (T) Ans 
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6.27. Determine the force in each member of the truss 
in terms of the load P, and indicate whether the members 
are in tension or compression. 

P(2d) -A, Gd) = 0 

+tu,=O; 

E. -P=O E. =P 

4 
A, =-P 

3 

Method of Join" : By inspection of joint C, members CBand CD are 

zero (ora: mem""". Hena: 

Joint A 

Joint B 

+tu, =0; 

Fc. =Fco =0 

F...(_I )-~p=o .fill 3 

F... = 2.404P (C) = 2.40P (C) 

( 
U ) F..F - 2.404P r,-;;; = 0 

y3.25 

F..F = 2.00P (1j 

( 
1.5 ) 2.404P r,-;;; - P 

y3.25 

ADS 

ADS 

ADS 

( 0.5) ( 0.5 ) 
- /'sF .jTJj - /'so .jTJj = 0 

I.OOP-O.4472/'sF-O.4472/'so = 0 [I) 

+tl:F,=O; 2.404 -- +/'so -- -/'sF -- =0 i l) (I) (I) .fill .jTJj .jTJj 

1.333P+0.8944/'so -0.8944/'sF = 0 (2) 

Solving Eqs.[I) and (2) yield, 

/'s,. 1.863P(T) = l.86P(T) ADS 

/'so z 0.3727P(C) = 0.373P(C) ADS 

Joint F 

+tu, =0; 1.863P(_I_)-~E(_I_) = 0 
.fli5 .fli5 

Fn = 1.863P(T) = 1.86P(T) A ... 

.:. u. = 0; FFO + 2[ 1.863P( ~ )] - 2.00P = 0 

Fro = 0.3333P(T) = 0.333P (T) A ... 

JointD 

+tu,=O; FoB(~ )-O.3727P( ~) = 0 

FoE.O.3727P (C) - O.373P (C) A ... 

+ 

2r 0.3727{ ~ Jl-0.3333p a 0 (C_e"!) ..... u, =0; 

A1 
c" 

E~ 

1/ 

~I 
58 

l':f -x 
A 5p 

A-rfp 

p 
X 

f;e=l4l4P ~"O 

J¥ 
't 

Fq:=/863P 

'itF -,l· I7O f 
-x 

F Ffp 

FF£ 
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*6-28. I.f the maximum force that any member can 
support IS 4 kN in tension and 3 kN in compression 
determine the maximum force P that can be supported 
at point B. Take d = 1 m. 

,+rME=O; 

E.-P=O E. =P 

M.tI.od of Joi,"s : By inspection of joint C. members CBand CD are 

zero force member. Hence 

Fc. = FCD = 0 
Joint A. 

~. = 2.404P (C) 

Joint B 

{ 
\.5 } 2.404 r.;;; - P 

,,3.2S 

( 
O.S) ( O.S ) 0 - Fa, -- - Fao r.-;:;; = .[Us ,,\.25 

\.OOP-O.4472Fa r O.4472Fao = 0 (1] 

+ il:~ =0; 2.404P( ~}+Fao( ~}-Fa'( ~}=O 
" 3.25 " 1.2S " \.25 

l.333P + 0.8944Fao -0.8944FBF = 0 (2] 

Solving Eqs. (II and [2] yield. 

Fa, = 1.863P{T) Fao = 0.3727P(C) 

Joint F 

+iu, =~ l.863P(~)-F,E(~)=0 
Fn: = \.863P(T) 

~ l:F. = 0; Fro + 2[ \.863P( ~ )] - 2.00P = 0 
Fro = 0.3333P(T) 

Joint D 

+iu, =0; FDE(~)-O.3727P(~)=0 
FOE = 0.3727P (C) 

295 

p ... -~~---x 

Iit,..l·()()f 
+-----4:---+-- x. 

F F;p 

From die above analysis. \he maximum compression and \iCllSion in die IrUSS 

members are 2.404P and 2.00P. respeclively. For this cue, compression 

controls which n:quires 

2.404P-3 
P= 1.25 leN 



1If6-29. The two-member truss is subjected to the force 
of 300 lb. Determine the range of 0 for application of the 
load so that the force in either member does not exceed 
400 Ib (T) or 200 Ib (C). 

lointA: 

+ ttF, '" 0; - 3OOain8 + Fu G) .. 0 

~:NJ 
A~F~' 

Thill. 

F.c • - 300001 8 - 400 liD 8 

For All requR : 

- 200 :s; SOOsiD 8 :s; 400 

- 2 :s; S siD 8 :s; 4 (I) 

For AC require : 

- 200 :s; - 3OOcoa8 - 4OO.iD 8 :s; 400 

-4:S;3C018+4siD8:s;2 (2) 

SolviD, Eqa. (1) mel (2) simuilaDeoUlly. 

127" :s; 8 :s; 11)60 A_ 

A po.Isible hand solution: 

8z ,. 8, + tan-I (D .. 8, + 36.870 

F~ .. 500 sin 8, 

F.c " - 300 cos (8z - 36.870") - 400 sin (8z - 36.870") 

.. - 300 [COl 8z COl 36.870" + sin 8z sin 36.870") 

- 400 [sin 8z COl 36.870" - cos 8z sin 36.870") 

.. - 240 COl 8z - 180 sin 8z - 320 sin 8z + 240 COl 8z 

.. - SOOsin 8z 

Thus. wc require 

- 2 S S sin 8, :s; 4 or - 0.4 :s; .in 8, :s; 0.8 

Joolb 
300Ib 

1110 l'lllae of Vliuea for Eqs. (1) IIId (2) are .bowa in die IiIIftI : 
~i" 9, 

Since 8, • Bz - 36.870". die lMae of ICCqIIlbIe vliues for 8 .. 8, is 

127" :s; 8 :s; 196° A_ 

(I) 336" :s; 8 :s; 347" A_ 

- 4 S 5 sin 8-, S 2 or - 0.8 S sin 8z S 0.4 (2) 
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6-30. Determine the fore!;! in members BC, HC, and 
IIG of the bridge truss. and indicate whether the 
members arc in tension or compression. 

18(3) + 14(6) + 1:(9) -A, (12) = 0 A, = :0.5 kN 

Me/hod of Sec/io"s : 

{+r.Mc =0; F,;c(3) + 12(3) -20.5(6) =0 

FHC = 29.0 kN (e) 

, + L\{H = 0: Foe< 3) - 20.5 (3) = 0 

Foc = 20.5 kN (T) 

+ i U, = 0; 20.5 - 12 - FHcsin 45° = 0 

FHC = 12.0 lel'l (T) 

6-31. Determine the force in members CF. CF. and 
CD of the bridge truss. and indicate whether the 
members are in tension or compression. 

S "pport RldctioM .' 

An. 

Am 

Ans 

,+ L\f, = 0; E, (12) - 18(9) - 14(6) - 12(3) = 0 E, = 23.S kN 

.:. U; = 0; £, = 0 

Me/hod of Sec/io"s .' 

'+L\fc = 0; 
23.5(6) -18(3) -Fc.(3) = 0 

Fc. = 29.0 kN (C) Am 

~+L\{F = 0; 23.5(3)-FcD (3) =0 

FCD = 23.5 kN (T) Ans 

+ iu, =0; 23.5 - 18 - Fe.sin 45° = 0 

Fa = 7.78 kN (T) Ans 

3 m - 3 m -- -- - ~ m -- _.- ~ m 

12 k~ 

18 k~ 

H 

Ie 
L-______ ~------~ 

,3,.., I 3m 

12 kN 
IHN 

18 kN 

;= 

/8KN Fg=2~.f3 KN 
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*6-32. Determine the force in members DE, DF, and 
GF of the cantilevered truss and state if the members are 
in tension or compression. 

Fo, " 2000 Ib = 2.0 kip (C) Ans 

4 3 
- (1500) (12) + - (1500) (3) - Fa, (3) ,. 0 
5 5 

FaF = 5700 Ib" 5.70 kip (C) A .. 

4 5 (1500) (16) - FOE (3) = 0 

FOE " 6400 Jb = 6.40 kip (1) AM 

A 

~==#.=~&==~I 
3ft 

• • I~ 

- 4 ft -+-- 4 ft ---+- 4 ft -+- 4 ft ~ 
1500 Jb ~5 

.~ 

\7""'----,---71':"'--1''---- F 'P5 

3t1~ 

IS-OOn, 

6-33. The roof truss supports the vertical loading 
shown. Determine the force in members BC, CK, and 
KJ and state if these members are in tension or 
compression. 

+ 
~I.F" = 0; 

-A (12) + 4(8) + 8(6) y 

Ay = 6.667 kN 

- 6.667(4) + FKJ (2) 

13.3 kN (T) 

o 

o 

o 

14.907 14.9 kN (C) 

298 

8 leN 

4 leN 

I 1------- 12 m. 6@2m--------I-1 

Ans 

Ans 

Ans 



6-34. Determine the force in members CD, CJ, KJ, and 
DJ of the truss which serves to support the deck of a 
bridge. State if these members are in tension or 
compression. 

- 9500( 18) + 4000(9) + FKi 12) 

40001b 

o 

FKJ = 11 250 Ib = 11.2 kip (T) Ans 

~ + 'iMJ = 0; 

Joint D, 

- 9500(27) + 4000(18) + 8000(9) + FCD (12) 

FeD = 9375 Ib 9.38 kip (C) 

3 
- 9375 + 11 250 - - FCJ = 0 

5 

3125 Ib 3.12 kip (C) 

FDJ = 0 Ans 

Ans 

Ans 

8000 Ib 
5000 Ib 

o 

8000 Ib 

6-35. Determine the force in members EI and JI of the 
truss which serves to support the deck of a bridge. State 
if these members are in tension or compression. 

4000 Ib ~ 5000 Ib 

~~bJ ",. li1!~il · .N.n. .Vi 
i IL IK IJ I' IH 
~-9 ft--I--9 ft+-9 ft--l..--9 ft--L 9 ft - - --9 ft _ 

-5000(9) +7500(18) - FJl(12) = 0 

FJl = 7500 Ib = 7.50 kip (T) Ans 

+ iU; =0; 7500 - 5000 - FEI = 0 

FE/ = 2500 Ib = 2.50 kip (C) Ans 
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*6·36. Determine the force in members BC, CG, and 
GF of the Warren truss. Indicate if the members are in 
tension or compression. 

(+IME=O; 6(6)+8(3)-A,(9) =0 A, =6.667 leN 

(+IMc = 0; FG,,(3sin 60") + 6( 1.S) -6.667( 4.5) = 0 

FG" = 8.08 leN (T) Au 

,+ IMG = 0; FBc(3sin 60") -6.667(3) = 0 

Fic = 7.70 leN (e) Ans 

+ i IF, = 0; 6.667 -6-FeGsin 60" = 0 

FCG = o.no leN (e) Ans 

6·37. Determine the force in members CD, CF, and FG 
of the Warren truss. Indicate if the members are in tension 
or compression. 

Support R(JtJCtionl : 

(+IM. =0; E;. (9) -8(6) -6(3) = 0 E;. = 7.333 leN 

M(Jthod 0/ St!ctions : 

(+LI1'c =0; 7.333 ( 4.5) - 8 ( 1.5) - ~G (3sin 60") = 0 
Fro ,. 8.08 leN (T) Ans 

,+~=O; 7.333(3) -Fco (3sin 60") = 0 

Feo = 8.47 leN (e) An. 

+iIF,=O; Fe ... sin 60° + 7.333 - 8 • 0 

Fe ..... 0.770 leN (T) An. 

3 m-----;\ 

6kN 8kN 

B 1 3m 

6kN 
8 kN 

'·5,., 3", 

8I(N E'r13,3M 
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6-38. Determine the force d . 
~nd G~ of the bridge truss and :~elo~ed In members GB 
In tensIOn or compression. ate If these members are 

- 600( 10) - 800(18) + Dy (28) 

Dy = 728.571 Ib 

~r.F; = 0; 

+ i~ =0; Ay - 600 - 800 + 728.571 

Ay = 671.429 Ib 

- 671.429( 10) + FGF ( 10) = 0 

o 

FGF = 671.429 Ib = 671 Ib (C) 

671.429 - FGB = 0 

FGB = 671 Ib (n 

600lb 
800lb 

Ans 

Ans 

.... __ . _______ .... '--___________ . ___ --11 

.6.39. The truss supports the vertical load of 600 N. 
Determine the force in members Be, BG, and HG as the 
dimension L varies. Plot the results of F (ordinate with 
tension as positive) versus L (abscissa) for 0:$ L :$ 3 m. 

sin8 __ 3_ 

.; L' +9 

FlO '" -200/ L' + 9 

~rMo .0; - F,c(3) - 6OO(L) = 0 

Fie. -200L 
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12.00 

~~'1------------~-
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*6-40. Determine the force in members IC and CG of 
the truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 

By inspection of joinL<; B, D, H ar:d I, 

B 

AB, Be, CD, DE, HI, and GI are all zero-force members. Ans 

0: 

]nint C: 

~L.F = 0; x 

3 
-4.5(3) + Ffc(-)(4) 

5 

5.62 kN (C) 

5.625 kN 

o 

Ans 

+ i LFy = 0; 
44_ 
-:(5.625) + -(5.62)) - Fcc 0 
) 5 

Fcc = 9.00 kN (T) Ans 

6-41. Determine the force in members] E and GF of th 
truss an~ state if these members are in tension e 
compressIOn. Also, indicate all zero-force members. or 

By inspection of jOints B, D, H and I, 

AB, BC, CD, DE, HI, and GI are zero- force members. 

loint E: 

+ iIT = O' y , 

+ 
~~ =0; 

4 
7.5 - -FjE 

5 
o 

FjE = 9.375 9.38 kN (C) 

3 
-(9.375) - FCF 0 
5 

FCF 5.625 kN (T) 
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6-42. Determine the force in members Be, He, and HG. 
After the truss is sectioned use a single equation of 
equilibrium for the calculation of each force. State if these 
members are in tension or compression. 

SkN 
4kN 4kN 

3 kN 

Probs. 6-42/43 

--\(20) + 2(20) + 4{15) + 4{1O) + 5(5) = 0 

:lieN If+o.I 'H<N 5;0.1 J I<N 

.j~ A;.~o~ 
AJ E~ 

Ay = 8.25 leN 

- 8.25(5) + 2(5) + FBc(3) = a 

FBc = 10.4 leN (C) ADS 

5 
- 8.25 (10) + 2( 10) + 4{ 5) + r::;;, FHG (5) 

Y 29 

9.155 9.16 leN (1') ADS 

3 
- 2(2.5) + 8.25(2.5) - 4{7.5) + r;-:;FHC (l2.5) = 0 

y 34 
FHC = 2.24 leN (1') ADS 
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6.43. Determine t Ie force in members CD, CF, and CO 
and state if these rn,:mbers are in tension or compression. 

+ 
-;I.F,; = 0: 

i. +LMA = 0; 

i.+LMF =0; 

',+LMo' = 0; 

Joint G : 

+ i I.F = 0' y , 

;i<W 4-.... *"'-"I 51c.J Ji<J,I 

'~ , ~;±" ~ t ~ 
IIj f~:lm 

~ == 0 

-4(5) - 4(10) - 5(15) - 3(20) + .s(20) = 0 

Ey = 9,75 leN 

5 
- 5(5) - 3(10) + 9,75( 10) - r:;;/FG(5) = 0 

y29 

FFG = 9.155 leN (1) 

- 3(5) + 9.75(5) - FCD (3) = 0 

FCD == 11.25 = 11.2 leN (C) Ans 

3 
-9,75(2.5) + 5(7.5) + 3(2.5) - ~FcF(12.5)= 0 

y 34 

FCF = 3.21 leN (1) Ans 

FCII == 9.155 leN (1) 

2 
r;;;(9.155)(2) - FCc = 0 

y29 

FCG = 6.80 k1'< (C) Ans 
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*6-44. Determine the force in members GF, FB,and Be 
of the Fink truss and state if the members are in tension 
or compression. 

Support Reactiolls : Due to sym...--v D = A --"-Jt, ,. 

+ iu, =0; 2A, -800-600-800 = 0 A,. = 1100 Ib 

':'.tf; = 0; 

Method 0/ Sectiolls : 

(+ 'EMs = 0; FOFsin 300 ( 10) + 800( 10- 1000sz 30") -IIOO( 10) .. 0 

FOF = 1800 Ib (C) = 1.80 kip (C) AIlS 

C+'EMA =0; FFJsin600(1O)-800( 10000z 30") =0 

FFJ = 692.821b (1) = 693 Ib (1) Ans 

~'EMF = 0; Fsc (l51l1n 30") + 800 ( 15 - 1000sz 30") -1100(15) = 0 

Fsc'" 1212.431b (T) .. l.211tip (1) AIlS 

6-45. Determine tlte force in member GJ of the truss 
and state if tit is member is in tension or compression. 

l0001b 

1000 Ib 

" "~. 

\---10 ft+10 ft+10 ft-+-~ 
lOOOlb 

~+Wc =0; 

F
G

} = 2.00 kip (C) Ans 
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6-46. Determine the force in member GC of the truss 
and state if this member is in tension or compression. 

U sing the resulL<; of Prob. 6 - 45 : 

Joint G : 

Fife = 2000 Ib Ion 

+i~ =0; - 1000 + 2(2000cos600) - Fcc 0 

F;;c = 1.00 kip (T) Ans 

6-47. Determine the force in members GF, CF, and CD 
of the roof truss and indicate if the members are in 
tension or compression. 

\+rM.=O; E;(4)-2(0.8)-1.S(2.50) =0 E;=1.337HN 

,+ rMc = 0; 1.3375 (2) - Fed 1.5) = 0 

FaF = 1.78 kN (T) Ans 

'+rMF=O; 1.3375(1)-FCoG)c1) =0 

Fco = 2.23 kN (C) Ans 

( 1.5) FCF ..[3i5 (I) = 0 FCF=O Ans 
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*(i·~lt Dctamine the force in members BG, HG, and 
Be of the truss and state if the members are in tension 
or compression. 

6(9) + 7(6) +4(3) -A, (12) = 0 A, = 9.00 kN 

.:.. r.p; = 0; A,=O 

M~thod of Sections: 

(+1:Mc = 0; F"d4.5) +6(3) -9(6) = 0 

F"c = 8.00 kN (T) Ans 

(+1:.'.1'8 =0; FHG (is}6)-9(3) =0 

FHG = 10.1 kN (C) 
Ans 

(+1:.11'0 = 0; 
( 

1.5 J FaG r;v (6)+9(3)-6(6)=0 
y 3.-,5 

F"c = 1.80 kN (T) 
Ans 

c 

n.'! 
~--~----~ 12 m . .+ @ 3 m - __ ~ __ ~ __ 
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6-49. The skewed truss carries the load shown. 
Determine the force in members CB, BE, and EF and 
state if these members are in tension or compression. 
Assume that all joints are pinned. 

o 

P (C) ADS 

+ 
~rF" '= 0; 

-P(d) 

FeB '= 1.l2P (T) ADS 

0.5 
P - ~(1.12P) - FBE 

V 1.25 

O.5P (T) 

o 

ADS 

308 

---.. p 

o 



6·50. The skewed truss carries the load shown. 
Determine the force in members AB, BF, and EF and 
state if these members are in tension or compression. 
Assume that all joints are pinned. 

p 

d ·~·dI2 -! 

- P(2d) + P(d) + FAB (d) == 0 

FAB == P (T) Ans 

- P(d) + FEF(d) == 0 

Ans 

+ 
~ I:.F;, == 0; 

FBF == 1.4IP (C) Ans 
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*6-51. Determine the force in members CD and CM of 
the Baltimore bridge truss and state if the members are 
in tension or compression. Also, indicate all zero-force 
members. 

(+IM/ = 0; 2(12)+ 5(8) + 3(6) +2(4) -A, (16) = 0 

.:. u. = 0; 

A, = 5.625 kN 

A. =0 

Method of Joillts : By inspection, members BN, NC, DO. OC. HJ 
LE and JG are ll:ro force member. Ans 

Method of Sectiolls : 

C+IM.w =0; FcD(4)-5.625(4) =0 

FCD = 5.625 kN (1) Ans 

~IMA =0; FC ... (4)-2(4) =0 

Fc ... = 2.00 kN (1) Ans 

*6-52. Determine the force in members EF, EP. and LK 
'"If the Baltimore bridge truss and state if the members are 
in tension or compression. Also, indicate all zero-force 
members. 

(+IMA =0; 1,(16)-2!12)-3(lO)-5(8)-2(4)=0 

I, = 6.375 kN 

Method of Joillts : By inspection. members BN. NC. DO. OC. HJ 
LE and JG are ll:ro force member. Ans 

(+IM.c =0; 3(2)+6.375(4)-F£,(4) =0 

FE .. = 7.875 kN (T) Ans 

6.375(8) -2(4) -3(2) - Fu (4)-0 

Fi..c - 9.25 EN (e) Ans 

+ i IF, .0; 6.375 - 3 - 2 - FlDlin 45· _ 0 

FEp • 1.94 EN (1) Ana 

IV 

A 

+'" 

A~=5'6Z5 ~ Z/VoJ 
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6·53. Determine the force in members KJ, NJ: ND, ~nd 
CD of the K truss. Indicate if the members are In tenSIOn 
or compression. Hint: Use sections aa and bb. 

S "pport R611Ctiolls " 

,+ I:Ma = 0; 1.20( 100) + 1.50(80) + 1.80(60) -A, (120) = 0 

It, = 2.90 kip 

~u. =0; A. =0 

M,thod of S6ctiollS " From section a-a, i'KJand FCD can be oblairu:d 
directJy by sllll1ming moment about points C and K respectively. 

i'KJ(3O):+" 1.20(20) -2.90(40) = 0 

FI(J = 3.067 kip (C) = 3.07 kip (C) 

C +l:M1( =0; FCD (30) + 1.20(20) - 2.90( 40) = 0 

FCD = 3.067 kip (1) = 3.07 kip (1) 

From sec b - b, sUmming forces along x and y axes yields 

~u. =0; ~DG)-~JG)+3.067-3.067=0 
~D=~J 

Ans 

Ans 

[IJ 

+ t U, =0; 2.90-1.20-1.S0-~DG)-~JG)=0 
~D + ~J = 0.3333 [2J 

SOlving Eqs. (1) and (2) yicIds 

~D = 0.167 kip (T) ~J = 0.167 kip (C) 
Ans 

20ft 2of< 

Ar.l·90 /:Jf 
I;'O/(.'f /·50 k.,f 

'<'O!t 2of~ 

Ara;C.90I:ip !'ZO/cip 150 "-ip 
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6-54. Determine the force in memhcrs J I and DE of the 
K (TIl5\". Indicate it· the mcmbers are in tcnsion or 
cc)mprcssion. 

S uppor: it1 flC1iollS : 

r.,.::,J,{, =0; C 11'0) 
\. ~ -UO( 6()) - 1.50 ( .j()) - 1.20 (20) =d) 

G. '" 1.6() up 

.!1~tJlOd 0/ SU!iofls : 

1.6()(40) - ,~/(30) '" 0 

0, '" 2.13 kJp (e) 

l.ao(.j() - ,';,£130) '" 0 

FoE '" 2.13 kip (1) 

AIlS 

AIlS 

IS ft 

1'i(]Oib 1800lb i 

,-20 ft- cO fr -20 ft·~ 20 ft-'- 20' i 
, ,t-;-- 20 ft 

3:7Jt 

I----_________________________ ~"--"- _. __ 

1i-35. DCkrmine the force in CJch member of the three
member srace truss that supports the loading of 1000 Ib 
and state if the members are in tension or compression. 

lOIlHD: 

Fw '" F.w - - I .. - J + - k ( 10. 5. 10) 
\ 15 15 15 

FCD '" FCD C ~ i __ 5_ j .. _1_0_ k) 
\. 11.358 11.358 11.358 

FaD = FJD - I .,. - j .,. - k (
10 510) 
15 15 15 

p = - 1M :. 

r.F, = 0: F.w C~) .. Feo (-~) .. FaD (~) = 0 
\ 15 11.358 15 

u, = 0: Fw (~)\ .. FCD (-:- _5_) + FaD (~) = ° 
15 11.358 15 

F.w (~) .. FCD (~) .. FaD (~) - 1M .. 0 
15 11.358. 15 

r.r. = 0; 

," 

11000 II. 

Solvmg. 

FAD = 300 Ib (C) Au 

F'D " 450 Ib (C) A .. 

FCD = 568 lb (C) Ana 

312 



*6.56. Determine the force in each member of the 
space truss and state if the members are in tension or 
compression. Hint: The support reaction at E acts along 
member EB. Why? 

M"ltotl 0/ Joillll : In this cue, !he: suppon reactions an: not required for 
determining !he: member fo=. 

Joint A 

1:1'; =0; F..(~)-6=0 
FA. = 6.462 kN (1") = 6.46 kN (1") Ans 

1:1'; =0; FAeG)-FAoG)=o FAe =FAo [lJ 

1:F, =0; FAeG)+FAoG)-6.462(~ )=0 
FAe + FAo = 3.00 [2J 

Solving Eqs.[l) and (2) yields 

FAe = FAo = 1.50 kN (C) Ans 

Joint B 

U. =0; F,e(Fs )-F,o(Fs )=0 F,e = F,o [IJ 

U. =0; F,e( Fs )+F,o( Fs )-6.462( ~)= 0 

F,e + F,o = 7.397 (2) 

Solving Eqs. [IJ and [2J yields 

F,e = F,o = 3.699 kN (C) = 3.70 kN (C) Ans 

U, =0; 2[3.699(Fs )]+6.462(~ )-F,£ =0 
F,£ = 4.80 kN (1") Ana 

N ole : The suppon reactions at suppons C and D can be delcrmined by 
analyzing joints C and D. respectively using tbe results obtained above. 
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6·57. Determine the force in each memher of the space 
truss and state if the members are in tension or compression 
The truss is supported by rollers at A, 8, and C. 

8kN 

2.5m 

r.F;, = 0; 

rF; = 0; 

r.r; = 0; 6 6 
-8 + 2(-)FDc + -F. = 0 

7 6.5 DB 

FDB = 3.85 kN (C) 

r.F;, = 0; 

rF; = 0; 2.5 45 
3.85(-) - 2(~)F. = 0 

6.5 J29.25 BC 

ADS 

ADS 

Fac = FaA = 0.890 kN (1) ADS 

r.F;, = 0; 3 3 
2.59(-) - 0.890(-) - F: = 0 

7 J29.25 AC 

~C = 0.616 kN (1) Ans 

314 



*6-58. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension or 
compression. Take Fl = {-SOOk} lb and F2 = {400j} lb. 

r..M: '" 0; -Cy (3) - 400(3) '" 0 

Joint F: 

Joint B : 

Lfy '" 0; 

~ ",0; 

Joint A: 

u. = 0; 

Cy = -400 Ib 

~ = 0; FilF = 0 

FBC = 0 Ans 

4 
400 - -F. 5 BE 

0 

FBE 500 lb en 

3 
~B - -(500) = 0 

5 

~B 300 Ib (C) 

3 
300 - r:;:. ~c = 0 

y 34 

Ans 

Ans 

Ans 

~C 583.1 583 Ib (n 

z 

x 

Ans 
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~-~Co .... t'f 3 
IT = 0; -(583.1) - 500 + -F,w = 0 4.f34 5 

~D = 333 Ib (T) ADs 

'LF; = 0; 
4 4 

F - -(333.3) - -(583.1) = 0 
AE 5 .f34 

~E = 667 lb (C) ADs 

Joint E: 

~ = 0; ADS 

LF.. = 0; 

FeF = 300 Ib (C) ADS 

Joint C: 

:E.F; = 0; 
3 

j34(583.l) - FCD = 0 
34 

1 
FCD = 300 Ib (C) ADS 

~ 10 
~I<o 
Fv~~ ./ 0 

~ = 0; 
3 ~ FCf 5&3.1 U, FCF - j34(583.l) = 0 
34 

FCF = 300 Ib (C) ADS 

I.E; = 0; 
4 

-(583.1) - 400 = 0 Check! 
j34 

Joint F: 

:E.F; = 0; 
3 

{l8FDF - 300 = 0 i
l 

18 

hF ~04 
FDF = 424 lb (T) ADS 

~ \) 

~ ----,/300~ j 

~ = 0; 
3 

{l8 (424.3) - 300 = 0 Check! 
18 
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6-59. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension 
or compression. Take Fl = {20Oi + 300j - 500k} lb and 
F2 = {400j} lb. 

r.F.. = 0; 

Joint F: 

Joint B: 

I.E',. = 0; 

Lfy = 0; 

IE. = 0; 

Joint A : 

IE. = 0; 

U; = 0; 

Lfy = 0; 

D% + 200= 0 

D% = -200 Ib 

- C; (3) - 400(3) - 200(4) = 0 

C; = - 666.7 Ib 

Cz (3) - 200(3) = 0 

( = 200 Ib 

ADS 

Fac = 0 

4 
400 - -FaE = 0 

5 

ADS 

FaE = 500 Ib (T) 

3 
F;.s - -(500) = 0 

5 

ADS 

F;.s = 300 Ib (C) ADS 

3 
300 + 200- - '" - 0 /34rAc -

F;.c = 971.8 = 972 Ib (T) 

3 3 
~(971.8) - 500 + -F;.D = 0 

V34 5 

ADS 

4 
F;.E + 300 - -(971.8) = 0 

,f34 
F;.E = 367 Ib (C) ADS 
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Joint E: 

LFz = 0; 

r.F;, = 0; 

Joint c: 

r.F;, = 0; 

"I.F,. = 0; 

r.r;, = 0; 

Joint F: 

U; = 0; 

3 
FEF - -(500) = 0 

5 

FeF = 300 Ib (C) 

3 
r;-:; (971.8) - FCD = 0 

V 34 

Ans 

Ans 

FCD = 500 Ib (C) Ans 

3 
FCF - r;-:;(971.8) + 200 = 0 

V 34 

FCF = 300 Ib (C) Ans 

4 
r;-:; (971.8) - 666.7 = 0 

V 34 

3 
-FDF - 300 = 0 
,fls 

FDF = 424 Ib (1) Ans 
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*6-6G Determine the force in each member of the space truss and 
state if the members are in tension or compression. The truss is 
supported by ball-and-socket joints at A. B, and E. Set F = 

{-200i + 400j} N. Hint: The support reaction at E acts along 
member EC. Why? 

x 2m 

Joint D: 

1 5 1 
l:F" 0; --F, + ..f3125 FB D + ..fi25 FCD - 200 = 0 3 AD 31.25 7.25 

2 1.5 1.5 
U, 0; - -F.w + ..f3125FBD - ..fi25FCD + 400 = 0 

3 31.25 7.25 
1 

2 2 ~ 2 IIODH 

~ 0; --F, - ---FBD + --FCD = 0 
'I. FlIP Fa. F'J' ~ 3 AD ~31.25 ~7.25 

~D 343 N (1) ADS 

FBD 186 N (1) ADS 

FCD 397 N (C) ADS 

Joint C: 

1 
l:F" 0; FBc - ..fi2s(397) 0 

7.25 

FBc 148 N (1) ADS 3tl" I 

f~~© ~ 2 
F6C. i ~ O· FEC - ..fi2s (397) 0 , 

7.25 '1./ fE:c.. 

FEC = 295 N (C) ADS 

U, o· 1.5 
, ..[7Ts(397) - ~c 0 

7.25 

~c 221 N (1) ADS 
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D . e the force in each member of the space 6-61 etermm .. r 
. ·f th members are m tensIOn 0 

truss an~ staThte e Itruss eis supported by ball-and-socket compresSIOn. 
joints at C, D, E, and G. 

Urn 

2 2 4 
~FaC(2) + ~FaD(2) - -(3)(2) = 0 

y5 y5 5 

y 

Gx 

Fac + FaD = 2.683 kN ~c~~ ____________ __ 

Due to symmetry: 

Joint A : 

IF. = 0; 

IF; = 0; 

If"y = 0; 

Joint B : 

IF; = 0; 

IF; = 0; 

I~ = 0; 

Fac = FaD = 1.342 = 1.34 kN (C) 

4 
~8 - -(3) = 0 

5 

~8 = 2.4 kN (C) 

32 2 
5(3) - f5~E - {s,r;;'G = 0 

Ans 

~G = ~E = 1.01 Id~ (T) Ans 

:( 

Ans 

I I I I 
~(I.342) + -FaE - ~(1.342) - -PsG = 0 

y5 3 y5 3 

2 2 2 2 
~(I.342) - -FaE + ~(1.342) - -FaG = 0 

y5 3 y5 3 

2 2 
-FaE + -FoG - 2.4 = 0 3 3 

FaG = 1.80 kN (T) Ans 

FaE = 1.80 kN (T) Ans 
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6·62. Determine the force in members BE, DF, and Be 
of the space truss and state if the members are in tension 
or compression. 

M.,luId 0/ Joilll, : In this cue, die suppon re.cIions an: not required for 
dClCmlining !he member forces. 

Joint C 

IF, = 0; FCDsin «1' - 2 = 0 FCD = 2.309 kN (1') 

1:1'; = 0; 2.309c:os «1' - Fic = 0 
Fic - 1.1S4 kN (C) "' 1.1, kN (C) Au 

Joint 0 Since FCD • Ib, and Po, lie wilhin!he same pllne and Ib. is 0)11 

of this plane, Iben Po. = o. 

1:F. = 0; PoF( k ) -2.309c:os «1' = 0 

Po,.. = 4.16 kN (C) Au 

Joint B 

IF, .. 0; (1.732) Fi, .fl3 -2=0 

Fi, '" 4.16 kN (1') Ana 
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6-63. Determine the force in members AB, CD, ED, 
and CF of the space truss and state if the members are 
in tension or compression. 

M"thod 0/ }oilllS : In this case, the suppon reactions are nOI requin:d for 
detenninin. Ibe membel' fon::es. 

Joint C Since FeD' Fic and 2 leN force lie wilbin Ibe same plane and 
FCF is OUI of this plane, Iben 

FeF=O Ana 

IF, = 0; FeDSin 60" - 2 = 0 

FeD = 2.309 leN (1) = 2.31 leN (1) Ana 

IF, = 0; 2.309c0s 60" - Fic = 0 Fic = l.IS4 leN (C) 

Joint D Since FeD' FOE and FOE lie wilbin Ibe same plane and FO. is OUI 
of Ibis plane. !ben FO. = O. 

Joint B 

IF; = 0; lbF[ ~ ) -2.309cos 60" = 0 

FOF = 4.163 leN (C) 

IF, =0; 4.163(~)-FED =0 
FED = 3.46 leN (1) 

fiE - -2 .. 0 [
1.732) 

.fI3 

IF, -0; FA.-4.16{~).O 
FA. -3.46 leN (e) 

Ana 

An. 

(-2k l kN 

(-2kl kN 
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*6-64 Determine the force developed in each mem?er 
• . d state if the mt::mbers are In tensIOn of the space truss an b 

. " 'T'l.e crate has a wt::ight of 150 I . or compressIOn. 111 

x 

w = -150k 

- 0.354FcA + 0.354FcB = 0 

1:P; = 0; 
0.707FcA + 0.707FcB - FeD = 0 

1:F; = 0; 
0.612FcA + 0.612FcB - 150 = 0 

Solving: 

FCA = FCB = 122.51b = 122 lb (C) ADS 

FCD = 173 lb en ADS 

~6= 122.5 e -0.354i - 0.707 j - 0.612k) 

= - 43.3i - 86.6j - 75.0k 

1:1'.; = 0; 

1:F; = 0; FaD sin 60° - 75 = 0 

Solving: 

FBD = 86.6 lb en ADS 

FAc = 122.5(0.354F.:t c i - 0.707~d - 0.612~ck) 
r.r; = 0; 

FnA cos30° - 0.612(122.5) = 0 

FDA = 86.6 lb en ADS 
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6-65. The space truss is used to support vertical forces 
~t joints B, C, and D. Determine the force in each membed 
a· -:I state if the members are in tension or compression. 

Joint C: 

I:.F; 0; F'ac 0 ADs 

~ = 0; FCD = 0 ADS 

Y..F; 0; FCF = 8 leN (C) ADS 

Joint B : 

~ 0; 0w = 0 ADs 

LF; = 0; FaA 6 leN (C) ADs 

Joint D: 

~ 0; ~D = 0 ADs 

I:.F; = 0; FnF = 0 ADS 

LF;, 0; FDE = 9 leN (C) ADs 

Joint E: 

I:.F; 0; 0,F 0 ADs 

~ = 0; F£A 0 ADS 

Joint A : 

LF= x 0; ~F 0 ADs 
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6-66. [n each case, determine the force P required to 
maintain equilibrium. The block weighs 100 lb. 

Equtllio •• 0/ Equilibrl ... : 

a) +tu, =0; 4P-100",0 

P= 25.0 Ib Ans 

b) +tu, =0; 3P-100=0 

P=33.3Ib Ans 

c) +tu,=O; 3P' -100=0 

P' = 33.331b 

+ tu, =0; 3P-33.33 = 0 

P= 1I.IIb Ans 

(a) (b) (e) 

P p p p 
p r p 

IOOlb 
100/1. 

<. -.; 
(b) 

p' p 
, , 

p 
p p p 

100Ib 

(C) 
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6-67. The eye hook has a positive locking latch when it 
supports the load because its two parts are pin-connected 
at A and they bear against one another along the smooth 
surface at B. Determine the resultant force at the pin and 
the normal force at B when the eye hook supports a load 
of 800 lb . 

..( +EM,\ = 0; - Fil eo,60'(.1) - I'll sin 60'(2) 

+ XOO(0.25) = 0 

1'8 = 61.88 = 61.9 Ih 

+ i EF, = 0; - 800 - 61.88 sin 60" + A, = 0 

A, = 853.5Y = 854 Ib 

AI - F"cos60C: = 0 

A, = 30.9 Ib 

1',\ = ,/(853.59)' + (30.9)' 

= 854 Ib AilS 

Ans 

*6-68. Determine the force P needed to support the 100-
Ib weight. Each pulley has a weight of 10 lb. Also, what 
are the cord reactions at A and B') 

Equati(}ns of Equilibrium: From FBD (a), 

+ t EF,. =0; 

hom FBD (b), 

+ t '['.F,. =0; 

Solving Eqs. III and 121 yields. 

p = 25.0 Ib Ans 

p' = 60.0 Ib 

p' -2P - I()= 0 

2P + p' - 100 - 10 = 0 

The cord reactions at A and Bare 

1', = P = 25.0 Ib 1'8 = p' = 60.0 Ib 

III 

121 

Ans 

800lb 

X(X)lb 

p 

p- P P' P 

IOlb 

P P IOOlb 

(oj (b) 
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6-69. The link is used to hold the rod in place. Determine 
the required axial force on the screw at E if the largest 
force to be exerted on the rod at B, C or D is to be 100 
lb. Also, find the magnitude of the force reaction at pin 
A. Assume all surfaces of contact are smooth. 

0; 

0; 

Assume RB = 100 Ib 

100 

f2 
70.71 Ib < 100 Ib 

RE = 177.28 = 177 Ib 

-100sin45° + Ay = 0 

Ay = 70.71 Ib 

(O.K) 

Ans 

177 .28 - l00cos45° - Ax o 

Ax = 106.57 Ib 

.; 106.572 + 70.712 = 1281b Ans 
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(i. 70. The principles of a differential chain block are 
indicated schematically in the figure. Determine the 
magnitude of force P needed to support the 800-N force. 
Also. find the distance x where the cable must he attached 
to har AB so the har remains horizontal. All pulleys have 
a radius Df 00 mm. 

EquaJioIU of Equilibrium: From FBD(a). 

+ i l:F, = 0; 4P' - 800 = 0 P' = 200 N 

From FBD(b). 

+ i l:F, = 0; 200 - SP = 0 P = 40.0 N AIlS 

(+ LMA = 0; 200(x) - 4O.0( 120) - 40.0(240) 

-40.0(360) - 40.0(480) = 0 

x = 240 nun AIlS 

----- -.-----
6·71. Determine the force P needed to support the 20-kg 
mass using the Spanish Burton rig. Also, what are the 
reactions at the supporting hooks A, B, and C? 

For pulley D: 

+ il:F =0' y , 9P - 20(9.81) = 0 

P=21.8N 

AtA, ~ = 2P = 43.6 N 

AtB, RB = 2P = 43.6 N 

Ate, Rc = 6P = 131 N 

f" p' p' f' 

I 8co N 
P=200tJ 

(b) 

P ? 

p 

P 
.2p P t p :.lp 

~tV~ 
p p t P P Ans 

3f 
bP 
'1' 

Ans 3P 

,0 
3p 3p 

Ans 

Ans 
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*6-72. The compound beam is fixed at A and supported 
by a rocker at Band C. There are hinges (pins) at D and E. 
Determine the reactions at the supports. 

Equations of Equilibrium: From FBD(a), 

(+WE=O; 

+i~ =0; 

~ r.F; = 0; 

From FBD(b) , 

+i~ =0; 

From FBD( c) , 

Cy (6) =0 Cy =0 

t;-O=O t; = 0 

1'; = 0 

By (4) -15(2) = 0 

By = 7.50 kN 

Dy + 7.50-15 = 0 

Dy = 7.50 kN 

4 =0 

MA - 5.00(6) = 0 

M" = 30.0 kN . m 

Ans 

Ans 

Ans 

+ i ~ = 0; Ay -5.00= 0 Ay = 5.00 kN Ans 

+ 
-4 r.F; = 0; Ax =0 Ans 

15 kN 

D 8 E 3(Htl~ 

C 

':', I ~I ~ 
;:1--- 6 m -_·1.--\1---1+---+'1 - 6 m I 

12m 2m2m 

lC) 
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6·73. The compound beam is pin·supported at C and 
supported by a roller at A and B. There is a hinge (pin) 
at D. Determine the reactions at the supports. Neglect the 
thickness of the beam. 

EqulJJiolU 0/ EqullIbrluIft : From FBD(a) , 

,+ rMD = 0; 4cos 30"(12)+8(2) -tty (6) =0 

tty .. 9.595 kip = 9.59 kip 

+; l:F, = 0; D, +9.595 -4cos 30°- 8 .. 0 

D, .. 1.869 kip 

..:. U; = 0; Dz - 4sin 30" = 0 Dz = 2.00 kip 

From FBD(b) , 

(+IM'C = 0; 1.869(24) + 15+ 12G}8) -B, (16) = 0 

Am 

By = 8.541 kip = 8.54 kip Ans 

+; l:F, =0; 

..:.u; =0; 

C; + 8.541-1.869-12(i) = 0 

Cy .. 2.93 kip 

C -200-12(~) .. 0 z· 5 

C. = 9.20 kip 

Ans 

Ans 
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6-74. Determine the greatest force P that can be applied 
to the frame if the largest force resultant acting at A can 
have a magnitude of 2 kN. 

IP 
1~:::........""""", ..... ~~O.lm 

~~ ~ ): I 
0.5 m 

~. I~ 
1P~_075 m ----1------0.75 mtp 

I.+LMA 0; T(0.6) - PC 1.5) 0 

+ 
~ I.F; = 0; At -T=O 

+ i I.F = O' y , -\ -P=O 

Thus, At = 2.5 P, -\ = P 

Require. 

2 = IC2.5P)2 + (P)2 

P = 0.743 leN = 743 N Ans 

T 
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6·75. Determine the horizontal and vertical components 
force at pins A and C of the two-member frame. 

Fr,. Bod, Diagram: The .olulion for this problem wiD be simplified if 
one reaIize.s that member BC is a two force member. 

EquaJio,1S of Equilibrium: 

(+ru" =0; FacCOS45°(3)-600(1.5) =0 

Fac = 424.26 N 

+ i U, = 0; A,. + 424.26cos 45° - 600 = 0 

A,. = 300 N Ans 

~ u. = 0; 424.26sin 45° -A, = 0 

A, =300N 
Ans 

For pin C. 

C, = Facsin 45° = 424.26sin 45° = 300 N Ans 

Cj. = Faccos 45° = 424.26cos 45° = 300 N Ans 

200Nfm 

1 J J B 

C 

~'---3m-___ ~ 
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6·76. The three-hinged arch supports the loads 
Fl = 8 kN and F2 = 5 kN. Determine the horizontal and 
vertical components of reaction at the pin supports A and 
B. Take h = 2 m. 

MemberAC: 

+ tIT=: O' y , -~ + C; = 0 

Member BC: 

5(2) + Cy (6) - (. (9) = 0 

6Cy - 9C'" + 10 = 0 

+ 
---.:; I.F. = 0; 

+ tIT =0' Y , 

Solving: 

Ax =: 5.6141 =: 5.61 leN Ans 

~ 1.9122 =: 1.91 leN Ans 

Cx =: 2.3859 = 2.39 leN Ans 

Cv = 1.9122 = 1.91 leN Ans 

Bx = 2.3859 = 2.39 leN Ans 

By = 6.9122 = 6.91 leN Ans 

c 

(I ~----8m------~--4m-- 2m~ 

c 

eX 

{I<.) -> 8, 
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6-77. Determine the horizontal and vertical com 
of force at pins II B de. ponents 

. , ,an "and the reactIOns to the fixed 
support D of the three-member frame. 

Fr •• Bod, Diagram: The solulion for this problem will be simplified if 
one realizes !hal member A C is a two fora: member. 

Equatiolls of Equilibrium :'For FBD(a), 

(+r.Ms =0; 2(0.5)+2(1)+2(1.5)+2(2)-F.c(i)<I.S) =0 

F. c = 8.333 kN 

+ir;;; =0; B,+8.333(i)-2-2-2-2=0 

B, = 1.333 kN = 1.33 kN Ans 

':'u; = 0; B% - 8.333G) = 0 

B% = 5.00 kN Ans 

For pm A andC, 

A% = e% = F.cG) = 8.333G) = 5.00 kN Ans 

A, = C, = F.c (i) = 8.333(i) = 6.67 kN Ans 

From FBD (b). 

,+ I:Mo = 0; 5.00(4) -8.333(~)<2) -Mo = 0 

Mo = 1O.0kN·m Ans 

+ i l:F, = 0; D, - 1.333 - 8.333(~) = 0 

D, = 8.00 kN Ans 

':'l:F. = 0; 8.333(D- 5.00-D% = 0 

11t- 0 Ans 

2 kN 2 kN 2 kN 2 kN 

E E E E 

d- dl B 

c 

2m 

I 
D 

B.<. 
("- ) 

81 
B~·1333 KN 

~=5·OOKtJ 

!.k ~ 6 333 k,J 
2m 

tli 
J Cb) 

2", 

"Px. JJ;<.. 
M~ 

'P
1 
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6-78. Determine the horizontal and vertical components 
of force at C which member ABC exerts on member CEF. 

MemberBED: 

- 300( 6) + E" (3) o 

E, == 600 Ib 

+ t LFy = 0; - By + 600 - 300 = 0 

By = 300lb 

Bx + ~ - 300 = 0 

Member FEC: 

C + LWc = 0: 300(3) - £.:(4) o 

E, = 2251b 

From Eq. (I) Bx = 75 Ib 

- Cx + 300 - 225 = 0 

C, = 75 Ib Ans 

MemberABC: 

I B.'J 
{. flo 

E:x ~C::( =3f=t=:::;tF==;>~3=ft==i~ 300 u, 

300lA, Ej 

i. +LMA = 0; -75(8) - c,.(6) + 75(4) + 300(3) 0 

100 Ib Ans 
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6-79. Determine the horizontal and vertical components 
of force that the pins at A, B. and C exert on their 
connecting members. 

IK,:.o.2m 
~y 

~~~~·~.~~~~~;~~50mm 
P;-'B C ~ 

1-- ---- --- I m --------: ~ 

800 N 

- 800( 1 + 0.05) + Ax (0.2) = 0 

Ax = 4200 N = 4.20 kN 

+ 
~ "LF; = 0; Bx = 4200 N = 4.20 kN 

+ i "LF = O' v ' 
( 1) 

MemberAC: 

- 800(50) - Ay (200) + 4200(200) = 0 

Ay = 4000 N = 4.00 kN Ans 

From Eq. (1) By = 3.20 kN Ans 

~ "LF; 0; - 4200 + 800 + Cx = 0 

Cx = 3AO kN Ans 

+ i "LF = O' y , 4000 - Cy = 0 

C, = 4.00 kN Ans 
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*6.80. The hoist supports the 125-kg engine. Determine 
the force the load creates in member DB and in member 
FB, which contains the hydraulic cylinder H. 

Fr •• Bod'} DiGfl'tllfl : 'The solulion for !his problem will be simplified if 
one rea1izcs !hal memberS FB II!d DB Ire two force memberS. 

EqualiolU 0/ Equilibrium: For FBD(a). 

C+IM,;=O; 1226.2S(3)-F,,(Fo}2) =0 
F,. .. 1938.87 N = 1.94 kN Ans 

+tu, .. 0; 1938.87(Fo)-1226.25-E; =0 
E; .. 613.l25N 

.:. IF. .. 0; E;, - 1938.87(Fo) = 0 

From FBD (b). 

E;, =613.125 N 

613.125(3) -I'iDlin 4S0( 1) .. 0 
I'iD - 2601.27 N .. 2.60 kN ADS 
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6-81. Determine the force P on the cord, and the angle e 
that the pulley-supporting link AB makes with the vertical. 
Neglect the mass of the pulleys and the link. The block has 
a weight of 200 lb and the cord is attached to the pin at B. 
The pulleys have radii of '1 = 2 in. and '2 = 1 in. 

+ i IT = o· y , 2T - 200= 0 

T = 100 lb Ans 

+ -:; I.F" = 0; 100 cos45° - ~B sine = 0 

+ i IT = o· y , ~B cos () - 100 - 100 - 100 sin 45° = 0 

e = 14.6° Ans 

~B = 280lb 

6-82. The front of the car is to be lifted using a smooth 
ngld 1O-ft long ~oard. The car has a weight of 3500 Ib and 
a center of gravIty at C. Determine 'Ie position x of the 
fulcrum so that an applied force a 100 Ib at E will lift 
the front wheels of the car. 

Fru Bod] Diagram.' When the front wheels are lifted, the normal 
reacoonN, = O. 

Equalions of Equilibrium.' From FED (a). 

(+:r.MA =0; 35OO(4.5)-Fe (9.5) =0 Fe = 1657.891b 

From FED (b). 

{+:r.MD = 0; loo(x) -1657.89( 10-x) = 0 

x = 9.43 ft Ans 

338 

p 

1001.0 100~ 

3SOc:l/b 

1 35ft 
l He=D 
"Sft (a.) 

ffTt 
i.5 ft 3.5 ft· 4.5 ft J 

~f" -/(,51~' Ih 

~ 
HI> 



6·83. The wall crane supports a load of 700 lb. 
Determine the horizontal and vertical components of 
reaction at the pins A and D. Also, what is the force in 
the cable at the winch W? 

Pu&yE: 

+ f IF, • 0; 2 T - 700 • 0 

Member ABC : 

,+tA<. . 0; liD .iII "S· (") - 350 siD 6f1' (") - 700 (8) • 0 

liD • 24091b 

+ f IF, • 0; -A, + 2409 sill"'· - 350 .iII6f1' - 700 • 0 

A, '" 7001b Au 

..:. IF. '" 0; A. - 2409 COl ",. - 3'0 <:01 6f1' + 350 - 350 • 0 

A. .. 1.88 kip Au 

AlD: 

D. • 2409 <:01 "S· • 1703.1 Ib • 1. 70 kip Au 

0, • 2409 .iII"'· • 1. 70 kip Au 

T 
4ft 

1 ...... 

7001b 
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*6-84. Determine the force that the smooth roller C 
exerts on beam AB. Also, what are the horizontal and 
vertical components of reaction at pin A? Neglect the 
weight of the frame and roller. 

- 60 + 4 (0.5) = 0 

Dx = 120lb 

Ax = 120lb Ans 

Ay = 0 ADS 

-Nc (4) + 120(0.5) = 0 

Nc = 15.01b Ans 

I--------------------~~"""- --------------------.... 
6·85. Determine the horizontal and vertical components 
of force which the pins exert on member ABC. 

+ 
~u;. = 0; Ans 

+ iLl' = o· y , ~ = 80lb ADS 

80( 15) - By (9) = 0 

By = 133.3 = 133 Ib Ans 

- 80(2.5) + 133.3(9) - Bx (3) = 0 

Bx = 333 Ib ADS 

+ 
~u;. = 0; 80 + 333 - Cx = 0 

Cx = 413 lb Ans 

+ iLl' = o· y • - 80 + 133.3 - C
y 

= 0 

Cy = 53.3 Ib ADS 
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6-~. The engine hoist is used to support the 200-kg 
engme. Determme the force acting in the hydraulic cylinder 
A.B, t,he hOrizontal and vertical components of force at the 
pm C. and the reactions at the fixed support D. 

Fru Body Diagra.m : The solution for this problem will be simplified if 
one realizes thai member A B is a two force member. From the geomeuy. 

I
A

• = /35()2 + 85()2 - 2(350)(850) cos 80" = 861.21 mm 

sin IJ sin 80° 

850 = 861.21 
IJ = 76.41° 

EquaJiolls of Equilibrium: From FED (a). 

(+rMc =0; 1962( 1.60) -F, .. sin 76.41°(0.35) = 0 

F, .. = 9227.60 N = 9.23 leN 

':'!:F, = 0; C, -9227.6Ocos 76.41° = 0 

C, = 2168.65 N = 2.17 leN 

+ i EF, = 0; 9227.60 sin 76.41° -1962- C, = 0 

Ans 

Ans 

Cy = 7007.14 N = 7.01 leN Ans 

From FED (b). 

':'!:F, = 0; Ans 

+iEF,=O; 0,-1962=0 

Dy = 1962 N = 1.96 leN Au 

+ rMa = 0; 1962( 1.60 - 1.40 sin 10°) - Ma = 0 

Ma = 2662.22 N . m = 2.66 leN . m Ans 

r----'- -- 1250 mm 
, 

125"" 

2OO(98tJ = /9EX-" 

350m", (a.) 

~~~ 

(b) 
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6·87. Determine the horizontal and vertical components 
()f force at pins Band C. 

r '\5ft"1 ~'ft;:1 
l.5ft NOV I 

-Cy (8) + ('.-e(a) + 50(3.5) = 0 

~'LF =0' x , 

+ i'LF; = 0; 

-50(2) - 50(3.5) + Cy (8) = 0 

Cy = 34.38 = 34.4 Ib 

Cx = 16.67 = 16.71b 

16.67 + 50 - Bx = 0 

Bx = 66.7 Ib 

+ i'LF = O· y • By - 50 + 34.38 = 0 

By = 15.61b 
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*6-88. The pipe cutter is clamped around the pipe P. If 
the wheel at A exerts a normal force of FA = 80 N on the 
pipe, determine the normal forces of wheels Band C on 
the pipe. Also compute the pin reaction on the wheel at C. 
The three wheels each have a radius of 7 mm and the 
pipe has an outer radius of 10 mm. 

ill 
9", sin·'<=l,. 3603' 17 . 

EquaJiolls of Eqllilibriulll.: 

+fu, =0; N. sin 36.03°-Nesin36.03'=0 

N. =Ne 

..:.U; =0; 80-Necos 36.03°-Necos 36.030=0 

N. =Ne = 49.S N Ana 
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6-89. Determine the horizontal and v~rtical compon~nts 
h . The suspended cyhnder has a weight of force at eac pm. 

of 80 lb. f--3 ft---l 

fE 
4ft 

~~A Be 

4ft 

l j~D iiiiiiiiiiiiiiiiiiiiiiiiill 
L6ft-lft~ 

2 ~ + 'I.J.fB == 0; 
FCD (f13)(3) - 80(4)= 0 

13 

FCD = 192.3 Ib 

3 

ii. _c 

Cx ==4 == -(192.3) 
f13 160Ib 

+ j IT == o· y • 

+ 
-""I.F. == 0; 

+ j IT == o· y • 

~I.F; == 0; 

2 Cy == Dy == -(192.3) 
{l3 107Ib 

2 
-By + ~(l92.3) - 80 = 0 

V 13 

By == 26.7Ib 

-Bx (4) + 80(3) + 26:/(3) = 0 

Bx == 80.0Ib Ans 

I; + 80 - 80 = 0 

I; == 0 Ans 

-I; + 26.7 == 0 

I; == 26.7Ib Ans 

3 
-Ax + 80 + ~ (192.3) - 80 = 0 

Vl3 

160Ib Ans 
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6·9fl, The toggle clamp is subjected to a force F at the 
handle. Determine the vertical clamping force acting 
at E. 

F,. .. Boll, Di",,.,,,,. : The solulion for dlis problem wiD be simpliflCd if 
one realizes thai member CD is a two (orce member. 

Equ",iolU of Equilibrium: From FBD (a). 

(+1:.Ms =0; FcDCOS 3O"G)-FCD Sin 30"G)-F(2a) =0 

FeD = 1O.93F 

+ i U, = 0; 1O.93Fcos 30" - F - B, = 0 

B, = 8.464F 

~ u. = 0; B, - 1O.93sin 30· = 0 

From (b). 

(+1:.MA = 0; 

B, = S.464F 

S.464F(a) - 1'£( Ua) = 0 

1'£ = 3.64F Ans 

I <112 I 

r---!~--' 1.5 U -'--, 

F 

(b) 
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6·91. Determine the horizontal and vertical components 
of force which the pins at A, B, and C exert on member 
ABC of the frame. 

400N 

2.5 m 

L~ 

~ 
t~+-300N 

~ 
" 
W, 
il 

2m 

~ 
1!.':~I~+-3()()N 

1.5 m 

,~ 

'-.+LME = 0; -~ (3.5) + 400(2) + 300(3.5) + 300( 1.5) = 0 

ItOON 

~ = 657.1 = 657 N ADS 

- Cy (3.5) + 400(2) = 0 

Cy = 228.6 = 229 N ADS 

ADS 

40(»J 

+ i'LF = O· y , 
5 

657.1 - 228.6 - 2(-)FiJD 

174 
368.7 N 

o 
~ 

1.s", ~ ;JrYl 
'-~ ~c I 

t "'-J>:.:. 

t S .n8.bN .:Dj 
~ 

T ~(:( 

ADS 

5 
r;:;:. (368.7) (2) 

V 74 
429 N 

).5", I 
~FIlP 

J.SOIt ~FBC 
ADS -.l 

i 6S7.1N 
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*6-92. The derrick is pin-connected to the pivot at A. 
Determine the largest mass that can be supported by the 
derrick if the maximum force that can be sustained by 
the pin at A is 18 kN. 

B 

AB is a two - force member. 

Pin B 

Require ~B 

+i~ = 0; 

18 leN 

W 
18sin60° - - sin 60° - W 

2 

w = 10.878 leN 

m= 
10.878 

9.81 
1.11 Mg Ans 
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6·93. Determine the required mass of the suspended 
cylinder if the tension in the chain wrapped around the 
freely turning gear is to be 2 kN. Also, what is the 
magnitude of the resultant force on pin A? 

Dtlt:oo~:--~ 2kN 

0; 

W == 3.586 leN 

m == 3.586( 1000) /9.81 == 366 kg ADs 

+ 
~ L.F" == 0; 

+ i IT = O· y , 

4 - 3.586cos45° - Ax = 0 

Ax = 1.464 leN 

3.586sin45° - A 
y 

Ay = 2.536 leN 

o 

1(1.464)2 + (2.536)2 == 2.93 leN ADS 
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6·94. The pumping unit is used to recover oil. When the 
walking beam ABC is horizontal, the force acting in the 
wireline at the well head is 250 lb. Determine the torque 
M which must be exerted by the motor in order to 
overcome this load. The horse-head C weighs 60 Ib and 
has a center of gravity at Gc . The walking beam ABC has 
a weight of 130 Ib and a center of gravity at GB, and the 
counterweight has a weight of 200 Ib and a center of 
gravity at Gw. The pitman, AD, is pin-connected at its 
ends and has negligible weight. 

Fr •• Bod, DiII6rfUfI : 1bc solution for this problem will be simplified if 
one ~ that the pitman AD is a two fora: member. 

EquatiollS 0/ Equilibrium: From FBD (a), 

C+I:M. = 0; fAosin 70"(5) -60(6) - 250(7) = 0 
fAD = 449.08 Ib 

From (b), 

'+I:M£ = 0; 449.08(3) -200c0s 20"(5.5) -M= 0 
M= 3l41b· ft ADS 

130lb (,011, 

1-..:5..:.Jt,,---+--.:~::,,:H,,--_..j..Lj lit 
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6·95. Determine the force P on the cable if the spring 
is compressed 0.5 in. when the mechanism is in the 
position shown. The spring has a stiffness of k = 800 Ib/ft. 

E 

Prob.6-95 

0.5 
F;, = ks = 800( - ) 

12 

,+LM4 = 0; 

p 

33.33 Ib 

B. + By = 166.67 Ib 

0; 

( I) 

By = 0.6667P (2) 

~~r:' = O' 4r~ • 

FcD sin300(6) - P(10) = 0 

FeD = 3.333 P 

Thus from Eq. (3) 

BI = 2.8867 P 

Using Eqs. (1) and (2) : 

2.8867 P + 0.6667 P = 166.67 

P = 46.9 Ib Ans 
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*6-96. Determine the force that the jaws J of the metal 
cutters exert on the smooth cable C if lOO-N forces are 
applied to the handles. The jaws are pinned at E and A, 
and D and B. There is also a pin at F. 

Fr .. Body Diagram: The solution for !his problem will be simp1if1Cld if 
one rea1izes thal member ED is a two force member. 

Equariolls of Equilibrium: From FBD (b), 

.:. u. = 0; 

From (a), 

From FBD (b), 

A. =0 

A,. sin 15°(20) + 100sinI5°(20) 

-11lOc:<n 15°(400) = Q 
A,. = 7364.10 N 

7364.10(80) - Fc (30) = 0 

Fe = 19637.60 N = 19.6 leN Ana 
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(,·97. The compound arrangement of the pan scale is 
shown. If the mass on the pan is 4 kg, determine the 
hurizontal and vertical components at pins A, S, and C 
and the distance x of the 25-g mass to keep the scale in 
balance. 

Fret Body DiagrGJfl : The solution for thil problem will be simplified if 
one reaIJze.s thal mcmben DE and FG are rwo fo= members. 

EqUalio1l. of Equilibrium: From FBD (a). 

(+ W, = 0; FoE(375) -39.24(50) = 0 FOE = 5.232 N 

+ i rr; = 0; A, + 5.232 - 39.24 = 0 

A, = 34.0 N AM 

.:. 1:1'; = 0; A, = 0 AM 

From (b). 

+ i u; = 0; 

From (e), 

FFci3OO) -5.232(75) = 0 

C; - 1.308 - 5.232 = 0 

C; = 6.54 N 

FFG = 1.308 N 

Ans 

Ans 

(+T.'.f. = 0; 1.308(100) -0.24525(825-x) =0 

.r = 292 rnm Ans 

+ i rr; = 0; 1.308 - 0.24525 - B, = 0 

B, = 1.06 N Ans 

.:. U; = 0; B, = 0 Ans 
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6.98. The scissors lift consist~ of two sets of cross 
members and two hydraulic cylinders, DE, symmetrically 
located on each side of the platform. The platform has a 
uniform mass of 60 kg, with a center of gravity at G!. The 
load of 85 kg, with center of gravity at G2 , is centrally 
located on each side of the platform. Determine the force 
in each of the hydraulic cylinders for equilibrium. Rollers 
are located at Band D. 

Fru Bod, Diagra", : 'The solution for this problem will be simpliflCd if 
one realiu:s that the hydraulic cyclindcr DE is a two force member. 

EqUaliOll' of Equilibriu", : From FBD (a). 

(+ l:M. = 0; 2N. (3) - 833.85(0.8) - 588.6(2) = 0 

2N. = 614.76 N 

.:. u. = 0; 

+ i U, = 0; 2A, + 614.76 - 833.85 - 588.6 = 0 

2A, = 807.69 N 

From FBD (b), 

,+ l:MD = 0; 807.69(3) - 2<; (1.5) - 2C. (I) = 0 

2C. + 3<; = 2423.07 [I] 

From FBD (c), 

(+rMF = 0; 2C. (1) - 2<; (1.5) -614.76(3) = 0 

2C. - 3<; = 1844.28 [2) 

SolvinB Eqs.[I) and [2J yields 

c. = 1066.84 N C, = 96.465 N 
From FBD (b), 

~u. =0; 2(1066.84)-2FoE=0 

Fo. = 1066.84 N = 1.07 kN Ans 

~-1.5 m -+-1.5111--1 

C"'-) GN6 

..?A}· 8 0769 tJ 
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· I·" t' "Ii comnoncnls 6-99. Dcl<.:rminc thc hOrlzonta anu vcr IC, " '. • 

'. \ f' J r 'xcrt un thc trame. of force that the [lin' at / ,>, an L~. 

Inc cylinder has a mass of SO kg. 

EqUaliotU of Equilibrium: From FBD (b), 

+ + "f.F. = 0: 

From FED (a), 

784.3(1.7)-C,(1l =0 

c, = 133.).16 N = 1.33lc..'1 

8 + 73.).8 - 133~ 16 = 0 , 
B = 549 N .. 

e, -8, =0 

Ans 

Ans 

[I] 

e, (0.5).,. 133.).16( 1) -7848( 1.7) -784.8( 1.9) =0 
C, = 2982.2~ N = 2.98 leN Ans 

+r:v; =0: A, + t334.16-784.3-784.8 =0 

A, = 235 N Ans 

:.. r.F, = 0: A -2982.24 = 0 

, A, = 2982.24 N = :.98 kN Ans 

SubsotU~ e, = 29R::.24 N mID Eq.[l] yields. 

8, = 2982.24 N = 2.98 lc.."1 AIlS 

*6-100. By squeezing on the hand brake of the bicycle, 
the rider subjects the brake cable to a tension of 50 lb. If 
the caliper mechanism is pin-connected to the bicycle 
frame at B, determine the normal force each brake pad 
exerts on the rim of the wheel. Is this the force that stops 
the wheel from turning? Explain. 

( +LMB 0; -N(3) + 50(2.5) o 

N == 41.71b Ans 

___ IIll

c •.. ', .. ,. ' I 
-O.7m- D 1 

0.:' Tll 

80('181)=/8'; til 

clt I 

l - \ '/ 

t ~N 
This nonnal force does not stop the wheel from turning. A frictional force (See Chapter 8), which 

acts along on the wheel's rirr1 stops the wheel. Ans 
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6·101. If a force of P = 6lb is applied perpendicular to 
the handle of the mechanism, determine the magnitude 
of force F for equilibrium. The members are pin
connected at A, B, C, and D. 

F 

mce 4) - 6(25) = 0 

me = 37.5 lb 

+ 
~ J:.F; = 0; -A." + 6 = 0 

+ iu =0' y , -Ay + 37.5 = 0 

Ay = 37.5 lb 

-5(6) - 37.5(9) + 39(F) = 0 

F = 9.42 Ib ADS 

F 
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6-102. The bucket of the backhoe and its contents have 
a weight of 1200 Ib and a center of gravity at C. Determine 
the forces of the hydraulic cylinder AB and in links AC 
and AD in order to hold the load in the position shown. 
The bucket is pinned at E. 

Fru B 04, Diagram: lbe solution for thU problem will be simplified if 
one realizes that the hydraulic cy~ AB. links AD and A C an: two 
force members. 

EquaJioll' 0/ Equilibrium: From FBD (a). 

(+ IM£ = 0; F..ccos 60°(1) + F..csin 60"(0.25) 

- 1200( l.5) = 0 

F..c = 2512.191b = 2.51 kip Ans 

Using method of joint [FBD (b)]. 

+iu, =0; 2512. 19sin 600-F..Bcos 45° =0 

F..B = 3076.79 Ib = 3.08 kip Ana 

~ IF. = 0; F..D - 3076.79sin 45° - 2512.19als 60" = 0 

F..D = 3431.72 Ib = 3.43 kip Ana 

(a. ) 

---Ij~--+-Jt (1,) 
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6·103. Two smooth tubes A and B, each having the same 
weight, W, are suspended from a common point 0 by 
means of equal-length cords. A third tube, C, is placed 
between A and B. Determine the greatest weight of C 
without upsetting equilibrium. 

Fr.. Bod, Dlq,fUfI : When die equilibrium is about to be upset, the 

reaction II B must be =0 (N • . = 0). From the geometry, _ = COS-I (f, ) 
= 48.19° and /I = 005-

1 (i,) = 75.52°. 

EqutJlions of Equilibrium: From FBD (a), 

.:. I.f; = 0; Teos 75.52° - Neoos 48.19° = 0 [I) 

+iIE, =0; Tsin 75.52°-Ne sin 48.190 -W=0 (2) 

Solving Eq.[I) and (2) yields, 

T= 1.452W Ne =0.5445W 
From FBD (b), 

+ i IE, = 0; 2(0.S44SWsin 48.19°) - We = 0 

We =0.812W Ans 
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'*6-104. The double link grip is used to lift th.: heam. 
. . h' 'kN d.:t.:rminc the hOrIzontal and I t the h.:am welg ,... I. . d 

"
crt'lC'll components of force acting on the pIn at ;\ an

h • f f ' that t e the horizontal and vertical components 0 orce 
tlange of the heam exerts on the jaw at B. 

Fru Body Di4gram : The solution for this problem will be simplified if 
one realizes that members ~ and CD ore two force members. 

EquaziollS of Equilibrium: Using method of joint [FBD (a)l. 

+ i l:F, = 0; 4- 2Fsin4So = 0 F= 2.828 kN 

From FBD (bl. 

+il:F,=O; 28,-4=0 B,=2.ookN Ans 

From FBD (e). 

,+ IMA = 0; B, (280) - 2.00(280) - 2.828cos 45°( 120) 

- 2.828sin 45° (160) = 0 
B, = 4.00 kN Ant 

+ i l:F, = 0; A, + 2.828sin 45° - 2.00 = 0 

A, =0 Ant 

.:. r.r; = 0; 4.oo+2.828cos 45°-A, = 0 

A, =6.ookN AIlS 
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6·105. The compound beam is fixed supported at C and 
supported by TOckers at A and B.lfthere are hinges (pins) 
at D and E, determine the components of reaction at the 
suooorts. Nel!,lect the thickness of the beam. 

E"ullt/olU of ,..,uilibriuIII : From FBD (a), 

(+ lMo = 0; E; (6) -900(2) = 0 E; = 300 Ib 

+ i l:F, = 0; D, + 300-900= 0 D, = 600 Ib 

':'u;=o; D.-E,=O [I) 

FromFBD(b), 

(+lMA = 0; B, (10) +400(2) -300(6) -600(14) = 0 

B, =940 Ib Ana 

+il:F, =0; A, +940-400-300-600=0 

A, = 360 Ib Ana 

':'l:f; = 0; D. =0 

SubstituteD. = 0 into Sq.[I) yields E, = 0 

From FBD (c) , 

( + lMe = 0; 3OO( 10) + 650GD(8) - Me = 0 

Me = 7800 lb· ft= 7.80 kip. ft Ans 

+ i l:F, = 0; c,. - 300- 650(~)= 0 c,. = 900 Ib Ans 
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6-106. Determine the horizontal and vertical 
components of force at pin B and the normal force the 
pin at C exerts on the smooth slot. Also, determine the 
moment and horizontal and vertical reactions of force at 
A. There is a pulley at E. 

f--3 ft-+-3 ft 

BCE: 

... 
~ LF;, = 0; 

+ iLF =0' y • 

ACD: 

... 
~ LF;, = 0; 

+ iLF =0' y , 

- 50(6) - Nc(5) + 50(8) = 0 

Nc = 20lb ADs 

4 
Bx + 20(-) - 50 = 0 

5 

Bx = 34lb ADs 

By = 62lb ADs 

Ax = 34lb ADs 

12lb ADS 

4 
~ + 20(5)(4) - 50(8) = 0 

MA = 336 lb· ft ADs 
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6·107. The symmetric coil tong supports the coil which 
has a mass of 800 kg and center of mass at G. Determine 
the horizontal and vertical components of force the 
linkage exerts on plate D ElJ H at points D and E. The 
coil exerts only vertical reactions at K and L. 

Fr •• Bod, OiGlrlUft ;-llIe solution for litis problem will be simplified if 
One reaIizcs thal tinks SO and CF are Ihe two force mcmbcn. 

EqUiUioll$ of Equilibriu", :" From FBD (a). 

From FBD (b). 

(+l:M. =0; F.ocos 45°(J00)+F.osin 45°(100)-3924(50) =0 
F.o = 1387.34 N 

":'.u; = 0; Az - 1387.34cos45° = 0 A
z 

= 98 I N 

+ i l:F, = 0; A,. - 3924- 1387.34sin 45° = 0 

A,. = 4905 N 

800 (9.(31) 2781-8 N 

x 

(a. ) 

100m"" 

~ 
From FBD (c,). (b) 

ctl:M£ = 0; 4905sin 45°(700) - 98lsin 450(700) 

Fe,. = 6702.66 N 
- Fer:os 15° (300) = 0 

..:. .u; = 0; E, - 981 - 6702.66cos 30° = 0 

E,. = 6785.67 N = 6.79 leN Ans 

+ i l:F, = 0; E;. + 6702.66sin 30° - 4905 = 0 

AlpointO. 

E;. = 1553.67 N = 1.55 leN 

Oz = F.ocos 45° = 1387.34cos 45° = 981 N 
0, = F.osin 45° = 1387.34sin 45° = 981 N 

Ans 

Ans 

Ana 

50mrn 
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*6·108. If a force of 10 Ib is applied to the grip of the 
clamp. determine the compressive force F that the wood 
block exerts on the clamp. 

0.75 in. 

m __ ----+~v.5 in. 

2 
i 

IOlb --~I. "'_-J..IOlb 

From FBD (a) 

, +I:M. = 0; FeD cos 69.44°(0.5) - 10( 4.5) = 0 FeD = 256.321b 

+ i U, = 0; 256.32 sin 69.44° - B,. .. 0 B, .. 240 Ib 

From FBD (b) 

c;.I:M ... o; 24O(0.7S)-F(l.5) =0 F .. 1201b A. 
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6·109. If each of the three uniform links of the 
mechanism has a length L and weight W, determine the 
angle e for equilibrium, The spring, which always remains 
vertical, is unstretchcd when e = 0°, 

Fru Bad] DiagrlUfl " The Jpring sln:ld!c:s x = ~sm 9, Then. !he spnng 
2 

kL 
(0= is F" = 10: = 2sm 9, 

Equations of Equilibrium,' From FBD (b). 

C, =0 

.:. 1:F, = 0; B, =0 

.. i U, = 0; B, - <; - W = 0 
[IJ 

From FBD (a), 

( .. L\,[D = 0; C, (Leos 8) - W(~COS8) = 0 

W 
<;=T 

W 3W 
SubSllwte <; = , III to EG,!IJ, we have B = _, From FBD (e), 

~ , 2 

( .. L\,[. = 0', kL, 9(L 9) 
~, 2 5m i ccS 

(
L ) 3W 

-W icos9 -T(LcoS8)=0 

" '-I (8W) ,,= Sill kL Am 
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6·110. The flat-bed trailer has a weight of 7000 lb and 
center of gravity at GT• It is pin-connected to the cab at 
D. The cab has a weight of 6000 lb and center of gravity 
at Gc. Determine the range of values x for the position 
of the 2000-lb load L so that when it is placed over the 
rear axle, no axle is subjected to more than 5500 lb. The 
load has a center of gravity at GL-

Case 1 : Assume Ay = 5500 Ib 

- 5500(13) + 6000(9) + Dy (3) = 0 

Dy = 5833.33 Ib 

+ i LF = O· y , By - 6000 - 5833.33 + 5500 = 0 

By = 6333.33 lb > 5500 lb (N.G!) 

Case 2: Assume By = 5500 Ib 

5500(13) - 6000(4) - Dy (10) = 0 

Dy = 4750lb 

+ i LF =0' y , Ay - 6000 - 4750 + 5500 = 0 

Ay = 5250lb 

+ i LF =0' y • 4750 - 7000 - 2000 + C; = 0 

C; = 4250 lb < 5500 Ib (O.K!) 

-7000(13) - 2000(13 + 12 -x) + 4250(25) = 0 

x=17.4ft 
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to - \ \ 0 '-0 f\. '\' J. 

Case 3 : Assume Cy = 5500 Ib 

+ i LF; = 0; Dy - 9000 + 5500 = 0 

Dy = 3500 Ib 

- 3500( 25) + 7000(12) + 2000(x) = 0 

x = 1.75 ft 

-6000(4) - 3500(10) + By(13) = 0 

By = 4538.46 Ib < 5500 Ib (O.K!) 

+ i LF = O' y • Ay - 6000 - 3500 + 4538.46 = 0 

Ay = 4961.54 Ib < 5500 Ib (O.K!) 

Thus, 1.75 ft ~ x ~ 17.4 ft Ans 

. d bers shown in the 6 111 1he three plO-connecte mem f I 
• . d d force of 60 Ib at C. I on y 

lop viell" support a own war . BeE 
t d at the connectIOnS , , vertical forces are suppor e . teach 

and pad supports A, D. F, determine the reactIOns a 

pad. 

EqUaliolU of £quilibri"". : From FBD (a). 

oOlb ,+ LMD = 0; 60( 8) + Fc (6) - Fa (10) = 0 [II 

(2) 

FromFBD(b). 

[3] 
Fe 

(::t ) 

r; 

[4] 

t 4k { f "ft 

Fe. ~ FF 
(0 ) 

From FBD (c). 

[S] 

+ i U, = 0; F... + FE - Fa = 0 [61 

Solving Eqs. [I). (2). [3]. [4]. (5) and [6] yields. 

J 1,; t 'Ie <fit 

Fe 
(C) 

FE = 36.73 Ib Fe = 22.04 Ib Fa = 61.22 Ib 

Fa = 20.8 Ib FF = 14.7 Ib F.. = 24.S Ib Ans 
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*6-IU. The aircraft-hangar door opens and closes 
slowly by means of a motor which draws in the cable AB. 
H the door is made in two sections (bifold) and each 
section has a uniform weight Wand length L, determine 
the force in the cable as a function of the door's position 
0. The sections are pin-connected at C and D and the 
bottom is attached to a roller that travels along the 
vertical track. 

+I.MD = 0: 

w 
2tan( ~) 

0; 
() 

TL(cos( -)) 
2 

w () 
---(L sin(-)) 
2tan(~) 2 

T = W Ans 
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6-113. A man having a weight of 175 lb attempts to lift 
himself using one of the two methods shown. Determine 
the total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. 
Neglect the weight of the platform. 

(b) 

(a) 

Bar: 

+ i u;. = 0; 2(F!2) - 2(87.5) = 0 

F = 1751b ADS 

Man: 

+ iu;. = 0; Nc - 175 - 2(87.5) = 0 

Nc = 3501b ADS 

(b) 

Bar: 

+ i u;. = 0; 2(43.75) - 2(F!2) = 0 

F = 87.5 Ib ADS 

Man: 

+ i u;. = 0; 
Nc - 175 + 2(43.75) = 0 

Nc = 87.51b ADS 
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6·114. A man having a weight of 175 lb attempts to lift 
himself using one of the two methods shown. Determine 
the total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. The 
platform has a weight of 30 lb. 

( a) 

Bar: 

LL-_-+t_~ 
1-1-30.1,\, 

17sl-b 

i ~r: == 0; + Ld'y 
2(FI2) - 102.5 - 102.5 = 0 

F = 2051b ADS 

Man: 

= 0; Nc - 175 - 102.5 - 102.5 = 0 

Nc = 3801b ADS 

( b) 

Bar: 

+ iU; == 0; 2(F/2) - 51.25 - 51.25 = 0 

F = 1021b ADS 

Man: 

= 0; Nc - 175 + 51.25 + 51.25 = 0 

Nc = 72.5 Ib ADS 
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6·115. 'The piston C moves vertically between the two 
smooth walls. If the spring has a stiffness of k = 15 Ib/in .• 
and is unstretched when 0 = 00

• determine the couple M 
that must be applied to AB to hold the mechanism in 
equilibrium when 0 = 300

• 

G.o .... try : 

sin Yf =~ 
8 12 Yf= 19.47' 

, = 180" - 30" - 19.47 = 130.53° 

~e 12 
sin 130.53° = ;;;;-}OO I'.e = 18.242 in. 

Fru Bod, Diagram: The solution for this problem will be simplified if 
one realizes thal member CB is a two force member. Since the spring 
sll'elChcsx = I. c - r..e = 20-18.242 = 1.758 in. the spring force 
is F., = lex = IS (1. 758) = 26.37 lb. 

Equatio"s of Equilibriu ... : Using the method of joinES [FBD (a»), 

+ i.tF, = 0; FC8cos 19.47° - 26.37 = 0 

FCB = 27.97 Ib 

From FBD (b), 

+l:M. = 0; 27.97cos 40.53°(8) -M= 0 

M= 170.08 lb· in = 14.2 lb· ft Ana 
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*6-116. The two-member frame supports the loading 
shown. Determine the force of the roller at B on member 
A C and the horizontal and vertical components of force 
which the pin at C exerts on member CB and the pin at 
A exerts on member AC. The roller does not contact 
member CB. 

EqUaliolU of Equilibrium: From FBD (a). 

(+LW,=O; Nc (4)-200(5)-500=O Nc =375 Ib 

+ i U, = 0; 375-200-A, = 0 A, = 1751b 

Frorr FBD (b). 

200(5) -200(1) -B, (4) = 0 
B, = 200 Ib 

.:. r; = 0; 200- 200- C, = 0 C, = 0 

+iu,:O; C,-200=0 C,=2001b 

AIlS 

ADS 

Ans 

Ans 

AIlS 

4ft 
1ft. 

zoorb 

Cb) 

4ft 
(a.) lYe 
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6·117. The tractor boom supports the uniform mass of 
500 kg in the bucket which has a center of mass at G. 
Determine the force in each hydraulic cylinder AB and 
CD and the resultant force at pins E and F. The load is 
supported equally on each side of the tractor by a similar 
mechanism. 

B 

t-----t"----1.5 m ---I 

0.1 m 

0.4 m 0.3 m 

\. +LME 0; 2452.5(0.1) - ~B (0.25) == 

~B = 981 N ADs 

+ 

0 

-+ 121'; == 0; - E. + 981 == 0; E. == 981 N 

+ i 12F == O' y , Ey - 2452.5 == 0; Ey 2452.5 N 

FE == ';(981)2 + (2452.5)2 == 2.64 kN ADs 

~
):'pr 

,~.2'S:~ 

t::."" 

0. Jrr" f) 

2452.5(2.80) - Fcv( cos 12.2°)(0.7) + Fcv(sin 12.2°) (1.25) o 
FeD = 16349 N = 16.3 leN 

ADS 

+ 
-+ LF; = 0; I'; - 16 349sin 12.2° == 0 

F; = 3455 N 

+ i L.F == Q. Y , - F" - 2452.5 + 16 349cos 12.2° = 0 

F" = 13 527 N 

FF = 1(3455)2 + (13527)2 = 14.0 leN 
ADS 
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6·118. The mechanism is used to hide kitchen appliances 
under a cabinet by allowing the shelf to rotate downward. 
If the mixer weighs 10 lb, is centered on the shelf, and has 
a mass center at G, determine the stretch In the spring 
necessary to hold the shelf in the equilibrium position 
shown. There is a similar mechanism on each side of the 
shelf, so that each mechanism supports 5 lb of the load. 
The springs each have a stiffness of k = 4 Ib/in. spring. 

C +'LMF = 0; 5(4) - 2(FED)(cos300) 

FED = 11.547lb 

+ 
~ I.E;, = 0; -E;, + 11.547cos30° = 

E;, = 10.00 lb 

= 

0 

+ i I.F = O' Y , -5 + F; - 11.547sin30° 

F; = 10.77 lb 

MemberFBA; 

0 

= 0 

1O.77(21cos30
0

) - 1O(21sin300
) - F;(sin600 )(6) = 0 

F; = 17.51b 

F; = ks; 17.5 = 4x 

x = 4.38 in. Ans 
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6-119. The linkage for a hydraulic jack is shown. If the 
load on the jack is 2000 lb, determine the pressure acting 
on the fluid when the jack is in the position shown. All 
lettered points are pins. The piston at H has a cross· 
sectional area of A = 2 in2

. Hint: First find the force P 
acting along link EH.The pressure in the fluid is p = PIA. 

-F.:tB(sin600)(4) + 2000(2) 

F.:tB == 1154.70 Ib 

+ 
~ LF. == 0; 

Cx == 577.35 Ib 

+ i LF == O' y , Cy + 1154.70sin60° - 2000 == 0 

Cy == 1000 lb 

o ;}.1J"In)~ 

~~:r 
1\ "-'x. 

~" fft& 

~ ~/~)Jc 

r.,y... = 5-=r1-.~5~ 

~ +LMD == 0; - F(5) + 1000(30cos600) + 577.35(30sin600) == 0 

F == 6000 lb 

I'==F 
A 

6000 

2 

F 
3000 psi Ans 
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*6-UO. Detel mine the required force P that must be 
applied at the blade of the pruning shears so that the 
blade exerts a normal force of 20 lb on the twig at E. 

p 

0.75 in. 0.75 in. 
p 

C +LMD = 0; -P(S.S) -Ax (O.S) t 20(1) 

S.SP + O.5Ax = 20 

+ iLF = o· y , 4 - P - Ay - 20= 0 

+ 
~LF; = 0; D,. = Ax 

C +LMB = 0; Ay (0.7S) + A,.(O.S) - 4.7SP= 

+ 
3 ~LF; = 0; Ax - FcB(-) = 0 

{l3 

+ iLF = O· 2 
Ay + P- FcB(-) = 0 y , 

{l3 

Solving: 

Ax = 13.3 Ib 

Ay 6.46 Ib 

Dx = 13.31b 

4 = 28.91b 

P = 2.421b Ans 

FeB = 16.01b 
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\~Ul. The three power lines exert the forces shown on 
the truss joints, which in turn are pin-connected to the 
poles AH and EG. Determine the force in the guy cable 
AI and the pin reaction at the support H. 

I 

~50ft 50 ft--J 

AH is a two-force member. 

Joint B : 

+ i I.f'y = 0; ~B sin 45° - 800 = 0 

~B=1131.37Ib 

Joint C: 

2FCA sin 18.435° - 800 = 0 

FCA = 1264.91 lb 

Joint A : 

FA\!> 

L r .. F

g

, 

Boo!b 

~';:'f'x = 0; -~lsin21.801° - FHcos76.504° + 1264.91 cos 18.435° + 1131.37cos45° = 0 

~/0.3714) + FH(0.2334) = 2000 

- ~1(0.9285) + FH(0.97239) = 1200 

Solving, 

~l = TEF = 2.88 kip Ans 

FH = FG = 3.99 kip Ans 
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6-U2. The hydraulic crane is used to lift the 1400-lb 
load. Determine the force in the hydraulic cylinder AB 
and the force in links AC and AD when the load is held 
in the position shown. 

:.~. I", I~ I\, _ 

PcA (sin6QO)(I) - 1400(8) = 0 8/+ ~ 
1 J 

PcA = 12 932.65 Ib = 12.9 kip Au IW0!b 

+ t:tF, = 0; 12 932.65Sln6Q" - FA. sln700 = 0 

FA. = 11 918.79 Ib = 11.9 kip 
70' Au 

+ 

-II 918.79cos70° + 12 932.65coS6Qo _ F. 
AD = 0 

-.~ =0; 

FAD = 2389.85 Ib = 2.39 kip Au 
------- -------- .----.. ----=.::.:::..-----------11 

6-U3. The kinetic sculpture requires that each of the 
three pinned beams be in perfect balance at all times 
during its slow motion. If each member has a uniform 
weight of 2 lb/ft and length of 3 ft, determine the 
necessary counterweights WJ, Wz, and W3 which must be 
added to the ends of each member to keep the system in 
balance for any position. Neglect the size of the 
counterweights. 

l +Lt(. = 0; 
JI.j (lcoe8) - 6(0.Scos8) = 0 

JI.j = 31b Ans 

+t:tF,=o; 1(.-3-6=0 

I(. = 91b 

iii, = 21 Ib Ans 

+ t:tF, =0; R" - 21 - 6 - 9=0 

R" = 361b 

36(2costp) + 6(o.Scostp) - JI.j(lcostp) = 0 

JI.j = 751b Ana 
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*6·124. The three-member frame is connected at its ends 
using ball-and-socket joints. Determine the x, y, Z 

components of reaction at B and the tension in member 
ED. The force acting atDisF = {135i + 200j - 180k} lb. 

x 

AC is a two-force member. 

F = {135i + 200j - 18Ok} Ib 

IMy = 0; 

1:1'; = 0; 

FDE = 270 Ib AIlS 

B + ~(270) - 180 = 0 , 9 

B, = 0 AIlS 

y 

1 

l:(M.), = 0; 
6 3 

- _9_FAc (3) - ~FAc(9) + 135(1) +200(3) -9(270)(3) -9(270){1) = 0 
.f97 y97 

FAc = 16.41 Ib 

3 9 
135 - -(270) + B, - r,;;;(16.41) = 0 

9 y97 

B, = -30 Ib AIlS 

B - ~(16.41) + 200 - ~(270) = 0 , .f97 9 

B, = -13.31b Ana 
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6-125. The four-member "A" frame is supported at A 
and E by sm(x)th collars and at G by a pin. All the other 
joints are ball-and-sockets. If the pin at G will fail when 
the resultant force there is 800 N, determine the largest 
vertical force P that can be supported by the frame. Also, 
what are the x. \'. Z force components which member B D 
exerts on members E DC and A Be" The collars at II 
and E and the pin at G only exert force components on 
the frarne. 

P~-Pk 

- P(l.2) + ROO sin 45'(U.6) = 0 

P =471 N 

B, + D., = 800 cos 45" 

B, = 0.,. = 283 N Ans 

B,D, = 283 N Ans 

B, = D, = 0 Ans 

A,~J ~ 
x~ 

A, SOON t~ 
P 

Ans 
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6-126. The Structure is subjected to the loading shown. 
Member AD is supported by a cable AB and roller at C 
and fits through a smooth circular hole at D. Member ED 
is supported by a roller at D and a pole that fits in a 
smooth snug circular hole at E. Determine the x, y, z 
components of reaction at E and the tension in cable AB. 

z 

1M, = 0; 

u. = 0; 

l:F, = 0; 

l:l'; = 0; 

rM, = 0; 

l:l'; = 0; 

rM, = 0; 

rMy = 0; 

l:F, = 0; 

rM, = 0; 

-~1;..(0.6) + 2.5(0.3) = 0 
5 

1;.. = 1.563 = 1.56 kN 

~(1.563) - 2.5 + D, = 0 
5 

q=1.25kN 

D,. = 0 

3 
q + C. - 5(1.563) = 0 

4 

" 

ADs 

(I) 

MD, + -( 1.563)(0.4) - 2.5(0.4) = 0 
5 

MDt + ~(1.563)(0.4) - C, (0.4) = 0 
5 

q. = 1.25 kN 

ME> = 0.5 kN·m ADs 

Ans 

~ = 0 Ans 

1).(0.5) - MDt = 0 (3) 

(2) 

Solving Eqs. (I), (2) and (3) : 

c. = 0.938 kN 

1). = 0 

l:l'; = 0; 1';. = 0 Ans 

\+rM, = 0; 
4 :1ft! 

FCD (7) - SFoE(2) = 0 ~" ~t:LJ 
lj Fe> 

-150(7)(3.5) + ~FoE(5) - FCD(7) = 0 150m" 

5
2ft 

sit ,---1----. 
FoE = 1531 Ib = 1.53 kip Ans A. -r '4' t 

~j "" . r Feo 

1<0- 5it 'I '2ft ~ 
FeD = 350lb Ans 
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6-U7. The structure is subjected to the force of 450 lb 
which lies in a plane parallel to the y-z plane. Member 
AB is supported by a ball-and-socket joint at A and fits 
through a snug hole at B. Member CD is supported by a 
pin at C. Determine the x, y, z components of reaction at 
A and C. 

LMx = 0; Mex = 0 Ans 

r.F" = 0; C = 0 Ans x 

x 

I.E; = 0; 
38

0 - 450( -) + FaA ( r::;::,) + Cy = 
5 y73 

U; = 0; 

LM = 0; y 

3 4 
C +F. (-)-450(-) =0 

z BA fi3 5 

450( ~)( 6) - FaA ( ~)( 4) = 0 
5 y73 

8 3 
+ F. (-)(4) - 450(-5)(6) = 0 Mez BA fi3 

FaA = 1.538 Idp = 1.54 Idp 

C = -0.18 Idp z 

C = -1.l7ldp y 

Mez = -4.14ldp·ft 

A = 0 x 

8 
Ay = 1.538( fi3) = 1.44 Idp 

= 1.538( ~) = 0.540 Idp 
Az y73 
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2I!6-1l8r-Det~fmiBe-the-f6suHant--f.efe6~t-pins-B-and-G

on member ABC of the four-member frame. 

---5 ft -----1--2 ft ----j 

~+IMF 

--t------5 ft ------1·1 

0; 

0; 

Prob.6-128 

4 
-150(7)(3.5) + -FRE(5) 

5 

FRE 1531lb = 1.53 kip 

FeD 350lb 

Ans 

Ans 
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6-U9. The mechanism consists of identical meshed 
gears A and B and arms which are fixed to the gears. The 
spring attached to the ends of the arms has an unstretched 
length of 100 mm and a stiffness of k = 250 N/m. If a 
torque of M = 6 N . m is applied to gear A, determine 
the angle (J through which each arm rotates. The gears are 
each pinned to fixed supports at their centers. 

150 

l+~ == 0; 
-F(0.05) - P(0.15cos8) + 6 

l +!:.MB == 0; 
P(0.15cos8) - F(0.05) == 0 

2P(0.15cos8) == 6 

0 

2(2) (250)(0.15 sin 8)(0.15cos 8) 
== 6 

sin28 == 0.5333 

8 == 16.1° Ans 
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6-130. Determine the horizontal and vertical components 
of force at pins A and C of the two-member frame. 

1 1 
400N/m 

- 750(2) + By (3) = 0 

- 1200(1.5) - 900(1) + Bx (3) - 500(3) = 0 

Bx = 1400N 

+ 
~LF; = 0; -Ax + 1400 = 0 

Ax = 1400 N = 1.40 leN AIlS 

+ i:EF = O' y , Ay - 750 + 500 = 0 

Ay = 250 N AIlS 

+ 
~LF; = 0; Cx + 900 - 1400 = 0 

ADS 

+ irE =0' y , - 500 - 1200 + Cy = 0 

Cy = 1700 N = 1.70 leN AIlS 
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6-13L The spring has an unstretched length of 0.3 m. 
Determine the angle (J for equilibrium if the uniform links 
each have a mass of 5 kg. 

x = 0.6 sine 

FjJD = 400[2(0.6)sine - 0.3)] 

= 480 sin e - 120 

-(480 sine - 120)(0.6 cose) + £,,(0.7 sine) + 5(9.81)(0.35 cosO) = 0 

£" = 411.4 cos 0 - 127.4 cotO 

- 5(9.81)(2)(0.35 cosO) + (411.4 cosO - 127.4 cotO)(2)(O.7sine) = 0 

sinO = 212.7 5(9.!1)N 

576 

e = 21.7 0 ADs 
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*6-132. 1be spring has an unstretched length of 0.3 m. 
Determine the mass m of each uniform link if the angle 
8 = 20° for equilibrium. 

JJ.! m 

E 

y 

2(0.6) 

~-
~~. 

k= 400 N/m 

sin20° 

y = 1.2sin20° 

0.6 m 

• C 

F. = (1.2sin20° - 0.3)( 4(0) = 44.1697 N 

Ey = 1.37374(mg) 

O. \,m 

l.37374mg(0.7sin200) + mg(O.35cos200) - 44.1697(0.6cos200) = 0 

mg = 37.860 

m = 37.860/9.81 = 3.86 kg Ans 
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0··1 .. 1. Determine the horizontal and vertical components 
ot force that the pins A and B exert on the two-member 
frame. Sct F = O. 

Cit .a two - fora: member. 

McmberAC: 

~1:M.. = 0; - 600 (0.7S) + l.S (Fe. sin 7S·) _ a 

Fe • .. 310.6 

Thus. 

- .... + 600 siD 60" - 310.6 COl 4S· • a 

...... lOON AIM 

+ i 1:,0; - 0; A,. - 600 COl 60" + 310.6 siD 4S· • 0 

A, .. SO.4N AIM 

6-1 \..I. Determine the horizontal and vertical components 
of force that pins A and B exert on the two-member frame. 
Set F= 500 N. 

M __ AC: 

~IMA • 0; -600 (0.7S) - C, (1.3 COl 60") + C. (U siD 60") _ 0 

M __ CB: 

~!M, .. O; - c. (1) - C, (1) + 500 (1) .. 0 

Solving. 

C. a 402.6 N 

C, = 97.4N 

MemberAC: 

.:. u. = 0; - .... + 600 siD 60" - 402.6 • a 

...... 117N AIM 

+ i IF, = 0; A,. - 600 COl 60" - 97.4 .. 0 

A,. - 397N Au 

MemberCB: 

.:. u. .. 0; 402.6 - 500 + II. .. 0 

B • .. 97.4N Au 

+'tu,-O; -8, +97.4-0 

B, .. 97.4N A .. 

i1m-j 
F 

c 

B 

c 

i 
1m 

I 
I 

B ----1 
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6.135. The two-bar mechanism consists of a lever arm 
AB and smooth link CD, which has a fixed collar at its 
end C and a roller at the other end D. Determine the 
force P needed to hold the lever in the position e. The 
spring has a stiffness k and unstretched length 2L. The 
roller contacts either the top or bottom portion of the 

horizontal guide. 

. L 
Fr •• Bo~, Die, .... : 1be sPMI compresses JC • lL-;;;;9' 1ben. 

!he spring (orce developed is F" • l:JC • tL(l- _1_). 
• 51ft 8 

EqlUJliolU 0/ Equilibriu", : From FBD (a). 

':'u.; = 0; 

+IMD=O; 

From FBD (b). 

kL(2 - _l_) _ FCDsin 9 = 0 
sm9 

FCl) = ~(2- _1_) 
sm 9 sm 9 

P(lL) - ~(2- _1_)(Lcot 9) = 0 
sm 9 sm 9 tL 
P= 2tan8sin 9(2-CSC 9) Ana 
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*6-136. Determine the force in each member of the truss 
and state if the members are in tension or compression. 

20kN 

+ 
-?'J:.F; = 0; 

+ ILS = 0; 

Joint A: 

+ 
-? l:.F,. = 0; 

lOkN 

- 20( l.5) - 1O( 4.5) + t; (6) = 0 

t; = 12.5 leN 

Ay - 20 - 10 + 12.5 = 0 

Ay = 17.5 leN 

4 
17.5 - -~B = 0 

5 

~B = 2l.88 = 2l.9 leN (C) 

3 
~G - -(2l.88) = 0 

5 

Ans 

~G = 13.125 = 13.1 leN (1) Ans 

Joint B: 

+ I LF. = O' y • 

3 
- FBc + - (2l.88) = 0 

5 

FRc = 13.1 leN (C) 

4 
5(21.88) - FBG = 0 

FRG = 17.5 leN (1) 

Ans 

Ans 

388 

®~~ 
0-1~~'" 

1'/.5-'" 

~ 

®\ 
;IJ-F

&C.- )L 

:;>J.UjcN Ff{, 



Joint G: 

+ i rr; = 0; 

+ 
~I.F" = 0; 

Joint c: 

4 
17.5 - 20 + - Fcc = 0 

5 

}~c = 3.125 = 3.12 leN cn 

3 
-(3.125) + FCF - 13.l25 = 0 
5 

FCF = 11.2 leN (1) 

Ans 

Ans 

+ i l'.ij = 0; 
4 4 
-FCF - -(3.125) = 0 
5 5 

+ 
~I.F; = 0; 

Joint D: 

+ 
~I.F; = 0; 

+ i IT = o· y • 

Joint F: 

+ 
~I.F; = 0; 

+ i IT = o· y • 

FCF = 3.12 leN (C) Ans 

3 3 
l3.12 - -(3.125) - -(3.125) - FCD = 0 

5 5 

FCD = 9.375 = 9.38 leN (C) Ans 

3 
9.375--(FDE ) = 0 

5 

FDE = 15.63 = 15.6 leN (C) 

4 
-(15.63) - FDF = 0 
5 

FDF = 12.5 leN (T) 

3 
-(3.125) - 1l.25 + FEF = 0 
5 

FEF = 9.38 leN (T) 

4 
12.5 - 10 - -(3.125) = 0 

5 
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Ans 

Ans 

Ans 

Check! 

v ' 

r 
~.375~ I@ 
-7~~ ft-
~ FPE 

3.1.l.S~" 1.251t/ll 

~i~_~ 
It.1Si<N i FEf 
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6.137. Determine the force in members AB, AD, and 
A C of the space truss and state if the members are in 
tension or compression. 

M,tlood "I }"illls : In Ibis case !he suppon reaclions are not ""Iuircd for 
determining the member forces. 

Joint A 

u. = 0; FAD ( Fs )-600= 0 

FAD = 2473.861b <n = 2.47 kip (T) Ans 

u: =0; ( 1.5) (1.5) FA C r;;-;;; - FA. r;;-;;; = 0 
V 66.25 V 66.25 

FAc = FA. (I) 

U, =0; FAC( ~)+FAB( ~)-2473.86( ~)=O 
V 66.25 V 66.25 V 68 

0.9829FAc + 0.9829FA. = 2400 (2) 

Solving Eqs. (1) and (2) yields 

FAc = FA. = 1220.911b (C) = 1.22 kip (C) Ans 

J)J~H=*======;;:::~~~ Y 
x 

F = {-600kllb 

~()O Ib 
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7-1. The column is fixed to the floor and is subjected to 
the loads shown. Determine the internal normal force 
shear force, and moment at points A and B. ' 

Fr •• bod, DiIJgram : The support reaction need not be compur.d in 

this case. 

/IIlt!rlltd Forces: Applying oquaaions of equilibrium to the top segment 

sectioned through point A, we have 150 III" 

v. =0 Ans 

+tIF,=O; N.-6-6=0 N.=12.0kN Ans 

(+l:M. =0; 6(O.15)-6(O.15)-M. =0 M. =0 Ans 

Applying equaaions of equilibrium to the top segment sectioned through 

point B, we have 

VB =0 AIlS 

+ t:EF, = 0; NB -6-6- 8 = 0 N. = 20.0 kN Ans 

+l:MB = 0; 6(0.15) -6(0.15) -8(O.15)+M. = 0 
MB = 1.20 kN . m AIlS 

7-2. The rod is subjected to the forces shown. Determine 
the internal normal force at points A, B, and C. 

Fr.e bod, Diagrtllfl : The support reaction need not be computed 

in this case. 

/III.rlloi Forces: Applying equaaions of equilibrium 10 the top segment 

sectioned through point A, we have 

+t:EF,=O; N.-550=0 N.=550Ib Ans 

Applying equaaions of equilibrium to the top segment sectioned Ihrough 

point B, we have 

+tIF,=O; NB -550+150+150=0 

NB = 250lb Ans 

Applying equaaions of equilibrium to the top segment sectioned through 

point C, we have 

+ t IF, = 0; Nc - 550+ 150+ 150·· 350- 350 = 0 

Nc = 950lb Ans 

IC;O 1M" 

B 

550lb 

3501" 
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7-3. The forces act on the shaft shown. Determine the 
internal normal force at points A, B, and C. 

Itll~rltal Forc~. : Applyinglile equarion of equilibrium 10 die left segment 

sectioned through point II, we have 

Ans 

Applying !he equation of equilibrium 10 die right segment sectioned through 
point B, we have 

.:. tF; =0; 4-Ne = 0 Ne = 4.00 kN Ans 

Applying the equation of equilibrium 10 the right segment sectioned through 
point C, we have 

*7-4. The shaft is supported by the two smooth bearings 
A and B. The four pulleys attached to the shaft are used 
to transmit power to adjacent machinery. If the torques 
applied to the pulleys are as shown, determine the 
internal torques at points C, D, and E. 

Iltlerttal Forus : Applying !he equarion of equilibrium 10 die I!=ft segment 
sectioned through point C, we have 

.'EM, = 0; 40- Te = 0 Te = 40.0 lb· ft ADI 

Applying the equation of equilibrium 10 the left segment sectioned through 
point D, we have 

'EM,=O; 40+15-10=0 1O=55.0Ib·ft Ans 

Applying the equation of equilibrium 10 the right segment sectioned through 
point E, we have 

'EM, =0; ADS 
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7-5. The shaft is supported by a journal bearing at A 
and a thrust bearing at B. Determine the normal force, 
shear force, and moment at a section passing through (a) 
point C, which is just to the right of the bearing at A, and 
(b) point D, which is just to the left of the 3000-1b force. 

2500 Ib 3000 Ib 

I 751blft i 
t==£IlllLg~ 
~6ft 112ft I ~ 

2ft 

Prob.7-5 

\ +IM, = 0; -.4,(14) + 2500(20) + 900(8) + 3000(2) = 0 

A, = 45141b 

.:.~ = 0; Bz = 0 

+tu, = 0; 4514 - 2500 - 900 - 3000 + By = 0 

By = 18861b 

2500(6) + Me = 0 

Me = -15000 Ib·ft = -15.0 kip·ft ADS 

~u: = 0; Ne = 0 ADS 

-2500 + 4514 - Ve = 0 

Ve = 20141b = 2.01 kip Ans 

-Mo + 1886(2) = 0 

Mo = 3771 Ib·ft = 3.77 kip·ft ADS 

~u; = 0; No = 0 Ans 

+tLF, = 0; Vo -3OOO+ 1886 = 0 

Vo = 11141b = I.II kip Ans 

~,5DOU. 

Ll'~ 
lIt 1 v, 

~,51't-U. 

3,00011. 

""~) ! 
/J, 4i~-O 

1,I~u. 
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7-6. Determine the internal normal force and shear 
force, and the bending moment in the beam at points C 
and D. Assume the support at B is a roller. Point C is 
located just to the right of the 8-kip load. 

Support Rttlll:tiolU : FBD (a). 

(+l:MA =0; 

+ i 1:F, = 0; 

":'u, =0 

B,(24)+4O-8(8) =0 B,=I.00lcip 

A, + i.00-8 = 0 A, = 7.00 kip 

Ax =0 

Intunal Forces: Applying the equations of equilibrium to segment AC 
[FBD (b)l. we have 

":'u, =0; Ne =0 ADS 

+il:F,=O; 7.00-8- Ve = 0 Ve = -1.00 lcip ADS 

(+l:Me =0; Me -7.00(8) = 0 Me =.56.0kip·ft ADS 

Applying the equations of equilibrium 10 segmentBD [FBD (e)] • we have 

":'1:F, = 0; No =0 ADS 

+ i1:F, =0; Vo + 1.00=0 Vo =-I.00kip ADS 

C+l:Mo=O; 1.00(8)+4O-Mo =0 

Mo = 48.0 kip . ft ADS 

7-7. Determine the shear force and moment at points 
C and D. 

Support R.aetiolU : FBD (a). 

(+l:M. =0; .500(8)-300(8)-A,(I4) =0 

A, = 114.29 lb 

Inurnal Forettl : Applying the equations of equilibrium to segment A C 
[FBD (b)]. we have 

":'l:F, = 0; ADS 

+ i U, = 0; 114.29-500- Ve =0 Ve = -3861b ADS 

(+l:Me = 0; Me +.500(4) -114.29(10) = 0 

Me = -857 lb· ft ADS 

Applying the equations of equilibrium to segment ED [FBD (e)] • we have 

":'u, =0; ADS 

Ans 

C;l:Mo =0; -Mo -300(2)=0 Mo =-6001b.ft ADS 
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8 tif 

8ft 
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·7-8. Determine the normal force, shear force, and 
moment at a section passing through point C. Assume the 
support at A can be approximated by a pin and B as a roller. 

~u; = 0; 

+iu, = 0; 

':'u; = 0; 

+iu, =0; 

\ +EMe = 0; 

. '> shear force, and moment 7-9 Determine the normal loree, . k . = 1 ~O N/m. 
'. h oh pomt D. fa e I< _ at a section passmg t rou" 

4m--\ 

~~ = 0; 

+ rU, = 0; 

~EF. = 0; 

+iu, = 0; 

-19.2(12) - 8(30) + B,(24) + Hl(6) = 0 . 19.~k\'p 

\0 !l'r 1 g~ i,. 
B,=17.1kip y------!J 
.4.=0 ~"j ~ A, I iJ 
A, - 10 - 19.2 + 17.1 - 8 = 0 

A, = 20.1 kip 

ADS 

Vc - 9.6 + 17.1 - 8 = 0 

Ve = 0.5 kip ADS 

-Me - 9.6(6) + 17.1(12) - 8(18) = 0 

Me = 3.6 kip·ft ADS 

-150(8)(4) + ~~c(8) = 0 
5 

Foe = 1000 N 

A.=800N 

3 
A, - 150(8) + 5(1000) = 0 

A, = 600N 

ND = -800 N 

600 - 150(4) - VD = 0 

Ans 

Ans 

H ,. -
'It bit 121t 1ft 

-600( 4) + 150( 4)(2) +M
D 

= 0 

MD = 1200 N'm = 1.20 kN'm An. 
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7-10. The beam AB will fail if the maximum mtema! 
moment at D reaches BOO N • m or the nonna! force in 
member BC becomes 1500 N. Determine the largest load w 

it can support. 

JJ) Ill! l) ! ! ! ! ! ! ! j: -
I 

4m-

Assume maximum moment occurs at D; 

I, +~D = 0; MD - 4w(2) = 0 

800 = 4w(2) 

w = 100 N/m 

I, +l:M. = 0; -800(4) + ToC<0.6)(8) = 0 

Toe = 666.7 N < 1500 N (O.KI) 

w = 100N/m Ans 

3m 

c I 
, . ..1 

-4m---1 

7-11. Determine the shear force and moment acting at 
a section passing through point C in the beam. 

I, +l:M. = 0; 

~~ =0; 

I, +:rMc = 0; 

+ iU; = 0; 

396 

-A,.(18) +27(6) = 0 

A, = 9 kip 

A. = 0 

-9(6) + 3(2) + Me = 0 

Me = 48 kip·ft ADS 

9-3 - Ve = 0 

Ve = 6 kip Ans 



"'7.12. The boom DF of the jib crane and the column 
DE have a uniform weIght of 50 Ib/ft. If the hoist and 
load weigh 300 Ib, determine the normal force, shear 
force, and moment in the crane at sections passing 
through points A, B, and C. 

+ TIE, =0; 

~ u.; = 0; 

Ans 

v,. - 450 = 0; v. = 450lb ADS 

M. - 150( 1.5) - 300(3) = 0; M. = 11251b·ft ADS 

'i 
6 14 

N~ {f s.sW- S>o 

tfI 11.\1-
Ans t> 

Ans 

VB - 550 - 300 = 0; VB = 850lb 

, +IM. = 0; MB - 550(5.5) - 300(11) = 0; M. = 6325lb.ft Ans 

~ E.F; = 0; Ve = 0 Ans 

E 

7 .. 13• Determine the internal normal force, shear force, 
md moment acting at point C and at point D, which is 
ocated just to the right of the roller support at B. 

Support R.actiolU : From FBD (I), 

B, (8) +800(2) -2400(4) -800(10) = 0 

B, = 2000lb 

In,.rnlll Forces: Applying the eqWllions of equilibrium 10 segment ED 
[FBD (b)]. we have 

~u; =0; No =0 AM 

+ T l:F, = 0; Vo -800= 0 Vo = 800ib Ans 

-Mo -800(2) =0 
Mo = -1600 lb· ft= -1.60 kip. ft Ans 

Applying the equalions of equilibrium 10 segmentEC [FBD (e» • we have 

.:. IF. = 0; Ne =0 AIlS 

~EMe = 0; 2000(4)-1200(2) -800(6) -Me" 0 

Me" 800 lb·ft AIlS 

Ne - 650 - 300- 250 = 0; Ne = 1200 Ib ADS 

Me - 650(6.5) - 300(13) = 0; Me = 8125 Ib.ft 
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7·14. Determine the normal force, shear force, and 
moment at a section passing through point D of the two-
member frame. ~ + 1M. ; 0; 

400N/m 

rl~~~A aa
3 
m~~~~D ~~~B 

I .. cIE 
,L 6m--_~ 

7·15. Determine _ the normal fQf_ce, shear-.fu.t:.c.e..-and 
moment at a section passing through point E of the two
member frame. 

400N/m 

I~O~~~~~~~~B 

~u; = 0; 

~LF; ::: 0; 

~ +1MD ; 0; 

+ 
-->l:F; ; 0; r ~_3m_ID 

L C """' .E_ 

~1------6 m-------i 

+il:F,;o; 

398 

5 
-1200(4) + 13Fsc (6) ; 0 

Fsc ; 2080 N 

E(2080) - A, ; 0 
13 

A, ; 1920 N 

5 
A, - 1200 + 13(2080) ; 0 

A,;400N 

No ; 1920 N ; 1.92 kN 

400-300 - Yo; 0 

Yo ; 100 N 

-400(3) + 300(1) + Mo ; 0 

Mo ; 900 N·m 

-1200(4) - ~F. (6) ; 0 
13 Be 

Fse ; 2080 N 

12 
-NE - 13(2080) ; 0 

NE ; -1920N ; -1.921eN 

5 
v.- - 13(2080); 0 

v.- ; 800N 

1,1.00. 

t-· All +---' .. - - - - - I 
i L", ~ 

A !' 
::I Ft, 

Ans 

Ans 

Ans 

Ans 

Ans 

5 12 
-13(2080)(3) + 13(2080)(2.5) - ME ; 0 

ME ; 2400 N· m ; 2.40 leN· m ADs 



7-16. The strongback or lifting beam is used for 
materials handling. If the suspended load has a weight of 
2 kN and a center of gravity of G, determine the 
placement d of the padeyes on the top of the beam so 
that there is no moment developed within the length AB 
of the beam. The lifting bridle has two legs that are 
positioned at 45°, as shown. 

S"ppon R.tU:tiolU : From FBD (a), 

(+IM£=O; 

+iu,=o; 

From FBD (b), 

":'u. =0; 
+iu,=O; 

F,(6)-2(3) =0 FE = 1.00 kN 
F,+1.00-2=0 FF = l.00kN 

F.tccos 45° - F8ccos 45° = 0 F.tc = F8c = F 
2Fsin 45° - 1.00 - 1.00 = 0 

F.tc = F8c = F= 1.414 kN 

Ii. 

J 

Inurnal Forces: This problem requires MH = O. Summing moments about 
point H of segmentEH[FBD (e)l, we have 

'+IMH = 0; 1.00(d+x) -1.414sin 45° (x) 

-1.414cos 45°(0.2) = 0 
d=0.200m Ana 

2M ~ 
3m t ! .... 

~ fk 

(IJ.) oB: 

Ii =/·0 t:N 

F.,: /,414 KN 

~
. 

O . .lS:: . . "'/jaQ 

NH 
cL .x:. VI{ 

Ii :f.O 'oJ (C) 

399 



7·17. Determine the normal force, shear force, and 
moment acting at a section passing through point C. 

700lb -800 (3) - 700(6 C(8300) - 600 cos300(6 cos30° + 3 cos 30°) 

+ 6OOsin300(3 sin3OO) + By (6cos3oo + 6 cos300) = 0 

By = 927.4 Ib 

= 0; 800 sin 300 - 600 sin 30° - Ax = 0 

Ax = 100 Ib 

= 0; Ay - 800 C0830· - 700 - 600cos300 + 927.4 = 0 

+"1:.F, = 0; 

\ +l:Me = 0; 

7·18. Determine the normal force, shear force, and 
moment acting at a section passing through point D. 

KUOlh 

~ 

I 'i fI 

7()()lh 

-' ft 
6()Olh 

3 fl 

+ 
-+l:F; = 0; 

+tu, = 0; 

+"l:F; = 0; 

Ay = 985.1 Ib 

Ne - l00cos30· + 985.1sin3oo = 0 

Ne = -4061b Ans 

100 sin30· + 985.1cos300- Ve = 0 

Ve = 9031b Ans 

- 985.1 ( 1.5 cos 30°) - 100( 1.5 sin 30°) + Me = 0 

Me = 1355 Ib·ft = 1.35 kip·ft Ans 

- 800(3) - 700(6 cos3OO) - 600 cos300(6 cos 30° + 3 cos 300) 
+ 6OOsin30°(3 sin 30°) + By (6cos30° + 6 cos 30°) = 0 

By = 927.4 Ib 

800 sin 300 - 600 sin30· - Ax = 0 

Ax = 100 Ib 

A,. - 800 cos3oo - 700 - 6OOcos300 + 927.4 = 0 

A,. = 985.1 Ib 

ND + 927.4sin30° = 0 

ND = -464lb Ans 

VD - 600 + 927.4 cos 30· = 0 

VD = -2031b Ans 

-MD - 600(1) + 927.4(4 cos 30°) = 0 

MD = 2612 Ib·ft = 2.61 kip·ft ADS 
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7-19. Determine the normal f h orce, s ear force, and 
moment at a section passing th h 
p = 8 kN. roug point C. Take 

p 

*7-20. The cable will fail when subjected to a tension of 
2 kN. Determine the largest vertical load P the frame will 
support and calculate the internal normal force, shear 
force, and moment at a section passing through point C 
for this loading. 

B 

c 
• 

--- n.7) III 

p 

+ 
-+r.F; = 0; 

+ tEF, = 0; 

~I.f; = 0; 

+ tEF, = 0; 

\ +I:Me = 0; 

~l:F; = 0; 

+ tEF, = 0; 

~l:F; = 0; 

+ tEF, = 0; 

\ +I:Me = 0; 
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- T(0.6) + 8(2.25) = 0 

T=301eN 

Ax = 30 leN 

A, = 8 leN 

-Ne - 30 = 0 

Ne = -30 leN ADS 

Ve + 8= 0 

Ve = -8 leN Ans 

-Me + 8(0.75) = 0 

Me = 61eN'm Ans 

-2(0.6) + 1'(2.25) = 0 

p = 0.533 leN Ans 

Ax = 2 leN 

A, = 0.533 leN 

-Ne - 2 = 0 

Ne = -2 leN An. 

-Ve + 0.533 = 0 

Ve = 0.533 leN An. 

-Me + 0.533(0.75) = 0 

Me = 0.400 leN· m Ans 



7·21. f)ct(;rmine the internal normal force, shear force, 
dl1(.1 hendlng moment in the beam at point B. 

Fru bod, Diagram: The suppon reactions alA need not be computo:!. 

Internal Forces: Applying the equations of equilibrium 10 segment CB, 
we ha.ve 

':'1:.'; = 0; N. =0 Ans 

+ i 1:F, = 0; V. - 28.8 = 0 Yo ~ 28.8 kip Ans 

(+rM. =0; -28.8(4)-M. =0 

M. =-IISltip·ft Ans 

7-22. Determine the ratio of alb for which the shear 
force will be zero at the midpoint C of the beam. 

Support R.actiolls :. From FBD (a), 

(+rM.=O; ~(2a+b)wG(b-a)J-A,.(b)=O 
... 

A, = 6b(2a+b)(b-a) 

Internal Forc.s : This problem requires Vc = O. Summing forces 
vertically [FBD (b)J, we have 

+ i1:F, =0; ~(2a+b)(b-a)-Ha+nG)=o 

w ... 
6b(2a+b)(b-a) = i(2a+b) 

a 
Ans 
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6kip/n 

A 1
8 

~n~I~-------12ft-----------

J(b-a.) 
--.., 

I 
I 
I 
I 

w 



7·23. Determine the internal normal force, shear force, 
and bending moment at point C. 

Fr .. bod1 DiG,ram : The suppon reactions at A need not be computed. 

/,,'erlllJ/ Forcel : Applying equations of equilibrium 10 segment Be, we 
have 

':':u.; = 0; -4Ocos 6O"oIoVe = 0 Ne = 20.0 kN Ans 

+ i U, = 0; Ve -24.0-12.0-40sin 60° = 0 

Ve = 70.6 kN Ans 

(+IMe = 0; -24.0(1.S) -12.0(4) -40sin 60"(6.3) -Me = 0 

Me = -302 kN· m Ans 

*7·24. The jack AB is used to straighten the bent beam 
DE using the arrangement shown. If the axial 
compressive force in the jack is 5000 Ib, determine the 
internal moment developed at point C of the top beam. 
Neglect the weight of the beams. 

E 

Seem"'! : 

~tMc = 0; Me + 2j()Q (10) ._ 0 

Me .. -25.0kip·rt A .. 
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7·25. Solve Proh. 7-24 assuming that each he am has a 
uniform weight of 150 Ib/ft. -- I 0 fl- -- ----!-- -- . __ 10 ft- 2 fl -r1 

Beam: 

.. itF, = 0; 

Segment: 

~r,Me ,. 0; 

5000-3600-2R-O 

R = 700lb 

Me .. 700 (10) + 1800 (6) - 0 

Me = -17.8kip· Ct Au 

60(2.4.)::: HoOlb 

~
--------, 

I I 

I '# 
t 
~ 5'000 I\, 'R 

7·26. Determine the normal force, shear force, and 
moment in the beam at sections passing through points 
D and E. Point E is just to the right of the 3-kip load. 

, +rMB =0; r(l·5)(12)(4) -A,. (12) =0 

A,. =3kip 

1.5 kip/ft 3(P 

~l?:tj~j 
~~=O; B, =0 

+ tr.r; =0; By +3-t(l.5)(12) =0 

By =6kip 

':'LF. =0; ND=O An. 

+ tIE, =0; 3-1-(0.75)(6) - VD = 0 

VD = 0.75 kip An. 

(-t rMD =0; MD + t(0.75)(6)(2) - 3(6) = 0 

MD = 13.5 kip· ft All. 

~ u.; =0; NE =0 Ans 

+ tu; =0; -VE-3-6=0 

VE = -9 kip An. 

rME=O; ME +6(4) =0 

ME = -24.0 kip· ft Ans 
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~
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- - '8 
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A., 

~
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-- --; "'. N 

~I{ ~/t p 

.\-~'3k;' 

8,'~t'f J kif' 

~!'4/'! ME 
4-f< 



7·27. Determine the normal force, shear force, and 
moment at a section passing through point D of the two
member frame. 

400N/m 

*7·28. Determine the normal force, shear force, and 
moment at sections passing through points E and F. 
Member BC is pinned at B and there is a smooth slot in 
it at C. The pin at C is fixed to member CD. 

500Ib 

~
Olb/ft 

1
350Ib.ft I 

\ E B 60' F 

A l,.iLL.J,.CL:J] D 
1ft 

\+~ = 0; 

~LF; = 0; 

+iU; = 0; 

~LF; = 0; 

+iU; = 0; 

\+l:MD = 0; 

~LF; = 0; 

+ i 1:F, = 0; 

~~ = 0; 

\ +l:MF = 0; 

405 

-1200(3) - 600(4) + ~Fj,d6) = 0 
13 

Fj,c = 2600 N 

5 
Ay - 1200 - 600 + 13(2600) = 0 

Ay = 800N 

ND = 2400 N = 2.40 leN 

800-600 - 150 - VD = 0 

VD = 50 N 

- 800(3) + 600(1.5) + 150(1) + MD = 0 

MD = 1350 N'm = 1.35 kN'm 

- 120(2) - 500 sin600(3) + C; (5) 

C; = 307.81b 

Bz - 500 cos60° = 0 

Bz = 2501b 

By - 120 - 500 sin60° + 307.8 = 0 

By = 245.21b 

Ans 

Ans 

Ans 

fII, "" 

-NE - 250 = 0 
fiE +-f-1'C::C::=,==rt=::l1- 250«. 

J'I6.~ 

NE = -2501b ADS 

VE = 2451b ADS 

-ME - 245.2(2) = 0 

ME = -490 Ib·ft ADS 

NF = 0 ADS 

-307.8- VF = 0 

"" = -308 Ib Ans 

307.8(4) + MF = 0 

MF = -1231 Ib·ft = -1.23 kip·ft Aos 



7·29. Determine the internal normal force, shear force, 
and the moment at points C and D. 

Support Reactions: FBD (a). 

(+:!:MA = 0; B, (6+6cos 45°) -12.0(3+6cos 450) .. 0 

B, = 8.485 leN 

+ T IF, = 0; A, + 8.485 - 12.0 = 0 A," 3.5 15 leN 

~u; =0 A, =0 

Internal Forces: Applying che equations of equilibrium to scement A C 
[FBD(b)]. we have 

/+ 1:1';. =0; 3.515cos45°-Ve=0 Ve=2.491eN Ans 

'+:!:Me = 0; Me - 3.5 15eos 45° (2) = 0 

Me = 4.97 leN . rn 
Ans 

Applying che equations of equilibrium to segmentBD [FBD (e)] , we have 

~u; =0; 
Ans 

+ T IF, = 0; Vo + 8.485 - 6.00 = 0 Vo = -2.49 leN Ans 

(+:!:Mo = 0; 8.485(3) -6( 1.5) -Mo = 0 

Mo = 16.5 leN. m 

~vc 
~'~:!L~M~ Ar3.51S kIJ Nc 

(0 ) 
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7-30. Determine the normal t(lrCe, shear force, and mo
ment acting at sections passing through points Band C 
on the curved rod. 

/ +E r, = 0; 400 'in 3(r - 3(X) co, .lO' + NB = 0 

No = 59.8 Ib Ans 

+ '.. EFr = 0; I'll + 400 cos 30" + 300siI130" = 0 

VB = -4Y6 Ib Ans 

+ 3()(1(2 - 2cosJO') = () 

M IJ = -480 Ih·ft Ans 

AI,o, 

..( +EMo = 0; - 59.Xl(2) + }(lO(2) + MB = (l 

Mo = -4~0 Ib·ft Ans 

~ E F, = 0; A, = 400 Ib 

+ t E F, = 0; A, = 300 Ih 

..( +EM" = 0; M" - 300(4) = (J 

M" = 12(X) Ibft 

+ " EF, = 0; Nc + 400 si1145' + 300 cos 45" = 0 

Ne = -495 lb Ans 

7-31. The cantilevered rack is used to support each end 
of a smooth pipe that has a total weight of 300 lb. Deter
mine the normal force. shear force, and moment that act 
in the am1 at its fixed support A along a vertical section. 

Pipe: 

+tEF,=O; N ll c,,,30'-150=(l 

N B = 17.1.205 Ib 

Rack: 

~EF, =0; - NA + 17.1.20) ,in 30' =() 

+ t L F, = 0; 11" - 173.205 cos 30' = 0 

\I., = 150 Ib Ans 

..( +EMA = 0; M., - 173.20)(]0.392jl = 0 

M., = IKOO lb· in. Ans 

A 

300lb 

~ 
4(x) Ib -![ ·O'Z1, jL 

T M,,~ 
300lb 

Nc lYl( \f 

~, 

A, o A .... 4(XlIb 
2 ft ~ 1.2(X) Ih.ft 

300lb 

Ve = 70.7 Ib Ans 

..( +EMc = 0; - Me - 1200 - 400(2 sin 45") 

+ }00(2 - 2cos45') = 0 

M c =-1590Ib·ft=-1.59kip·ft Ans 

Also, 

..( +EMo = 0; 4Y5.0(2) + }(J0(2) + Me = 0 

Me = -159(J Ib·ft = -IW kipft Ans 

00 
00 
00 
o 
o 
o 
o jA 
00 
00 

In. -
I 

n in. ~
. 30' 

1/ 
6 in'~lOQ)/ :1 in. 

j> .. 'WCOS300 = 10.3923 In. 
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*'·32. Determine the normal force, shear force, and 
moment at a section passing through point D of the two-

~ member frame. 
l +1:MA = 0; r,:'P' -3(2) + B,(3) + B.(4) = 0 I i ' 

I ~ 3tHf 8~ 
l +1:Mc = 0; 4 

-B.(4) + 5(4)(15) = 0 L~ -+~ 
i 

0.75 kN/m 1--1.5 m-+-1.5 m--j B. = 1.2 leN ~ 
B 

r- D 
B, = 0.4 leN &, 

r-
~l:F; = 0; ,.~~ r- I -ND - 1.2 = 0 ,. 

r- 2.5m 

V 
s +~I 

r- L ND = -1.2 leN Ans .'~ 
S 3 1.S,,! 

r- 4 + t l:F, = 0; VD + 0.4 = 0 r ...... c'" -..:L 

r- '.:l r- T VD = -0.41eN Ans r- l +1:MD = 0; r- 1.5 m -MD +0.4(1.5) = 0 JI1, v, 

cl Np -tr=-1.'f<~ r-
MD = 0.61eN.m 1.5., t 

~ ~ ADS O.'Ht#I .. I:;: 
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7·33. Determine the internal normal force, shear force, 
and bending moment in the beam at points D and E. Point 
E is just to the right of the 4-kip load. Assume A is a roller 
support, the splice at B is a pin, and C is a fixed support. 

S IIpport It~octio,u : Suppon mICIions II C need not be computed for 
this case. From FBD (a), 

,+ IM, = 0; 6.00(6) -A, (12) = 0 A, = 3.00 ~ 
+iU,=O; B,+3.oo-6.oo=0 B,=3.oo~ 

~u.; =0 Bx =0 

Internal Force$ : Applying the equations of equilibrium to segment A.D 
(FBD (b)], we have 

~ tF; =0; No =0 Ana 

+itF,=O; 3.00-3.00- Vo .. 0 Vo =0 A ... 

(+L.f'o =0; Mo -3.00(3) = 0 Mo = 9.00 leN . m Ana 

Applying the equations of equilibrium 10 segment BE (FBD (e)] , we have 

~1F. =0; N£=O Ana 

+i}:.c;=o; -3.oo-4-V£=0 VE =-7.ooleN Ana 

( +~:E=O; M,+3.oo(4) =0 ME = -12.0 leN· m ADS 

409 

4 kip 

0.5 kip/ft 

1111 ~l'--'-lJ-'-J'-'! 
,/\ [D IB IE C 
i , I I 

'-~.- 6 ft--.-- 6 ft ---:-- 4 ft ---;- 4 ft ~ 

()~(iZ)-= (,o"f 

:---------1-------; 

J 
6ft I 6ft 

AI 
} (a.) 

OSY,)=3.0 /<:ip 

;---l--l I ", Mp 
~Jd tip (b) 

t.. -1 J ...... I ~ft 3ft I liz, , 
~"~O/<:ip 



7-34. Determine the internal normal force, shear force, 
and bending moment at points E and F of the frame. 

s"pp"rt B."cli"tt. : Members HDllId HG are two force members. 
Using melilOd of joint [FBD (a»), we have 

.:. u. = 0 FHCrX>s 26.57° - FHOcos 26.57° = 0 

FHO=FHG=F 
+ i IF, = 0; 2Fsin 26.57° - 800 = 0 

FHO = FHG = F = 894.43 N 

FmmFBD (b), 

(+ IM. = 0; C, (2cos 26.57°) + C; (l5in 26.57°) - 894.43 (1) = 0 [ I) 

From FBD (c). 

~ IM. = 0; 894.43(1) - C, (2cos 26.57°) + C; (l5in 26.57°) = 0 (2) 

Solving Eqs. (2) IlId [2) yields, 

C; =0 C, =500N 

lttluttai F"ras : Applying the equations of equilibrium 10 segment DE 
[FBD (d»), we have 

+ IF;. = 0; 
Ans 

Applying the equations of equilibrium 10 segment CF[FBD (e») , we have 

'YY.· =0; VF + SOOc:os 26.57° - 894.43 = 0 
VF =447N 

MF + 894.43 (O.S) - SOOcos 26.S7°( 1.5) = 0 

Ans 

MF =224N·m Ans 
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7-35. Draw the shear and moment diagrams for the 
heam (a) in terms of the parameters shown; (h) set 
P = 1100 Ih, II = 'i ft, /, = 12 ft. 

p p 

! ! 
II (f 

ft) v 

(i~ (a) For O:5x<a 

p 
+ i EF, = 0; v=p Ans 

l+1:M=O; M = Px ADS 1 1 
For a < x < L- a 

+ i EF, = 0; v = 0 Ans 

l +1:M = 0; -Px + p(x-a) + M = 0 

M = Pa Ans 

For L-a<x:5L 

+ iEF, =0; v = -P Ans 

l +1:M = 0; - M+ P(L-x) = 0 

M = P(L-x) Ans 

(b) Set P = 800 Ib, a= 5 ft, L = 12 ft 

For O:5x:5Sft 

For 

For 

+ iEF, =0; 

l+1:M = 0; 
Sft<x<7ft 

+ iEF, =0; 

l +1:M = 0; 

7 ft < x :5 12 ft 

l +1:M = 0; 

v = 800 Ib Ans 

M = 800x lb· ft Ans 

v = 0 Ans 

-800x + 800(x-S) + M = 0 

M = 4000 Ib·ft Ans 

v = -800 Ib Ans 

- M+ 800(12-x) = 0 

o tzE!J;{ 
m(U if) I I 1-100 

I +POI) 

oL~ 
M = (9600 - 800x) Ib·ft Ans 

411 



7-35. Determine the distance a as a fraction of the 
beam's length L for locating the roller support so that 
the moment in the beam at B is zero, 

p p 

! 
~ 

;--_ (J _-----{ A 

! 
81 K i--wi I 

~---------L I 

..( +I:M, = 0; - P (~-a) +C,(L -aJ + Pa =U 

, 2P ('( -a) 
C, = ----

L-({ 

r: HM = 0; M = 2!'JJ -a) (~) = 0 
.... L - a 3 

p p 

l ! 
+ I 
,\ ... l 0 

k~~ ~----- L 

I' 

M(t~ 
v~ 

L 

/. 
.1 

21'1'- - u) 
1 

L-(J 

• C, 

- ., 

Ans 
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*7-36. The semicircular arch is subjected to a 'JIll form 
distributed load along its axis of li'n rer unit length 
Determine the internal normal force, shear force, and 
moment in the arch at (J = 45°. 

AI. B _ 4~· 

v .. 0.l9l9' W. COI4~ - 0.7m, w" siD4~ 

v- -0.293, Wo 

+\:tF, - 0; N+F.,COIB+F •• siDB -0 

N • - O. 7f11, w" siD4~ - 0.l9l9, W. COI4~· 
N. -O.7f11,wo 

7-37. Solve Prob. 7-36 for (J = 120°. 

-- ---

Ma •• C w,,(' dB), • ,2 woB _ 

N. B. 120". 

~:tF.' - 0; N+ l.5 , WoCOl 30' -0.86603, w"siD 30' - 0 

11.1.23 ,2.... AM 
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'·38. Determine the x, y, z components of internal l:FR = 0; 
loading at a section passing through point C in the pipe 
assembly. Neglect the wei! ht of the pipe. Take 
FI = {350j - 400k} Ib and F2 = ~ l.'iOi - 300k} lb. 

:EM. = 0; 

y 

'.39. Determine the x, y, Z compon.ents ?f inte~al 
loading at a section passing through pomt C I~ the pipe 
assembly. Neglect the weight of the pipe. Take 
F = {-SOl + 200j - 3OOk} lb 
a~d F2 = {25Oi - 150j - 2ook} lb. 

Fe = {-1701 - 50j + S()(I[} Ib 

c. = -1701b Ans 

c. = - 501b Ans 

c. = 500 Ib Ans 

1M. = 0; 

Mc + I ~ ~ ~ I + I ~ ~ _~ I = 0 
-80 200 -~ 250 -150 ;J 

Mc = {1000l - 900J - 260k} Ib·ft 

Me, = - 900 lb· ft ADS 

Me, = -260 Ib·n ADS 

Fe = {-15Oi - 350j + 700k} Ib 

ex - ISO Ib Ans 

e, - 350 Ib Ans 

e, = 700 Ib Ans 

Me + /! ~ ~ / + / ~ ~ ~ I = 0 
o 350 -400 150 0 -3;J 

Mc = {l4OOi - 1200j - 750k} Ib.ft 

Mcx = 1.40 ltip·ft AIlS 

Mc, = -1.20 ltip·ft AIlS 

Me, = -7501b·ft AIlS 
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*7-40. Determine the x, y, z components of force and 
moment at point C in the pipe assembly, Neglect the 
weight of the pipe, The load acting at (0, 3.5 ft, 3 ft)is 
Fl = (-24i -10k} Ib and M=(-30k} Ib ' ft and at point 
(0,3.5 ft, 0) F2 = (-BOi} Ib, 

Fr .. 60d, DiqrfUfI : 1be suppon reactions need nol be compult!d, 

1t,'.r,,111 Fore., : ApplyinJ the equalions of equilibrium 10 setlmenl BC, 
we have 

IF. =0; (Ve ), -24-80=0 (Ve), = 104lb Ans 

U, =0; Nc =0 Ans 

U, =0; (Ve ),-IO=O (Vc>, = 10.0 Ib Ans 

:EM, =0; (Me), -10(2) = 0 (Md, = 20.0 lb· ft Ans 

rM, =0; (Me),-24(3) =0 (Md, = 72.01b·fl Ans 

l:M, = 0; (Me), +24(2) +80(2) -30 = 0 

(Md, =-178Ib·ft Ans 

/0/1, 
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7-41. Determine the x, y, Z components of force and 
moment at point C in the pipe assembly. Neglect the weight 
of the pipe. lake F, = (350i-400jl Ib and F2 = 
{-300j+ 150kllb. 

Fr •• bod, Di46rlUfl : 1be suppon reactions need not be computed. 

I"Ur"tU Forces: Applying the equations of equilibrium to segment Be. 
we have 

.tF; = 0; Ne +350=0 Ne =-350Ib Ana 

U, =0; (Ve ), -400-300=0 (Vel, =< 700 Ib Ana 

U, =0; (Ve),+150=0 (Ve ), = -150 Ib A ... 

l:M, =0; (Mel, +400(3) = 0 

(Me), = -1200 lb· ft= -1.20 kip· ft Au 

rM,. = 0; (Me), +350(3)-150(2) =0 

(Me), =-750Ib·ft Ana 

IM, =0; (Me), -300(2) -400(2) = 0 

(Me), = 1400lb·ft= 1.40 ltip. ft Au 

z 
B 

n 
F, 

3ft 

J y 

x 
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'·42. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set P = 
600 Ib, a = 5 ft, b = 7 ft. 

(AI For 

+ i IF, " 0; 

fLIt -0; 

os .. < a 

'!!"-V .. o 
a+b 

V .. !.!!... 
a +b 

M - ..!!!.. .. -0 
a+b 

M .. ..!!!.. .. 
a+b 

Alii 

Au 

For a < .. S (a + b) 

+ i IF, .. 0; 

v .. -~ Alii 
a+b I/(lb) 

- ..!...!!.. .. + P '-t - a) + M .. 0 
a+b P~~~~~'L./f;'L./;j1ze3z:z~Z::2°z:zzz;zza-) ~- '< eft) 

-tS"o 

~ 
Pa 

M .. P a - --.. ADtJ 
a+b 

(b) For P .. 600 Ib, a - 5 ft, b .. 7 ft 

'·43. Draw the shear and moment diagrams for the 
cantilevered beam. 

"ot '. 'Ft 
(M"m >: J 

v 
, .. I~ 

_" .. u •• p 

~ \'00 t~ 

For OS .. < 5 ft: 

fIM .. 0; M-lOOul800=O; M" 100 .. - 1800 Au 

For 5< .. S lOft: 

+il:F, -0; lOO-V-O; V.100 AIIII 

(+IM - 0; M-lOOulooo-O; M - l00x- 1000 A ... 
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1-44. The suspender bar supports the 600-lb engine. 
,)raw the shear and moment diagrams for the bar. 

For O~z< 1.5 (I: 

+ r r.F, " 0; - 300 - V "' 0 

V" - 300 Ana 

~r.M .. 0; M + 3OOx- 0 

~)-
300lb V 

M" - 300x Ana 

For 1.5 (I<x~ 3 ft; 

+ i r.F, " 0; 600 - 300 - V '" 0 

V .. 300 Ana 

C;r.M = 0; M + 300x - 600 (.r - 1.5) '" 0 

M - 300z -900 Ana 

1.5 ft 1.5 ft 
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7-45. Draw the shear and moment diagrams for the L o-FJ'" beam (a) in terms of the parameters shown; (b) set 
(a) For OS JC S 3 

Mo = 500 N· m, L = 8 m. o y 

+fu, =0; v=o Ans m

f III. 
0 ) 

I = 
\ +:r.M = 0; M= 0 Ans 

.~ ~ 
I 

o~ 0 
L ,. 

L l</ L 2L O_~J,fIl ;r k 1 For - < x <-

I 
J 

3 3 , V V 

I 01t--2-.f 
oj +fu, =0; v=o Ans 

\+:r.M = 0; M= M. Ans :/ 
I I 

Mo Mo 
V "1'rirljl 

-'!i~tt'''~_''!L 2L "'('T~ For 3"< JC S L , 

~m+m+-U'---1 
0 

+f.u; =0; V=o Ans 

\+:r.M = 0; M= 0 Ans 

(b) SetM. = 500 N·m, L = 8 m 

7-46. If L = 9 m, the beam will fail when the maximum 
shear force is Vmu = 5 kN or the maximum bending 
moment is Mmsu = 2 kN . m. Determine the magnitude 
Mo of the largest couple moments it will support. 

See solution to Prob. 7 - 45 
M.a = Mo = 2 kN'm Ans 

419 

o-r=JY" 
o V 

+fu, = 0; v = 0 Ans 

(+:r.M = 0; M = 0 Ans 

1,., .5'00",.., 

O-~!'m 
o x v 

+fu, = 0; V = 0 Ans 

(+:r.M = 0; M=5OON·m 

+ f U, = 0; V = 0 Ans 

(+:r.M = 0; M = 0 Ans 

so .. .., 500 ... ", 

o (" ') = 
:(~fl' '"1" I "17"1 '·'7,. t 

-J( 

"'(II~~)r-~ --..L..I:~=J 0....
1-:-.-1 -J( 

Ans 



7-47. The shaft is supported by a thrust bearing at A and 
a journal bearing at B. If L = 10ft the shaft will fail when 
the maximum moment is Mma" = 5 kip·ft. Detennine the 
largest unifonn distributed load w the shaft will support. 

w 

Jl! f f ! ! ! ! ! ! ! ! ! ! ! !J:k 
I L I 

For O::::x~L 

+t EF,. = 0; 

..( +EM =0; 

wL -lL'X _ V =0 
2 

wL 
V = -wx+ 2" 

11' 
\1 = 2(L-2<) 

I1'L (X) --x+wx - +M=O 
2 2 

wL UJx:! 
M=-x--

2 2 

'" M = 2(L.< -x') 

From the moment diagram 

11,(10)' 
5000= -8-

'" = 400 lb/f! Ans 

lOt/ttl 
wL wL 
~ ~ 

rP~) 
wL V 
2 

420 



*7-48. Draw the shear and moment diagrams for the 
beam. 

Support Reactiolls: 

.( +2:,1(, = II; C, i.ll - 15(25) = 0 C, = 1.25 kN 

Shear and Mom",t Functiolls: for 11.:5 x < 2 m [fBD Llll, 

+ t 2:F, = 0; 0.250 - I' = 0 v = 0.2511 kN An.. 

.( +2:M = 0; M - 0.250" = 0 M = {O.250x} kN'1Il 

Ans 

ror 2m < x.:5 3m IfBD (b)J, 

+ t 2:F, = 0; n.25 - 1.5(x - 2J - V = 0 

I' = p.25 - 1.50x} kN Ans 

.( +LM =0; 0.25x -1.5(x -21 C ~2) -M =0 

M = 1-0.750 .. ' + 3.25.< - 3.00} kN·m 

7-49. Draw the shear and bending-moment diagrams for 
the beam. 

Support ReactiolJs: 

.( +LM. = 0; JQ(X)(I0) - 200 - A,(20) = 0 A, = 490 Ib 

Shear alld Moment FUllctions: For 0.:5;r < 20 ft IFBD (oJI, 

+ t LF,. =0; 490 - SOx - V = 0 

V = {490 - 50.0x} Ib All.. 

.( +LM =0; M + 50x (i) - 490" = a 

M = {490x - 25.0x'} Ib f! Ans 

for 20 ft <;r ~ 311 ft IFBD Ib)}. 

+ t 2:F, = 0; 

.( +LM =0; -200- M =0 M = -200 Ib·ft Ans 

1.5 kN/rn 

fIITIl 
.II 

2 ill - --- ---< 
- - J III -.-----~ 

I u(r.-:.lkN 

2m m 
tl=======~'II~\1 .r I ",AI 

lr=====:JI'f ) 
T 0.25 kN 

I 0.25 kN, + 
(a) (h) 

I'lkN) 

0.25 i f"-. 
. I ""-2.167 
I---------'---' ... ~.---... -.r 1m) 

O..'i:'1 ~ M'v==\" 
50lb/ft 

cb j M 

490~L 

490 

421 

fa) 

~.80 

I-------=~~~-...,--.r ~
V(!h) 

-510 

Mp(lh.ftJ 2401 

~\'--__ -_ -~I x 

-200 

(h) 

.r(m) 



7-50_ Draw the shear and moment diagrams for the hearn, 

S,.PPlIrI R'<UlilllU : From FBD (al. 

<;(Ll-- - =0 MlL(3L) 
, 2 4 

du, =0; 3M1L MIL 
A +---=0 , 8 2 

c = 3wL 
, 8 

MIL 
A, ="8 

, L 
She,,, and Moment F,.ncllons : For 0" x < "2 [FBD (bl]. 

+ iu, =0; 
wL 
--V=O 
8 

MIL 
M-"8(xl =O 

wL v=_ 
8 

wL 
M=-x 

S 

L 
For 2' < X" L [FBD (e»). 

+iu, =0; 3wL 
V+-S--W(L-x) =0 

w 
V= S(5L-8x) 

'+I:M=O; 3;L(L-X)-W(L_xl(L~X)_M=0 

Ans 

Ans 

Ans 

M=~(-L2+5l.K_4x2) Ans 
8 

422 

...!fC 
"',I'" 

. L r-'2 
I 

~IIlTI}1 
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rA 
---o~~---------r~------~-r-~ 
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7·51. Draw the shear and moment diagrams for the beam. 

250 Jb/ft 
\+~ =0; 

(JAil! I !l !! II U Hi) c.u. .0 

150Ib.ft~ 20ft . [i50Ib.ft 

+iV; = 0; 

~000l4 
-5000(10) - ISO + B,(2O) = 0 ,-- -- t ___ _ 

A. -e : J ISo~'ft 
By = 2500 Ib >50, 15011-1.1 1 t 

ISOU'II, ~~, 8, 
Ax = 0 1 ~ pWi " lO/} ~ 

:l,~ "50'1'11 
Ay - 5000 + 2500 = u 150U'f/ , [J J J 4 I J U 

1 Jott f ) 1501ll·1t A, = 2500 Ib 
~S~~ ~~ 

For OSxS20ft 
Hill 

J'7~~ 
25OO-250x-V=0 

O)(UoII) IJ'~ -',50: 
o.o",.{t I~/ I 

I /1:1 ~D.060.2rt 
-2500(x) + 150 + 25Ox(:) + M = 0 0 ~ 

2 

v = 25D(IO-x) An s. 

+ iV; = 0; 

\ +LM = 0; 

M = 25(100x - 5x' - 6) Ans 

"'7-52. Draw the shear and moment diagrams for the beani'~ 

20kN 

~!l!!irrl!l!,~ J) 
" 8ml 3m~150kN.m 
~==~~------------------.-------~o.J.~~~~~~ 

OSx<8 
1K>1<f1., JO~1i 

-~~~~ f -i r ~ J I H ~) IlO~~'''' 
ttl 

133.75 - 40x - V = 0 

\+LM = 0; 

8<xSll 

V = 133.75 - 40x Ans 

M + 4Ox(:) - 133.75x = 0 
2 

M = 133.75x - 2Ox' Ans 

v = 20 Ans 

\+I.M=O; M+2O(1l-x) +150=0 

M = 20x - 370 Ans 

I;3.'S'" :oQ6.,5i<H } 

I· s"" ,f< 3", ~ 
V(.. I 
m.' 

·lSO 
-;110 

423 



7.53. Draw the shear and bending· moment diagrams for 
each of the two segments of the compound beam. 

Suppon R'tJt:tiotU: From FBD (a). 

(+ rM, = 0; B, (12) - 2100(7) = 0 B, = 1225 Ib 

+ i 2:F, = 0; A, + 1225-2100= 0 A, = 875 Ib 

From FBD (b). 

1225(6) - S (8) = 0 S = 918.75 Ib (+rMD =0; 

+ i IF, = 0; D, +918.75 -1225 =0 D, = 306.25 Ib 

Silear and Mom,nt Functions: MemberAB. 

For 0 S x < 12 ft [FBD (e»). 

+i2:F,=O; 875-15Ox-V=0 

V= {875-15Ox} Ib Ans 

(+rM=O; M+ 15OxG)-875x=0 

M= (875x-75.Ox2
) Ib·ft Ans 

For 12 ft < x S 14 ft [FBD (d»). 

+i2:F, =0; V-150(14-x)=0 

V = {2100- 15Ox} Ib Ans 

- ISO( 14-X)C
4
2-

X
)-M = 0 

M = {-75.Ox2 + 2100x - 14700} lb· ft Ans 

For member CBD. 0 S x < 2 ft [FBD (e)]. 

+ i 2:F, = 0; 918.75 - V = 0 V = 9191b 

'+rM=O; 918.75x-M=O M={919x} Ib·ft 

For 2 h<x S 8 ft [FBD (0], 

+i2:F,=O; V+306.~=0 v,,306lb 

+rM=O; 306.2S(8-x)-M=0 
M= {2450-306x} lb· ft 

V(lb) 

918]$ 

e 
--:+-~Z:...-__ +-- A (It) 

"'" (Ib·ft) 

1837'! 

--l'--+---"""'- j:.(ft) 
8 

Ans 

Ans 

Ans 

ADS 

150lb/ft 

r-----------
?' 

7ft 

(a.) 

V(lb) 

M(lb·ft) 
2552., 

12- 14 
--:::;t----l---..l..:+-=-'- X (ft) 

-300 

424 



'·54. Draw the shear and bending-moment diagrams for 
beam ABC. Note that there is a pin at B. 

S IIPPOrt R.tlCtioll, : From FBD (a). 

~L(~)_B,(~)=O 
From FBD (b). 

+iIF,=O; 

wL 
B =_ 

, 4 

SltetU and Momellt Fllllct;ollS: For 0 Sz S L(FBD (e)l. 

+iu,=O; 

M 

3wL 
--wx-V=o 

4 

Ana 

Ana 

Eli Up:uriji 
I I 

---+ ---. -- -- -.. ~ -

425 



7·55. Draw the shear and moment diagrams for the 
compound beam. The beam is pin-connected at £ and F. 

Support R.«tloll$ : From FBD (b), 

(+!.M£ -0; 

+ i U, =0; 

From FBD (a), 

MIL 
F=_ , 6 

MIL 
E; =-

6 

D (L)+- - -- - =0 MlL(L) 4M1L(L) 
, 6 3 3 3 

7wL 
4=-

18 

From FBD (e), 

(+!.M, =0; 4WL(L) MlL(L) - - -- - -A (L)-O 
3 3 6 3 ' -

7M1L 4wL MIL 

7wL 
A, =18 

+ i.tF, =0; B, +18--3--6" =0 B=~ , 9 

Sh"ar and MOII",nt Functions: For 0 S.l' < L[FBD (d)]. 

+iIF,=O; 

(+!.M=O; 

7wL 
--MlX-V=O 

18 
w 

V= 18(7L-I8x) 

M+wx - --x=O (
X) 7wL 
2 18 

M=~(7Lx-9x2) 
18 

For L S.l' < lL[FBD (e)]. 

7wL IOwL 
18+-9--wx- V=O 

w 
V= T(3L-2x) 

(
X) 7wL IOwL 

M+wx - --X---(x-L) =0 
2 18 9 

w 
M= 18 (27Lx-20L2 -9.1'2) 

For lL < Z S 3L[FBD (f)]. 

7wL 
V+

18
- W (3L-x) =0 

w 
V= 18(47L-18x) 

7wL (3L-Z) -(3L-x)-w(3L-x) - -M=O 
18 2 

w ( 2 2) M=- 47Lx-9x -60L 
18 

Ans 

426 
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*7·56. 
beam. 

Draw the shear and moment diagrams for the 

(+ rM. = 0; 9.00(2) -A, (6) = 0 A, = 3.00 leN 

Shear GIld Mome"t F .. "ctio"s : For 0 S 1C S 6 m [FBO (b»). 

The maximum moment occurs when V = 0, then 
xl 

0=3.00-- x=3.464m 
4 

(+rM=O; M+(~)G)-3.00x=0 

M= {3.00x-~} leN· m 

Thus, 
3.4643 

M ... = 3.00(3.464) -~ = 6.93 leN . m 

Ans 

j~~~~~~~~ .. ~B 
IA-~ 3kN/m 

--

V(lo~N ) 

~6m----~ 

............. .. .............. 
-~ , 

I --.. 
±(;)(b) = 90 ~ 

(a.) 

3'0~ 
-;,,;t~----':::3:::" ... ""~:----"":~~;((rn ) 

-('·0 

o 

427 



7·57. If L = 18 ft, the beam will fail when the 
maximum shear force is Vm" = 800 Ib or the maximum 
moment is Mmax = 1200 Ib·ft. Determine the largest 
intensity IV of the distributed loading it will support. 

For O:sx~L 

+ t "EF, =0; 

..( +"EM =0; 

-",(18) 
-800= ~~-

2 

u.' = 88.9 Ib/ft 

wL' 
M"w.I = --6-; 

_ 1200 = -wI 18)' 
6 

w = 22.2 Iblft 

wx 2 

v=--
2L 

Ans 

w 

428 

w.\.2 

U 
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7-58. The beam will fail when the maximum internal 
moment is Mmax. Determine the position x of the 
concentrated force P and its smallest magnitude that will 
cause fail ure. 

For ~ < x, 
t x I ,., i 

For ~ > x, 

M, = -~(L-~ 
L 

Note that M, = M2 when x = ~ 

dMm= = !:.(L-2x) = 0 
dx L 

L 
x = -

2 

Thus, 

~ E!. 
L L 

Ans 

Ans 

429 



7·59. Draw the shear and moment diagrams for the beam. 4 kip/ft 

t-----I2ft --J~-- 12 It --j 

Support RelJCtiolll : From FBD (a). 

('+ I:M. = 0; M. -48.0(12) = 0 M. = S761tip· ft 

+itF,=O; A,-48.0=0 A, = 48.0 kip 

She. tUld Moment FUllctions : For 0 S x < 12 ft [FBD (b)], 

x2 

48.0-- -V= 0 
6 

V={48.0-~} kip 

(+I:M= 0; X2(X) M+"6 '3 +S76-48.Or=0 

M = {48.Or-~ -S76} kip· ft Ans 

For 12 (t < x S 14 ft [FBD (e)], 

+ il:F, =0; V-~[~(24-X)]<24-X) =0 

V=U(24-X)2} kip 
V(ICip) 

(+I:M= 0; - H~(24-X) ]c24-X)C
4
3-

X)-M= 0 

M= {-~(24_X)l} kip· ft Ans 0 
11-

M(l:ip-!O 

fZ, 
-,..----+--====-_2++--1- (it) 

-9{"o 

-S7{' 

430 



*7-60. Draw the shear and bending-moment diagrams 
for the beam. 

S .. pport R.tlCliolu : From FBD (a). 

C+tMs =0; ",(3)+450(1)-1200(2) =0 ", =650N 

Shew IUId Mome,,' F .. "elio .... : For 0 S % < 3 m [FBD (b) J , 

+ t IF, = 0; - 650 - 50.Ox2 
- V = 0 

V= {-650-50.Ox'} N Ans 

(+tM= 0; M+( 50.Ox2
) (i)+65Ox = 0 

M={-65Ox-16.7x'} N·m Ans 

For3 m<% S 7 m [FBD (e»), 

+ tl:F, =0; V-300(7-x) =0 

V= {2100-30G.t} N Ans 

(+tM=O; -300(7-x)r-~X)-M=0 
M={-150(7-x)2} Nm Ans 

431 

" 

~- - 3 m 
- 4 m ---- ---.J 

j(300X_

1
3J -4;o~ 300(4) = :Zoo,,; 

_--':"-----J _______ , 
_----- I -r· : 

I .t J 
I "rn I 

A~ 

V(I'J) 

1200 

r--------- X(m) 0 
.3 

-{'SO ~ 7 ---.. 
-1/00 

MUJ·m) 

.3 ~ , 

o~ 
:rem) 



7-61. Draw the shear and moment diagrams for the beam. 

Support R,"ctioll' : From FBD (a). 

(+rM. =0; WL(L) WL(L) - -'+- - -A (L)=O 
4 3 22' 

wL 
A =-, 3 

Sh • ." ""d MOIII.llt FUllctioll' : For 0 S x S L[FBD (b»). 

Ans 

The maximum moment occurs when V = O. then 

0= 4L2 -6Lx-3x2 x = 0.5275L 

(+rM=O; M+ ~(..':x)x(:)+ ~(:)_ wL (x) = 0 
2 2L 3 2 2 3 

M=~(4L2x-3Lx2_xl) Ans 
12L 

Thus. 

M ... = \;'[ 4L2 (0.527SL) -3L(0.5275L)2 _ (0.5275L)'] 

= 0.094Ow L 
2 ,4-11 :; 

432 

w 

~ 
l L J 

A,eO 

v' 

:---= =.::: :::.::::,: - :.:. 
,J 

, I 
I..f:. I 

b 

("- ) 

------~ 

1 
B~ 



7·62. Draw the shear and moment diagrams for the beam 
(a) in terms of the parameters shown; (b) set P = 800 Ib, 
a = 5 ft. L = 12 ft. 

(a) I'm O:s x < {/ 

+ t LF, = 0; v=p Ails 

.( +LM = 0; M = Px Ans 

For a<x<L-a 

+ t L F, = 0; V = 0 Ans 

.(+LM=O; -Px+PC,-al+M=O 

M=Pa Ans 

For L-a<xS:L 

+tLF,.=O; V=-P Ans 

.( +LM = 0; -M + PeL - x) = 0 

M = P(L -x) Ans 

(h) Set P = 800 lb. a = 5 fl. L = 12 ft 

For O:sx.:::5ti 

+ t LF, = 0; V = 800 Ib Ans 

.( +LM=O; M = 800x Ib·ti Ails 

For 5ft<x<7ft 

+ t LF, =(); V =0 Ans 

.( +LM=O; -800x + 800(x - 5) + M = () 

M= 4000 lb· tt Ans 

For 7 ft < x :5 12 ft 

+ t LF, = 0; V = -SOO Ib Ans 

.( +EM = 0; -M + 800(12 - x) = 0 

M = (%00 - SOOx) Ib·ft Ans 

7·63. Express the.t, y,:: components of internal loading 
in the rod as a function of y, where 0 ::S Y ::s 4 ft. 

ForO.::: v.:::4 fl 

LF, = 0; v,. = 1500 Ib = 1.5 kip Ans 

LF, =0; V,.=O An.s 

LF, = 0; V, = 8(X)(4 - y) Ib Ans 

EM,=O; M,_S(X)(4_ YI(4;Y)=0 
M., = 4(){)(4 - v)' Ib·ft Ans 

LM, = 0; M, + 1500(2) = 0 

M, = -3000 Ib·ft = -3 kip·ft Ans 

LM, = 0; M, + 1500(4 - .1') = 0 

M, = -150014-.1') Ih·ft Ans 

p p 

J J 
~ I I 

L Ii. "----I r-.- ,,-~~ 

,...I·----L-~---~~ 

p 

SIX) Ib 

&Jl 
p p 

t t 
ROO Ib 

(al 

MV 

(~ 

800 Ib 8(XI Ib 

* * f [[ t 8(~.lb, 8(~ Ib 

Sft 2 It 5 ft 

Vtlb) I I I 
8(X18 (+) 

o x 

I 
B-soo 

M()bft) I I 

~ o "'_'LI..l..Uil.UL/.Uil.£llJ."-_ 

(h) 
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SIXl lb 

V :: 
~ \ I 8(XX4 - )'1 

'~~~" 
, 4-.1 "-'-----..1 

2ft 

1.5(Xllb 



*7-64. Determine the normal force, shear force, and 
moment in the curved rod as a function of 8. 

For 0 " 9 " 180" 

P 
N = 5(400s9 + 3sin9) An. 

4 3 
V - :;PSin9 + :;Poos9 = 0 

P 
V = 5(4 sin9 - 3oos9) Ans 

p ~+l:M = 0; 
4 3 

-5I'(r-roos9) + 5p(rsin9) + M = 0 

Also, 

~+l:M=0; 

7·65. Express the internal shear and moment 
components acting in the rod as a function of y, where 
0"" y "" 4 ft. 

Sit.", atl MO"'.III FUIICliolU : 

l:F.=0; Y.=O 
AIlS 

l:F, =0; V, -4(4-y)-8.00=0 

V, = {24.0-4y} Ib AIlS 

rM. =0; 
(
4- y ) M. -4(4-y) -2- -8.00(4-y) =0 

M. = {2i-24y+64.0} Ib.ft Ans 

IM, =0; M,. - 8.00(1) = 0 M,. = 8.00 Ib . (t Aos 

tM, =0; AI, =0 
Ans 

Pr 
M = 5(4-400s9 - 3sin9) An. 

4 
-1'(5)(r) + N(r) + M= 0 

Pr 
M = 5(4 - 4coo9 - 3sin9) Ana 

434 
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7·66. Draw the shear and moment diagrams for the 
beam. 

(+l:MA =0; 8,(8)-4(7.25)-4(6.25)-2(4.25) 

4kN 4kN 

2kN 2kN 2kN aN H 
f±H+:Trf 

1.25 m 1m' I m I m I m 0.75 m 

-2(3.25) - 2(2.25) - 2( 1.25) .0 
8, = 9.50 kN 

+ i IF, = 0; II, +9.50-2- 2-2- 2-4-4 = 0 

II, '" 6.50 leN 

1,m! 075'" 

1=:/50 KJJ 

V(tN) 

6·50 

8127 

435 



~.67. Draw the shear and moment diagrams for the 
earn ~ BCD E. All pulleys have a radius of 1 ft Neglect 

the. weIght of the beam and pulley arrangement The load 
weIghs 500 lb. . 

Support R.",,'iolU: From FBD (a), 

,+!M. =0; 

+ i IF, =0; 

.e; (IS) - SOO(7) -SOO(3) = 0 .e; = 333.331b 

A,. + 333.33 - SOO = 0 A, = 166.67 Ib 

S "ear IJlld MIJIfI.1I1 DilJrrlJwu : The load on Ihe pulley al D can be 
replaced by equivalent fora: and couple moment al D as shown on FBD (b). 

Ax 

8ft 
500 Ib E:; '3,3-]3Ib 

(0..) 

looolb 

800/~ 

436 

107 ~-----, 
/{,7 

--:::0+-----8:+-+.4..,....--\- ;( eft) 

-833 

133~ 

-o-¥~---+-l,+-....,.I--+- x(ft) 



*7-68. 
beam. 

nt diagrams for the Draw the shear and mome 

7kN 

'm 

m;;;;;-=--~ 
r 

I 4m I I 

moment diagrams for the 7-69. Draw the shear and 
heam. 

+IM. =0; ( EC(~5)( 4) - 500(2) - 500(1) = 0 Fe = 625 N 

+ ; U, .. 0; It, +625G)-SOO-500,. 0 ..t, .. 625 N 

~=02SN 5CON 

VOJ) 

625 

125 
4-

0 X(mj 

-375 
M(IJ·(JI} 

750 

0 -'t (m) 

B 2m---ic 

500N 

437 



7-70. Draw the shear and moment diagrams for the 
beam. 

20 kip 20 kip 

---+--15ft~ 

Jot. ""ift ",t. 
L fTI]l 

, i t I I, 801< ~~ 

k ISll'~ JOlt I· 1~ , 
V (..,1 I i I 
W

O , 

o ~ >OiVEZl:r. 

-'0;j«zfl I 

"',lJ)J) , 
J 4J -300 

U"ft 11-"lt 

7-71. Draw the shear and moment diagrams for the 
beam. 

(+IM. = 0; B, (8) - 320(4) -20(11) -150 = 0 

B, = 206.25 kN 

+ i l:F, = 0; A, + 206.25 - 320- 20 = 0 A, = 133.75 kN 

r------- --------j ==:t:. :=j~) 
J 1---:4--:m:--...,.\o--4-;-Irl::----1TI--:~;-:"'::-"i ISO KN- (T\ 

8-u = ;:06-25 KN 

20kN 

L 
I .i.. 

--------------------------------
1-

3 
1150 kN· m 

.m~ 

V( k.iJ) 

/34 

~o+-------~:----~----1---X(m) 

-/80 

--~------_+--~_+----~X(m) 

438 



*7·72. Draw the shear and moment diagrams for the 
shaft. The support at A is a journal bearing and at B it is 
a thrust bearing. 

800lb 

400 Ib 100 Ibf.. i 
t =il 1 1 !! ~ 
~4m.+- 12m. -t-4m.~ 

7-73. 
Draw the shear and moment diagrams for the beam. 

S .. "ort Reactiolll : 

(+IMA =0; 

+il:F,=O; 

r-----, 

25m 

B, (10) -10.0(2.5) -10(8) = 0 B, = 10.5 kN 

A, + 10.5 -10.0-10 = 0 A, = 9.50 kN 

Af9'SO /(IJ 
~"IO·51:t1 

439 

V(I<IJ) 

Q'50 

, e 10 

0 +7<; -o·~o 
X(m) 

-/0·50 

M(kN·m) 
llb z.;,.; 
\r 

21.0 

0 J\.(m) 



7·74. Dmw the shear and moment diagrams for the shaft. 
The support at A is a journal bearing and at B it is a 
thrust bearing. 

'~I rn II ! !~J 
~ltt--+I--4ft--+-IIt\~ 

7·75. Draw the shear and moment diagrams for the 
beam, 

8 kN 

*7·76. Draw the shear and moment diagrams for the 
shaft. The support at A is a thrust bearing and at B it is 
a journal bearing, 

4kN 

2kNim i lid I III J * L~ .. JL 
~--(l.Rm I I 

0.2111 

4 kN 

rrTIT-r! 
1.76kN F9 3.R4 kN 

(H< rn 0.2 m 
1-------+-----1 

200 Ib 100 Iblft 

t VUHl ,1300 Ib.fl 
I ft 4ft 1ft:"'; 

375 Ib 225 Ib 

V(~lb) 175 

f777:,jI?>a.~~=7;,----- x (It) 
1.75'1""<0;:1 

-2IXI ""<I 
-125 

M(lbll) 

~'75 
i.777]'"7"/lb7:77777:7T'771-- x (ft) 

.. 200 .. ·300 
·-46.895 

8 kN 

t 
14.3 kN 

"'N""' 'i '~'~ 
'''~~ -")21 
MlkN.m) -J~ I I 

o~x (-) 

286 

22.9 _ 67.5 

IIlkN) 

440 



7-77_ Draw the shear and moment diagrams for the 
beam. 

SIIPP"" R.ac/io", : 

(+ rMA = 0; D, (3) - 8( I) -8(2) - 15.0(3.5) - 20 '"' 0 

D, =32.167kN 

+ i U, ,,0; 32.167 -8- 8 - IS.O-A, = 0 

A, = 1.167 kN 

025"'1 :'=3ZI/" r.:J 
q 

441 

8 kN 8kN 

8\1 C
1 

D II 
r-I m -.--;--+0.75 Ill~ 1m ---r-- I m --~ 

0.25 III 

150 

M (ioJ.m) 



7.78. 'The beam will fail when the maximum moment is 
Mmax = 30 kip' it or the maxImum shear is Vmax = 8 kip. 
Determine the largest distributed load w the beam will 
support. 

...--,---,,-,--,---,w. 

~Llf,t~ 
I A' I 
~ 6 fl -~-- 6 fl---, 

7· 79. The heam consists of two segments pin connected 
at R.llraw the shear and moment diagrams for the heam. 

*7·80. Draw the shear and moment diagrams for the 
berun. 

501b/ft 

~ 2001b·ft 

£fUUUUMJbu ,,') 
. I 9ft B.,' 4ft~ 

V",<u = 4w; 8 = 4w 

w = 2 !dp/ft 

·".w =-6w; -30 = -6w 

w = 5 kip/ft 

Thus. w = 2 kip/ft Ans 
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ft 

50Ufn 

F .. ---carJ1~~~=2'0014-/t r HI i ~fl 
"'·1111> 17nu, 

V( lOr I 
5;·11 

!-'-'''-'''''''',....,.,...,--....:.-...x 

';00 



7·81. The beam consists of two segments pin-connected 
at B. Draw the shear and moment diagrams for the beam. 

Support R.tU:tio,u : From FBD (a). (0. ) 

+r.M. =0; C,(6)-0.600(2) =0 C, = 0.200 kip 

+ t U, = 0; B, + 0.200-0.600 = 0 B, .. 0.400 kip 

From FRO (b). 

(+r.M. =0; M.-0.700(8)-0.400(l2)=0 

M. = 10.4 ltip· fl 

+ ttF, =0; "',-0.700-0.400=0 ... , = 1.10 kip 

S It"or tlltd Mo",."t Dill6rtllltS : The peak value of !he m011lCn1 for 
segmenl Be can be evaiullCd U$ing !he merhod Of sections. The maximum 
momenloccurs when V = O. From FRO (e) 

Thus. 

+ tu; =0; 0.200-~(':'" 1-=0 x=2!3f1 
2 30r 

(+r.M=0; 0.200x-~(i5}G)-M=0 

M=0.200x-~ 
180 

(2.{3)' . 
(M ... ),e = 0.200 ( 2/3) - -- =0.462 kip.fI 

180 

443 

700lb 

-+ IB -~ 
8 ft 4 ft -t-- 6 ft ----j 

010 eip B • a 40 /trip 

fl' I~ ~ +1< I 

V(tipJ c.zo tit' 

O·4{'v 
--o:-l-----e+---:;;~.--.-.::::j:::::::=-t-- ;c(ft ) 

IZ, IHf /tJ 

-!~o 

-10,,,, 



7-82. Draw the shear and moment diagrams for the beam. 

Supp"rt R.lICti"tU: From FBD (a). 

C+I.M. =0; 
+il:F,=O; 

C; (6) - 3.00(1) - 3.00(5) = 0 C, = 3.00 kN 

A,. + 3.00.- 3.00 - 3.00 = 0 A, .. 3.00 kN 

S /"ar tIIId M""""t DillKrlUlll : The peak value of die momcnl diagram 
can be evalualOd using die medlod of sections. The maximum momcnloccurs 
III die midspan (or = 3 m) when: V = O. From FBD (b). 

(+I.M=O; M-3.00(l) =0 M= 3.00kN·m 

i(,z)O):3·om i(.l.)(3)=J.O~ 
*U3)~:J.Oi:A 

r- ......... 
-- .. -.. ~ , ............... , -" " 

I ' .... ')M 
''''' 4m /1", /"" ..<:"" ~r 

A~'3,0 bJ (a ) C;d.Ok'/ SOKN 

7-83. Draw the shear and moment diagrams for the 
beam. 

(L) woL(~)=O 
B,(L)-woL'2 - 2 3 

7woL 
B,s6 

7woL L woL =0 
A, +-6-- wo --2-

woL 
A, =-3-

;--- -----'7' .. - ... 
, , , , 

~~ 
BI I 

I· 3 m 13m I 

300 

-300 

M(m'rr)) 

3·00 
Ch) 

-ar----+----~- X(m) 

v 
~ 

-<.. 
~ 
3 

0 7. 
,zL 

Z'If).. 
-3 

M 

¥i-" 
21-

)(. 

444 



*7·84. Draw the shear and moment diagrams for the 
beam. 

+iu,=O; 

7-85. Draw the shear and moment diagrams for the 
beam. 

445 

w() 

[r-rfl- rr'r't-~_ 
I 

----1. ~.-.- -t--- L ---- -- -Z --- .-.-

D i- L -r---+:==--+-x.. I ~L 
71(Z~V

- ""J::f 



7-116. Draw the shear and moment diagrams for the heam. 

S"ppOI'f R.tu:tiolU : From FBD (a). 

(+ IMA = 0; B, (10) + 1S.0(2) + IS 

-5O.O(S) -15.0(12) -15 = 0 
B, - 40.0 kip 

+ i IF, = 0; A,. +4O.0-15.0-S0.0-15.0= 0 

A,. = 40.0 kip 

SII •• ad Mo ... ," D,.,rtllfll : 1bc value of !be momenl II supports 

A and B can becvalualal using !be lIICIbod o( seclions (FBD (e)l. 

+IM= 0; M+ 15.0(2)+ 15 - 0 M= -4S.0kip· (I 
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5 kip/ft 

"T~&QJ r~"i,n 
I 

A .. ,,-::... B "\' r ," I 
"''I""' 'I 

r-- 6ft -+--IOft---+-6ft---I 

,A----- ~----.,..... 

I , ~ipft / -: :' -_ 
( - ' 

I 

r 4ft Zit SH"r Sit. 2ft 4ft"! 

Ai =#·tJ /Cif ~ = 40·0 Kif 

V(Kip> 



7-87. Draw the shear and moment diagrams for the 
beam. 

Support reactions: Shown no FBD (a) 

From FBD (b) 

+ i E F, = 0; - V,,- - ! (3)(6) = 0 

V. = -9 kip 

EM = 0; M" + ~ (3)(6)(4) = () 

M" = -36 kip·/'t 

~(3)(6) kip 

1_!~(~)(6:~k; M 

I--:iftI Vo 

(b) 

*7-88. Draw the shear and moment diagrams for the 
beam. 

Shear and Moment FUllctions: For 0 :::: x < 15 ft 

+i EF, =0: Ix-.r'/15-V=O 

v =!.r -,r'/15} N Ans 

I.' +EM = 0: M + (x'/15) (~) - 1.r(x/2) = 0 
~ 3 

M = lx' /2 - x-'/45) N·m Ans 

V(kip) 

9 

--io::---t----+- x (ft) 

-9 

M(kip. ft) 

~''") 
-36 

V(kip 3.75 

iL---------------"~ x (ft) 
7.5 

M(kip.ft) 37.5 

r-=-------------'- x (tt) 
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*7-89. Determine the tension in each segment of the 
cable and the cable's total length. 

EqlUllUIIU II/ ~"iIlbrl ... : Applyin. mc:dIod onoints, we haw 

Joint B 

~~=o; FBcQ}$ 6-FB. (~): 0 

+iu,=o; F,. (Fs )-F,CSin 6-50= 0 

Joint C 

~u. :0; Fcocos , - F,ccos 6: 0 

+iu, =0; FBcsin 6+ Fcosin , - 100: 0 

G_lIm.,ry : 

sin6=--Y_ 
Jy2+2S 

3+y 
sin , = -;=:===:

Jy2+6Y+18 

COS6=J5 
y2+25 

3 
cos , = r=:=====;: b 2+6y+18 

Substitute Ihe above results into Eqs. [I), (2), (3) and (4) and solve. We 
have 

F,c = 46.71b F,. = 83.0 Ib Fco = 88.1 Ib Ana 
y = 2.679 ft 

The toUlllength of the cable is 

[I) 

(2) 

(3) 

(4) 

1= /72 +42 + ';S2 +2.679l +b2 +(2.679+3)2 
.. 20.2 ft Ana 
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7ft 

L_~ 
SOlb 

4ft -+- Sf! 

t 
r". 
~ 

rLS 
4 

"d 
fi.D 

10011:> 

IOOlb 

,'( (~) 

A (b) 



'·90. Determine the tension in each segment of the 
cable and the cable's total length. 

EqlUlJituu 0/ Equilibriulfl : Applying melhod of joines, we have 

JolntD 

':'u. ,,0; lb. (~ J- Focco, 8" 0 

+ i U, ,,0; lb. (~ J-Ibc'in 8-50" 0 

Joint C 

.in8,,--Y_ 
b Z +16 

. y+3 
.111 , " -;===== b Z +6y+ 18 

4 cos 8=-__ 
~y2+ 16 

3 
cos , " -;==== b 2 +6y+18 

Suilstib.lfe Ihe above results inro Sq •. [I). (2). (3) and [4] and solve. We 
have 

Ibc "43.7 Ib lb. "78.2Ib FCA " 74.71b Ana 
Y" 1.695 ft 

The rota! length of !he cable is 

I" ,lsz + J2 +';42 + 1.695Z + bz + (1.695 + 3)2 
·15.7 ft Ana 

80lb 

~ 

')8 

[I] F(]:: 
J 

:\. 
(2) 

F;e. 

50lb 
[3) 

1f 
[4] Fe.., 

&" 
]C 

80 II> 

3ft 

~t3 

c. 

449 



I 

7-9L The cable SUpports the three loads shown. 
Determine the sags YB and YD of PO'llts Band D. Take 
p] =0 400 lb, ~ =0 250 lb. 

c 

'~ P2' 
P2 P , 

·1 "" 'I "" ." . ,12ft+- --t-

AtB 

~u; = 0; 

Ate 

~u.; = 0; 

AtD 

+tu; = 0; 

20 __ 1_2~r.6 = 0 r.c- ~ ?;:===;'~A.400 V Yi + 144 {(l4-y.)' + 

14 - Y. T. + --Y-'~r.. - 250 = 0 
-'~~~)'~+~400M'c {Yi +144 {(l4 Y. 

nYB - 168 TBC = 3000 (I) .)a I, '0 Tit. T ... ~".JI 
{(l4-YB)2 + 400 'S014 

-2OyD + 490 - 15YB r.c = 6000 

{(14-YB)' + 400 

-2OyD + 490 - 15y. TCD = 8000 

{(l4-YD)' + 225 

-108 + 27YD TeD = 3000 
{(l4-YD)' + 225 

(2) IS! T,. 
-~ 'E.r !"-,, '" 1 :5 "'). 

(3) 

(4) 

Combining Eqs. (I) & (2) 

Combining Eqs. (3) & (4) 

45y. + 276YD = 2334 

Y. = 8.67 ft ADS 

YD = 7.04 ft Ans 
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"'7-92. The cable supports the three loads shown. 
Determine the magnitude of PI if ~ = 300 Ib and 
YB = 8 ft. Also fmd the sag YD' 

, 
-iii 

.l 
Yn 

1 - -- -.-
14 ft 

B ~~-",~,,=-~ 
c 

~ 12 ft - 20 ft 151i - 12ft.., 

AlB 

":'u; = 0; 

+ iU, = 0; -6 8 -300=0 --T.c + r;;;:;;,T... fi36 y208 

T... = 983.31b 

E 

Toc = 854.2 Ib 

AtC 

;5~'~~Tc. 
(. '0 ~ ""." 

.:.~ = 0; 
P, 15 

-20 (854.2) + TCD = 0 
fi36 ~(14-YD)' + 225 

(I) 

+ iu, = 0; 
6 14 - YD ~ P. 0 --(854.2) + ,'CD - I = fi36 ~(l4-YD) + 225 

(2) 

AtD 

":'II; = 0; IS 
12 7: TCD = 0 

~(4+YD)' + 144 DE - ~(l4-YD)' + 225 

+iU, = 0; 4 + Y 14 - YD 7: _ 300 = 0 
r===:,:=D==;,;,;TDE - CD 
~(4+ YD)' + 144 ~(l4-YD)' + 225 

3~225 + (14 - YD)' 

ToD = 27YD - 108 

Substitute into Eq. ( I) : 

YD = 6.44 fl Ans 

TCD = 916.llb 

1\ = 6581b Ans 
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7·93. The cable supports the loading shown. Determine 
the distance XB the force at point B acts from A. Set 
P = 40 lb. 

r---------~~ __ ~p 

7·94. The cable supports the loading shown. Determine 
the magnitude of the horizontal force P so that XB = 6 ft. 

'R 

! -

'iii 
I 

-I _").' ..::8 __ .... p 

8 ft 

+ 
2ft 

.:.. 3 ft -
30lh 

AlB 

AIC 

~I:.f; :::; 0; 

Solving Eqs. (I) & (2) 

6 3 
P - .f6tTA. - ,fi3Toc = 0 

5 8 
.f6tTA. - ,fi3Toc = 0 

63 
5P - r.:;;;Toc = 0 

V73 
(1) 

433 
-(30) + r.;;,Toc - r,;;,TCD = 0 
5 V73 VI3 

8 23_ 
-Toc - r,;;,TcD - 5(30) - 0 
,fi3 V 13 

~T.c = 102 (2) 
,fi3 

63 5P 
Iii = 102 
P = 71.4lb Ans 

AlB 

~E..F; = 0; 

AtC 

+tu, = 0; 

SoIvill8 Eqo. (1) & (2) 
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X. x.-3 
40 - ---r.. - Toc = 0 .; x~ + 25 .;(x. -3)2 + 64 

5 8 
----TAB - Toc = 0 
';x~ + 25 .;(x. -3)2 + 64 

13xo -15 Toc = 200 (I) .;(x. -3)2 + 64 

4 xB -3 3 
-(30) + Toc - r,;;, TCD = 0 
5 ';(xo -3)2 + 64 V 13 

8 Toc - 2...TCD - ~(30) = 0 
';(XB -3)2 + 64 {J3 5 

30 - 2>:. Toc = 102 (2) .;(x. -3)2 + 64 

13x. - 15 200 

30 - 2>:. = 102 
x. = 4.36 ft AD. 

To< 

rD,~' T.,~ 
• 30.14 



7·95. Determine the forces PI and P 2 needed to hold the 
cable in the position shown, i.e., so segment CD remains 
horizontal. Also, find the maximum tension in the cable. 

c D 

Method of Joints: 

Joint B 

FBe ( ~) - f~IB (~)' = 0 
y 17 _.5 

II] 

(1.5) (I) + t L.F, = 0; F. 8 2.5 - FBC v'I7 - 5 = 0 [21 

Solving Eqs. (II and 12/ yields 

Foe = 10.31 kN FA. = 12.5 kN 

Joint C 

.J.L.F, =0; FCD -10.31 (~) =0 FCD = 1O.0kN 

+ t L.F, = 0; 10.31 (~) - PI = 0 PI = 2.50 kN 

JointD 

.J.L.F, =0; FDE ( 4 ) _ 10 = 0 
/22.25 

II] 

+ t L.F, =0; FDE ( ~) -2.5 =0 12] 
" 22.25 

Solving Eqs. II] and [2] yields 

P, = 6.25 kN Ans 

F/lt; = 11.79 kN 

Thu~. the maximum tension in the cable js 

Fm<l)' = F.1B = ]2.5 kN An~ 

453 

y 

5kN 

y 
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FeD 

P 

FW: 1O.0kN 
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*7-96. The cable supports the three loads shown. L 
Determine the sags Y/I and Yo of points Band D and the 
tension in each segment of the cable. 

EqllaliOlt1 0/ /Ui"ilibri"",: From FBO (a). 

-F...,(..; y, )(47)-F...,(..; 12 )<y,+4) 
yj + 144 yj + 144 

+ 200( 12) +500(27) +300(47) = 0 

r ( 47y, ) r (I2(y,+4»)_ [I) CA' ..; + CAl _ 30000 
yi + 144 ..jyj + 144 

From FRO (b). 

(+l:Me =0; -F...,(..; y, )(20)+F...,(..; 12 )(14-Y,) 
yj + 144 yj + 144 

+300(20) =0 

r ( 2Oy, ) r (12(14- Y,»)_ 
C", ..; -CAl -6000 

yj + 144 ";Yi + 144 [2J 

Solving Eqs.[I) and (2) yields 

Y, = 8.792 ft = 8.79 fl F.... = 787.47 Ib = 7871b AN 

M~thod of Joiltts : 

Joint B 

~ IF, = 0; Foecos 14.60" - 787.47cos 36.23° = 0 

Foe = 656.40 Ib = 656 Ib AN 

+ i U, = 0; 787.47sin 36.23° 

- 656.40sin 14.60° - 300 = 0 (Chec/cs!) 

Joinl C 

~rF;=O; F'cD("; IS )-656.4OcOSI4.6O"=0 [3J 
Yb - 28YD + 421 

+iu,=o; 
F'cD (i..jy=:b:=_=1 ::=:;=~=D +=47:

2
:7
1 

) 

+6S6.40sin 14.6O"-SOO=0 [4] 

Solving Eqs. [I J and [2J yields 

YD = 6.099 ft= 6.lOfl F'cD=717.9SIb=7181b AN 

Joinl B 

~ IF, = 0; FDECOS 4O.08°-717.9Scos 27.78° = 0 

FOE = 830.24 Ib = 830 Ib Au 

+ i U, = 0; 830.24sin 40.08° 

-717.9Ssin 27.78° -200 = 0 (Ch."Ic$!) 
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7·97. Determine the maximum uniform loading w, 
measured in Iblft, that the cable can support if it is capable 
of sustaining a maximum tension of 3000 Ib before it will 
break. 

l Atx =0. 

hr ~l r01 )'11. 
Atx =0, y = 0 

~J.lj!.ULJ 

C, = Cl = 0 

Atx=2Sft. y=6ft FH = S2.08 W 

dyl = tan8_. = ~J 
-:;: F.HI ... H t .... -
T_. = ~ = 3000 

cos 9_ .. 

FH = 270S Ib 

W • S1.9 Ib/ft Ana 

7·98. The cable is subjected to a uniform loading of w = 
250 Iblft. Determine the maximum and minimum tension 
in the cable. 

From Example 7 - 14; 

F. woLl 250(SO~ 
H = ""8"h " "8(6) = 1302llb 

" 

8 •• = rarc'(~) = 1In-'(~) = lS.640 
2 FH 2 (13 021) 

FH 13021 
T •• = ---" _. 144kip A ... 

COol 8_. COol lS.64° . 

Tbe minimum lI:n.Sioo occurs II 8 " 0". 

T ••• .. FH .. 13.0 kip Au 
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7·99, The cable AB is subjected to a uniform loading of 
200 N/m. If the weight of the cable is neglected and the 
slope angles at points A and B are 30° and 60°, 
respectively, determine the curve that defines the cable 
shape and the maximum tension developed in the cable. 

v~ 
y /1 

,// 
./ 

.. A A , 
"" ,. x 

r 11 1 
I 15 m 1

200N/m 

y = -kId 2OOdx) dx 

1 , 
y = F,"(100x + elx + e,) 

H 

Alx = 0, y = 0; e, = 0 

Alx = 0, 
dy 
~ = tan300; 

I 
Y = ~(IOOx' + FHtan300x) 

Alx = IS m. ~ = tan60°' dx • 

y = (38.sx' + S77x) ( 10-') m Ans 

7;. .. = ~ = 2598 = 5196N 
cos 9MU cos roo 

7;. .. = 5.20 leN Ans 
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·7·100. The cable supports a girder which weighs 850 Iblft, 
Determine the tension m the cable at points A, B, and C. 

dy 850 C, 
- = -x+-
dz FH F" 

AI.r =0, ~ = 0 
dz 

C, = 0 

AI.r =0, y = 0 C, = 0 

425 , 
y= -.r 

FH 

Aly=20ft, .r=.r' 

425(.r') , 
20=--

FH 

Aly =4Oft, .r =(I00-.r') 

40 = _425_(1-::00_-_x_,)' 
FH 

2(.r')' = (x,)' - 200x' + 100' 

(x')' + 2OOx' - 100' = 0 

-200 +{1JX)2 + 4(100)' 4 2 x' z = 1.4 ft 
2 

F" = 36 459 Ib 

AlA, 

dy = 2( 425)X/ = 1.366 
;t;: = tanB. FH ,. _"." ft 

r. = ...!JL = ~ = 61 714 Ib 
cosB. cos53.79° 

r. = 61.7 kip A .. 

AtB, 

To = Fit = 36.Hip ADS 

Ate, 

dy 2(425)XI ;t;: = tanBe = -- = 0.9657 
& ... • .. 1.<'2ft 

7C = --.5L = ~ = 506831b cos Be cos44.0o 

7C = 50.7 kip A .. 
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7-10L The cable is subjected to the triangular loading. If 
the slope of the cable at point 0 is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape 0 B. and the maximum tension developed in the cable. y = f. f (f w(x)d<)d< 

H 

1ff5oo = - ( -xd<)d< FH 15 

If 50 = - (-x' + C,)d< FH 3 

Atx =0, .2 = 0 
d< C, = 0 

Atx =0, y = 0 C, = 0 

Atx=ISlt, y=8lt FH = 23441b 

y = 2.37( IO-')x' Ans 

~I ... = laD8 ... = ~x'i 
3(2344) ._ " • 

FH 2344 
T ... = ro;e = -57 <>nO = 4422 Ib ... cos .77 

T... = ..... 2 Idp Ana 
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7·101. The cable is subjected to the parabolic loading 
w = 150(1 - (x/50)2) Ib/ft. where x is in ft. Determine 
the equation y = [(x) which defines the cable shape AB 
and the maximum tension in the cable. 

100ft 
y "/ 

-.:!'if!" r B 

1r- 2~rr1 
lJUllllll 

1 XO 

Y = -(75x2 
- - + C,x + C2 ) 

FH 200 

dy _ ISO.< _ _ I_x, + .s 
;t; - FH 50FH FH 

Atx =0, ~ = 0 C, = 0 
d.t 

Atx=O, y=O 

1 2 ... 
Y = -(75x --) 

FH 200 

Atx =5Oft, Y = 20ft 

x2 Xl 
Y = -(75 - -) ft 

7813 200 

FH = 78131b 

ADS 

~ = -(150.: - -) = lan8 ... I 4x' I 
d.t 7813 200 ,_'0. 

8.~ = 32.62° 

FH _ ~ = 9275.9Ib T..u = cos6",_ - cos32.620 

T.. .. = 9.28ldp A ... 
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'·103. The cable will break when the maximum tension 
reachs T max = lOkN. Determine the sag h if it supports 
the uniform distributed load of w = 600 N/m. 

600N/m 

80."4.,, CoMllio". : 

y = 0 II JC = O. then from Sq.[I] 

'!!. = 0 au = O. Ihen from Sq.(2) 
dx 

Thus. 
Wo Z 

y=-JC 
2FH 

dy Wo ---x 
dx FH 

y = It IlJC = 12.5 m. then from Sq.(3) 

C, .. 0 

78.125 
FH=-It- WO 

[I] 

(2) 

(3) 

[4] 

6 .. 6 ••• IlJC" 12.S m and the maximum rcnsion occurs when 6 .. 6 .... From Eq.(4) 

dyl Wo 1an6 ... = - = n:m-JC = 0.01281t(l2.S) "0.16OIt 
dx ._IZ.'. -.-wo 

Thus. 

The maximum tension in the cable is 

T. =~ 
.as c:osBau. 

71.115 (0.6) 
1O=~ 

Jo.oz".'. I 

1t.7.(19 m Ana 

460 



*7·104. Determine the maximum tension developed In 

the cable if it is subjected to a uniform load of 600 N/.n. 

r--'-~'--~- 100 m ----~ 

Tit, Equatioll of Tit, Cable: 

I (Wo 2 ) = - -x +C,x+C2 Fit 2 

dy I 
-=-(wox+C,) 
d.x Fit 

Boundary CondiliOll, : 

y = 0 aI x = O. then from Eq.ell C2 =0 

dy 
;;; = tan 10" alx = O. then from Eq.e21 I 

tan 10" = -( C,) 
FH 

Thus. 

y = 20 m alx = 100 m, then from Eq.(3) 

20 '" 600 ( 1(0
2

) + tan 10"( 1(0) FH ", 1267265.47 N 2Fit 

and 2= WOX+WI 10" 
d.x Fit 

600 
= I 267 265.47x + WI 10" 

= 0.4735 ( 10-') x + tan 10" 

6", 6 ... alI'" 100 m and the maximum tension occurs when 6 = 6 .... 

tan6 ... '" 21 =0.473S( 10-') (100) + tan 10' dx ... -100 .. 

6 ... = 12.61° 

The maximum tension in the cable is 

Fit I 267 265.47 
T ... '" --8- = 2 0 = I 298579.00 N = 1.30 MN Au cos... COS 1 .61 
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• 7-10S. A cable has a weight of 5 lb/ft. If it can span 300 
ft and has a sag of 15 ft, determine the length of the cable. 
The ends of the cable are supported at the same elevation. 

7-106_ Show that the deflection curve of the cable 
discussed in Example 7-15 reduces to Eq. (4) in Example 
7-14 when the hyperbolic cosine junction is expanded in 
terms of a series and only the first two terms are retained. 
(The answer indicates that the catenary may be replaced 
by a parabola in the analysis of problems in which the sag 
is small. In this case, the cable weight is assumed to be 
uniformly distributed along the horizontal.) 
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Wo = 51b/ft 

From Example 7 - 15, 

FH Wo 
y = -[ cosh (-x) - I) 

Wo FH 

Atx = 150 ft, y = 15 ft 

--=cosh-- _I 15wo (15Owo ) 
FH FH 

FH = 37621b 

s = 151.0 ft 

L = 2s = 302 ft Ans 

Cosb".I+~+ ... 
2! 

Substituting into 

Usia, Eq. (3) in Example 7 -14, 

We Jet QED 



7·107. A uniform cord is suspended between two points 
having the same elevation. Determine the sag-to-span 
ratio so that the maximum tension in the cord equals the 
cord's total weight. 

Prom Example 7 - U. 

i 
FII":_L(Wo ) ,. -aIIIII-Z 
Wo FII 

wbeDz-~. ,-It 
2 

~ .0.141 A_ 
L 

1---------------------------- --- --- ----------- - ------ -----

.*7·108. A cable has a weight of 2 lb/ft. If it can span 
100ft and has a sag of 12 ft, determine the length of the 
cable. The ends of the cable are supported from the same 
elevation. 
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From Eq_ (.5) of Example 7 - 1.5 : 

h=- cosh - -1 FH [ ("'0 L) ] 
"'0 2FR 

FH = 212.2lb 

From Eq. (3) of Example 7 - 1.5 : 

$ = -sinh -z FH . ("'0 ) 
"'0 FR 

!. '" !!!:! sinh (~) 
2 2 212.2 

I .. 104ft A_ 



7·109. The transmission cable having a weight of 20 Ib/ft 
is strung across the nver as shown. Determine the 
required force that must be applied to the cable at its 
points of attachment to the towers at B and C. 

c 
~\rZ-: --~ ... ~ 

10 ft 

G>< t 
~ 

i 1\ ~ 
2B ! 

'-- I ~ I 

I- - 50 ft --- ---75 ft - -~-' 

w = 20 Ib/tt 

From Example 7 - 15. 

AlB: 

Solving. 

FH = 25321b 

'!!. = Sinh(~),t = Sinh(2O(50» = 040529 
d.t FH 2532' 

(J = tan -, (0.40529) = 22.06° 

2532 
(T,,~). = ~ = 27321b = 2.73 kip Ans 

AIC: 

dy . w. 20(75) 
;t;: = sinh( FH),t = sinh( 2532 ) = 0.6277 

(J = tan-'(0.6277) = 32.12° 

(T".)c = 2532/00132.12° = 2989 Ib = 2.99 kip Ans 
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7·110. The cable weighs 6 Ib/ft and is 150 ft in length. 
Determine the sag h so that the cable spans 100 ft. Find 
the minimum tension in the cable. 

Performing the inlCgralion yields 

From Eq. 7 - 14 

Bou"dary COllditiolls: 

~ = 0.1.1" O. From Eq.[2] 
dx 

Then. Eq.[2] becomes 

s = 0 Itx = 0 and use the relwt C. '" O. From Eq.[l] 

Reamnging Eq.[l]. we have 

s= -sinh -x FH (6) 
6 Fit 

Substituting Eq.[4] into [3] yields 

- =sIDh -x dy . (6 ) 
dx Fit 

Perfonning the inIepalion 

FH (6) ,a-cosh -x +C, 
. 6 FH 

c ... 0 

I'H F. ,:a Oau -0.FromEq.(5) 0-7C01h O+C,. thus. C, __ : 

Tbm, Eq.[5} bec:omca 

s .. 75ftalx=50fl FromEq.(4) 

~I -------IOOft------~1 

~____..li_~ 

[I] 

[2] 

[31 

[41 

[51 

(6) 

The maximum tension occurs at B .. B.i • .. 0°. Thus. 

By tria1 and error 

F. . [6 ] 75·..!!sinh -(50) 
6 FH 

Fit = 184.9419lb 
Fit 184.9419 

Tool. - - .. - .. 1851b 
COIB... cos 00 Ans 

y = h atx'" 50 fl From Eq. (6) 

h-_ -(50) -1 -503ft 184. 9419 {com( 6 ]} 
6 184.9419 . Au 
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7·111. A telephone line (cable) stretches between two 
points which are 150 ft apart and at the same elevation. 
The line sags 5 ft and the cable has a weight of 0.3 lb/ft. 
Determine the length of the cable and the maximum 
tension in the cable. 

A 

w = 0.31b/ft 

From Example7-IS. 

FH W 
S = -sioh(-x) 

W FH 

FH W 
Y = -[cosh(-x) - I] 

w FH 

At x = 7S ft, y = S ft, w = 0.3 Ib/ft 

FH = 169.01b 

~I = tane~u = Sioh(~X)1 
111111: PH ".75 It 

e -I 7S(0.3) ... = tan [Sioh(~)] = 7.6060 

r.. .. =~=~=170Ib 
cos8111IU cos 7.6060 Ana 

s = ~sioh[~(7S)] = 7S.22 
0.3 169.0 

L = 2s = ISO ft Ans 
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.*7-112. The cable has a mass of 05 kglm and is 25 m 
long. Determine the vertical and horizontal components of 
force it exerts on the top of the tower. 

A 

B 

Performing !be integration yields : 

x = ..!"!!-{SInh-l[~(4.905S+ ctl ]+ c,} [I) 
4.905 FH 

FromEq.7-13 

~=~Jw.d.r 
dx FH 

!!!. =.!.( 4.905s+ C l ) 

dx FH 

At s=O; ~ = tan30°. 
dx 

~ = 4.905s + tanW 
dx FH 

[2) 

,\1A 
8 1m-

I· 

Applying boundary coodItioos ot x = 0; • = 0 to Eq.[l) aDd using !be result 

cl = FH tan30° yields C, = _slnh-l (tan300
). Hence 

AI x = 15 m; s = 15 m. From Eq.(3) 

15 =..!"!!- {Slnh-l[~ (4.905(15) + FH tan300>]- SInh-
l
(tan3OO)} 

4.905 FH 

By ttiaiaDd error 

At poIntA. s = 25 m From Eq.(2) 

tan8 -~I = 4.905(25) +tanW 
• - dx ._25. 73.94 

8. = 65.90" 

AnI 

(1;,). -1;, = 73.9 N 

467 

, ' 

)0' ,1 
IS,., I 



'-7-113. A 50-ft cable is suspended between two points 
a distance of 15 ft apart and at the same elevation. If the 
minimum tension in the cable is 200 Ib, determine the 
total weight of the cable and the maximum tension 
developed in the cable. 

T ••• • FH .200lb 

From Example 7 - I' : 

~ 'Z 200 sinh (~ (~)) 
2 Wo 2002 

Solving. 

Wo = 79.9 !blft 

Tola! weight = Wo I = 79.9 (SO) • 4.00 tip Au 

~1.. a l1li B •• "'0 S a_ 
FH 
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7·114. The man picks up the 52-ft chain and holds it just 
high enough so it is completely off the ground. The chain 
has points of attachment A and B that are 50 ft apart. If the 
chain has a weight of 3 Ib/ft, and the man weighs 150 lb. 
determine the force he exerts on the ground. Also. how high 
h must he lift the chain? Hint. The slopes at A and Bare 
zero. 

Def/.etioll Cune of Tile Cabl.: 

Perfonning the ina:gralion yields 

From Eq. 7 -14 

~ = 0 all = O. From Eq. [2] 
dx 

Then. Eq.[2) becomes 
dy 3s 
--Wl8=
dx FH 

s = 0 atx = 0 and use the result C, = O. From Eq.[I) 

FH{' .,[1 ]} x"'T sinh 1';(0+0) +C2 

Reamnging Eq.[ll. we have 

s .. -sinh -x FH (3) 
3 Fj, 

Substituting Eq.[4) into (3) yields 

--slOh -x dy . (3 ) 
dx FH 

Performing the ina:gralion 

[1) 

[21 

[3] 

C2 =0 

[4] 

[5] 

A~' 
~25ft' 1 25ft I 

Then, Eq.[5] becomes 

[6] 

s = 26 ftatx = 25 fL From Eq.[4) 

26= -sinh -(25) FH . [3 ] 
3 Fj, 

By triaJ and error FH = 154.003 Ib 

y = II IlX" 25 fL From Eq.[6] 

11=-- cosh --(25) -I =6.2Ift 154.003 { [3 ]} 
3 154.003 

Ans 

From Eq.[31 

~I = Wl9 = 3(26) = 0.5065 8 = 26.86· 
dx ._161. 154.003 

The venical force I\r tbat each chain exerts on Ihe man is 

Fv = FHWI 9 = 154.003W126.86· = 78.00 Ib 

EqlUltiDlI of Equilibrium: By considering the equilibrium of Ihe man. 

+Tu,=o; N .. -150-2(78.00)=0 N .. =306Ib Ans 
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7·115. The halloon is held in place using a 400-ft cord that 
weighs 0.8 Iblft and makes a 60° angle with the horizontal. 
If the tension in the cord at point A is ISO Ib, determine the 
length of the cord, I, that is lying on the ground and the 
height h. Hint: Estahlish the coordinate system at B as 
shown. 

Perfonning the integration yields 

l'= FH {sinh
o

,[":'(0.Ss+C,)]+c2 } 
0.8 FH 

From Eq. 7 -14 

Boundary Conditions: 

~ = ° alS = 0. From Eq.[2] 
dx 

Then, Eq.[2] becomes 

1 
0= -(O+C,l 

FH 
C, =0 

s = ° atl' = ° and usc the result C, = 0. From Eq.[l) 

ReaJ\1lIlging Eq.[I], we have 

s=-sinh -x FH . (0.8) 
0.8 FH 

Substituting Eq.(4) into [3] yields 

~ = sinh(0.8 x) 
d.r FH 

Perfonning the integration 

FH (0.8 ) y = -cosh -x +C3 0.8 FH 

y = ° a1x = 0. From Eq.[5] ° = :~ cosh 0+ C3• thus. C
3 
= _ FH 

Then. Eq.[5] becomes' 0.8 

FH[ (0.8) ] Y=o:g cosh FH x - I 

[I] 

[2] 

(3) 

(4) 

[5] 

[6) 

The tension developed at the end of Ihe cord is T= 150 Ib and 8 .. 60". Thus 
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T=~ 
cos 8 

From Eq.[3] 

150=~ 
cos 60" FH = 75.0 Ib 

~=tan6O"=~ 
d.r 75 s'" 162.38 It 

Thus. 1= 400-162.38 = 238 ft 

SubstilUling s = 162.38 fl into Eq. (4). 
Ans 

162.38 .. -sinh -x 75 (0.8) 
0.8 75 

x = 123.46 ft 

y -/lIax" 123.46 fl From Eq.[6] 

75.0[ [ 0.8 ] ] It= o:s cosh 75:0(123.46) -I = 93.75(1 



·7.n,. A l00-lb cable is attached between two points 
at a distance 50 ft apart having equal elevations. If the 
maximum tension developed in the cable is 75 Ib, 
<:Ietermine the length of the cable and the sag. 

PIOIII Bumple 7 -IS. 

FH 
T... ,. --- .. 7SIb 

cos 8 •• 

cos 8 •• ,. !'!! 
7S 

I 
For 2 of cable, 

100 

wo,.-L=~ , , 

Thus • 

.Jns'jZ - Fj • SO; FR" SS.9lb 

, ,. FR IiDb (Wo z) ,. SS.9 iah {( SO ) (SO)'! 
WO FR (~) S ;m:;) T r 

'=27.8ft 

SO 
wo .. ffi ,. I. 80 lb/tt 

Tollllleallh '"' 2, ,. ".6 ft Au 

It ,. FR [COSb (~) -1],. ~[COIII (1.80 (SO») _ ] 
WO 2 F. 1.80 2 (",9) 1 

• 10.6ft A_ 
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7· 117. Determine the distance a between the suppor.t5 
in terms of the beam's length L so that the moment In 

the symmetric beam is zero at the beam's center. 

Support .-III:tiolts:. From FBD (a), 

Fru body Diagram: The FBD (or SCementAC sectioned through point 
C is drawn. 

Iltler"a/ Fore.s : This problem requires Me = O. Summing momenlS 
about point C[ FBD (b) 1. we have 

(+l:Me =0; ~a(i)+~(L-a>[~(:za+L)] 

-~(L+a)G)=o 
:za2 + 2aL_L2 = 0 

a = 0.366L Ans 

7·118. Draw the shear and moment diagrams for the beam. 

8 kiplft 8 kiplft 

~ 
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,.11'. Draw the shear and moment diagrams for the 
beam ABC. 

S apport R.lICtiolfs : The 6 kN load can be replacde by an equivalent force 
and couple moment at B as shown on FBD (a). 

,+IM. =0; 
+iIF, =0; 

FCDsin 45·(6) -6(3) -9.00 = 0 FCD = 6.364 kN 

A, + 6.364sin 45· - 6 = 0 A, = 1.50 kN 

SlIeorlUld Mom."t F"lfctiolfs: For 0 Sz < 3 m [FBD (b)]. 

+iIF, =0; 1.50-V=0 V= l.SOkN 

(+IM= 0; M-1.5Or = 0 M= (1.5Or) kN· m Ana 

For 3 m<,rS6 m [FBD(c)]. 

+iIF, =0; V+6.364sin'45=0 V=-4.50kN 

{+IM=O; 6.364sin 45'(6-z) -M = 0 
M={27.0-4.5Or) kN·m 

1.)0 >-----. 

Ans 

Ans 

3 ~ )«(11'>1) 

"---- -4.S 

7·120. Draw the shear and moment diagrams for the beam. 

U!! I II) I I I U! I I II I! I I Ib"Nm 
1 

2kN/m 

f-------5m 1B 
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ABC 45° 
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I 

I , 

I~ r 

I I J ~ 3 m -----i-1.5 m-1-1 5 m 

6kN 

,.,., V 

N~. 6-x. 



7-121. Determine the normal t()rce, shear force, and mo
ment at point'. Hand C of the beam. 

7 . ., kN 

Free body Diagram: The .support reaction ... nL~d not be (.~omputcd for 

this Ca~c. 

Internal Forces: Applying the equations of equilibrium to segment 
DC IcBD (aH, we have 

"':'1:F, =0; Ne =0 Ans 

+ t 1: F) = 0; Ve - 3.00 - 6 = 0 Ve = Y.OO kN Ans 

..( +1:Me = 0; -Me - 3.00(1.5) - 6(3) - 40 = 0 

Me = -62.5 kN·m Ans 

Applying the equations of equilibdum to segment DB lFBD lb)], 
we have 

Ny =0 Ans 

+ t 1:1'", =(); 1'8 -10.0-7.5-4.00-6=0 

VB = 27.5 kN Ans 

..( +1:MB = 0; -My - 10.0(2.5) -7.5(5) 

-4.(017) - 6(9) - 40 = 0 

My = -184.5 kN·m Ans 

(a) 

2(5) = 10.0 kN 7.5 kN 

(h) 
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7·122. A chain is suspended between points at the same 
elevation and spaced a distance of 60 ft apart. If it has a 
weight of 0.5 lb/ft and the sag is 3 ft, determine the 
maximum tension in the chain. 

Perfmming the integration yields: 

!'rom Sq. 7-13 

~~.;. J wods 
dJC FH 

~ a ';'(o.SI+ C, ) 
dJC FH 

At 1=0; ~aO beacc C,aO 
dJC 

[IJ 

Applying boundary conditions at x - 0; ,- 0 to Eq.(l) and u.ing the relult C1 m 0 

yields C, - 0. H .. ce 

FH m{05) ,--Ii -x 
O.S FH 

[3J 

Substituting Sq.[3J into [2J yields : 

t -'inh(O~X) [4J 

PcrfcnniDg tile iDleption 

FH (O.S) y __ coth -x +c, 
O.S FH 

o Id C, = _!it.. . Therefore Applying boundary conditions at x ... 0; y - yie I 0.5 

FH[ (05)] y_- cotb -x -I 
O.S FH 

At x-30ft; y-Ht 3-- coth -(30) -I FH[ (o.S ) ] 
O.S FH 

By bial and error FH -7S.25 Ib 

Atx = 30 ft; B - B.a' !'rom Sq.[4J 

dyl (0.S(30») tIDe ""' - -- sinh --
III'" dx;r .. 30 n 75.25 

6 •• " 11.:w6-

T. _~_~_76.7Ib. 
•• Cf>SB.. co. 1 1.346· 

7·l23. Draw the shear and moment diagrams for the beam. 

2 kN/rn 
.tiS) .. J 

cj-:,Rl"· J;lllill ~ 
~5m-+-5m~ 

.z.s~'" 7""N 
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8-1. The mine car and its contents have a total mass of 
6 Mg and a center of gravity at C. If the coefficient of 
static friction between the wheels and the tracks is ILs = 
0.4 when the wheels are locked, find the normal force 
acting on the front wheels at R and the rear wheels at A 
when (a) only the brakes at A are locked, and (b) the 
brakes at both A and B are locked. Tn either case, does 
the car move') 

Equal/ol" 0/ Equilibrium: The normal reactions actin, on 1be wheels al 
(A and 8 ) are independent as to whether the wheels arc locked or nol Hence. 

The normal reactions acting on the whoels are the same (or both cases. 

N. (1.5) + IO( 1.05) - 58.86(0.6) = 0 

N • ., 16.544 kN = 16.S kN 

+ t 1:F, = 0; Ns + 16.544- 58.86"" 0 

Ana 

Ns '" 42.316 kN" 42.3 kN Ana 

Friction: When the wheels alA are locIced. (,0;. ) ... "" JJ,N. "0.4(16.544) 

,,6.6176 kN. Since (I',; ) ... < 10 kN. the wheels atA will slip and the wheels 

al8 will roll Thus. the mine car moves. Ans 

When both wheels alA and B are locked. then (,0;. ) ... "JJ,N. ,,0.4(16.544) 

,,6.6176 kN and (F, ) .... = JJ,N, ,,0.4(42.316) " 16.9264 kN. Since 

(,0;.) .... +(1),) .... = 23.544kN > IOkN. thewheetsdonotslip. Thus. 

Ihe mine car does nol move. Ana 

8-2. If the horizontal force P = 80 lb. determine the 
normal and frictional forces acting on the JOO-Ib crate. 
Take IL, = O.J. ILk = 0.2. 

IO'~~:I'I •• 

6000(98/):5886 kJI 

Assume no slipping; 

/+.I.f,; ~ 0; 80cos20° - 3OOsio2O"l' + Fe = 0 

Fe = 27.431b 

+'v; ::: 0; Ne - 3OOcos200 - 80sin20° ::: 0 

Ne = 309.26 Ib 

m 

(Fc).~ = ,".Ne; (Fcl.c = 0.3(309.26) = 92.81b > 27.431b (O.K!) 
-- - _______ 1 __ _ 

Fe = 27.4 Ib A ... 

Nr = 309 Ib Ans 
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8·3. The uniform pole has a weight of 30 Ib and a length 
of 26 ft. If it is placed against the smooth wall and on the 
rough floor in the position d = 10 ft, will it remain in this 
position when it is released? The coefficient of static 
friction is J.L .. = 0.3. 

(+tM.. .. 0; 30 (S) - N. (24) " 0 

N. = 6.2S Ib 

.:. tF, '" 0; 6.2S - FA .. 0 

F.. .. 6.2S Ib 

+itF,-O; NA -30.0 

(FA l .... 0.3 (30) .. 91b > 6.2S Ib 

Y _, !be pole will remain StaDoaary. Ana 

--------- -----------

*8·4. The uniform pole has a weight of 30 Ib and a length 
of 26 ft. Determine the maximum distance d it can be 
placed from the smooth wall and not slip. The coefficient 
of static friction between the floor and the pole is J.Ls = 0.3. 

+ itF, .. 0; NA -30 .. 0 

NA = 30Ib 

FA .. (FA)." .0.3(30)=9Ib 

.:. tF, .. 0; N.- 9.0 

N. " 91b 

EtM.. .. 0; 30 (13 cos 8) - 9 (26 siD 8) .. 0 

9 .. 59.04· 

d '" 26 cos 59.04· .. 13.41't A .. 

B 

- - - -------------------------- ------- ------- - -----

FA 
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8·5. The uniform 20-lb ladder rests on the rough floor for 
which the coefficient of static friction is J.l, = 0.8 and against 
the smooth wall at B. Determine the horizontal force P the 
man must exert on the ladder in order to cause it to move. 

{:IM.. • 0: 20 (3) - P (4) • 0 

P • 1'111 

Thus 

(FAl ... • 0:8 (20) • 161b > 15111 OK 

LIdder lips u assumed. 

8·6. The uniform 20-lb ladder rests on the rough floor for 
which the coefficient of static friction is J.l. = 0.4 and against 
the smooth wall at B. Determine the horizontal force P the 
man must exert on the ladder in order to cause it to move. 

~ • 0.4 (20) • 81b 

B 

.. _------ -------_ ... _--------

8ft 

1------- 6ft---~ 
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8-7. An axial force of T = 800 lb is applied to the bar. 
If the coefficient of static friction at the jaws C and D 
is Ii, = 0.5, detennine the smallest normal force that the 
screw at A must exert on the smooth surface of the links 
at Band C in order to hold the bar stationary. The links 
are pin-connected at F and G. 

Requir< Fe = I', Ne 

4oo = 0.5 Nc 

Nc = 8oo Ib Ans 

...( +1:.11, = 0; -Boo(3) - 4oo(2) - (N. sin 30")(2) 

+ (N.cos30")(S) =0 

Ny = 961 Ib Ans 

*8-8. The winch on the truck is used to hoist the garbage 
bin onto the bed of the truck. If the loaded bin has a weight 
of 8500 Ib and center of gravity at G, determine the force 
in the cable needed to begin the lift. The coefficients of 
static friction at A and Bare Jl.A = 0.3 and Jl.B = 0.2, 
respectively. Neglect the height of the support at A . 

...( +1:.11. = 0; 85oo(l2) - NA (22) = 0 

N" = 4636.364 Ib 

- O.2NR cos3(f - N. sin 30° - 0.3(4636.364) = 0 

1"(0.86603) - 0.67321 N. = 1390.91 

+ t 1: F, = 0; 4636.364 - 8500 + T sin 300 + N. cos 30° 

- 0.2N. sin 30' = 0 

TlO.5) + 0.766025 NR = 3863.636 

Solving; 

T = 3666.5 Ib = 3.67 kip Ans 

N R = 2650.5 Ib 

T 

Loolb 
-==~ 

t 4001b 

NV 

ROO Ih 

0.3 N., 
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8-9. The 15-ft ladder has a uniform weight of 80 lb and 
rests against the smooth wall at B. If the coefficient of 
static friction at A is J1.A = 0.4, determine if the ladder 
will slip. Take e = 600. • 

+IM. = 0; N.(1Ssln60") - 80(7.5) COl 60" = 0 

N. = 23.094 Ib 

+ 
-+EI',; =0; 1';. = 23.0941b 

(1';.) .... = 0.4(80) = 32lb > 23.094Ib 

The ladder will not slip. Ana 

8-10. The block brake is used to stop the wheel from 
rotating when the wheel is subjected to a couple moment 
Mo. If the coefficient of static friction between the wheel 
and the block is J1.." determine the smallest force P that 
should be applied. 

EIMc .0; 

t..rMo .. 0; 

Pa - Nb + /J. Ne a 0 

Pa 
N"~ 

(b - /J.e) 

/J. Nr - Mo .. 0 

/J.p( __ a_)r = Mo 
b - /J. e 

p,. Mo (b - /J. c) 
/J. ra ADS 

p 
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8·11. Show that the brake in Prob. 8-10 is self locking, 
i.e., P:5 0, provided hle:5 IL .•. 

See solution to Prob. 8 - 10. Require P :S O. Then 

b :S Il. e 

b 
Il, ~ - Au 

e 

------_._---------

*8·12. Solve Prob. 8-10 if the couple moment Mo is 
applied counterclockwise. 

(+IMc .. 0; Pa - Nb - JJ. Ne = 0 

N=~ 
(b + JJ.e) 

t::+IMo '" 0; Il, N, - Mo " 0 

P • ~ (b + JJ. e) 
JJ. Fa 

p 

/---------- a --------- -----: 

p 
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8-13. The block brake consists of a pin-connected lever 
and friction block at B. The coefficient of static friction 
between the wheel and the lever is f.1.s = 0.3, and a torque 
of S N . m is applied to the wheel. Determine if the brake 
can hold the wheel stationary when the force applied to 
the lever is (a) P = 30 N, (b) P = 70 N. 

To hold lever: 

p 

----1---- 400 mm ---..., 

~ +1Mo = 0; Fj,(0.15) - 5 = 0; Fj, = 33.333 N ~
t ~S/J._ 

°1 

Require /).I~'" I-IJ 

Ne 
33.333 N 

NB = ~ = 111.1 N 

Lever; 

~ +1MA = 0; P"; • ..,.(0.6) - 111.1(0.2) - 33.333(0.05) = 0 

P.. • ..,. = 39.8 N 

a) P = 30 N < 39.8 N 

b) P = 70 N > 39.8 N 

8-14. Solve Prob. 8~f the S-N' m torque is applied 
counter-clockwise. 

p 

50 

-1------ 400 mm ---..., 

To hold lever: 

~ +lMo = 0; -11(0.15) + 5 z 0; 

Require 

N. = 33.333 N = 111.1 N 
0.3 

Lever, 

F;, = 33.333 N 

~ +lMA = 0; P .... (0.6) - 111.1(0.2) + 33.333(0.05) = 0 

A-", A.J 
p ...... = 34.26 N 

a) P=30N<34.26N No ADS 

b) P = 70 N > 34.26 N Yes ADS 
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8-15. The tractor has a weight of -\:'i00 Ib with center of 
gravity at G. The driving traction is developed at the rear 
\\heels B. \\hik the front wheels at A are free to roll. If 
the coefficient of static friction bdween the wheels at B 

and the ground IS p., = OJ. determine if it is possible to 
pull at P = 1200lb without causing the wheels at B to 
slip or the front wheels at A to lift off the ground. 

Slipping: 

~I.F; = 0; 

-4500(4) - p(1.2S) + N.(6.5) = 0 

P = 0.5N. 

P = 1531.91b 

N. = 3063.8 Ib 

TIpping (N. = 0) 

--411---_ 
2.5 ft 

- p( 1.2.5) + 4500(2.5) = 0 

P = 9000 Ib 

SInce Il..(d = 1200 Ib < 1531.91b 

It is possible to puD the load wl1hout slipping or tipping. 

*8-16. The car has a mass of 1.6 \fIg and center of mass 
at G. If the coefficient of static friction between the 
shoulder of the road and the tires is p., = 0.'1. determine 
the greatest slope e the shoulder can have without causing 
the car to slip or tip over if the car travels along the 
shoulder at constant velocity. 

TIpping: 

'+l:M. = 0; - W cos8(2.5) + W sin8(2.5) = 0 

tan8 = I 
-~~~~. ---~. _ .. 

Slipping: 

r.F; = 0; 0.4N .. W sin8 = 0 

I:.F, = 0; N .. Wcos8 = 0 

tan8 = 0.4 

8 = 21.80 
Ans (car Slips) 
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8·17. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is 11-.• = 0.6. 
If a = 2 ft and b = 3 ft, determine the smallest magnitude 
of the force P that will cause impending motion of the 
drum. 

Auume dial !he drum tips : 

x .. 1 ft 

~IMo .. 0; 100 (I) + P G)(2) - P G)(3) .. 0 

Po. 83.31b 

F .. 66.71b 

+tIF, .. O; N-lOO-83.3G),,0 

No. lSOIb 

F.. - 0.6 (ISO) " 90 lb > 66.7 OK 

Drum lips as assumed. 

Po. 83.31b AM 

8·18. The drum has a weight of 100 Ib and rests on the 
floor for which the coefficient of static friction is I1-s = 0.5. 
If a = 3 ft and b = 4 ft, determine the smallest magnitude 
of the force P that will cause impending motion of the 
drum. 

F .. O.SN 

+ t IF, - 0; - P (~) - 100 + N .. 0 

P .. 100 Ib 

N .. 160lb 

x-l.44Ct< l.SCt OK 

Drum slips II _umed. 

P - lOOlb Au 
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8·19. The coefficient of static friction between the shoes 
at A and B of the tongs and the pallet is J.l.~ = 0.5, and 
between the pallet and the floor J.l.s = 0.4. If a horizontal 
towing force of P = 300 N is applied to the tongs, 
determine the largest mass that can be towed. 

20mm 

30mm 

Chain: 

+tIF, = 0; 

Tongs: 

~ +I:Mc =0; 

F = /lH; 

Crate: 

*8·20. The pipe is hoisted using the tongs. If the 
coefficient of static friction at A and B is J.l.s, determine 
the smallest dimension b so that any pipe of inner 
diameter d can be lifted. 

":'u; = 0; 

F = IlN; 

Require: 

w 
Fj, = "2 S Il.N, 

Thus, 

2T s1n6O" -300 - 0 
~¥ .. 

300N 
T = 173.2 N 

-173.2 cos6O"(75) - 173.2 8in6O"(50) + N. (75) - F,. (20) = 0 

F,. = 107.7 N 

F = 2( 107.7) = 215.3 N 

F = 0.4N 

N = 538.3 N 

W = 538.3 N 

m = 538.3 ~ 54.9 kg 
9.81 

Ans 

b=.!!..+~ Ans 
Il. 2 
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8-21. Determine the maximum weiaht W the man can 
['f . h '" (a) I t WIt constant velocity using the pulley system, without 
and then wIth the "leading block" or pulley at A. The man 
has a weIght of 200 lb and the coefficient of static friction 
between his feet and the ground is /-Ls = 0.6. 

+iLO; = 0; 

+ 
->J:F; = 0; 

(b) 

+ iLO; = 0; 

~J:F; = 0; 

(a) (b) 

8-22. The uniform dresser has a weight of 90 lb and rests 
on a tile floor for which /-L, = 0.25. If the man pushes on 
it in the horizontal direction e = 0°, determine the 
smallest magnitude of force F needed to move the 
dresser. Also~if the man has a weight of 150 lb, determine 
the smallest coefficient of static friction between his shoes 
and the floor so that he does not slip. 

Dresser : ~O~ F-+CJ 
r 0.15N. 
~. ND = 90 Ib 

~:u; = 0; F- 0.25(90) = 0 

F = 22.5 lb Ans 

Man: 

N. = 150lb 
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w 
3" si045° + N - 200 = 0 

w = 3181b Ans 

N = 200lb 

0.6(200) = .! 
3 

W =360 Ib Ans 



8-23. The uniform dresser has a weight of 90 Ib and rests 

on a tile tloor for which iJ., = 0.25. If th<: man rushes on 
it in the direction e = 30". determine the smallest 
magnitude of force F needed to move the dresser. Also. 
if the man has a weight of 150 lb. determine the smallest 
coefficient of static friction between his shoes and the 
tloor so that he does not slip. 

= '= 
= = 
=: .. = . c::j. 

Dresser : 

+ t};F, = 0; N - 90 - F sinW = 0 

.:.u:; = 0; F cos30· - 0.25 N = 0 

N = 105.1 Jb 

F = 30.363 Jb = 30.4 1b Ans 

Man: 

Nm - ISO + 30.363sin30· = 0 

~u: = 0; F". - 30.363cos30· = 0 

Nm = 134.82Ib 

Fm = 26.295 Jb 

= Fm = 26.295 = 0.195 
IJm N

m 
134.82 

Ani 

~ 
~~.2S~ 

~ 

'~~ 
!dl~'O' 
--r-~'" 

10"" 

*8-24. The 5-kg cylinder is suspended from two equal
length cords. The end of each cord is attached to a ring of 
negligible mass, which passes along a horizontal shafLlf the 
coefficient of static friction between each ring and the shaft 
is fL, = 0.5, determine the greatest distance d by which the 
rings can be separated and still support the cylinder. 

1-------- d ----__ 

Frictioll : When 1he ring is on the verge to sliding along the rod. slipping will 

have to occur . Hence, F = II N = O.SN. From 1he force diagram (T is the 

rcnsion developed by the cord) 

WI 9 = ~ = 2 9 = 63.43° 
O.SN 

d= 2(6OOcos 63.43°) = S37 rom 
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8-25. The hoard can be adjuskJ vertically hy tilting it 
up and sliding the smooth pin A along the vertical guiJt: 
G. When placed horizontally. the hot tom C then bears 
~llong the edge of the guide. where fJ., = O.-L Determine 
the largest dimension d which will support any applied 
force Ii without causing the board to slip downward. 

F 
/ 

G W_'I _____ -' 
~ Topview 

d 

0.75 in. 
C 

0.75 in. + il:!'; = 0; 
1.... b~ F 

O.4Ne - F= 0 ·HHo·-~~-..Ji 

-F(6) + d(Ne ) - 0.4NC<0.75) = 0 N<A~-roI~ ] G 

Thus, - OAN (6) + deN ~ rL~--<--~ 
e cJ - OANC<0.75) = 0 ~,' + .;" 

d = 2.70 in. ADS 

8-26. The ho . . mogencous semicvlind . . , 
mass center at (. D . - er has a mass m and 
. . J. etermlne th I 
Inclined plane upon h 'h . e argest angle 8 of the 

d 
w IC It rests ) . 

own the plane T'-., " so t 1at It does not slip 
. lit; codflClcnt of .' ,. . 

the plane and th' "I' d' static trlctlOn between 
. . t; C: In cr IS = 0 ~ an"le A- tor thO . /-1, .. 1. A,so wh'lt I'S th 

t:' (1/ lS case! ,(; e 

The Semi Iinder cy Is a two - force IIlCIDbec ; 

Since F = JJ N 

JJN 
tan8 = IV = JJ 

-_~_ = _t-_;~ 
sln(I800 -;) sin 16.7° 

0.6771 = sin; 

; = ~a.," 0 Ans 
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8-27. Car A has a mass of 1.4 Mg and mass center at G. 
If car B exerts a horizontal force on A of 2 kN, determine 
if this forcc is great enough to move car A. The 
coefficients of static and kirietic friction between the tires 
and the road are fL, = 05 and fLk = 0.35. Assume B's 
bumper is smooth. 

o.x III O.X 111 

Slipping : 

..:.u; -0; F-2=0 

F = 2kN 

+ t:u;. = 0; NA = 13.734 kN 

F"a = 0.5(13.734) = 6.867 kN > 2 kN 

Tipping: 

~ +l:Mc = 0; 2(0.5) < 13.734(0.8) 

1 < 10.99 

ibc.-etore car A will Dot move. AM 
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*8·28. A 3S-kg disk rests on an inclined surface for 
which IL, = 0.2. Determine the maximum vertical force P 
that may be applied to link AB without causing the disk 
to slip at C. 

EqUaliOIlS 0/ Equtlibrium : From FBD (a), 

, + rMl = 0; P( 600) - A, (900) = 0 A, = 0.6667 P 

From FBD (b), 

+tu; =0 Ne sin6O"-Fe sin3O"-0.6667P-343.3S=0 [1) 

(+ rMo = 0; Fe (200) -0.6667P(200) = 0 [2) 

Frictioll : If the disk is on the verge of moving, slipping would have ID occur 
at point C. Hence, Fe = IJ, N e = 0.2N e. Subsblllting this value inID Eqs. [1) 

and [21 and solving, we have 

P= 182 N Ans 

Ne = 606.60 N 

8·29. The crate has a Wand the coefficient of static 
friction at the surface is IL., = 0.3. Determine the 
orientation of the cord and the smallest possible force P 
that has to be applied to the cord so that the crate is on 
the verge of moving. 

EqlUlliolU of Equilibrium: 

+tu; =0; N+Psin8-W=0 

':'IF; =0; Pcos 8-F=0 

Frictioll : If the craie is on the verge of moving, Slipping will have ID OCCUr. 
Hence, F= IJ,N = 0.3N. Substilllting this value inID Eqs.[I] and [2] and 
solving, we have 

P", _-:-0_.3_W __ 

cos 8+0.3sin 8 
N = __ W_co_s _9_ 

cos 9 + 0.3sin 9 

In order ID obtain the minimum P dP '" 0 
'd8 . 

dP _ 03W[ sin 8-0.3cos 9 ] 
d9 -. (cos 9+0.3sin 9)2 .. 0 

sin 8-0.3cos 8 .. 0 

9 = 16.70" .. 16.70 

tflp .. O.3W[(COS 9+0.3sin 9)2 +2(sin 9-0,3cos 9)2] 

d92 (cos 9+0,3sin -9)3 

Ana 

p 

200mm 300 mill 
fo--'''::'':'''-.::=:'''010-_ 600 mm ----I 

30· 
I 

p 

boom"" 

I 

35('1·81) = 34,· 3 ~ t) 

A'f:0666l f 

------ ------------------

[ 1] 

(2) 
d2P 

AI. 8"'16.70", diP '" 0.2873W > O. Thus, 8"'16.70° will resuItin a 
minimunP. 

p", 0.3W 

cos 16.70"+0.3sin 16.70" '" 0.287W 

p 

N 

Ana 
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8·30. The 800-lb concrete pipe is being lowered from the 
truck bed when it is in the position shown. If the 
codficient of static friction at the points of support A and 
B IS J.ll = 0.-+. determine where it begins to slip first: at A 
or B. or both at A and B. 

u.; ,. 0; NA + F, - 8OOsin30° ,. 0 

u, ,. 0; FA + N, - 8OOcos3O° = 0 

~H.Mo=O; F,(15) - FA(15) = 0 

FA=F, 

Aasume sUpping at A : 

11ws, 

NA = 285.71 lb 

N, = 578.53 Ib 

FA = F, = 114.29 Ib 

AlB: 

(F,) ... = O.4N, = 0.4(578.53) = 231.41b > 114.29Ib 

Thus, sllPiling occun at A. Au 

8·31. The friction pawl is pinned at A and rests against 
the wheel at B. It allows freedom of movement when the 
wheel is rotating counterclockwise about C. Clockwise 
rotation is prevented due to friction of the pawl which 
tends to bind the wheel. If (J.l,)/I = 0.6, determine the 
design angle {I which will prevent clockwise motion for 
any value of applied moment M. Hint: Neglect the weight 
of the pawl so that it becomes a two-force member. 

Fric,ioll : When 1hc wheel is on die verge of rowing, stippin, would have III 

occur. Hence, F, = J,lN, = 0.6N •. From die force diagClllD (FA, is die 
force developed in the two force member AS) 

0.6N, 
Ian( 20" + 8) = -- = 0.6 

N, 
8= 11.00 Ans 
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*8·32. The semicylinder of mass m and radius r lies on 
the rough inclined plane for which <I> = 10° and the 
coefficient of static friction is fL, = 0.3. Determine if the 
semicylinder slides down the plane, and if not, find the 
angle of tip 0 of its base AB. 

E,,_""" 0/ E"uilibrium : 

(+IMo = 0; F(r) -9.8Imsin 8(;;)= 0 

~ IF. = 0; Fcos 10" - Nsin 10° = 0 

+ tu, =0 Fsin 1000+Ncos 10"-9.8Im=0 

Solving Eqs.[ll. [2] and [31 yicIds 

N = 9.66lm F= 1.703m 
8= 24.2° 

Friction: The maximum friction fora: dlat can be developed between die 
semicylinder and die inclined plane is (F) ... = J.lN = 0.3(9.66lm) 
= 2.898m. Since F ... > F= 1.703m. the semicylinder will not slide 

down the plane. 

B 

[I) 

(2) 

(3) 

Aos 

--------------~------- - ----------------------------

8·33. The semicylinder of mass m and radius r lies 0 

the ro~gh inclined plane. If the inclination <I> = 150n 
d,:termrne the smallest coefficient of static friction which 
WIll prevent the semicylinder from slipping. 

E"U4JI1D1U 0/ Equilibrium: 

>IF..=O; F.,.9.8ImsinISo=0 F=2.S39m 

\+u,. =0; N-9.8ImcosIS" =0 N=9.476m 

Friction: If die semicylinder is on the verge of moving. slipping would have 10 

occur. Hence. 

F=J.l,N 

2.S39m = J.l, (9.476m) 

J.l, ,. 0.268 Ans 
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8-34. The duor hrace ,\H lS to he designed to prncnt 
opening the Juor. If the hrace forms a pin connectiun 
under the dOllrknoh and the coefficient elf static fflctiun 
\\ith the floor i, fl, = ll.,\, determinc the largest length L 
the hracc can have tr) prevent the door from being 
opened. :\cgkct the lveight of the hrace. 

The brace is a two - force meober, 

05N=~ 
N 3 

L5 = -Iv - (3), 

L = 3,35 ft Ans 

S-35.111C: man has a wClght of 2()() 10. and lhe coefficient 
,11" static friction OCl\\een hiS shoes and the tloor is 
jJ-, = 11'\. [)el<:rmine where he should P()Silion hiS center 
(If ~ra\lt\' C; al if 111 order to exert lhc maximum 
hllr;zont~1 i,1rce on the door. What is thi, furcc? 

HI 
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F.u = 05 N = 0.5(200) = 100 Ib 

~ l:F. = 0; P - 100 = 0; P = 100 Ib 

1. + I:M" = 0; 200(d) - 100(3) = 0 

d = L50 ft Ans 

ADS 



*8-36, The 80-lb boy stands on the beam and pulls on 
the cord with a force large enough to just cause him to 
slip. If (/-Ls)n = 0.4 between his shoes and the beam, 
determine the reactions at A and B. The beam is uniform 
and has a weight of 100 lb. Neglect the size of the pulleys 
and the thickness of the beam. 

EqUtlliolU 0/ Eqllilibrillm GIld Frictioll : When the boy is on 1be verse 10 

sUpping, 1ben Fo = (/J.)oNo = 0.4No. From FBD (a), 

+ i l:F, =0; No-~~)-80=0 [I) 

~u. =0; 0.4No -r(H)=0 (2) 

Solving Eqs.[I) and [2] yields 

T=41.61b No =96.0lb 

H~ FD = 0.4(96.0) = 38.4 lb. From FBD (b). 

(+IM. =0; 100(6.s)+96.0(8)-41.6(~)(l3) 
+41.6( 13) +41.6sin 30"(7) -A,. (4) = 0 

A,. = 474.llb = 474lb Ans 

~u. =0; B,+41.6(E)-38.4-41.6cos 30" =0 

B. = 36.0 Ib Ans 

A B 

60Ib 

T 

+iu.- O; 474.1+41.6(Ti)-41.6 

-41.6sin3O"-96.0-100-B, =0 

B, = 231.71b= 2321b Ans 
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8·37. The 80-Ib boy stands on the beam and pulls with a 
force of 40 lb. If (IL,)!> = 0.4, determine the frictional force 
between his shoes and the beam and the reactions at A and 
B. The beam is uniform and has a weight of 100 lb. Neglect 
the size of the pulleys and the thickness of the beam. 

~_101U 0/ Equilibrium IUId Frictioll: From FBD (a). 

Since (Fa) ... = (J.I. )ND = 0.4(95.38) = 38.15 Ib> Fa. dlen die boy does 

nOI slip. Therefore, !he friction force developed is 

Fa = 36.92 Ib = 36.9 Ib 
From FBD (b). 

(+!M, = 0; 100(6.5) +95.38(8) -40(TI)< 13) 

+ 40( 13) +40sin 30°(7) -A, (4) = 0 

A, = 468.27 Ib = 468 Ib 

..:. u. = 0; B, +40(~)-36.92-4OcoS 30" = 0 

8, = 34.64lb = 34.6Ib 

+ tIr.; =0; 468.27+40(TI)-40 

-40sin 300-95.38-100-8, =0 

ADS 

Ans 

ADS 

B, = 228.27 Ib = 228 Ib ADS 
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8·38. Two blocks A and B have a weight of 10 Ib and 
6 Ib, respectively. They are resting on the incline for which 
the coefficients of static friction are iJ.A = 0.15 and iJ.H = 
0.25. Determine the incline angle (J for which both blocks 
begin to slide. Also find the required stretch or 
compression in the connecting spring for this to occur. The 
spring has a stiffness of k = 2 Iblft. 

Equatiolt. 01 Equilibriu". : Using !he spring force fonnula. 1';, - h 
= 2:c. From FBD (a). 

>u..=O; 2:c+FA-IOsin9=0 

\+tF,.=0; N.-IOcos9=0 

From FBD (b), 

;...u.. = 0; F, -2:c -6sin 9 = 0 

VtF,· = 0; N, -6cos 9 = 0 

Frictiolt : If block A and B are on !he verge to move. slipping would have to 

occur at poinlA and B. Hence, FA = /l,. N. = O.ISN. and F, = /l" N, 

[ I] 

(2) 

(3) 

(4) 

= 0.25N, . SubsblUling rltese values into Eqs.[I]. (2). (3) and (4) and solving. we 
have 

9 = 10.6° x =0.184 ft Ana 
N. = 9.8291b N, = S.897lb 

8·39. Two blocks A and B have a weight of 10 Ib and 
6 Ib, respectively. They are resting on the incline for which 
the coefficients of static friction are iJ.A = 0.15 and iJ.H = 
0.25. Determine the angle (J which will cause motion of 
one of the blocks. What is the friction force under each 
of the blocks when this occurs? The spring has a stiffness 
of k = 2 Iblft and is originally unstretched. 

Equation, 0/ Equilibrium: Since BIoc:k A Ir\d B is ei!her nOI moving or on 
the verge of moving. rite spring force F., ,. O. From FBD (al. 

+ 1:1';. = 0; 
".. 

FA -IOsin 9=0 

'\ + 1:F,. = 0; N.-IOcos9=0 
From FBD (b). 

>1:F.. =0; F, -6sin 9=0 

\+1:F,. =0; N. -6cos 9=0 

Friction,' Assuming block A is on !he verge of slipping, rlten 

Solving Eqs. [I]. [2]. [3], [4] and [5] yields 

9=8.531° N.=9.8891b .t;.=1.483Ib 

F, = 0.8900 Ib N, = 5.934 Ib 

Since (F, ) .... = /l"N. = 0.25(5.934) = 1.483 Ib> F,. block B does nOI 

slip. Therefore, the above assumption is CO!TeCt. Thus 

[I) 

[2) 

(3) 

[4] 

[S) 

9 = 8.53° FA = 1.48 Ib F, = 0.890 Ib Ans 
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*8·40. Determine the smallest force the man must exert 
on the rope in order to move the 80-kg crate. Also. what 
is the angle e at this moment? The coefficient of static 
friction between the crate and the tloor is J.L) = OJ. 

Crate: 

~I:F,=O; 0.3Ne -T'siDII=0 

+ t IF, = 0; Ne + T' COlli - 80(9.81) = 0 

Pulley : 

(I) 

(2) 

+ 
-+I:F, = 0; -TCOI3O" + TCOI4S· + T'siDII = 0 

+ t IF, = 0; TsiD3O" + TsiD4S· - T' COl II = 0 

Thus, 

T = 6.292.53 T' siD II 

T = 0.828427 T' coo II 

T = 0.82134 T' (3) 

From Eqs. (1) IDd (2), 

Nc = 239 N 

T' = SSO N 

So !bat 

T=452N Ana 
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11-41. The t;,ree hars have a weight of W II = 20 Ib, W II 

= 40 Ih, and We = 00 Ih, respectively. If the coefficients 
of static frictIOn at the surfaces of contact are as shown, 
determine the smallest horizontal force P needed to move 
hlock A. 

Equ/llioru 01 Equilibrium Gild Frielioll: If blocks A and B move toJClher, 

then slipping will have to occur at the conlaCt surfaces CB and AD. Hence. 

Fc. = iJ,c,Nc• = O.SNc, and FAD = iJ,.oN.o = O·2NAO· From 

FBD(a) 

and FBD (b) 

Solving Eqs.[I). [2). [3) and [4) yields 

T= 46.36Ib Nc, = 81.82lb NAO = 14!.821b 

p= 69.271b 

If blocks A move only, then slipping will have 10 occur at contact surfaces 

SA and AD., Hence.F,A = iJ".N'A = 0.3N,. and FAD = iJ'AONAO 

= O.2NAO' From FBD (c) 

+iIF, =0; N'A-r(~)-IOO=O 

and FBD (d) 

~ IF,. = 0; P-0.3N,. -O.2NAO = 0 

Solving Eqs.[S). [6). [7) and [8) yields 

T= 4O.481b N'A = 119.0S lb NAO = 139.0Slb 

[IJ 

[2) 

[3J 

[4J 

[SJ 

[6J 

[7J 

[8] 

P= 63.S2lb = 63.Slb (COIII,ol!) An. 
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8-42. The friction hook is made from a fixed frame 
which is shown colored and a cylinder of negligible 
weight. A riece of paper is placed between the smooth 
wall and the cylinder. If e = 20°, determine the smalkst 
coefficient of static friction f1- at all points of contact so 
that any weight W of paper [! can be held. 

o 

8-43. The refrigerator has a weight of 180 Ib and rests on 
a tile floor for which J.L., = 0.25. If the man pushes 
horizontally on the refrigerator in the direction shown. 
determine the smallest magnitude of force needed to move 
it. Also. if the man has a weight of 150 lb. determine the 
smallest coefficient of friction between his shoes and the 
floor so that he does not slip. 

EqlUlJiOfU of Equilibrium: From FBD (a), 

+iu,=o; N-180=0 N=1801b 

Paper: 

+iU, = 0; 

F = /IN; 

Cylinder: 

I, +IMo =0; 

~~ = 0; 

+iu, = 0; 

F = /IN; 

~ U; =0; P-F=O [I) 

(+l:MA =0; 180(x)-P(4)=0 (2) 

"'rietiofl : Assuming the refrigerator is on the verge of slipping, then F = /IN 

= 0.2S( 180) = 45 lb. Substiwting this value inlD Eqs. [I). and (2) and solving 
yields 

P = 45.0 Ib x = 1.00 ft 

Since x < 1.5 ft. the refrigeralOr does not tip. Therefore. the above usumption 
iscornlCl. Thus 

P=45.0Ib 

From FBD (b), 

+il:F,=O; N.-150=0 N.=150Ib 

~ IF.; = 0; F.. - 45.0 = 0 F. = 45.0 Ib 

When the man is on the verge of slipping, then 

F. =J.I:N. 
45.0 = J.I: (150) 

J.I: = 0.300 

An. 

Ans 
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F = O.SW 

F = /IN 

O.SW 
N=-

/l 

F = o.sw 

O.SW 0 
NOO8']J)" + Fsin20° - -- = 

/l 

Nsin200 
- FOO820° - O.5W = 0 

/l' sin20° + 2/lOO8']J)" - sin200 = 0 

/l = 0.176 Ans 

i---3ft---j 

q---tt---. 
i-1.5ft 

P I 'eo I!. 

~ 

4ft I 
-.L.-.. I A 

r~o rb f;1 "'--F 

=45·01. 



*8-44. The refrigerator has a weight of 180 Ib and rest~ 
on a tile floor for which J.L., = 0.25. Also, the man has a 
weight of 150 Ib and the coefficient of static friction 
between the floor and his shoes is J.L., = 0.6. If he pushes 
horizontally on the refrigerator, determine if he can move 
it. If so does the refrigerator slip or tip? 

Equation< of Eillilibrium : From FBD (a), 

+il:Fy=O; N-ISO=O N=ISOlb 

~ 1:F. =0; P-F=O [I} 

(+I:MA =0; 180(x)-P{4) =0 [2] 

Friction: Assuming the refrigerator is On the verge of slipping. then F = IJN 

= 0.25{ ISO) = 45 lb. SubstilUting this value into Eqs.[I}. and [2] and solving 

yields 

P=45.0Ib x= LOOft 

Since x < 1.5 ft. the refrigerator does not tip. Therclore. the above assumption 
is correct. Thus. the ,..,(rigerator slips. Ans 

From FBD (b) • 

+iIF,=O; N .. -150=0 N .. =150Ib 

~ 1:1',; = 0; F., - 45.0 = 0 F., = 45.0 Ib 

Since (F.,) ... =IJ:N .. =0.6(150) =90.0Ib> F .. , then the I1WI does nOlSlip. 

Thus. The man i. capable of moYing the refrigerator. Ans 

CylindetA: 8-45. The wheel weighs 20 Ib and rests on a surface for 
which fLB = 0.2. A cord wrapped around it is attached to 
the top of the 30-lb homogeneous block. If the coefficient 
of static friction at Dis fLD = 0.3, determine the smallest 
vertical force that can be applied tangentially to the wheel 
which will cause motion to impend. 

Assume Slipping at B, FB = 0.2 N. 

Fj.+T=P 

~LF.; = 0; Fj.=T 

p 
+ tl:Fy = 0; N. = 20 + P 

l~.'T.~~) 
,.1.5 ft. ? 

~~~-:> 

i1.5 ftl 
~~~i~;l-r 
·./C 3ft 

. I 

N. = 20 + 2(0.2N.) 

N. = 33.331b 

Fa = 6.671b 

T = 6.671b 

B D 
P = 13.3 Ib Ans 

Fa = 6.671b 

+tu, = 0; ND = 30Ib 

(Fa) .. a = 0.3(30) = 91b > 6.671b 

(No slipping occurs) 

- 3O(x) + 6.67(3) = 0 

1.5 
x = 0.667 ft < 2' = 0.75 ft 

(No tipping occurs) 
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8-46. Each of the cylinders has a mass of 50 kg. If the 
coefficients of static friction at the points of contact are 
/l" = 0.5,/l1l = 0.5,/lc = 0.5,and /In = 0.6,determine the 
couple moment M needed to rotate cylinder E. 

Ef_it,," DI Efllilibrillm: From FBD (a), 

+ 1'1:F, =0 Ne +I'D-490.5=0 

(+IMo=O; M-Fc(O.3)-Fo (0.3) =0 

From FBD (b). 

+ t 1:F, = 0 Ns - F,.. - I'D - 490.5 = 0 

C+ 'EM, = 0; F,.. (0.3) + F, (0.3) - I'D (0.3) = 0 

[I) 

[2J 

[3) 

[4) 

[SJ 

[6) 

FrictiDII : Assuming cylinder E slips at poinrs C and D and cylinder F does not 

move. then Fc = P.,eNe = O.SNe and I'D = p.,oNo = 0.6No . Substituting 

these values inro Eqs. [I). [2) and [3) and solving. we have 

Ne = 3n.31 N No = 188.65 N 

M= 90.55 N'm = 90.6 N'm Ans 

If cylinder F is on the verge of slipping 31 point A • then F,.. = Jl., ANA = 0.5N
A 

. 

SubstitulC this value inro Eqs. [4). [SJ and [6J and solving. we have 

NA = 150.92 N N, = 679.15 N F, = 37.73 N 

Since (F, ) ... = Jl.,.N, = 0.5(679.15) = 339.58 N > F,. cylinder Fdoes 
not move. Therefore the above assumption is correct. 
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8-47. The beam AB has a negligible mass and thickness 
and is subjected to a triangular distributed loading. It is 
supported at one end by a pin and at the other end by a 
post having a mass of 50 kg and negligible thickness. 
Determine the minimum force P needed to move the 
post. The coefficients of static friction at Band Care 
f.La = 0.4 and f.Le = 0.2, respectively. 

MemberAB; 

Post; 

-800(~) + N,(2) = 0 
3 

N. = 533.3 N 

Assume slipping occurs at C; Fe = 0.2Ne 

- ~P(0.3) + F,(0.7) = 0 
5 

~p- F, - O·2Ne = 0 
5 

~p + Ne - 533.3 - 50(9.81) = 0 
5 

P = 355 N ADS 

Ne = 811.0 N 

F, = 121.6 N 

(F,) ... = 0.4(533.3) = 213.3 N > 121.6 N 

p 

(O.K!) 
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*8-48. The beam AB has a negligible mass and thickness 
and is subjected to a triangular distributed loading. It is 
supported at one end by a pin and at the other end by a 
post having a mass of 50 kg and negligible thickness. 
Determine the two coefficients of static friction at Band 
at C so that when the magnitude of the applied force is 
increased to P = 150 N, the post slips at both Band C 
simultaneously. 

McmbetAB: 

Post: 

~ +l:Mc = 0; 

':'l:F; = 0; 

300mm 

N. = 533.3 N 

Ne - 533.3 + 150(~) = 0 
5 

Ne = 933.84N 

4 -:s( 150)(0.3) + Jij (0.7) = 0 

Jij = 51.429 N 

4 :s( ISO) - Fe - 51.429 = 0 

Fe = 68.571 N 

P.e = Fe = ~ = 0.0734 Alii 
Ne 933.84 

Jij 51.429 
p.. ~ N. = 533.3 = 0.0964 Alii 

c 
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8-49. The block of weight W is being pulled up the 
inclined plane of slope a using a force P. If P act~ at 
the angle ¢ as shown, show that for slipping to occur, 
p = W sin(a + (J)/ cos(¢ - (J) where (J is the angle of 
friction: () = tan- i J-I.. 

t +Ef~. = 0; Pcos</> - W sina -lIN = 0 

+ t EF,. = 0; N - W cosa + P sin</> = 0 

Pcos</> - W sina - /l(W cosa - Psin</» = 0 

(
Sina + JICosa) 

P= W 
cos</> + /l sin</> 

Let 11 = tan 0 

( 
sin(a +&») p=w ~~-
cost</> - (I) 

(QED) 

8-50. Detennine the angle ¢ at which P should act on the 
block so that the magnitude of P is as small as possible 
to begin pushing the block up the incline. What is the 
corresponding value of P? The block weighs Wand the 
slope a is known. 

From Prob. 8-49: 

P= w(sin(a+O») 
cost</> - (I) 

d P W (s;n(a + Ii) sinl</> -II») 
J</> = cos'(</>-O) =0 

sin(a + 0) sine</> - 0) = 0 

sin(a +fi) = () or sin(</>-O) =0 

ex =-8 

P = IV sin(a + 8) 

P = IVsin(a +</» 

Ans 

W P 

+-¥,. 
N 
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8-51. The beam AB has a negligible mass and thickness 
and is subjected to a force of 200 N. I t is supported at one 
end by a pin and at the other end by a spool having a 
mass of 40 kg. If a cable is wrapped around the inner core 
of the spool, determine the minimum cable force P 
needed to move the spool. The coefficients of static 
friction at Band Dare 1-'/1 = 0.4 and I-'n = 0.2, 
respectively. 

Equllliotll 0/ Equilibrium: From FBD (a). 

(+rMA=O; N,(3)-200(2) =0 N,=133.33N 

From FBD (b). 

+iu,=o ND -133.33-392.4=0 ND =525.73N 

':'tF; =0; P-F, -Fo =0 [I] 

{+ rMD = 0; F, (0.4) - P(0.2) = 0 

Friction: Assuming the spool slips at point B. then F, = /J"N, 
= 0.4( 133.33) = 53.33 N. Substituting this value into Eqs.[I] and [21 and 

solving. we have 

FD = 53.33 N 

[2] 

P = 106.67 N = 107 N Ans 

Since (Fa) ••• = /J'DND = 0.2(525.73) = 105.15 N > F,. die spool docs 

not slip at point D. Therefore the above assumption is corm:L 

200N 

1 2m 1 01-+1 m--j 

',~, "" 

p 

,GOo,J 

AJ(. 1 
f I :-r z", '1 

.A~ 
(0.. ) 

'''' 
Ne 

N6"/33 3~ f'i 

40(981} =3924 tJ 

O.fm 

- ..... - .......................... _ .................... _ ..... _--_ .............. -.-

':'8-52. Block C has a mass of .sO kg and is confined 
between two walb bv smooth rollers. If the block rests on 
top of the 40 .. kg spool. determine the minimum cable 
force P needed to move the spool. The cable is wrappcd 
around the spool's inner core. -I he coefficients of static 
friction at A and Bare I-'A = (U and I-'fj = 0.6. 

B 

+ t U, = 0; N. - 490.5 - 392.4 = 0 

N. = 882.9 N 

\. + EM. = 0; fA (0.4) - fj, (0.4) + 1'(0.2) = 0 

":'.t.I'; = 0; -fA + P - fj, = 0 

Assume spool slips at A, then 

fA = 0.3(490.5) = 147.2 N 

Solving, 

fj, = 441.4 N 
P = 589 N AUI 

N. = 882.9 N 

Since (fj, ) .... = 0.6(882.9) = 529.7 N > 441.4 N 
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8-53. The uniform 60-kg crate C rests uniformly on a 
10-kg dolly D. If the front casters of the dolly at A are 
locked to prevent rolling while the casters at B are free 
to roll, determine the maximum force P that may be 
applied without causing motion of the crate. The 
coefficient of static friction between the casters and the 
floor is J1.r = 0.35 and between the dolly and the crate, 
J1.d = 0.5. 

Equations of Equilibrium: From FBD (a), 

+ i I.E; = 0; Nd -588.6= 0 Nd= 588.6 N 

~ LF; =O~ P-F:t=O 

(+2MA =0; 588.6(x) -P(0.8) = 0 

From FBD (b), 

+iI.E;=o NB +NA -588.6-98.1 = 0 

.:.. I.~ = 0; P-f'.. = 0 

,+.I.MB = 0; NA (1.5) - P( 1.05) 

-588.6(0.95) -98.1 (0.75) = 0 

Friction: Assuming the crate slips on dolly, then F:t = P,fid = 0.5 (588.6) 

= 294.3 N .Substituting this value into Eqs. [1] and [2] and solving, we have 

p= 294.3 N x = 0.400 m 

Since x> 0.3 m, the crate tips on the dolly. If this is the case x = 0.3 rn. 

Solving Eqs.[l] and [2] with x = 0.3 m yields 

p= 220.725 N = 221 N 

F:t= 220.725 N 

Assuming the dolly slips atA, then f'.. = P'fNA = 0.35NA • Substituting this 

value into Eqs. [3], [4] and [5] and solving, we have 

NA = 559 N NB = 128 N 

p= 195.6 N = 196 N (Controlf) ADS 
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1.5 m 

0.8 III 

T~~~~~ 
0.25 m B 

I I 
~0.25m 

1.5 III 

60(9,81)= 588·" N 
Qlrn 

[1] 

[2] 

[3] 

[4] 

[5] 

i--- 0.6 m ---! 

1.5 m 

0.25 m 

1.5 m -----I 

Allf 



8-54. Two blocks A and B. each having a mass of 6 kg. 
are connected by the linkage shown. If the coefficients of 
static friction at the contacting surfaces are ilA = 0.2 and 
ilB = 0.8. determine the largest vertical force P that may 
be applied to pin C without causing the blocks to slip. 
Neglect the weight of the links. 

Equatiolls of Equilibrium: From FBD (a). 

+ "EF,· = 0; T. cos IS" - P sin 45' = 0 To = 0.7321 P 

+"EF. =0; T" +0.73ZIPsin 15' - Pcos45' = 0 

TA = O.5176P 

rrom FBD (b), 

+t"EF,=O; N" - 0.5176P sin45' - 58.86 = 0 [II 

+ 
"Ef~ = 0; 0.5 176P cos 45" - F" = 0 121 --> 

from FBD (e). 

+ t "EF, =0; NB - 0.73Z1 P sin 60' - 58.86 = 0 [31 

+ 
"Ef~ =0; FIJ -0.732IPcos60·' =0 141 --> 

Friction: Assuming bloc'k A slips, then FA = 1[\,1 NA = O.2N.~. 
Substituting this value into Eqs. III, 121, 131 and [4) and solving, 
we have 

P = 40.20 N = 40.2 N Ans 

N., = 73.575 N No = 84.35 N F. = 14.715 N 

Since (F'),n", = 11.,nN. = 0.8184.35) = 67.48 N > FR , block B 
does not slip. ll1erefore, the above assumption is correct. 

8-55. The uniform beam has a weight W and length 411. 
It rests on the fixed rails at A and B. If the coefficient of 
static friction at the rails is ils determine the horizontal 
force P, applied perpendicular to the face of the beam, 
which will cause the beam to move. 

From FBD (a), 

+ t "EF = 0; N, + NIJ - W = 0 

..( +"EM. = 0; - N.,(3,,) + WIZa) = 0 

I 
N. =-W 

3 

Support A can sllstain twice as much static frktional force as support 
B. 

From FBD (b), 

+ t "EF = 0; P + F. - FA = 0 

..( +"EMIJ = 0: - P14a) + F,,(3a) = 0 

I 
F. =-P 

3 

A B 

p 

y' 

~ 
T, 

45' 

P 

619.81) = 58.86 N 

"I, ~:.""", 
Ca) (b) 

6(9.81) = 58.86 N 

~ 60 ffFn 
Tn = 0.7321 P N. 

(e) 

NA W 

(a) Side view Ib) Top view 

r B 

The frictional load at A is 4 times a:-; great as at B. The beam will 

slip al A Ii",t. 
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>1<8.56. The uniform 6-kg slender rod rests on the top 
center of the 3-kg block. If the coefficients of static 
friction at the points of contact are /LA = 0.4, /L8 = 0.6, 
and /Lc = 0.3, determine the largest couple moment M 
which can be applied to the rod without causing motion 
of the rod. 

Equcio"6 0/ Equilibrium: From FBD (a). 

':'u. =0; F,-Ne=O [II 

+IM, =0; Fe(0.6)+Ne (0.8)-M-58.86(0.3) =0 

From FBD (b). 

+IMo = 0; F, (0.3) -N, (x) -29.43 (x) =0 

Frictio" : Assume slipping occurs at point C and the block tips. then 

Fe = /J,eNe = 0.3Ne and x = 0.1 rn. SubslilUting these values into Eqs.[II. 

(2). (3). (4). (5) and [61 and solving. we bave 

M=8.56IN·m" •. S6N·m Ans 

N, = 50.83 N NA = 8O.26N FA '" F, = Ne = 26.75 N 

Since (FA ) ... = /J'A NA = 0.4(80.26) '" 32.11 N> FA. the block does not 

slip. Also. (F,) ••• = /J"N, = 0.6(SO.83) .. 3O.S0 N > F,. then slipping 

docs not oc:cur at point B. Therefore, the above usumption is corn:ct. 

8·57. The carpenter slowly pushes the uniform board 
honzontally over the top of the saw horse. The board has 
a uniform weight of 3 lb/ft, and the saw horse has a weiaht 
of 15 lb and a center of gravity at C. Determine if ~he 
saw horse will stay in position, slip. or tip if the board is 
pushed forward when d = 10 ft. The coefficients of static 
fflctIOn are shown in the figure. 

I: --18ft--l 
r----------d------____ ~ I 

J.l = 0.5 

[21 

(3) 

(4) 

(5) 

(6) 

JOOmm lOOmm 

(a.) 

Board : 

L +UJp = 0; -54(9) + N(IO) = 0 

N = 48.6Ib 

To cause slipping of board on saw horse: 

~ = P"", = O.5N = 24.3lb 

Saw horse: 

To cause slipping at ground : 

p.. = F = 1';.", = 0.3(48.6 + 15) = 19.08 Ib 

To cause tipping: 

L +UJ. = 0; (48.6 + 15)(1) - ~(3) = 0 

p.. = 21.2lb 

Thus. ~ = 19.1 Ib Ans 

The saw horse will start to Slip. 
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8-58. The carpenter slowly pushes the uniform board 
horizontally over the top of the saw horse. The board has 
a uniform weight of 3 lb/ft, and the saw horse has a weight 
of 15 lb and a center of gravity at C. Determine if the 
saw horse will stay in position, slip, or tip if the board is 
pushed forward when d = 14 ft. The coefficients of static 
friction are shown in the figure. 

1---______ IS f[ _____ ----j 
~-----d 

I 

)1 = O.S 

)1'=0.3 WI I )1'=0.3 
1ft .If[ 

8-59. The 45-kg disk rests on the surface for which the 
coefficient of static friction is f.1-A = 0.2. Determine the 
largest couple moment M that can be applied to the bar 
without causing motion. 

I:. = B, = 0.2NA 

':'l:F. = 0; B, - O.2NA = 0 

NA - B, - 45(9.81) = 0 

NA = 551.8 N 

B, = 11004 N 

B, = 11004 N 

~+LIlc =0; - 110.4(0.3) - 110.4(0.4) + M = 0 

M = 77.3 N·m Ans 

Board: 

~ + LIlp = 0; - 54(9) + N(14) = 0 

N = 34.7141b 

To cause slipping of board on saw borse : 

p. = p~_ = 0.5 N = 17.36Ib 

Saw horse: 

To cause Slipping at ground: 

p. = F = Fm_ = 0.3(34.714+ IS) = 14.91 Ib 

To cause tipping: 

~ +LIl. = 0; (34.714 + 15)(1) - P'(3) = 0 

p. = 16.571b 

Thus, ~ == 14.9 Ib Ans 

The saw hQr~ will start to SliD. 
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*8-60. The 45-kg disk rests on the surface for which the 
coefficient of static friction is J-LA = 0.15. If M = 50 N· m, 
determine the friction force at A. 

Bar: 

\.+l:Mc =0; 

~l:F. = 0; 

+ tu, = 0; 

Dlsle: 

+ 
-+l:F; = 0; 

... tu, = 0; 

\. +l:Mo = 0; 

400 

-B,(0.3) - B.(0.4) + so = 0 

B. = C; 

B, = C, 

B. = l',j 

NA - By - 45(9.81) = 0 

B,(O.I25) -l',j(0.125) = 0 

NA = 512.9 N 

F.; = 71.4N AIlS 

(l',j) •• = 0.1S{Sl2.9) = 76.93 N > 71.43 N 

No molioo of diaJc. 
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8-61. The end C of the two-bar linkage rests on the top 
center of the 50-kg cylinder. If the coefficients of static 
friction at C and E are iLc = 0.6 and iLE = 0.3, determine 
the largest vertical force P which can be applied at B 
without causing motion. Neglect the mass of the bars. 

p 

50 mm50 mm 

Joint B : 

+tu, = 0; Fc. sin60° - P = 0 

Fc. = 1.1547P 

Since (Fc) ... = 0.6P> 1.1547 P CQl6()O - 0.5774P 

Bit will not slip at C. 

+tu, = 0; NE - 1.1547PCQl300 - 490.5 = 0 

NE = 490.5 + P 

':'u. = 0; & - 1.1547 sin30° = 0 

& = 0.5774P 

~+l:Mo =0; -490.5(x) - I'(x) + 0.;57741'(0.2) = 0 

Assume tlppln& 

x = 0.05 m 

P = 37S N 

& = 216N 

NI! = 865 N 

(&) ... = 0.3(865) = 259 N > 216.5 N (O.K! ) 

AtC, 

(0.6)(375) = 225 > 0.577(375) = 216.4 (O.K!) 

Cylinder tips, 

P = 375 N AIlS 
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8·62. Determine the minimum applied force P required 
to move wedge A to the right. The spring is compressed 
a distance of 175 mm. Neglect the weight of A and B. The 
coefficient of static friction for all contacting surfaces is 
I1-s = 0.35. Neglect friction at the rollers. 

BqutlliolU 0/ Equilibrium IUId Frietio" : Using the spring formula. 
F" = lex = IS(O.17S) = 2.625 kN. If the wedge is on the verge of movinlto 

the right, then slipping will have to occur at both contact surfaces. Thus. 

fA = Jl..NA = O.35N ... and F, = Jl..N, = O.3SN,. From FBD (a). 

+ i IF, = 0; N, - 2.625 = 0 N. = 2.625 kN 

From FBD (b). 

+ i IF, = 0; NA cos lOo-0.35NAsin 10"- 2.625 = 0 

N ... = 2.841 kN 

':'l:F. = 0; P-0.35 (2.625) -0.35(2.84I)cos 10" 
- 2.841sin 10" = 0 

P=2.39kN Ana 
(C1.) 

fi=O.3StJ" 

---------------------_. __ .. -
8·63. Determine the largest weight of the wedge that 
can be placed between the 8-lb cylinder and the wall 
without upsetting equilibrium. The coefficient of static 
friction at A and C is 11-., = 0.5 and at B, 11-', = 0.6. 

EqutlliolU of Equilibrium: From FBD (a) • 

.:. U; :: 0; N,cos 3Oo-F.cos 6Oo-Ne=0 

+iIF,=o; N,sin 30o+F,sin 60" +FC - W = 0 

From FBD (b). 

+iIF,=O; NA -N.sin3O"-F,sin60o-8=O 

.:. If; :: 0; fA +F,cos 6Oo-N.cos 30" = 0 

'+r.Mo =0; fA (0.5) - F, (0.5) = 0 

Friction: Assume slipping occurs at points C and A. then Fe = Jl.,Nc 
= O.SNe and fA = Jl..NA = O.5NA • SubstilUting these values into Eqs.[l). 
[21. (3). [41. and (5) and solving. we have 

(1) 

[2] 

[3] 

[4] 

[5] 

W = 66.64lb = 66.61b AIlS 

N.=51.71lb NA =59.71Ib F,=Ne =29.86Ib 

Sincc(F,) .... = Jl.:N, =0.6(51.71) =31.03 Ib> F,. slipping does not 

occur at point B. The:-c:forc, the above assumption is COrm:\. 
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*8-64. The wedge has a negligible weight and a 
coefficient of static friction 11-, = 0.35 with all contacting 
surfaces. Determine the angle () so that it is "self-locking." 
This requires no slipping for any magnitude of the force 
P applied to the joint. 

Frieli"" : When the wedge is on the verge of slipping. then F = JI. N = 0.3SN. 
From the force diagram (P is the 'locking' force. l, 

9 0.35N 
Wl2 = --;r = 0.35 

9= 38.6· ADS 

84iS. If the spring is compressed 60 mm and the 
coefficient of static friction between the tapered stub S 
and the slider A is JLSA = 0.5, determine the horizontal 
force P needed to move the slider forward. The stub is 
free to move without friction within the fixed collar C. 
The coefficient of static friction between A and surface 
B is I1-AB = 0.4. Neglect the weights of the slider and stub. 

Stub: 

+tu; = 0; 

Slider: 

k= 300 N/m 
du, = 0; 

~u; = 0; 

p 

B 
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p 

F=03StJ 

,; ~,(:~: 
~ 

N. cos30· - 0.5N. 8in300 - 300(0.06) = 0 

N. = 29.22 N 

I.J~ lHZ,J 

N. - 29.22 cos30· + 0.5(29.22) 8in30· = 0 (J? ~V.3oD 

N. = 18 N \' ~~:: ~D'.~ -

F: . o.~/J" 
P - 0.4( 18) - 29.22 8in300 - 0.5(29.22) cos30· = 0 g, 

l,h 
P = 34.5 N Ana 



8-66. The coefficient of static friction between wedges 
Band C is /L, = 0.6 and between the surfaces of contact 
B and A and C and D, /L~ = 0.4. If the spring is 
compressed 200 mm when In the position shown, 
determine the smallest force P needed to move wedge C 
to the left. Neglect the weight of the wedges. 

Wedge B: 

k= 500 N/m ":'u; = 0; 

L 

Wedge C: 

+ iu, ~O; 

~u; = 0; 

~7. The coefficient of static friction between the 
wedges Band C is /L, = 0.6 and between the surfaces of 
contact B and A and C and D, /L~ = 0.4. If P = 50 N, 
determine the largest allowable compression of the spring 
without causing wedge C to move to the left. Neglect the 
weight of the wedges. 

WedgeC: 

+ 

NBC ~ 210.4 N 

N .. ~ 176.4 N 

Nco cos 15° - 0.4NcosinI5° + 0.6(210.4) sin 15° - 21O.4cosI5° = 0 

Nco = 197.8 N 

197.8sinI5° + 0.4(197.8) COS 15° +21O.4sinI5° + 0.6(210.4) cos 15° - P = 0 

P=304N An. 

->L"; = 0; (NCD + NBc )sinI5° + (0.4NcD + O.6NBC ) cos ISO -50= 0 

WedgeB: 
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(Nco - NBC) cos ISo + (-o.4NcD + O.6NBclsinISo = 0 

No, 
~ 0."'0< 

"<}--SON 
/1,/ 0. ... ",'-

NBC = 34.61 N 

NCD = 32.53 N 

NAB - 0.6(34.61) cos ISO - 34.61 sin ISO = 0 5001. MNoed?o. I t5· 
NAB = 29.01 N Hoe --~ \ M(lIt.~I)oI 

"'.~IN 

34.61 cos ISo - 0.6(34.61) sin 15° - 0.4(29.01) - 500x= 0 

x = 0.03290 m = 32.9 mm AIls 



*8-68. The wedge blocks are used to hold the specimen 
in a tension testing machine. Determine the design angle 
e of the wedges so that the specimen will not slip 
regardless of the applied load. The coefficients of static 
friction are JLA = 0.1 at A and JLB = 0.6 at B. Neglect the 
weight of the blocks. 

p 

8-69. The beam is adjusted to the horizontal position by 
means of a wedge located at its right support. If the 
coefficient of static friction between the wedge and the 
two surfaces of contact is JL .. = 0.25, determine the 
horizontal force P required to push the wedge forward. 
Neglect the weight and size of the wedge and the 
th ick ness of the beam. 

Specimen; 

+tu, = 0; 

Wedge; 

+ 
-+l:i',; = 0; 

+tu, = 0; 

Equations of EquilibriuM IUId Friction: If the wedge is on the va-ge of 
moving to die righ~ then Slipping will have to occur at bodl conract surfaces. 
Thus. F8 = /J,NB = 0.25N. and Fe '" /J,Ne '" O.2SNe . From FBD (a). 

(+rM. = 0; N. (8) - 300(2) = 0 N, '" 75.0 Ib 

FromFBD (b). 

+ t U, = 0; Nesin 70" - O.2SN esin 20" - 75.0 = 0 

Ne = 87.80 Ib 

':'1:1'; = 0; P-O.2S(75.0) -O.2S (87. 80) cos 20" 

- 87. 80c0s 70" = 0 
p= 69.41b Ans 
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P 
&=2' 

l 
N. cosO - O.IN. sinO - ..L = 0 

0.6 

O.IN. cosO + N. sinO - : = 0 
2 

p = 2N. (0.1 cosO + sinO) 

0.6N. (cosO - O.lsinO) - N. (O.lcosO + sinO) = 0 

O.ScosO - l.06sinO = 0 

Ans 

300lb 

j2ft--t--- 6ft---

3CQ/b 

tOft 

(0..) 

N ' 75·0 Ib 



8-70_ If the beam AD is loaded as shown, determine the 
horizontal force P which must be applied to the wedge 
in order to remove it from under the beam. The 
coefficients of static friction at the wedge's top and 
bottom surfaces are /J-CA = 0.25 and /J-CR = 0.35, 
respectively. If P = 0, is the wedge self-Ioc~ing? Neglect 
the weight and size of the wedge and the thIckness of the 
beam. 

8,,,.1 •• ,0/ Eq"i1ibri"m ad Fricti.,,: If the wed,e is on the verle of 
moving 10 the rig/t~ !hen slipping will have 10 occur II both conllcl surfaces. 

Thus, F" =JJ'ANA =O.25NA and", =JJ,«N, =0.35N,. From 
FBD(a), 

(+EMo = 0; NA cos 10"(7) + 0.25NA sin 10"(7) 

- 6.00( 2) - 16.0(5) = 0 
NA = 12.78kN 

From FBD (b), 

+ i U, = 0; N. - 12.78sin 80" -0.25( 12.78) sin 10" = 0 

Ns = 13.14kN 

':'u. =0; P+12.78cos80o-0.25(i2.78)cos 10" 

-0.35(13.14) =0 
P= 5.53 kN Ans 

Sina. a force PC> 0) is required 10 pull out the wedge, the wedce will be 
leU-locking when P= O. Ans 

8-71. The column is used to support the upper floor. If 
a force F = 80 N is applied perpendicular to the handle 
to tigh(en the screw, determine the compressive force in 
the column. The square-threaded screw on the jack has a 
coefficient of static friction of /J-s = 0.4, mean diameter 
of 25 mm, and a lead of 3 mm. 

*8-72. If the force F is removed from the. handle of .the 
. k' P b 8-71 determine if the screw IS self-Iockmg. Jac m ro. , 

516 

,,;---- -----; 
,,! l 

'~_-(:===~~=~=::;;:~fi '025iJ~ 

(0.) N" 
NIr=IZle ;,:,..} 

Fi. = OZ5Uz.?SJ ",J 

P 

M = W(r)W(,,+9,) 

;, = tan- 1(0.4) = 21.800 

9 - tan- 1[ __ 3_] = 2.188· 
, - 211(12.5) 

80(0.5) = W(0.0125) W(21.80·+2.188·) 

W = 7.19 kN Ans 

" = tan-1(0.4) = 21.80· 

9 - tan-1 [ __ 3_] = 2.188· 
, - 211(12.5) 

Since;, > 9, , Screw is selflocking. Ans 



8·73. The square-threaded screw has a mean diameter 
of 20 mm and a lead of 4 mm. If the weight of the plate 
A is 5 Ib, determine the smallest coefficient of static 
friction between the screw and the plate so that the plate 
does not travel down the screw when the plate is 
suspended as shown. 

8·74. The square threaded screw of the clamp has a 
mean diameter of 14 mm and a lead of 6 mm. If J.Ls = 0.2 
for the threads, and the torque applied to the handle is 
1.5 N . m. determine the compressive force F on the block. 

Frieliollal Forces Oil Screw: Here. 8= tan -I (~)= tan- I[_6_]. 7.7680. 
2m- 211'(7) 

W = Fand., '" tan-I/J, = tan-I (0.2) = 11.3\0·. Applying Eq.8-3. we have 

M= Wrtan(8+" 
l..S = F(O.OO7) tan(7.768· + 11.3100) 

F=620N ADS 

Frieliollal Force, Oil Screw: This requires a ·self -locking" screw where 

.. ~ 8 Here 8= tan -1(~)=tan-I[_4_]= 3.643·. 
Y', •• 2m- 211'(10) 

f, = tan-I Jl, 

Jl, = tan f, where., = 8 = 3.643· 
= 0.0637 Ana 

N ole : Since" > 8, the screw is self -locking. II will nOI unscrew even if cite momenl 
is removed. 

517 



8-75. The device is used to pull the battery cable 
terminal C from the post of a battery. If the required 
pulling force is 85 Ib, determine the torque M that must 
be applied to the handle on the screw to tighten it. The 
screw has square threads, a mean diameter of 0.2 in., a 
lead of 0.08 in., and the coefficient of static friction is J.L .• = 
0.5. 

Frictiollol Fore .. 011 Screw: Here, 8= tan - = tan- --- = 7.256°, _I ( I ) I [ 0.08 ] 
2m- 2n(0.1) 

W = 85 Ib and;, = Ian-Ip, = tan-I (0.5) =26.565°. Applying Eq.8-3, we have 

M= Wrtan(8+;) 

= 85(0.1) tan(7.256° + 26.565°) 
= 5.69Ib·in Ans 

Note: Since ;, > 8, the screw is self -locking. It will nOl unscrew even if the moment 
is removed. 
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8-76. The automobile jack is subjected to a vertical load 
of F = 8 kN. If a square-threaded screw, having a lead of 
:; mm and a mean diameter of 10 mm, is used in the jack, 
determine the force that must be applied perpendicular 
to the handle to (a) raise the load, and (b) lower the load; 
J-L .. = 0.2. The supporting plate exerts only vertical forces 
at A and B, and each cross link has a total length of 
200 mm. 

EqUaliorrl of Equilibrium: From FBD (a), 

(+l:ME=O; 8(x)-D,(2.t) =0 D,=4.001eN 

From FBD (b), 

(+l:M. = 0; F, (2.t) - 8(x) = 0 F, = 4.00 leN 

From FBD (c), 

( + l:Mc = 0; Dz (O.lsin 30°) - 4.00(O.2cos 30°) = 0 

Dz = 13.86 leN 

Member DF is a two force member .. Analysing the forces that act on pin D[ FBD (d) I , 
we have 

+ i l:F, = 0; FoFSin 30° - 4.00 = 0 FoF = 8.00 leN 

~I:F. =0; r-13.86-8.00c0s300=0 r=20.781eN 

Fricliorra/ Forctls orr Screw : Here, 8= tan- I (-'!"')= tan-I [_5_] = 9.0430, 
2trr 2n(5) 

W=r=20.78kN, M=0.4P and~, =tan-Ijl, = tan-I (0.2) = 11.310°. Applying 
Eq.8 - 3 if the jack is raising the load, we have 

M=W1tan(8+~) 

O.4P = 20.78(0.005) tan (9.043° + 11.310°) 
P = 0.09638 leN = 96.4 N Ans 

Applying Eq. 8 - 5 if the jack is loweling the load, we have 

M"= W1tan(~-8) 

O.4P = 20.78(0.005) tan ( 11.310° - 9.0430) 
P = 0.01028 leN = 10.3 N Am 

N ole : Since ~. > 9, the screw is self -locking. It will not unscrew even if force P 
is removoci. 
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8-77. Determine the clamping force on the board A if 
the screw of the "e" clamp is tightened with a twist of 
M = 8 N . m. The single square·threaded screw has a 
mean radius of 10 mm, a lead of 3 mm, and the coefficient 
of static friction is /1-s = 0.35. 

8-78. If the required clamping force at the board A is to 
be 50 N, determine the torque M that must be applied to 
the handle of the .. C'. clamp to tighten it down. The single 
square·threaded screw has a mean radius of 10 mm, a lead 
of 3 mm, and the coefficient of static friction is /1-s = 0.35. 

8-79. The shaft has a square-threaded screw with a lead 
of 8 mm and a mean radius of 15 mm. If it is in contact 
with a plate gear having a mean radius of 30 mm, 
determine the resisting torque M on the plate gear which 
can be overcome if a torque of 7 N . m is applied to the 
shaft. The coefficient of static friction at the screw is /-tn = 
0.2. Neglect friction of the bearings located at A and B. 

Frictional Forces on Screw: Here. 6 = ran - = ran __ = 4.8S20, 'I( I ) .I[ 8 ] 
2m- 21r(lS) 

W = F, M = 7 N . m and ;, = ran'I).I, = ran· 1 (0.2) = 11.3100. Applying Eq.8 _ 3, 
we have 

M= Wrtan(9+;) 

7 =F(O.015)ran(4.852°+ 11.310°) 
F= 1610.29 N 

No Ie : Since ¢, > 9, the screw is self - locking. It will not unscrew even if force F 
is removed. 

EquOlions of Equilibrium: 

+l:Mo =0; 161O.29(fl.'l3)-M=0 

M~i8.s~ Ans 
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;, = tan'
I (O.3S) = 19.29" 

6, = tan'
I
[_3_] = 2734° 

211(10) . 

8 = P(0.01) taJ(19.290+2.7340) 

p = 1978 N = 1.98 leN An. 

" = tan'
I
(0.3S) = 19.29° 

Ii = tan·I(.l:...) = tan' I[_3_] = 2.734° 
p 2" r 211( 10) 

M = W(r)taJ(;,+lip ) 

= 50(0.01) taJ(19.29°+2.734°) =0.202 N'm An. 

15mm 

H 
B 

F ~/i6/o.z9 ,) 

7N'm 



*8-80. lbe braking mechanism consists of two pinned 
arms and a square-threaded screw with left and right
hand threads. Thus when turned, the screw draws the two 
arms together. If the lead of the screw is 4 mm, the mean 
diameter 12 mm, and .the coefficient of static friction is 
JL, = 0.35, determine the tension in the screw when a 
torque of 5 N . m is applied to tighten the screw. If the 
coefficient of static friction between the brake pads A and 
B and the circular shaft is JL'., = 0.5, determine the 
maximum torque M the brake can resist. 

Frictional Force! on Screw: Here. 9= ran -1(2~)= ran-I[2n~6)] = 6.057°, 

M = 5 N . m and" = Ian-I~, = ran-I (0.35) = 19.290". Since friction at two screws 

must be overcome, then, W = 2P. Applying Eq.8 - 3, we have 

M= WIWI(9+,) 
5 = 2P(0.006) ran (6.057· + 19.290°) 

p= 879.61 N = 880 N Ans 

Note: Since" > 9, the screw is self -locking. It wiD not unscrew even if moment 

M is removed. 

EqUalions of Equilibrium GIld Friction: Since Ihe shaft is on the verge 10 rotate 

about point 0, then. ~ =~,'N. =O.SN. andF, =II:N, = O.SN,. From FBD (a), 

(+tMD = 0; 879.61(0.6) -N, (0.3) = 0 N, = 1759.22 N 

From FBD (b), 

(+tMo=O; 2[O.S(1759.22)](0.2)-M=0 M=3S2N·m Au 

8-81. The fixture clamp consist of a square-threaded 
screw having a coefficient of static friction of JL .• = 0.3, 
mean diameter of 3 mm, and a lead of 1 mm. The five 
points indicated are pin connections. Determine the 
clamping force at the smooth blocks D and E when a 
torque of M = 0.08 N . m is applied to the handle of the 
screw 

"rictlon," Forul on Screw: Here, 9= tan -I (~) = tan-I [ __ 1_] 
2nr 2n(1.S) 

.. 6.057·, W = P, M .. 0.08 N· m and" .. tan-I II, = WI-I (0.3) = 16.699". 

Applying Eq. 8 - 3, we have 

M= WIWI(9+,) 
0.08 = P(0.OOI5) ran (6.057° + 16.699°) 

P= 127.IS N 

Note: Since" > 9, the screw is self -locking. It wiD not unscrew even if 

moment M is removed. 

EqUalion of Equilibrium: 

'+LIIc = 0; 127. 15cos 4S·(4O)-FEcos 45°(40) -FEsin 45°(30) = 0 
FE = 72.65 N = 72.7 N Ans 

The equilibrium of clamped block. rcqui= that 

FD =fi:=72.7N Ans 
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8-82. The clamp provides pressure from several 
directions on the edges of the board. If the square-threaded 
screw has a lead of 3 mm. radius of 10 mm, and the 
coefficient of static friction is I-Ls = 0.4, determine the 
horizontal force developed on the board at A and the 
vertical forces developed at Band C if a torque of 
M = 1.5 N . m is applied to the handle to tighten it further. 
The blocks at Band C are pin-connected to the board. 

;, = tan-'(0.4) = 21.801° 

9, = tan-,[_3_J = 2734° 
211"(10) . 

M = W(';tan(;, + 9,) 

1.5 = A" (0.01) tan(2 1.80 10 + 2.7340) 

A, = 328.6 N Alii 

.::. u. = 0; 328.6 - 2T cos4So = 0 

T = 232.36 N 

B, = C, = 232.36sin4So = 164 N AnI 
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8·83. A turnbuckle, similar to that shown in Fig. 8·18, is 
used to tension member A B of the truss. The coefficient of 
the static friction between the square threaded screws and 
the turnbuckle is lIs = 0.5. The screws have a mean radius 
of 6 mm and a lead of 3 mm. If a torque of M = 10 N . m 
is applied to the turnbuckle, to dmw the screws closer 
together, determine the force in each member of the truss. 
No external forces act on the truss. 

Frictional Forces on Screw: Here fJ = tan-I (~) = lan-I [~. ] 
, 2rrr 2".(6) 

= 4.550". M = 5 N· m and </>, = tan-' I', = lan-' (0.5) = 26.565". 
Since friction at two screws must be overcome, then, W = 2FAB . 

Applying Eq. 8·3. we have 

M = IVr tan(1i + </» 

10 = 2FAB (0.OO6) tan(4.55()" + 26.565") 

F. .. = 1380.62 N (T) = 1.38 kN (T) Ans 

Note: Since </>, > /J, the screw is self· locking. It will not unscrew 
even if moment 1\1 is removed. 

Melhod of Joints: 

Joint B 

':::''f.F,.=O; 1380.62G)-FSD =O 

FRO = 828.37 N(C) = 828 N (C) Ans 

+ t 'f.F, =0; FBe - I38().62(~) =0 

FRe = 1104.50 N (C) = J.l0 kN (C) Ans 

Joint A 

.:::. 'f. f~ = 0; FAC - 1380.62 (~) = 0 

FAc = 828.37 N (C) = 828 N (C) Ans 

+ t 'f. F, = 0; 1380.62 ( ~) - F.w = 0 

FAD = 1104.50 N (C) = 1.10 kN (C) Ans 

Joint C 

.:. 'f. f~. = 0; FCD (~) - 828.37 = 0 

FCD = 1380.62 N (T) = J.38 kN (T) Ans 

+ t 'f.F, = 0; C,. + 1380.62 (~) - 1104.50 = 0 

C, = 0 (No exlernal applied load. check!) 

1 
4111 

C J 
l-3m-f 

*
y FBO 

-x 

4 5 
3 

F BC FA. = 1380.62 N 

y 

FAll = 1380.62 N F
AO 

--"""-i~----x 

y 

FRe = 1104.50 N 

--~""'----x 
FAC = 828.37 N 
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*8-84. A turnbuckle, similar to that shown in Fig. 8-18, 
is used to tension member AB of the truss. The coefficient 
of the static friction between the square-threaded screws 
and the turnbuckle is /-I., = 0.5. The screws have a mean 
radius of 6 mm and a lead of 3 mm. Determine the torque 
M which must be applied to the turnbuckle to draw the 
screws closer together, so that the compressive force of 
500 N is developed in member Be. 

Mtltltod 01 Joillts : 

JointB 

+iI.F,=O; 500- fA.G)=0 fA.=625N(C) 

_. ( I) _.[ 3 ] 
Frictiollal Forces Oil Screws: Here, 9=1aSl 2m- =1aSl 2n(6) 

= 4550 •• M= 5 N· m and " = 1aSl-').I, = 1aSl-' (0.5) = 26.565·. Since f~on at 

two saews must be overcome, then, W = 2fA. = 2(625) = 1250N. App1ymg 

Eq.8-3. we have 

M= Wnan(9+,) 
= 1250(0.006) tan ( 4.5500 + 26.565·) 

=4.53 N·m Ans 

Note: Since" > 9, the saew is self -locking. It will not unscrew even if 
_(lIOment M is removed. 

8-85. A "hawser" is wrapped around a fixed "capstan" 
to secure a ship for docking. If the tension in the rope, 
caused by the ship, is 1500 Ib, determine the least number 
of complete turns the rope must be rapped around the 
capstan in order to prevent slipping of the rope. The 
greatest horizontal force that a longshoreman can exert 
on the rope is 50 lb. The coefficient of static friction is 
/-I.., = 0.3. 

Frictiollal Forct! 0" F/<II BtIIt : Here, r, = 50 Ib and 7i = 1500 lb. Applying 
Eq. 8 - 6. we have 

7i = r, ~~ 
1500 = 50~o.J~ 

{J = 11.337 rad 

Th leas 11.337 
e t number of turns of the rope required is ~ = 1.80 turns. Thus 

Use n=2tums Ans 
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8·86. The truck, which has a mass of 3.4 Mg, is to be 
lowered down the slope by a rope that is wrapped around 
a tree. If the wheels are free to roll and the man at A can 
resist a pull of 300 N. determine the minimum number of 
turns the rope should be wrapped around the tree to 
lower the truck at a constant speed. The coefficient of 
kinetic friction hetween the tree and rope is iJ.k = OJ. 

8·87. Determine the maximum and the minimum values 
of weight W which may be applied without causing the 
50-lb block to slip. The coefficient of static friction between 
the block and the plane is !J-, = 0.2. and between the rope 
and the drum D !J-', = (U. 

EquaJions of Equilibrium and Friclion: Since Ibe block: is on Ibe verge of 

sliding up or down Ibe plane. then. F= J1.,N = 0.2N . If the block: is on the verge 
of sliding up Ibe plane [FBD (a)]. 

\+l:F,,=0; N-50c0s45°=0 N=35,36Ib 

;. IF" = 0; 7; -0.2(35,36) - SOsin 45° = 0 7; = 42,431b 

If the bloclc is on the verge of slliling down Ibe planet FBD (b)]. 

\ +1:'<;' = 0; N -SOcos 45° = 0 N = 3S.361b 

;.-IF" =0; :Ii +0,2(35.36)-SOsin4So=0 :Ii =28.28lb 

Friclional Force on Flal Bell: Here. !3=45°+9()O = 135° = ~ rad. 
4 

If the bloclc is on the verge of sliding up the plane. 7; = 42.43 Ib and :Ii = W. 

:Ii = T, t PP 

W = 42.43to. 3(-';) 

= 86.02 Ib = 86.0 Ib Ans 

If the bloclc is on the verge of sliding down Ibe plane, 1j = W and :Ii = 28.28 lb. 

:Ii = 7; t PP 

28.28 = WtO. 3('T) 

W = 13.95 Ib = 13.9 Ib An. 
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*8-88. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe. 
Determine the smallest vertical force F needed to support 
the load if the cord passes (a) once over the pipe, f3 = 
180°, and (b) two times over the pipe. f3 = 540°. Take I-'s = 
0.2. 

FrictloMl Fore. 011 FltU B.lt : Here. To '" F and 11 '" 250(9.81) • 24S2.S N. 
Applying Eq. 8 - 6, we have 

a) IfP= 180""'nrad 

11 '" To ~pp 
2452.5 = F~O.2w 

F= 1308.38 N = 1.31 kN Ans 

b) If P '" 540° = 3n rad 

11 '" To ~pp 
2452.5 '" F~O.2(J"I 

F", 372.38 N '" 372 N 

8-89. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe. 
Determine the largest vertical force F that can be applied 
to the cord without moving the cylinder. The cord passes 
(a) once over the pipe, f3 = 180°, and (b) two times over 
the pipe, f3 = 540°. Take 1-'., = 0.2. 

Ans 

FrictioMl Fore. Oil FUll Bdt: Here. To .. 250(9.81) = 2452.5 N and 7i .. F. 
Applying Eq. 8 - 6, we have 

a) If P '" 180" .. n rad 

11 = To ~p, 

F", 2452.5~o.2w 

F"'4597.10 N = 4.60kN Ana 

b) If p .. 540° '" 3n rad 

Tz = 7j ~pp 

F .. 2452.5eo.2 (3"1 

F .. 15152.32 N = 16.2 kN Ana 
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*8-9()' The boat has a weight of 500 Ib and is held in 
position off the side of a ship by the spars at A and B. A 
man having a weight of 130 Ib gets in the boat, wraps a 
rope around an overhead boom at C, and ties it to the 
end of the boat as shown. If the boat is disconnected from 
the spars, determine the minimum number of half turns 
the rope must make around the boom so that the boat 
can be safely lowered into the water at constant velocity. 
Also, what is the normal force between the boat and the 
man? The coefficient of kinetic friction between the rope 
and the boom is J.L., = 0.15. Hint: The problem requires 
that the normal force between the man's feet and the boat 
be as small as possible. 

Frictio,,111 Forc" 0" Fliu Bdt: If the normal force between the man and die boat 
is equal 10 zero, then, 7j = 130 Ib and 12 = 500 lb. Applying Eq. 8 _ 6, we have 

12 = 7j ,~p 

500 = 130,,· 15p 

tJ = 8.980 rad 

The least number of half tums of the rope required is ~ = 2.86 tums. Thus 
1C 

Use II = 3 half turns Ans 

Equtllio"s 0/ Equilibriu",: From FBD (a), 

+ i.tF, =0; 12 -N .. -500=0 12 =N .. +500 

From FBD (b), 

+i.tF,=O; 7j+N .. -130=0 7j=13O-N .. 

Frictio,,111 Forc" 0" FUll BtJ/ts : Here, tJ = 31C rad. Applying Eq. 8 _ 6, we have 

12 = 7j tJ~P 

N .. + 500 = (l30-N .. ) ,0."(3., 

__ N. = 6.74 Ib 

8-91. Determine the smallest lever force P needed to 
prevent the wheel from rotating if it is subjected to a 
torque of M = 250 N . m. The coefficient of static friction 
between the belt and the wheel is J.Ls = 0.3, The wheel is 
pin-connected at its center, B. 

Ans 

- F( 200) + 1'(9S0) = 0 

F = 4.7SP 

F' = 4.75 P eO.'(';") = 19.53 P 

(h) 

-19.53 P (0.4) + 250 + 4.751'(0.4) = 0 

P = 42.3 N Ans 

527 

T, 

A, , 11
_

A-'-1 "'0"", 

I 75o_ 

J-r ~ 



*8-92. Detennine the torque M that can be resisted by the 
band brake if a force of P = 30 N is applied to the handle 
of the lever. The coefficient of static friction between the ~ +I:MA ; 0; 

belt and the wheel is J.Ls = 0.3. The wheel is pin-connected - F(200) + 30(950) ; 0 

at its center, B. 
F; 142.5 N 

12 ; 11 e~P 

F' ; 142.5 eO.,C¥) ; 585.8 N 

~+I:M. ; 0; -585.8(0.4) + 142.5(0.4) + M ; 0 

M; InN'm ADS 

8-93. Blocks A and B weigh 50 lb and 30 lb, respectively. 
Using the coefficients of static friction indicated, 
determine the greatest weight of block D without causing 
motion. 

PBA = 0.6 

D 

For bloclcA &ad B : AsswniDg blockB does Dot .lip 

.c. I:F. = 0; 0.4(80) - 10 ; 0 10 ; 321b 

ForblockB : 

SolVing Eqs.[I] &ad [2] yields; 

Ii. ; 4O.321b N. ; 17.25lb 

SiDce Ii. ; 4O.321b > JiN. ; 0.6( 17.25) ; 10.35 lb. slipping does occur 
betweenA &adB.Therefore. the assumption is DO good. 

SiDce IIipping occurs. Ii. = 0.6 N •. 

.c. I:F. ; 0; 0.6(26.20) cos20' -26.20sin20' - 10 = 0 10 ; 5.8121b 

T, = 7j e"' Where T, = WD • 7j = 10 = 5.812 lb. p; 0.5,.. rad 

= 12.71b 
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8-94. Blocks A, Band D weigh 75 lb and 30 lb, 
respectively. Using the coefficients of static friction 
indicated, determine the frictional force between blocks 
A and B and between block A and the floor C. 

).1=0.5 

{) 

For the rope, T, = Tlel'~, where T, = 30 lb. T, = T., and fJ = 
0.5rr rdd. 

T. = 13.678 Ib 

Fe = 13.7 lb An.. 

For block B: 

+ t 'EF)' =0;N.cos20' + FB';1I20° -75 =0 ill 

~'EFx = 0; F8 cos 20' - No ';1120" - ]3.678 = 0 i21 

Solving Eq,. [II and 121 yields: 

N. = 65.81b 

Fa = 38.5 Ib Ans 

Since F. = 38.5 lb < /IN. = 0.6(65.8) = 39.5 Ib, slipping between 
A wId B doe, not occur. 
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8-95. Show that the frictional relationship between the 
helt tensions, the coefficient of friction /.L, and the angular 
contacts a and {3 for the V·belt is T2 = T,ep-{3/sin("m. 

'f~' ~ .... Hoff ":_:Z:\', -"'; ~ 
! 1-. 
• 

F.B.D of a section ollbe bell is shown. 
Proceeding in !be lleneraJ manner : 

IF" ,. 0; dB dB 
-(T"d7) cos- .. Tcos- .. 2dF '" 0 

2 2 

.dB d8 a 
-(T"d7) SID- - Tsin- .. 2dNsin-. 0 

D_1ac:e . dB b dB 
'-y StnT Y T' 

dB 
cosT by I, 

dF = )JdN 

2 2 2 

Usinll thU and (d7)(d8) -+ 0, the above reIaIions become 

Combine 

InregJ'ale from B = 0, T ,. 7j 

10 8=P,T"1i 
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"8·96. The smooth beam is being hoisted using a rope 
which is wrapped around the beam and passes through a 
ring at A as shown. If the end of the rope is subjected to 
a tension T and the coefficient of static friction between 
the rope and ring is /-L, = 0.3, determine the angle of () for 
equilibrium. 

Equalion 0/ Equilibrium: 

T-2T'cos ~ .. O 
2 

9 
T=2T'cos 2 

9 
Frictional Foret! on Fial Belt: Here, /3= 2' 7i = Tand"Ii = r. 
Applying Eq. 8 - 6 7i = "Ii e"P, we have 

Substituting Eqs. [I) into (2) yields 

Solving by tria.l and error 

2T'cos ~ = T'eO. 159 

2 

eO. I59 = 2cos ~ 
2 

9 = 1.73104 rad = 99.2° 

,8·97. The 20-kg motor has a center of gravity at G and 
is pin-connected at C to maintain a tension in the drive 
belt. Determine the smallest counterclockwise twist or 
torque M that must be supplied by the motor to turn the 
disk B if wheel A locks and causes the belt to slip over 
the disk. No slipping occurs at A. The coefficient of static 
friction between the belt and the disk is /-Ls = 0.3. 

EfruztiolU 0/ Efuilibrium: From FBD (a), 

'+l:Mc=O; 7i(100)+1j (200)-196.2(100) =0 

FromFBD(b), 

C+ l:Mo = 0; M+ 1j (0.05) -7i (0.05) = 0 

Frictional Force 0" Fltu Bell: Here, fJ = 1800 = 1r 00. Applying 
Eq. 8 - 6, 7i = 1j e"P, we have 

7i = 1j .0.3. = 2.5661j 

Solving Eqs.[II, [21 and [3] yields 

M= 3.37 N m Ans 

1j = 42.97 N 7i = 110.27 N 

Ans 

[1) 

(2) 

[3] 
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8·98. The simple band brake is constructed so that the 
ends of the friction strap are connected to the pin at A 

and the lever arm at B. If the wheel is subjected to a p = 200 + 1800 + 450 = 2450 
torque of M = 80 lb . ft, determine the smallest force P 
applied to the lever that is required to hold the wheel L +LMo = 0; T, (1.25) + 80 - 12 (1.25) = 0 

stationary. The coefficient of static friction between the 
strap and wheel is f..Ls = 0.5. 12 = T, e'P; 12 = T, e'S(W')(;;i:) = 8.4827T, 

Solving; 

T, = 8.553 Ib 

, + IM. = 0; - 72.553( sin45°)( 1.5) - 4.5P = 0 

~ 1.5 ft ~i-----

8·99. The cylinder weighs 10 Ib and is held in 
equilibrium by the belt and wall. If slippi.ng does not occur 
at the wall determine the minimum vertical force P whIch 
must be 'applied to the belt for equilibrium. The 
coefficient of static friction fietween the belt and the 
cylinder is /L, = 0.25. 

EqullliolU 0/ Equilibrium: 

,+IM. = 0; P(0.2) + 10(0.1) -12cos 30°(0.1 + 0.1 cos JOO) 

P = 17.1 Ib Ans 

-12 sin 300 (0. Is in 300) = 0 [II 

Friclional Force on FIlii Bell: Here, f3 = 30° = :: rad and 1j = P. 
6 

p 

A 

Applying Eq. 8 - 6, 12 = T, e'P, we have ~ 

12 = Pe'·25("'O) = I.140P [21 

Solving Eqs.[11 and [21 yields T,=f 

P= 78.71b Ana 

12 = 89.76lb 
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*8-100. The uniform concrete pipe has a weight of 800 Ib 
and is unloaded slowly from the truck bed using the rope 
and skids shown. If the coefficient of kinetic friction between 
the rope and pipe is J..Lk = OJ, determine the force the worker 
must exert on the rope to lower the pipe at constant speed. 
There is a pulley at B, and the pipe does not slip on the skids. 
The lower portion of the rope is parallel to the skids. 

,+ EM, = 0; - SOO(r sin 30°) + Ii cos 15°(r cos 15° + r cos 30°) + T, sin 15°(r sin 15° + r sin 15°) = 

T, = 203.466 Ib 

fJ = ISO° + 15° = 195° 

7i = 73.3 Ib ADS 

1---------------

8·101. A cord having a weight of 0.5 Iblft and a total 
length of 10 ft is suspended over a peg P as shown. If 
the coefficient of static friction between the peg and 
cord is J..L, = 0.5, determine the longest length h which 
one side of the suspended cord can have without 
causing motion. Neglect the size of the peg and the 
length of cord draped over it. 

r p 

h 

L 
11 = 7i e~~ Wbece 11 = O.Sh, 7i = 0.5(10- h), fJ = tr rad 

O.Sh = O.S( lO-h)eo.,(><) 

h = S.28 ft Alii 

533 

I;:~gil~~b<l 
I,'" 

'-1 r r 

N 3<,. 
l 



8-102. A conveyer belt is used to transfer granular 
material and the frictional resistance on the top of the belt 
is F = :iDa N. Determine the smallest stretch of the spring 
attached to the moveable axle of the idle pulley B so that 
the belt does not slip at the drive pulley A when the torque 
M is applied. What minimum torque M is required to keep 
the belt moving? The coefficient of static friction between 
the belt and the wheel at A is 11., = 0.2. 

FriCliolUll Force Oil FUll Bell: Here, f3 = 180· = 7r rad and 1i = SOO-+ T 
and 7; = T. Applying Eq. 8 - 6 •• we have 

1i = 7; t~~ 

500+ T= TtO. 2 ' 

T= 571.78 N 

EquaJiolls of Equilibrium: From FBD (a). 

(+IMo = 0; M+571.78(0.I) -(500+578.1)(0.1) = 0 

M=50.0N·m 

From FBD (b) • 

.:. IF; = 0; F" - 2(578.71) = 0 F" = 1143.57 N 

Thus. lite spring stretch is 

F,. 1143.57 
oX = T = 400il = 0.2859 m = 286 mm 

Ans 

ADS 
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8·103. Blocks A and B have a mass of 7 kg and 10 kg, 
respectively. Using the coefficients of static friction 
indicated, determine the largest vertical force P which can 
be applied to the cord without causing motion. 

Friclioll<ll Fo,.c.s 011 Flal Bdts : When the con! pass over pel D. 

fJ· 180" '" lr r .. llnd 7i = P . Applying Eq. 8 - 6, 7i = 7j e-' , we have 

P = 7j eO.,. 7j = 0.7304P 

When the cord pass over peg C. fJ = 90" = ~ rad and 1i' = 7j = 0.7304P 
2 

. Applying Eq. 8 - 6. 1i' = 7j 'eP
' • we have 

0.7304P=7j'eO.4(",2l 7j'=0.3897P 

EqUaliOlls of Equilibrium: From FBD (b). 

+t.tF,=O; NB -98.1=0 NB =98.1N 

~ u. =0; F, -T=O 

(+l:Mo = 0; T(O.4) -98.I(x) = 0 

From FBD (b). 

+ t.tF, = 0; NA -98.1-68.67 = 0 NA = 166.77 N 

[I) 

(2) 

~u.=0; 0.3897P-F,-1';.=0 (3) 

Frictioll: Assuming the block B is on Ihe verge of tipping, then x = 0.15 m. AI 

for motion to occur. block A will have slip. Hence. I';. = (Jj')ANA 

= 0.3(166.77) = 50.031 N. Substiwting these values into Eqs.[I). (2) and (3) 
and solving yields 

P= 222.81 N = 223 N Am 

F, = T= 36.79 N 

Since (F,) .... = (Jj')BNB =0.4(98.1) = 39.24N >F,. blockB does not 

slip but tips. Therefore. the above assumption is COrrecL 
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*8-104. The belt on the portable dryer wraps around the 
drum D, idler pulley A, and motor pulley B. If the motor 
can develop a maximum torque of M = 0.80 N • m, 
determine the smallest spring tension required to hold 
the belt from slipping. The coefficient of static friction 
between the belt and the drum and motor pulley is 
f.Ls = 0.3. 

~ +l:M. = 0; 

1( = 25.S37 N 

12 = 6S.S3 N 

F, = 8S.4 N 

8-l0S. Block A has a mass of 50 kg and rests on surface 
B for which J..L, = 0.25. If the coefficient of static friction 
between the cord and the fixed peg at C is J..L~ = 0.3, 
determine the greatest mass of the suspended cylinder D 
without causing motion. 

Block A : 

Assume block A slips and does nOI tip. 

+ i tF, = 0; 

..:. tF, = 0; 

T = 129.1 N 

~tM. = 0; 4 3 
- SO (9.81) x + S (129.1) (0.3) - S (129.1) (0.115 - x) • 0 

-7j (0.02) + 12 (0.02) - 0.8 = 0 

12 = 7j e(0.3)(., = 2.S6637j 

c~ 

-F,(O.OS) + (2S.537 + ZS.S37sln3O")(0.lcos4S·) + ZS.537cos3O"(0.1 Ilin4S·) - 0 

A ... 

T 

JC = Il.OSI6 m < 0.115 ID Ok 

Pq: o. 

... .....A (90' • ,6 .,.) 
'2 .. 'I r-; 9.81 III = 129.1 e 0.3 ----rrv- • 

III = 2S.6 kg Ana 
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------
8-106. Block A rcsls on Ih ,- I"'" , 
Iflh> " " L sur dll lor which f.1. = ())~ 

e mas, ollhe susrcndcd cl/inder /)' f k d' ',-' , 
Ihe 'm'"'' " . I., -t g, clermtne 

s a est mass 01 hlock ,1 S() 111'11 'I de, "/'h ' .. , , ' ,I oes flot sllr 
Ilr· e codllelenl ul sl'ltle Iricl h ' , or 
Ih' I" d " " Ion ct\\cell thc cord 'Ind 

C Ixe reg at ( IS /1: = 0,-'. ' 

90+36.87 

4(9.81) = Teo 3(-",--)' 

T = 20.19 N 

4 
0. - 5(20.19) = 0 

16.152 N 

+ i rF,. = 0; 
3 

NA + 5(20.19) - W= 0 

D 

For slipping, 

(0.) max = 0.25(NA ); 16,152 N = O,25(NA ) 

NA = 64.61 N, W = 76,72 N 

For tipping, x = 0.125 m 

Require 

4 
- W(0.125 m) + -(20.19)(0.3) = 0 

5 

W=38.8N 

76.72N 
m 9,81 m/s 2 = 7.82 kg Ans 

1------------------------------------------'-- ---

8-107. The collar bearing uniformly supports an axial 
force of P = 500 lb. If the coefficient of static friction is 
J,L .• = 0.3, determine the torque M required to overcome 
friction. 

B.IIrl"6 Frictio" : Applying Eq, 8 -7 wilh R, = L5 in .• R. = I in., )l, = 0.3 

and P = SOO lb, we have 

2 (Ai-Rl) 
M='3)l,P Ri-R.,2 

= ':(0.3)(500 (1.5' -I') 
3 ) 1.S2 -P 

= 1901b·in= 15.81b·fl AIlS 
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*8·1011. The collar bearing uniformly supports an axial 
force of f' = 500 lb. If a torque of M = 3 Ib . ft is applied 
(0 (he shaft and causes it to rotate at constant velocity. 
determine the coefficient of kinetic friction at the surface 
of contact. 

B.tJriJc, Ff'kliDII.' Applying Eq. 8-7 with Rz = 1.5 in .• ~ = I in .• M= 3( 12) 

= 36 Ib . in and P = 500 lb. we have 

IJ. = 0.0568 Ans 

8·109. The disk clutch is used in standard transmissions 
of automobiles. If four springs are used to force the two 
plates A and B together. determine the force in each 
spring required to transmit a moment of M = 600 Ib . ft 
across the plates. The coefficient of static friction between 
A and B is IL .. = 0.3. 

B.arin, Friclioll .' Applying Eq. 8 -7 with Rz = 5 in .• ~ = 2 in .. M = 600(12) 
= 7200 Ib . in. IJ, = 0.3 and P = 4F". we have 

F" = 1615.381b = 1.62 kip Au 

538 

p 

I 
I 
I I 
1---- 5 In. -----~ 



8·110. The annular ring bearing is subjected to a thrust 
of 800 lb. If ILs = 0.35, de.t.t:rmine the torque M that must 
be applied to overcome [fiction. 

8-111. The floor-polishing machine rotates at a constant 
angular velocity. If it has a weight of 80 lb. determine the 
couple forces F the operator must apply to the handles 
to hold the machine stationary. The coefficient of kinetic 
friction between the floor and brush is ILk = 0.3. Assume 
the brush exerts a uniform pressure on the floor. 

*8·112. The plate clutch consists of a flat plate A that 
slides over the rotating shaft S. The shaft is fixed to the 
driving plate gear B. If the gear C, which is in mesh with 
B, is subjected to a torque of M = 0.8 N· m, determine 
the smallest force P, that must be applied via the control 
arm, to stop the rotation. The coefficient of static friction 
between the plates A and D is /-Ls = 0.4. Assume the 
bearing pressure between A and D to be uniform. 08 

F = --.:.... = 26.667 N 
0.03 

M = 26.667(0.150) = 4.00 N'm 

2 , (0.125)' - (0.1)' 
4.00 = 3(0.4)(1' )(0.125)' _ (0.1)') 

P' = 88.S25 N 

\. +l:MF = 0; 88.S25(0.2) - 1'(0.IS) = 0 

I' = 118 N Ans 

c 
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2 (RJ-RJ) M = 3/l, I' Ri _ R.' 

= !(0.35)(800)[(2)' - 1'] 
3 (2)2 - l' 

= 435.6 lb· io. 

M = 36.3 lb· ft Ans 

2 I 
F{1.S) = 3(0.3)(80)(~) 

F = ~ Ib Au 
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8·113. A tube has a total weight of 200 Ib, length 1= 
8 ft, and radius = 0.75 ft. If it rests in sand for which the 
coefficient of static friction it is ILs = 0.23, determine the 
torque M needed to turn it. Assume that the pressure 
distribution along the length of the tube is defined by 
P = Po sin () . For the solution it is necessary to determine 
Po, the peak pressure, in terms of the weight and tube 
dimensions. 

EqullliolU 0/ &,uilibrium lUtd Frictiott : Here, IN = plrd8 = p.lrsin 8d8. 

Since die lUbe is on die verge of slipping. dF: IA,JN = PolA./rsin 8d8. 

2f' JNsin 8-W=0 
o 

2f'Po/rsin' 8d8= W 
o 

Po I1J , (I-cos 28)d8= W 
o 

Pou{i) = W 

2W 
Po : trlr 

2f'dF(r)-M=0 
o 

M= 2f'PolA,/r2Sin 8d8= 2polA,lr' 
o 

[I] 

[2] 
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Substiwting Eq.[IJ into [2J yields 

4WIA. r 
M=--

1t 

However. W = 200 lb. lA, = 0.23 and r= 0.75 ft. then 

M= 4(200)(0.23)(0.75) = 43.9 lb· ft 
1t 

Ans 



8-114. Because of wearing at the edges, the pivot 
bearing is subjected to a conical pressure distribution at 
its surface of contact. Determine the torque M required 
to overcome friction and turn the shaft, which supports 
an axial force P. The coefficient of static friction is I1-s. For 
the solution, it is necessary to determine the peak 
pressure Po in terms of P and the bearing radius R. 

Thus, 

p 

tIM - rdF= rJJdN - rJJpdA - rJJP(rd8di) 

p 11< I tIM I- JJ{p, -...2.1')? dr d8 Iff., -= 0 0 R 0 

12. 

I dA - r (P - ~1') rdr d8 p= P - 0 0 R 0 

M - ~JJPR 
2 

Ana 
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8·115. The pivot bearing is subjected to a pressure 
distribution at its surface of contact which varies as 
shown. If the coefficient of static friction is iJ.., determine 
the torque M required to overcome friction if the shaft 
supports an axial force P. 

trr 
dF = /l dN = /lP. cos(2R) dA 

p 

Po P = Po cos ';; 

*8·116. The tractor is used to push the lS00-lb pipe. To 
do this it must overcome the frictional forces at the 
ground, caused by sand. Assuming that the sand exerts a 
pressure on the bottom of the pipe as shown, and the 
coefficient of static friction between the pipe and the sand 
is iJ..s = 0.3, determine the force required to push the pipe 
forward. Also, determine the peak pressure Po. 

Thus. 

1--------12 ft ----_ 
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M = 1. r/l P. COIl(~) rdrdO 

lR trr 12• =/lP. (r'COS(-)dT) dO 
• 2R. 

= /lP.(-) (-)2 - 2 16R' [ 1C ] 
1C2 2 

= 0.7577 /l p.R' 

f fR trr flo P = dN = P. ( COIl (-)nir dO 
A • 2R. 

[
I trr r trrI = P. -.- cos(-) + -.- sin(-) (21C) (,.p 2R (,.) 2R 

= 4P.R2(J _ ~) 
1C 

= 1.454P.R2 

M = 0.52IP/lR ADS 

i 1"/2 
+ rE, = 0; 21 Po cos 8 (rd8) cos8 - W = 0 

o 

I TrI2 2 
2polr cos 8d8 = W 

o 

1 1 • 
2po rl(-8 + -sin28}1' = W 

2 4 0 

2 Po (15)(12)(12)( ~) 1500 
4 

Po = 0.442 psi Ans 

1"/2 

F= _ "12 (0.3)(0.442 Iblin
2
)(1 2ft)(12 in. Ift)(15 in.) d8 

F= 5731b Ans 



8·117. A 200-mm diameter post is driven 3 m into sand 
for which 11-, = 0.3. If the normal pressure acting 
completely around the post varies linearly with depth as 
shown, determine the frictional torque M that must be 
overcome to rotate the post. 

Eq_ioIU of Equilibrium tUld Frictioll : 1be resultant normal fon:e 011 

the post is N = ~(600+0)(3)(n) (0.2) = 180n N. Sinc:e the post is on Ibc 
2 

vecge ofrol3ling. 1'= Il.N = 0.3( 18On) = 54.0n N. 

M-54.0n(0.1) =0 

M= 17.0N·m Ans 

8·118. A pulley having a diameter of 80 mm and mass 
o~ 1.25 kg is supported loosely on a shaft having a 
dIameter of 20 mm. Determine the torque M that must 
be applied to the pulley to cause it to rotate with constant 
motion. The coefficient of kinetic friction between the 
sh~ft and pulley is ILk = 0.4. Also calculate the angle () 
whIch the normal force at the point of contact makes with 
the horizontal. The shaft itself cannot rotate. 

Frit:tlolIlII Fore. 011 }ou,,,1II Bearill6: Here. ,_ = WI"'Il_ '" l1li"'0.4 

- 21.80". Then the radius of friction cin:1e is 'i '" ISin ,_ = O.Ohin 21.80" 

= 3.714 ( 10"') m. The angle for which the normal fora: makes with horiZlDntal 

is 
8 = 90" - ,_ = 68.2° Ans 

Equatiolls of Equilibrium: 

+ i U, = 0; R -12.2625 =0 R = 12.2625 N 

(+IMo = 0; 12.2625(3.714)( 10"') -M= 0 

M=0.04S5 N· m AIlS 
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8-119. The pulley has a radius of 3 in. and fits loosely 
on the O.5-in.-diameter shaft. If the loadings acting on the 
belt cause the pulley to rotate with constant angular 
velocity, determine the frictional force between the shaft 
and the pulley and compute the coefficient of kinetic 
friction. The pulley weighs 18 lb. 

+ i l:F = O' y , 

51b 

R - 18 - 10.5 = 0 

R = 28.51b 

-5.5(3) + 5(3) + 28.5 r, = 0 

'i = 0.05263 in. 

0.5 
0.05263 = T sin¢ k 

tan12.15° = 0.215 

Note also by approximation, 

0.5 
0.05263 = -/1 

2 

/1 = 0.211 

Also, 

Ans (approx.) 

0.5 
-5.5(3) + 5(3) + F(-) = 0 

2 

F = 6lb Ans 

5.51b 

Ans 

N = .; R2 - F2 = ';(28.5)2 - 62 = 27.86 lb 

F 

R 

6 
= 0.215 

27.86 
ADS 
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*8-UO. The pulley has a radius of 3 in. and fits loosely 
on the O.5-in.-diameter shaft. If the loadings acting on the 
belt cause the pulley to rotate with constant angular 
velocity, determine the frictional force between the shaft 
and the pulley and compute the coefficient of kinetic 
friction. Neglect the weight of the pulley. 

51b 5.51b 

+ rEF, = 0; 

Also, 

~ +LVo = 0; 

By approximation, 

" = 'J.ll:. 

0.1429 

R - 5 - 5.5 = 0 

R = 1O.51b 

- 5.5(3) + 5(3) + F(0.25) = 0 

F = 61b 

N = "(10.5), - @ = 8.617 Ib 

F 6 
JJ. = N = 8.617 = 0.696 

-5.5(3) + 5(3) + 10.5(r,) = 0 

'i = 0.1429 In. 

0.1429 = 0.5,1n;. 
2 

;. = 34.85° 

Il. = tan34.85° = 0.696 ARB 

JJ. = -- = 0.571 
0.25 ARB (approx.) 

8-121. Determine the tension T in the belt needed to 
overcome the tension of 200 Ib created on the other side. 
Also, what are the normal and frictional components of 
force developed on the collar bushing? The coefficient of 
static friction is J.Ls = 0.21. 

FrUtiolllll Fore. 0" }our"aI B_ari"8: Here, ;, = WI-'/J, = 1an-IO.21 
.. 11.86°. Then !he radius of friction circle is 

" = /'Sin ;. = Isin 11.86° = 0.2055 in. 

EquatiolfS 0/ Equilibrium: 

(+rMp = 0; 200(1.125+0.2055) -T(1.l25-0.2055) = 0 

T= 289.411b = 2891b Ans 

+ iF, = 0; R - 200-289.4 = 0 R = 489.411b 

Thus. !he nonnal and friction fon:e are 

N=Rcos;, = 489.41cos 11.86° =479 Ib Ans 

F= Rsin;, = 489.4lsin 11.86° = 101lb Ans 
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T 215 1b is required to pull 8 122 I f a tension force = , th 
• • b h' determine e h 200-Jb force around the collar us lng, Th 

t e t' g surface e coefficient of static friction at the contac In , 

belt does not slip on the collar. 

Eq_ioll 0/ Equilibrium ." 

2oo( 1.125 + 'I) - 215 (1.125 - 'I) = 0 ( +:r.Mp = 0; 

" = 0,04066 in. 

Bearillg." The radius of friction circle is Frictiollal Force 011 Journal 

'i=/'Sin;. 
J.04066 = Isin ;. 

;. = 2.330" 

and !he coefficient of static friction is 

/J, = tan;, = tan 2.330" = 0.0407 AM 

8·123. A disk having an outer diameter of 120 mm fits 
loosely over a fixed shaft having a diameter of 30 mm. If 
the coeffic(ent of static friction between the disk and the 
shaft is J.1." = 0.15 and the disk has a mass of 50 kg, 
determine the smallest vertical force F acting on the rim 
which must be applied to the disk to cause it to slip Over 
the shaft. 

Frictiollll/ Force 011 Jourllll/ Bearillg." Here. ;, = tan-'/J, • tan-IO.lS 
= 8.531°. Then Ihe radius of friction circle is 

'i = /'Sin;, = 0.015sin 8.531° = 2.225 ( IO-l ) m 

Equalioll 0/ Equilibrium ." 

490.5(2.225) ( IO-
l

) -10.06 - (2.225) ( IO-l ) ] = 0 

F= 18.9N Ans 
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*8-124. The weight of the body on the tibiotalar joint J is 
125 lb. If the radius of curvature of the talus surface of the 
ankle is 1.40 in., and the coefficient of static friction between 
the bones is J.l.s = 0.1, determine the force T developed in 
the Achilles tendon necessary to rotate the joint. 

With. additioo of forceT, !be reouItant force W + T Ida • ditIancex bori tall 
fromW ZOIIy . ~ 

Friction : 

WI; = JlN =Jl 
N 

-(W+Dx=-Ta 
Ta 

x=--
W+T 

However, from geomctty r is !be tadius of curvature. 

Bin; =:: 
r 

SiDce ; is sman sin;. WI; = Jl = 7,subsitute x = i;r yields 

Jl = 1('::7) 

Here W = 125 Ib, r= 1.40 in, Jl = O.I,a= 1.50 in. 

8-125. The collar fits loosely around a fixed shaft that has 
a radius of 2 in. If the coefficient of kinetic friction between 
the shaft and the collar is J.l.k = 0.3, determine the force P 
on the horizontal segment of the belt so that the collar 
rotates counterclockwise with a constant angular velocity. 
Assume that the belt does not slip on the collar; rather, the 
collar slips on the shaft. Neglect the weight and thickness 
of the belt and collar. The radius, measured from the center 
of the collar to the mean thickness of the belt, is 2.25 in. 

--=""""===---. p 

T _ 0.1(1.40)(125) 
1.'0-0.1(1.40) 

~ 12.91b AIlS 

;. = WI-I Jl. = WI-I 0.3 = 16.699° 

r, = 2sinI6.699° = 0.5747 in. 

Equilibrium : 

+il:F,=o; R,-20=0 R,=20lb 

201b 

':'u,=0; T-R,,=O R,,=T 

!, + I'Mo = 0; - ( 11'2 + 2(2) (0.5747) + 20(2.25) - T(2.25) = 0 

Choose !be smallest root T= 13.81b 
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8-126. The collar fits loosely around a fixed shaft that has 
a radius of 2 in. If the coefficient of kinetic friction between 
the shaft and the collar is /-Lk = 0.3, determine the force P 
on the horizontal segment of the belt so that the collar 
rotates clockwise with a constant angular velocity. Assume 
that the belt does not slip on the collar; rather, the collar 
slips on the shaft. Neglect the weight and thickness of the 
belt and collar. The radius, measured from the center of 
the collar to the mean thickness of the belt, is 2.25 in. 

~~;:==--.P 

't = 2ain 16.699° = 0.5747 in. 

Equilibrium: 

+ t U, = 0; R,. - 20 = 0 R,. = 20 Ib 

':'u; =0; T-R" =0 R" =T 

201b 

~ ~ = 0; ( /1"2 + 2()2) (0.'747) + 20(2.25) _. T(2.2') = 0 

8·127 . . Th~ connect~ng rod is attached to the piston by 
a 0.75-.m.-dlameter pm at B and to the crank shaft by a 
2-m.-dlameter bearing A. If the piston is mOving 
do~nw~rds, and the coefficient of static friction at these 
p.omts IS J-L, '" 0.2, determine the radius of the friction 
CIrcle at each connection. 

(r) _ 0.75(0.2) 
f. - r,j,l, = --r-- = 0.075 in. A ... 

Choose Ibe largest root T= 29.01b Ans 

--------------------._-_.-

*8·128. The connecting rod is attached to the piston by 
a 20-mm-diameter pin at B and to the crank shaft by a 
50-mm-diameter bearing A. If the piston is moving 
upwards, and the coefficient of static friction at these 
points is J-L., = 0.3, determine the radius of the friction 
circle at each connection. 

(rt), = raJJ, = iO (0.3) = 3 mm Au 
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8·129. The vehicle has a weight of 2600 Ib and center of 
gravity at G. Determine the horizontal force P that must 
be applied to overcome the rolling resistance of the 
wheels. The coefficient of rolling resistance is 0.5 in. The 
tires have a diameter of 2.75 ft. 

EqU4Jlio/U 0/ Equilibrium: 

N, (7) +P(2.5)-2600(2) =0 
5200-2.SP 

N, =--7--

C+l:M, =0; P(2.5)+2600(5)-N.(7) =0 
13000+2.5P 

N. = 7 

5200 - 2.5P 13000 + 2.SP 
Rollin, R"isttlllce: Here. W= N. +N, = 7 + 7 

(
2.75) = 2600 lb. a=0.5in. and,= T (12) = 16.5 in .. Applying Eq.8-11. 

webave 

Wa 
P-, 

2600(0.5) 
-l6.S 
-78.81b Ans 

8·130. The hand cart has wheels with a diameter of 80 
mm. If a crate having a mass of 500 kg is placed on the 
cart so that each wheel carries an equal load. determine 
the horizontal force P that must be applied to the handle 
to overcome the rolling resistance. The coefficient of 
rolling resistance is 2 mm. Neglect the mass of the cart. 
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2{;OOlk 

Wa 
p-, 

= 500(9.81)(2) 
40 
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8·131. The cylinder is subjected to a load that has a 
weight W. If the coefficients of rolling resistance for the 
cylinder's top and bottom surfaces are aA and an, 
respectively, show that a force having a magnitude of P = 

[W(aA + a,,)J/2, is required to move the load and 
thereby roll the cylinder forward. Neglect the weight of 
the cylinder. 

-+tF;=o; (~).-P",o (~).",P 

+iu,=O; (~),-W"'O (~),"'W 

Since;~ and;, arcverysmall, Co.!;A -co.!;,-I.Hence,CromEq.(I) 

(QED) 

*8·132. A large crate having a mass of 200 kg is moved 
along the floor using a series of 150-mm-diameter rollers 
for which the coefficient of rolling resistance is 3 mm at 
the ground and 7 mm at the bottom surface of the crate. 
Determine the horizontal force P needed to push the 
crate forward at a constant speed. Hint: Use the result of 
Prob.8-131. 

Rolling R'$isIIUlU : Applying the resull oblained in Prob. 8 -IJ', 
W(aA +"") 

p= 2r ' with a,. '" 7 mm, "" '" 3 mm, W = 200(9.81) '" 1962 N, 
and r= 75 mm, We have 

p= 1962(7+3) '" _ 
2(75) 130.8 N - 131 N Ans 

550 



8.133. The lawn roller weighs 300 lb. If the rod BA is held 
at an angle of 30° from the horizontal and the coefficient 
of rolling resistance for the roller is 2 in., determine the 
force F needed to push the roller at constant speed. Neglect 
friction developed at the axle and assume that the resultant 
force acting on the handle is applied along BA . 

. -\ 2 ° F the ili'b' f Rolli", R.sutlUlce : 'The angle 9 = Sin 9 = 12.84. rom eq num 0 

the lawn roller, we have 

':'l:F,; = 0; Rsin 12.84° - Fcos 30° = 0 [I) 

+iU, =0; Rcos 12.84°-300-Fsin300=0 [2J 

Solving Eq.[I] and [2] 

F=90.9Ib Ans 

R = 354.311b 

8·134. A single tOree P is applied to the handle of the 
drawer. If friction is neglected at the h()ttom side and the 
coefficient of static friction along thc sides is }J-, = (lA. 
determine the largest spacing s hetween the symmetrical!) 
placed handles so that thc drawer d()es not hind at the corners 
A and B when the f~ree P is applied to one of the handles. 

EqutlliO"6 01 Equilibrium IUId Frictio" : If cite drtw~ docs nol bind at 

comers " and 8, slipping would have 10 occur at points " and B. Hence. 
F,.. = /IN, = 0.4N, and F" = /IN. = 0.4N •. 

+ i U, = 0; 0.4N + OAN - P = 0 P = 0.8N 

(
S+ 1.25) (+ rM. = 0; N(0.3) +OAN( 1.25) -0.8N -2- = 0 

- Sim:e N ,. 0, then 

N[ 0.3+0.5-0.8C+ ~.25)J =0 

0.3+0.5 -0.8C+ ~.25) = 0 

S = 0.750 m Ans 
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8-135. '[he truck has a mass of 125 Mg and a center of mass 
at U Determine the greatest load it can pull if (a) the truck 
has rear-wheel drive while the front wheels are free to roll, 
and (b) the truck has four-wheel drive, The coefficient of 
static friction between the wheels and the ground is /1, = 0,5. 
and between the crate and the !i;round, it is /1: = OA, 

a) The truck with rear whocl drive, 

EqUaliOllS of Equilibrium alld Frictioll : It is required thallhe rear wheels 

of the ttuck slip, Hence F,. = /l,NA = 0.5NA .From FBD (a), 

[2J 

Solving Eqs,(I) and [2) yields 

NA = 5573.86 N T = 2786.93 N 

Since the craie moves. Fe = /l,' Ne = O.4Ne. From FBD (c). 

~ u. =0; 2786.93-0.4W = 0 

W = 6967.33 N = 6.97 kN Ans 

b) The ttuck wilh four wheel drive. 

EqUaliOllS of Equilibrium alld Frictioll : It is required thallhe rear wheel 

and fronl wheels of the ttuck slip. Hence FA = /l,NA = 0.5NA and ,. 

,. /l,N. = 0.5N, .From FBD (b). 

(+rMB =0; 1.25 ( 10') (9,81) (1) + T(0.6) -NA (2.5) = 0 [3) 

< +rMA =0; N, (2.5)+ T(0.6) - 1.25 ( 10') (9.81)( 1.5) = 0 (4) 

.:.~ ==0; O.5NA +0.5NB - T= 0 [5J 

Solving Eqs.[3J. [4J and [5J yields 

NA =6376,5N NB =5886.0N T=6131.25N 

Since the craie moves. Fe = /l:Ne = O.4Ne. From FBD (c). 

~u: =0; 6131.25-0.4W=0 

W = 15328,125 N = 15.3 kN Ans 
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':'8·136. Solve I'roh. s- D5 if the truck and crate are 
traveling. up a J() incline. 

a) TIle truck with rear wheel drive. 

Equations of Equilibrium and Friction: It is required that the rear wheel 
of the truck slip hence 1';. = /J,N. = 0.5N • . From FBO (a). 

'+l:Ms = 0; l.25( 10') (9.81)eos 10°(1) 

+ 1.25 ( 10') (9.81)sin 10"(0.8) 

+T(0.6)-N. (2.5) =0 [I) 

+ If;. =0; O.SN. -l.2S( 10') (9.81)sin loo-T=O 

Solving Eqs. [I) and [2] yields 

N. = 5682.76 N T= 712.02 N 

Since the crate moves. Fe = /J,' Ne = O.4Ne. From FBO (c). 

+!.F,. =0; Ne-Weos 10°=0 Ne =0.9848W 

~ IF. = 0; 712.02- Wsin 100 -0.4(0.9848W) = 0 

W = 1254.50 N = 1.25 leN Ans 

b) The Inlek with four wheel drive. 

Equations of EqUilibrium and Friction: It is required thal the rear wheels 
of the truck slip hence 1';. = /J,N. = O.SN •. From FBO (a). 

'+l:Ms = 0; 1.2S( 10') (9.81)eos 10°(1) 

+ 1.2S( 10') (9.81)sin 10"(0.8) 

+ T(0.6) -N. (2.5) = 0 

(+l:M. = 0; -l.2S( 10') (9.81)eos 10"(1.5) 

+ 1.2S( 10') (9.81)sin 10"(0.8) 

+ T(0.6) +Ns (2.S) = 0 

..!. If;. = 0; O.5N. +O.SN, -1.2S( 10') (9.81) sin 10° - T= 0 

Solving Eqs. [3]. [4] and [5i yields 

N. = 6449.98 N Ns =S626.23N T=3908.74N 

Since the crate moves. Fe = /J, 'Ne = 0.4Nc. From FBO (c). 

\+!.F,. = 0; Nc - Wcos 10" = 0 Ne = 0.9848W 

~ If; = 0; 3908.74- Wsin 100 -0.4(0.9848W) = 0 

W = 6886.79 N = 6.89 leN Ans 
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8·137. The cam or short link is pinned at A and is used 
to hold mops or brooms against a wall. If the coefficient 
of static friction between the broomstick and the cam is 
!J.s = 0.2, determine if it is possible to support the broom 
having a weight W. The surface at B is smooth. Neglect 
the weight of the cam. 

8-138. The carton clamp on the forklift has a coefficient 
of static friction of JJ.s = 0.5 with any cardboard carton, 
whereas a cardboard carton has a coefficient of static 
friction of JJ.~ = 0.4 with any other cardboard carton. 
Compute the smallest horizontal force P the clamp must 
exert on the sides of a carton so that two cartons A and 
B each weighing 30 Ib can be lifted. What smallest 
clamping force P' is required to lift three 30-lb cartons? 
The third carton C is placed between A and B. 

1be cam is a two - force membo-. 

Require 

F = 0.6N 

However F..u = J./,N = 0.2N 

Therefore, the cam canno I sUpPOrt the broom. 

If two canons against the clamp, 

+ tu; = 0; 2F = 60 

2(0.5N) = 60 

N = 601b 

If tile canons sUde against each other, 

+ tu; = 0; F+FC=30 

0.5N + 0.4N = 30 

N = 33.331b 

Thus, p = 60 Ib for two cartons. 

For three carto~ : 

If two canons sUde against each other, 

+ tu; = 0; 2Fc = 30 

2(0.4NcJ = 30 

Nc = 37.5 Ib 

If the canons sUde again.t the camp, 

+ t U; = 0; 2F = 90 Ib 

2(0.5 N) = 90 

N = 901b 

p = 90 Ib for three carton •. Ans 
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8-139. The tractor pulls on the fixed tree stump. 
Ddermine the torque that must he applied hy the engIne 
to the rear wheels to cause them to slip. The front wheels 
arc free to roll.The tractor weighs 3500 Ih and has a center 
of gravity at (i. The coefficient of static friction hetween 
the' rear 'wheels and the ground is /L, = 0.5. 

EquaJiolU of Equilibrium GIld Friction: Assume that the rear wheels 

B slip. Hence & = /J,N. = O.SN,. 

(+l:M, =0 N, (8) - T(2) -3S00{S) = 0 

~IF. =0; T-O.SN, =0 

Solving Eqs.[I). (2) and [3) yields 

N, = 1000 Ib N, = 2500 Ib T = 1250 Ib 

Since N, > O. the front wheels do not lift up. Therefore the rear wheels slip as 

assumed. Thus. Fa = 0.5 (2500) = 1250 lb. From FBD (b), 

(+l:Mo =0, M-I2S0(2) =0 

M= 2SOO lb·ft- 2.50 kip. ft Ans 

[1) 

[2) 

[3] 

N6~Z5001b 
--------------------.~-~---.---.. 

':'8-140. The tractor pull> on the fixed tree stump. If the 
coefficient of static friction hdween the rear wheels and 
the ground is j1., = O.n. determine if the rear wheels slip or 
the front wheels lift off the ground as the engine provides 
torque to the rear wheels. What is the torque needed to 
cause the motion'! The front wheels are free to roll. The 
tractor weighs 2500 Ih and has a center of gravity at G. 

EfUaJiolU 0/ Etuilibrium GIld Friction: Assume tIw the rear wheels 
B slip. Hence Fa = /J,N, = 0.6N,. 

(+l:M, =0 N,(8)-T(2)-2S00(S) =0 

+iI:F,=o; N,+N,-2S00=0 

~IF. =0; T-0.6N, =0 

Solving Eqs.[ll, [2J and [3J yields 

N,=661.76Ib N,=1838.24Ib T=1102.94lb 

[IJ 

[2] 

(3] 

SinceN, > 0, the front .. heels do not lirt orr the ground. Therefore 

the rear wheels slip as assumed. Thus, Fa = 0.6( 1838.24) = 1102.94 lb. From 
FBD (b), 

+ IMo = 0, M - 1102.94(2) = 0 

M = 2205.88 lb· ft = 2.21 kip· ft Ans 

l.,500 11 

M 

(a. ) 
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9·1. Determine the distance X to the center of mass of 
the homogeneous rod hent into the shape shown. If the 
rod has a mass per unit length of 0.5 kg/m, determine the 
reactions at the fixed support O. 

U1I6'. Mti MQ ... It' A rift : The length of the diffen:n1iaJ ekmenl is tiL 

= 1d.:2
+dy2 -( J I +(tr)d.: and its ccmroid is i = z. Hen, t _ ~zl. 

Pcrfonning the inlCgralion. we have 

f idL = z 1 + -zd.: J'''g: 
L 0 4 

= -z 1+-z -- I+-z [ 8 ( 9)1 64 ( 9 )~]I'" 
27 4 1215 4 0 

=0.7857 

C ullroid : Applying Eq. 9 - 7 • we have 

iLitiL 0.7857 
.i = -r-7:"" = -- .. 0.5457 m .. 0.546 m 

JL dL 1.4397 

Equatiolts of Equilibrium: 

":"l:F. = 0; 0. =0 

+ i U, = 0; 0, -0.5(9.81)( 1.4397) .. 0 

0, = 7.06 N 

Mo -0.5(9.81)( 1.4397)(0.5457) = 0 

Mo = 3.8S N·m 

Ans 

Ans 

Ans 

Ans 
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9-2. Determine the location (x,)I) of the centroid of 
the wire. 

utlgt" IUId Mom",t Arm: The length of the differential element is dL 

= .; dx 2 
+ tty 2 = ( J 1 + (t )')dx and its centroid is y = y = ",1. Here, 

tty . 
-=2..t. dx 

C .ntroid : Due to symmetry 

i=O 

Applying Eq. 9 - 7 and perfonning Ihe integration, we have 

_ fLydL f~;>'~dx 
y= fLdL = JUt ~1+4.tldx 

-211 

Ans 

16.9423 
=--=1.82ft 

9.2936 Ans 

9-3. Locate the center of mass of the homogeneous rod 
bent into the shape of a circular arc. 

y 

--+------:-+_ x 

y 

2 ft ---I 

---......::~!!!S:;;£----__.J'___ x 

--------~~~----~~--A 

dL = 3OOd6 

;i = 300 cos, 
j=300sin6 

= (300)2[sin91~f 
300(tK) 

= 124 mm Ana 

;=0 AIlS (8y symmetry) 

557 



*9-4. Locate the ct!n tt!r of gravity x of the homogeneous 
rod bent in the form of a semicircular arc. The rod has a 
weight per unit length of 0.5 Ib/ft. Also. determine the 
horizontal reaction at the smooth support B and the .r 
and y components of reaction at the pin A. 

i = 2 co.9 

j=2.in9 

dL = 2d9 

_ lidL _ I!r 2 cos 9 2d9 

x = TdL - II, 2d9 
-r 

4 
Ana 

Arc length = 1" = 2 n: 

w = 2 n:(0.5) lb 

-2n:(0.5)(~) + 8z (4) = 0 
n: 

Bz = lIb Ana 

':'u.; = 0; Az = lIb Ans 

A, = 3.14 Ib ADS 

558 



9·5. Determine the distance x to the center of gravity 
of the homogeneous rod bent into the parabolic shape. If 
the rod has a weight per unit length of 0.5 lblft, determine 
the reactions at the fixed support O. 

y 

T- ~eO"L' ~.;; 
°1~~ 

or----- 1ft' 
x 

dL = ';dJ:2 + dy2 

dy = xdJ: 

_ iidL_MxYdJ:2+%2dJ:2 

% = 'TdL - JJ J dJ:2 + X2 dJ:2 

Let% = taD 9 

dJ: = W;2 6 d9 

i! taD9~sec29d9 
i = i! b + ran'9 sec29d9 

= [~ + tllD I w;9 + taD9m~ 

i = 0.531 ft Au 

dL = ';dJ:2 + dy2 

= 1.148 ft 

= 0.6095 

i = ~ = 0.531 ft Au 
1.148 

~u; = 0; 0, = 0 

0, - O.S( 1.148) = 0 

Q = 0.5741b , 

Au 

Au 

t.+IMo=O; Mo - 0.5( 1.148)(0.531) = 0 

Mo = 0.3051b·ft Au 
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9·6. Determine the distance y to the center of gravity 
of the homogeneous rod bent into the parabolic shape. 

tiL = .fd.t2+;jyi 

= 1.148 It 

= 0.2101 It 

Y
- 0.2101 

= U48 = 0.183 It 

1--___ , ('--------.f 

Ans 

1--_--------_._-_._------------------.... 
9·7. Locate the centroid of the parabolic area. 

y 
dA = x tty 

_ x 
.l'=-

2 

j=y 

- -I. i d.4 = lUG tty = I~.J~ = ~ 0. = ~b Ana 
x - TdA fA Ii tty , , 8 V ;; 8 

• 0 v;; [2,;,J~ 'I. 

*9·8. Locate the centroid (x, y) of the shaded area. y 

A.,."a and MO"."nt A.,.". : The Ilea of the differential element is dA = ydx 

( I ')dx' 'd' - Y I ( I ') = I -:ix 
and Its centrol IS Y = :2 =:2 I -:ix . 

C ""t,.oid : Due to symmelry 

x=o 
Ans 

Applying Eq. 9 - 6 and performing rhe integration, we have 

J'.. I ( I )( I ') f -dA - I - -x' I - -x dx 
- • Y _, .. 2 4 4 

Y'= I:dA '= f'" ( I ) 
I - -x' dx 

-2m 4 

Ans 
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9·9. Locate the centroid of the shaded area. 

y 

dil=ydx 

i=x 

j=~ 
2 

AIlS 

1 - I" A' • ~- A', • j=AYdil=~=~=2.h 
/A dil J: ~X2 dx [~x'l& 10 AIlS 

--+'~---------+,-L--x 

~-b---I 

9·10. Locate the centroid x of the shaded area. 

It, •• ud Mo"..", It,,,.: The area of die differential elcmc:nl is dil • ytix 

=2k(X-f)dx andiISCCIltroidisi=.r. 

C ,,",oUl : Applying Sq. 9 - 6 and perfonning the inlegralion, we have 

Ans 
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y 

~
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ka 
. I 

I 
--~---~----'-'--------~-~~--x 

a------·I 

y:. .I (f..,t) 

-V-~~ Y1 ra,I) '" 

->j I'- ctx J J\. 
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9·11. Locate the centroid .1' of the shaded area. 

\' 

A"a IUfd MO""nl Ar", : The area oflhe differential elemenlis ~ = (h-y)dx 

= 1r(1- ~)dx and its centroid is i = x. 

C~nlroid: Applying Eq. 9 -6 and perfOnning the integration. we have 

*9·12. Locate the centroid of the shaded area. 

y 

Ans 

M. = ydx 

X=x 

- y y=-
2 

M. = asin-dx = -::..=:..L.. =_ f fL 1<X [ acosll r 2aL 
A 0 L i 1t 

jM. = - a sin - dx = _ ---L. + _ =_ J I JL ,,1<X a'[ sinLu xI a'L 
• 20 L 2 ¥ 2 4 

_ L 
..t :::-

2 (By symmetry) 
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9-13. The plate has a thickness of 0.25 ft and a specific 
weight of y = 180 Ib/ftJ Detennine the location of il~ 
center of gravity. Also, find the tension in each of the 
cords used to support it. 

, 
Area al/d Moment Arm: Here, \' = x - Hx 1 + 16. The oreo of . , 
the differential element is d A = w/x = (x - 8.<' + 16)(/x anti its 

I . 1 

centroid I:-..r = rand .\" = 2(X - Xx:2 + 16), Evaluating the integrah-.. 

we have 

1, 1,
,,," , 

A= (/A= (x-8x 1 +16)(/.< 
.1 I) 

(
I 16' )1'·" , = :;x2 --x j +16x =42.67ft-
... 3 n 

1 1,
,,," , 

.idA = xl(.< - 8x 2 + 16)dxl 
r\ () 

(
I 16 5 )1 16

" 3x'-5.(1+8.<' " =136.53ft' 

J 1, 101< I' , 
.idA = -(x - 8.<1 + 16)I(x - HX2 + 16)d'<l 

A 0 2 

= 136.53 ft' 

Cel/troid: Applying Eg. 9-6. we have 

1, idA 136.53 
x = -'-- = -- = 3.20 ft Ans 

1 <fA 42.67 

,\ 

1, S'd A 136.53 
\' = -'-- = -- = 3.20 ft Ans 
. ( dA 42.67 

J" 
Equations oj Equilibrium: The weight of the plate is 
W = 42.67(().25H (80) = Ino lb. 

9-14. Locate the centroid y of the ,haded area. 

<lA = y <Ix 

. ~ = x 

v 
V =-=-

2 

f;dA tl~XIItIJ.'( 
- Ii ""J{l~) cC'''C' c-----

.< = j'tlA = (" ~x"dx 
>\ J() £J 

(11+ I) 
=---(j 

2(11 + 2) 

n + I 
=---iz 

2(211 + I) 

h(a '!r2) 

un(n + 2) 

~ 
a"(11 + I) 

Ans 

Ans 

B 
16 fl 

16f! C 
2~:p=::::::::==--v 

:>=3.20» 
1",\ 16YX 

/ '-.... 

l , 
y2+x2=4 

w= 192010 

16 ft 

'LM, = 0: 1920(3.20) - 7~,( 16) = () 7~1 = 384 Ib AIlS 

'LM, = 0; Tc(l6) - 1920(3.20) = 0 Tc = 384 Ib 

'LF,=O; Tn +384+384-1920=() 

y 

563 

7. = 1152 Ib= 1.15 kip 

y= ~X!l • 
" 

Ans 

Ans 



Locate the centroid of the shad d 

ciA = y dx 

, I' 
v= .:... . 2 

_ f.i ciA f (hX - '::'x"" ,) Jx 

x = of"~ dA = \I (" (h-'~X") Jx 
A JI) atl 

(
h ") __ -- ,,' 
2 n +2 ",I 

(h 
It) = 2(1+ 2) u 

__ - II 

,,+1 

f " dA 
_ A 

Y=~fdA "" 
,\ 1,' (II - ~t) tix 

t) \ a 

2,,' h 
'It 

= 2n' '1= 2(" + 1)~+ l) 

;;+1 

AilS 

AilS 

*9-16. Locate the cel<roilf the shaded area bounded 

by the parabola and r/le \\Ilf = a 

dA = x dv 

tlA = x dv = -.IS I va 5" ' = -,,' 

f f
" l' r,'r. = r(2 )") 2 

A \I" 3 

x= ~ = 1'" Ans 

J JA -ii' 
,\ 3 

r 

v 

1 
It 

)' 

y=o, 

T 
(l 

(x, y) 

(T. y) 

til' 

" 

a 

/".\.'~h- !!,;XII 
a 

lI=h _!!....J/r - u'l 

·1 

·1 

x 

f 5' £LA tl Ans '~~, ........................................................ J 
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1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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9·17. Locate the centroid of the quarter elliptical area. 

y 

x2 ,,2 

Tr~' 
i~.~ --'-+-------------:I---X 
~.--~~--,,--- - ~ 

9·18. Locate the centroid (X, y) of the shaded area. 

Ar •• tIIId Mo ... ", Ar .. : The area of the diffen:nlial element is ~ .. ydx 

" .. in ~dx and ill centroid are X" JC and j .. ! = ~sin ~. 
/J 2 2 /J 

C .,,'roid : Applying Eq. 9 - 6 and performing the inlegralion. we have 

1C 
'" -/J 

2 ADS 

dA=ydx 

i = x 

- y 
y = 2 

J dA = r ~b' - ~x' dx = ~[x//J' - x' + a' sin-l~I 
• • a 

J j dA = ~ J:<b' - ~X') dx = ~[b'X - :a,x'I = ~d>' 
• 

dA=xdy 

x 
i = -

2 

Ans 

a' 1 [ a"1 J idA = -2
1 J' (a' - bill dy = 2 tiy - 3b'Y 

• • 

y 

J. .. a x( x ) _ f. j~ -sin - asin-dx 
y=~= .2 /J /J 

J.~ f. ... x-,_ asm-.... 

r~a'(.:_~/JS: ~)1111 .. ., L4 2 /J iJI. 1C 

- ( X)/.. = -/J 
_/J2cOS ; 0 8 
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9-19. Locate the centroid of the shaded area. 

d A = 14 -.' )dx = (4 - ~x2) dx 

\: =.\ 

4+Y 
s = 

\~ = 2.80 m Ans 

f .<dA t '(4 - ~x,) dx 
_ A J" \6 

x = J ciA = 1R (4 _ ~ \1) clx 
A D 16 

x = 3.00 m Am 

*-9-20. Locate the centroid x of the shaded area. Solve 
the problem by evaluating the integrals using 
Simpson's rule. 

= 2.177 fI' 

J idA = r' x(2.786 - ).1 1;, + 2,51.\) dx = 1.412 frY 
A Jo 

J idA 1.412 
:r = -'-'-- = -- = 0.649 n 

JdA 2.177 

" 

Ans 

-9-21. Locate the centroid y of the shaded area. Solve 
the problem by evaluating the integrals using 
Simpson's rule. 

dA = (2.786 - y) dx = { (2.786 - /,111 + 2,5 /3) dx J l ' , 
A 0 In 

= 2.177 Il' 

f - {' (2.786 + v) 
A vdA = J" --2--' (2.786 - v) clx 

1'\ " 
= -{ll.786)- - v-ldx 

" 2 . 

1[,' =:2 17,764 - (x'i l + 2x5/JII £Ix = 4.440 n.l 
" 

_ J'idA 
4440 .\ . 

Y= idA =2.177=2.()4tt Ans 

y \'=4.~~ \2 

/ I~ ,h 

,t ' lx, v) 

4\" ~(X:/) 
r~m--l 

y 

~~"I 
--4----------~---x 

1------ 2 ft 1 

I~ V y ;~x'" + ::.513 

-+-------~-x 
I--- 2 ft -------I 

--+--------i-
I 

- x 

1------2 t\ -----01. 

-t-------+_ I-X 
r----- 2 f1 .-------.; 
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9-22. The steel plate is 0.3 m thick and has a density of 
7850 kg/m). Determine the location of its center of mass. 
Also compute the reactions at the pin and roller support. 

y 

)~ = 2x 1 
2m 

~------------+~--x 

2m 

y=-x 
I 

B j 

dA = (y, - yd dx = (.fiX + x) dx 

x=x 

- y, +y, .fiX -x 
y=-- = 

2 2 

A = 4.667 m' 

w = 7850(9.81)(4.667)(0.3) = 107.81 kN 

-1.2571(107.81) + N,(2.(2) = 0 

N. = 47.92 = 47.9 kN ADS 

~l:F, = 0; - Ax + 47.928in45° = 0 

Ax = 33.9 kN Ans 

+tu,=o; A, + 47.9200845° - 107.81 = 0 

A, = 73.9 kN Ans 

567 

r'. Zx 

(~.,~.) 2m 

2m 

= 1.2571 = 1.26 m 

ADs 

I 
2m 

_L-.!..:/·.o::2'-~ __ ~-I--...xl 
},A 

2m 

Ani 



9.23. Locate the centroid x of the shaded area. 

C ."troid : Applying Eq. 9 - 6 and performing the integration. we have 

Ans 

*9·24. Locate the centroid y of the shaded area. 

y yZ 
Ar.a and Mom.nt Arm: Here. x, "2 andxz " 4'.lbeareao(the 

differential eJemelll is d4 " (x I - x2 ) dy " (~ -~)dy and iIs cClllroid is 

j=y. 

C.ntroid : Applying Eq. 9 -6 and performing the integration. we have 

(~y' _ 2..y )/2h 
,,6 16 0 _ I (I Ans 

(~Y2 _ ..!.yJ)/2fl -
4 12 0 
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9-25. Locate the centroid x of the shaded area. 

A.r ... tutd Mo",.,,' A.r", : Hen:. y, =x4 andYl =11,1. TheU'C&ofthe 

differential clement is cl1- = (y, - Yl ) dx = (x L xl)dx and its ccnlroid is 

i=x. 

C e,,'roid : Applying Eq. 9 - 6 and performing the in1l:gralion. we have 

9.26. Locate the centroid y of the shaded area. 

Aft! 

Area .. "d Mo",.,,' Ar",: Here. y, =xl andYl =xl. The area of the 

differential clement is dA = (y, - Yl ) dx = (xl_ xl)dx and its cenlroid is 

Y,-h I 1(' 1) j= Yl +-2- = '2(y, +Yl) = '2 x2+X . 

Ce"troid: Applying Eq. 9-6 and performing the inlCgration. we have 

_ = f. jdA = J:'" t( xl +Xl) [( xl-x2) dJ: ] 

Y IdA ('.' 
J .. tliI Jo (x2-xl)dJ: 

Y 

T 
--------------~----x 

y 

T 
----~--------~----x 

Ans 
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9-27. Locate the centroid x of the shaded area. 

Ar.a IUId MomuJl Arm: The area of die differential element is dA "yd:c 

= ~d:c and its centroid is i = x. 
x 

C,II/roid : Applying Eq. 9 - 6 and perfonning die integl1llion. we have 

~ --

I~ 
Zln. \'.1. (:(,1) 

~r.:::::r-

(~,i),fo rl r' . o·"n 

--l it- d.><. i f... 
0·5i1l /·5 if). 

*9-28. Locate the centroid y of the shaded area. 

A rea IUId Mom .lIt Arm : The area of die differential element is dA " yd:c 

Id:c d' id' - Y 1 =- an ltscentro ISY"-"-. 
x 2 2x 

Centroid: Applying Eq. 9 - 6 and perfonning !he integration, we have 

f -dA f.';' ~(~d:c) -~I';' 
j = • y = 0.' •• 2x x = 2x 0.';. = 0.541 in Ans 

T.dA f'" 1 In xl"'· A -dx 0.51. 

O.5i • ..l' 
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9·29. Locate the centroid x of the shaded area. 

Are., /IIId Mome,,1 Arm: The area of the differential element is dA • ytbt 

= x2 tbt and its oentroid is i = x. 

Ce"lroid: Applying Sq. 9-6 and performing the inlegralion. we have 

Ana 

9·3(). Locate the centroid y of the shaded area. 

AI"" IIIId Momul A I'm : The area of the differential element is dA = ytix 
2 tbt d . 'd' • Y I 2 = x an Its centrol IS Y = 2 = 2X . 

C ",troid : Applying Sq. 9 - 6 and performing the inlegration. we have 

_ r1
;. :x2 (x2dl) ~t·· 

- _IA ydA _ J I ... 2 = ~ = 1.33 in. Ans y-T."dA- !2 .. ·x2dx Xl \2 ... 
A 11.. _ 

3 I ... 

y 

)( 

4ill. 

l 
a/~) 

I 
, 

I 
I 

/ 1:.. 

/;1'1. 

)' 

51'\ 



9.31. Qetermine the location r of the centroid C of the 
cardioid, r = a(l - cos 8). 

1 2 
dA = - r de 

2 

J
-1 2 2 3 

A = 2 -(a )(1- case) de = _na
2 

0 2 2 

idA = 2 (- r cos 8)( _)(a2
)( 1- cos 8)2 d8 J J" 2 1 

A 0 3 2 

2 3J" 3 = '3 a 0 (1- cos e) cos 8 de = 3.927 a
3 

r= 
3.927 a3 

~ = 0.833 a 
21r:a2 

Ans 

*9·32, Locate the centroid of the ellipsoid of revolution. 

x y 

dV=nr!dy 

o -bi}dy = tea' y - L 2tea'b fdV=tna'(l Y' ['I ~, = -3-

f j dV = r te a'Y(l- t} dy - '[Y' Y' r o b2 - tea - --2 4b2 

_ fvjdV ~ 
Y = --r--=-:- -L- 3 

Jv dV = ¥ = ib A.o 

x = i = 0 Au (Bys~) 
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9-33. Locate the center of gravity of the volume. The 
material is homogeneous. 

2 m-----1 

I 
)1 

2m 

Volume and Moment Arm: The volume of the thin disk differential 
clement i~ dV = rcy'!.dz = rr(2:.)dz = 2rrzd:. and its centroid ~ =::.. 

Centroid: Duc to symmetry aix)Ut :: axis 

x =.v = 0 Ans 

Applying: Eq. 9~5 and perfonning the integration. we have 

1.
'2m 

2rrzd::. 

" 
2"(~)C' 
2" (~)C 

4 
= -m 

3 
ADS 

9-34. Locate the centroid z of the hemisphere. 

Volume and Moment Arm: The volume of the thin disk differentia1 
element is dV = rr.v'!.d:: = ,"'«(J~ - ;:.2)ch and its centroid': =;,. 

Centroid: Applying Eq. 9-5 and performin,g the integration, we have 

( :dV (z!rr(a- - ~-)d:1 
:; = _J_,V __ = =-J"'",,;;;;-____ _ 

-. { <IV { 7[('" - :')d: 
i,;, in 

ADS 

x 
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9-35. Locate the centroid of the solid. i=j=O Ans (By symmetry) 

tiV = try dz = tr -z dz = -z f f" f'a' • [tCa' 'I 
o 0 II' 5h' 

f i tiV = l' try'z dz = tra' l' z' dz = [tCa' z·r 
o II' 0 611' 6 

Ans 

( 

*9-36. Locate the centroid of the quarter-cone. 

i=z 

a 
r = "j,(h-z) 

n na' 
dV = -r' <k = -(h-z)' <k 

4 4h' 
h 

i 
I 

/ 
~y 

x 
f -d na' f' , na' z' -' , 

z V=- (h -2Jr.z+z')z<k=-[h'--2h::" ~, 
4 h' 0 4 h' 2 3 + 4 10 

_ f i dV ':S" h 
z = f dV = ~ = 4 Ans 

12 

f -dV_ na'f,4r , na'f'4a 
x - 4h' -3 (h - z) dz = - --(h' - 3h' z + 3h' ') A. o n 4h203trh Z -Z U(, 

na', 311' II' 
= 4hi'(h - 2" + h' - '4) 

na2 ah' a' h 
= 4hi'(J;) = 12 

__ -_fidV ~,' a 
x - y - JdV = ;;;;; = 1r Ans 

12 
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9·37. Locate the center of (\'\4~~ ·x of the hemisphere. 
The density of the material varies linearly from zero at 
the origin 0 to Po at the surface. Suggestion: Choose a 
hemispherical shell element for integration~?' 

i=~ 
2 

dV = 2nx2 dx 

2n , 
dW = pdV = (a) Pox dx 

__ iw idW _ i; f(¥Po)x'dx 

x - iw dW - i~ <¥Po) x' dx 

= t[fl~ = O.4a 
[~]o 

9·38. Locate the centroid Z of the right-elliptical cone. 

x 4 
Vol"m. IIItd Mome,,' Arm: From !he geomecry. __ .. _, 

10-z 10 
y 3 

x = 0.4( IO-z) and -- = -, y = 0.3(10-z). The volume of !he dtin 
IO-z 10 

disk differential element is dV = trXytk. = n[0.4(10- z)][0.3(10- z)j tk 
= 0.12n( Z2 - 204 + 100) tk and its cenlrOid i = z. 

C .,,'roid : Applying Eq. 9 - S and perfonning !he inregralion. we have 

JIOf• 

_ fvidV 0 z[0.12n(z2-20z+100)tk] 

z = ) v dV = --"::J7:lo"'n'-0-.1-2n-(-z-2 --20z-+-1-00-)-tk
o 

0.12~ ~ __ 2~_\ 5042 )[h 
i ZI )llon = 2.50 fl 

0.12 - -10zl + 1004 
3 0 

Ans 
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9.39. Locate the centroid y of the paraboloid. 

Volulfl. IUId MOlflc,,' Arm: here, z = 2yl. The volume of die dUn disk 

differential clemenl is dV = Trl.1dy = If(4y)dy and its centtoid j = y. 

C ."'roid : Applying Eq. 9 - S and perfonning the integralion. we have 

. fyydV r-Y[lf(4yjdy) 
y - - _0'7;-___ _ 

- jydV - r-lf(4y)dy 

° 
Ans 

*9.40. The king's chamber of the Great Pyramid of Giza 
is located at its centroid. Assuming the pyramid to be a 
solid, prove that this point is at z = ~h, Suggestion: Use 
a rectangular differential plate element having a thickness 
dz and area (2x)(2y). 

x 

dV = (2x)(2y) dz = 4xy dz 

a 
x=Y=j,(h- z) 

J J' 4 a' , 4 a', ,z', 4 a' h 
dV = -(h-z) dz = -[h z- hz + -]. = --

• h' h' 3 3 

J J
It 4a2 4a2 Z2 ,3 Z.. a2 Jil 

idV = -(h-z>'zdz =-[h'- - 2h- + -]'. = --
• h' h' 2 3" 3 

_ lidV Lf- h 
t=TJi!=~=4 (QED) 

f--'---- ,. 

410--1 
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9-41. Locate the centroid z of the frustum of the right

circular cone. 

y-r h-z 
Vo/ .. me IIItd Mome"t A'III: From the geometry. _ =_, 

R-r h 
(r-Rlz+Rh 

y = . The volume of the Ibin disk differential element is 
h 

2 J(r-Rlz+Rh)2] a'V=/I)'tk='l h tk 

rr [ 2 2 2 2J = hi (r-Rl z +2Rh(r-Rlz+R h dz 

and its cenlroid i = z. 

Ce"troid: Applying Eq. 9- 5 and performing the integration. we ha\ 

h 

1-------------------------------------

9-42. The hemisphere of radius r is made from a stack 
of very thin plates such that the density varies with height 
p = kz, where k is a constant. Determine its mass and the 
distance z to the center of mass G. 

Mus IIItd MOllie", A'III : The density of the malUial is p '" k:~. The mass of 

the thin disk differential element is tim = pa'V--= ptry2tk = kz[ n( r2 _Z2) dzJ 
and its centroid i = z. Evaluating Ibe integrals, we have 

_ (,zZ2 Z')I' _ trier' -rrk --- __ 
2 4 0 4 

I itlm = (' z{ kz[ rrV -i) tkJ} • J. 
= trIe(,zZl _ ::')1' = ~k,-J 

3 5. 15 
C e"t,oid : Applying Eq. 9 - 4, we have 

_ f .. itlm 2rrkrll15 8 
z= i.tIm =~=i5r 

Ans 

Ans 

y 
x 

c-

I 
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.- 9.43. Determine the location:' uf the centroid fur the 
tetrahedron. Suggc:,tion: lise a triangular "plate" clement 
parallel to the x-v plane and of thickness d~_ 

.-

t h 
~ 

a 

, -, 
( L c 

: -.~ 
/ ---------- ~\' 
~~ -

/ 
\ 

IJ' l l abc 

J
dV ~ J' ~(X)(V)dl ~ - b(1--)«I--)dl ~ -6-

02· 20 c C 

1 c Z z ab c2 

J i dV ~ - J l b( 1- - )« 1- -) dl ~ 24 
2 0 c C 

Ans 

--------------
L-----------------------~~-------------------

f 
-t G of the five \' 

*9.44. Ll>cate the center 0 _ grav
! y 

particles with respect to the ongm O. 

C,lIt.ro!Gr"vit, : The weight of the particles are WI =5g, W2 =6g, W] =2g, 

W. = 109 and W, = 18 and their respective cenlelli of gravity are i l = 3 m, i l = 5 m. 
i] = -I m, i. = -2 m andi, = -4 m. Applying Eq. 9- 8, we have 

I.iW 3(5g) + 5(6g) + (-I) (2g) +(-2) (lOg) + (-4) (lg) 

i = :EW 5g+6g+ 2g+ 10g+ 19 

= 0.792 m An. 

'-2'" -+'-"'+'''' \ -, ",+2 m~ -~-O-.. ~"-8-x 
I kg I 0 kg 2 kg Hg 6 kg 

1-------------------------------------.------

9-45. Locate the center of mass (x. 31) of the four 

particles. 

C.llt., 01 Grtnit, : The weight of the particles are Wi .. 2 kg. W1 .. 5 kg, W] = 
2 kg and W. = I kg. Their respective =tiers of mass are i = I m and y' = 3 m _ 1 I t 

Xl = 2 m and Yl = 4 m. i] = I m and y] = -2 m and i. = -I m and y. = I m. 
Applying Eq. 9 - 8, we have 

l:i'W 1(2)+2(5)+1(2)+(-1)(1) 

x= l:W - 2+5+2+1 

= 1.30m Ans 

y= l:yW = 3(2)+4(5)+(-2)(2)+1(1) 

l:W 2+5+2+1 

= 2.30m Ans 

IA~k' 
II ?-;;;-1:T~-G-_-2-m--'---;~O=-3-rn=-JL.'~~m~~-~---C,,'-11 ~-2 ~~-Y 

L 4 m ------f 5 kg 

x 
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9·46. Locate the centroid (x. y) of the uniform wire bent 
in the shape shown. 

Centroid: The length of each segment and its respective c~ntroid are 
tabulated below. 

Segment L\mm) i(mm) .'(01m) .'UIl1I11') .vL(mm') 
1 150 0 75 0 11250 
2 50 25 0 1250 0 
3 no 50 65 6500 8450 
4 100 50 150 5000 15000 
5 50 75 130 3750 6500 
1: 480 16500 41200 

Thu<. 

1:.iL 16500 x = -- = ~- = 34.375 mm = 34.4 01111 Ans 
1:L 480 

1: ,'L 41200 v = -' - = ~- = 85.83 mm = 85.8 mm Ans 
. 1:L 4~0 

9·47. The steel and aluminum plate assembly is bolted 
together and fastened to the wall. Each plate has a constant 
width in the z direction of 200 mm and thickness of 
20 mm. [f the density of A and B is p, = 7.85 Mg/m J , 

and for C, Pal = 2.71 Mg/m3
, detemline the location x 

of the center of mass. Neglect the size of the bolts. 

1:111 = 217.85( ]())) (0.3 )\0.2)(0.02) I + 2.71 (10)' (0.3)(O.2)(0'()2) 

= 22.092 kg 

1:.'111 = 15012[7.85(101' (0.3)(0.2)(0.02) II 

+ .;50[ 2.71 (10)) (03 )(0.2)«1.02) J 

= 3964.2 kg·mm 

y 

~IOO IIlm-----1 

150mm 

---. . 

r;:.===::ll __ eo mm 

-'--"====:J------x 
I-- 50 mm ---l 

75 mm'r,:, 
0.J 

-f--

75mm 

y 

I 

J' 
50 O1m 150 mnll 

I 

100mm 

65mm 

65mm 

I i- 21X) mm--l 

A I~ ,n i 

~3==~c--x 

B ~ "',1 
I--- 300mm , 

x = LVIn = 3964.2 = 179 111m 
Lm 22.092 

AilS 
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*9·48. The truss is made from five members, each having 
a length of 4 m and a mass of 7 kg/m. If the mass of the 
gusset plates at the joints and the thickness of the 
members can be neglected, determine the distance d to 
where the hoisting cable must be attached, so that the 
truss does not tip (rotate) when it is lifted. 

~~~~--x 
A 4m 

9·49. Locate the centroid for the ....,;or f!. 

- -- - - Neglect the thickness 
of the material and slight bends at the corners. 

"I:.xM = 4(7)(1+4+2+3+5)= 420kg.m 

I:.M = 4(7)(5) = 140 kg 

C .",roid : 1be \enId! of each segmenl and its respective cenlrOid are llIbulalCd 
below. 

Segment L(in.) j(in.) jL(in1 ) 

I 3 9.5 28.5 
2 5 9.5 47.5 
3 8 4 32.0 
4 10 0 0 
5 8 4 32.0 
6 5 9.5 47.5 
7 3 9.5 28.5 

r 42.0 216.0 

Due lO symmetry aboul y axis. i = 0 Ans 

IjL 216.0 
j = IL = 42.0 = 5.143 in. = 5.14 in. Ans 
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r 
3 in. 

C -I 
I Sin. 

I Y-L
x 
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9-50, Locate the centroid (x, ji) of the metal 
cross section. Neglect the thickness of the material and 
slight bends at the Corners. 

C .IIIrOU/ .. The length of each segment and its respective ceI1lroid are rabulaled 
below. 

Segmenl L(mm) iCmm) iL(mm2) 
I 501r 168.17 26415.93 
2 180.28 75 13520.82 
3 400 0 0 
4 180.28 75 13520.82 

917.63 53457.56 

Due 10 symmetry about y axis, x=O 

- E.jL 53457.56 5826 _ 583 y=-=-= . rnm- . mm 
U 917.63 

9-51. The three members of the frame each have a 
weight per unit length of 4 Iblft. Locate the position (x, 
Y) of the center of graVity. Neglect the size of the pins at 
the joints and the thickness of the members. Also, 
calculate the reactions at the fixed SUpport A. 

-,--
! 

3ft 
I +-
f 

3ft 
I 

¥ 
I 

J ft , 

y 

E 

60lb 

Ans 

Xx W = 1.5(4)/45 + 3(4)172 = 142.073Ib.ft 

XW = 4(7) + 4/4S + 4172 = 88.7741b -p,! 
I 

4 ft j = ~ = ~ = 1.60 ft Alii 
XW 88.774 

XjW = 3.5(4)(7) + 7(4)/45 + 10(4)172 = 625.24IIb.ft 

- = XjW = ~ = 7.041\ 
Y !.W ??.114 "'no 

~l:F. = 0; Ax = 0 Alii 

+fu, - 0; A,. = 88.774 + 60 = 149 1b Alii 

~ +l:MA =0; -60(6) - 88.774(1.60) + MA = 0 

MA = 5021b·ft Alii 
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*9-52, Each of the three memhers of the frame has a mass 
per unit length of 6 kg/m. Locate the position (i, y) of 
the center of gravity. Neglect the size of the pins at the 
j()int, and the thickness of the memhers. Also, calculate 
the reactions at the pin A and roller E. 

I~ 

6m 

v 

'L 4m-+- 4m--l 
1-- I I 

C'lftroU/ : 'The length of each segment and its respective ccnlroid are rabulated 
below. 

1- , 

Thus, 

Segment 

I 
L(m) i(rn) j(m) iL(m2) 

8 4 13 32.0 
2 
3 

7.211 2 10 14.42 
13 0 6.S 0 

28.211 46.42 

r.iL 46.42 
:i = - = -- = I 646 m = I 65 m Ii.. 28.211' . 
_ IiL 260.61 

y = Ii.. = 28:2il = 9.238 m = 9.24 m 

jL(m2) 

104.0 
72.11 
84.5 

260.61 

Ans 

Ans 

Equalions of Equilibrium: The total weight of the frame is 
W = 28.211(6)(9.81) = 1660.51 N. 

+l:M. =0; Ei. (8) - 1660.51 ( 1.646) = 0 

Ei. = 341.55 N = 342 N Ans 

+iu, =0; A.,. +341.55-1660.51 =0 

A.,. = 1318.95N= 1.321cN Ans 

~U; =0; A, =0 Ans 

9-53, Determine the location y of the centroid of the 
heam's cross-sectional area. Neglect the size of the corner 

clds at A and B for the calculation. 

110mm 
! 

701 

L._A --x 

6·~m 

--~~----~~---------x 
8m 

A~ 

IiA • ~25)2(25)+ 15(110)(50 + 5.5) + 1I:(~)Z(u. 110 3.5) 
2 "" + + 2" .. 393112 mm' 

- IjA 393112 
Y .. "I'A "4S7IT" 8.5.9 mm Alia 
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9-54. The gravity wall is made of concrete. Determine 
the location (x. y) of the center of gravity G for the wall 

I I : 

~~~-- 2.4 m - ~ 
0.6 m 0.6 m 

9-55. An aluminum strut has a cross section referred to 
as a deep hat. Locate the centroid y of its area. Each 
segment has a thickness of 10 mm. 

C _"'rDld : The area of each segment and its respective cenlrOid are tabu1aJed 
below. 

Thus. 

Segment 
1 
2 

A(mm2 ) 

40(10) 

100(20) 
60(10) 

3000 

j(mm) jA(mm3 ) 

5 2000 
50 100 000 
95 57000 

159000 

IjA 159000 
j=-=--=S3.0mm 

fA 3000 
ADS 

tiA = 1.8(3.6)(0.4) + 2.1(3)(3) - 3.4(D(3)(0.6) - 1.2G)O.S)(3) 

= I5.192 m3 

IjA = 0.2(3.6)(0.4) + 1.9(3)(3) - I.4G)c3)(0.6) - 2.4G)O.S)(3' 

= 9.648 m3 

fA = 3.6(0.4) + 3(3) - .!.(3)(0.6) - .!.O.S)(3) 
2 2 

= 6.84 m' 

i '" tiA = ~ = 2.22m 
fA 6.84 

ADS 

- tjA 9.648 
y=-=--= 

fA 6.84 
1.41m ADS 

" • ---'--I-~ 

';:'omm 
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*9·56. Locate the centroid y for the cross-sectional area 
of the angle. 

C.lIlroid : The area and me centroid for segments 1 and 2 are 

AI =I(a-I) 

(
a-I I) l.fi . 

YI = -+- co545°+---=-(a+2I) 
2 2 2co54So 4 

A, =at 

(a ') l.fi Y- = --- cos 4So+--- = -(a+l) 
, 22 2cos4So 4 

Lis!r:d in a tabular fonn. we have 

Segment 

2 

r 
Thus. 

A f fA 

I(a-I) .fi (a+ 21) 
4 

.fil ( a' + at- 21') 
4 

at .fi (a+l) .fir (a' + at) 
4 4 

.fil 
1(20-1) _ (a' +at-I') 

2 

.fil 
I:-A -(o2+at-t') 

Y = _y_ = -=..2 ~_-:--_ 
l:A 1(20-1) 

.fi(a'+at-r) 

= 2(20-1) 

9·57. Determine the location y of the centroidal axis x x 
of the beam's cross-sectional area. Neglect the size of the 
corner welds at A and B for the calculation . 

.L r--- I SO mm -----I 
15mm T 
I B ' 

I 
y 

150 mm 15mm 

c 
x--. ----l....-x 

A 

ADS 

IjA = 7.5(15)(150) + 90(150)(15) + 215(11')(50)' 

= I 907981.05 mm' 

L4. = 15(150) + 150(15) + 11(50)' 

= 12353.98 mm' 

- 1: i A I 907981.05 
Y = ""i:4 = 12353.98 = 154 rnm AIlS 
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9·58. Determine the location (x, )I) of the centroid C of 
the area. 

y 

I 6 in. -----i- 3 in -..J r-- I· I 
-rr-----~ , 

I 

I 
6 in. 

I 
-L '-. _______ _ 

-,---.r 
I 

I 
I 

6 in. 
I 

! 

9·59. Locate the centroid (x. y) for the angle's cross
sectIonal area. 

C ."troid ; The area of each segment and its respective certlroid are labularcd 
below. 

Segment A (in2) zein,) j(in.) zA(ln') jA(in') 

I 6(2) I 3 12,0 36.0 
2 6(2) 5 60.0 12.0 

24.0 72.0 48,0 

Thus. 

1:iA 72.0 
.i = - = - = 3.00 in. Lt 24.0 

l:jlt 48.0 
j = IX = 24.0 = 2.00 in. 

I I 
1:iA = 3(6)(6) + 7(2)(6)(3) + 6(2)(9)(6) 

= 333 in' 

I I 
1:yA =3(6)(6) + 2(2)(6)(3) - 2(2)(9)(6) 

= 72 in' 

I".A = 6(6) + !(6)(3) + ~(9)(6) = 72 in' 
2 2 

i - 1:i A = ~ = 4.625 = 4.62 in. 
- I".A 72 AIL. 

j= 1:yA = 72 = 1.00 in. 
I".A 72 

Am 

T ~-------;--\--- \' 

6 in. 
I 

-'- ----'--~--x 

W-~6in·~-1 
2 in. 
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*9-60. The wooden table is made [rom a square board 
having a weight of 15 lb. Each of the legs weighs 21b and 
is J ft long. Determine how high its center of gravity is 
from the floor. Also, what is the angle, measured from the 
horizontal. through which its top surface can be tilted on 
two of its legs before it begins to overturn? Neglect the 
thickness of each leg. 

- _ .tiw _ 15(3) + 4(2)(1.5) 
Z - XiV - - 15 + 4(2) - = 2.48 fi 

8 = tan -, (_2_) = 38 9. 
2.48 . 

3ft 

• 
9·61. Locate the centroid y of the cross-sectional area 
of the beam. 

C''''I'otd : lbe area of each segment and irs respective CCftllOid _labulatJed 
below. 

Segment A (in') i(ln. ) iA (in') 
I 14(1) 15.5 217.0 
2 6(2) 13 156.0 
3 16( I) 8 128.0 

42,0 501.0 
Thus. 

j '" IjA '" ~ '" II. 93 in ... 11.9 in. 
!.A 42.0 

Ans 

9-62. Determine the location x of the ce~troid C ~f the 
shaded area which is part of a circle havIng a radIUs r. 

10 in. 

I 

AIlS 

y 

I in. 

8iIJ. 

J 2r 1 2 
l:.iA = -ra(- sinal - -(rsina)(rcosa)(ycooa) 

2 3a 2 

y 

r. 
/ 
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,. ,. • 2 

:: 3" aina - "3 Slna cos a 

,. . , 
= -SJD a 

3 

J sin2a 
= ir(a - -2-) 

:t.iA fSin' a _ trsin'a 
i:: --:: 2 - "'2m 

:ttl tr'(a - .., a) a - _,_ 
AIlS 

I in. 



9·63. Locate the centroid y of the channel's cross
sectional area. 

d . '!roid an: labulalcd C ."troill : 1be area of each segment an Its respective ceo 

below. 

Thus. 

Segment 

I 

2 

A (in1) i(ln.) iA (in') 

6(4) 3 72.0 
12(2) 24.0 

48.0 96.0 

j = I:jA = 96.0 = 2.00 in. 
IA 48.0 

Ans 

*9·64. Locate the centroid y of the cross-sectional area 
of the beam constructed from a channel and a plate. 
Assume all corners are square and neglect the size of the 
weld at A. 

C.lllroill : The area of each segment and ilS respective cencroid are labulaled 
below. 

Thus. 

Segment 

1 

2 

3 

A (mm1 ) 

350(20) 
630( 10) 
70(20) 

14700 

_ I:jA 4 000 500 

i(mm) iA (mm') 

175 1225000 
355 2236500 
385 539000 

4000500 

Y = I:A = l4700 = 272.14 mm = 272 mm Ans 

2 

A lOmm 

I---- 325 mm ---t--- 325 mm ---I 

70 .. ", 
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- -) f th ember's cross-9-65. Locate the centroid (x, y 0 e m 
sectional area. 

C ."'rDid : The area of each segment and its respective centroid are !abulall:d 
below. 

Seement A (nun2) i(nun) ;(nun) iA(mm3 ) ;A(mm3) 

~(3O)(90) 20 30 27000 4OSOQ 
2 30(90) 45 45 121500 121 SOO 
3 100(50) 110 25 550000 125000 

~ 9050 698500 287000 

Thus, 

_ l:iA 698 500 
JC = rA = 9OSO = 77.18 rom = 77.2 mm Aos 

_ IjA 287000 
Y = rA = 9OSO = 31.71 rom = 31.7 mm 

9-66. Locate the centroid y of the concrete beam having 
the tapered cross section shown. 

1:jA = 900(80)(40} + l00(360)(260} + 2[~(lOO)(360)(200}) = 19.44(lo'} mm' 

1 
I:A = 900(80} + l00(360} + 2[Z(IOO)(360}) = O.I44(I06} mm2 

_ 1:j A 19.44(10"} 
Y = L4 = O.I44(IQ6} = 135 mm Au 

588 
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9-67. Locate the centroid y of the beam's cross-section 
built up from a channel and a wide-flange beam. 

Celltroid: The area of each segmt!llt and its respective centroiJ ar\! 
tabulateJ helow 

Segment A(in 2 ) .\(in.) vA(in j
) 

1 14.0(0.4) 16.20 90.72 
.1.40(130) 14.70 64.97 

3 10.3(0.76) 15.62 122.27 
4 14.48(0.56) R.IX) 64.87 

103(0.76) lUX 297 
1: .B78 345.81 

1:,,1 .145.XI v = _. - = -- = 10.24 in. = 10.2 in. Ans 
. 1:.1 33.78 

*9-68. Locate the centroid y of the bulb-tee cross 
section. 

Centroid: The area of ea~h segment and its re:spective centroid are 
tabulaled below. 

Segment A(mm2) .v(mm) .'o4(mm') 
I 450(50) 600 13 500 (X)IJ 

475(75) 337.5 12 023 437.) 
1 :2 (225)(75) 125 I 0)4 687.5 

4 3(X)(100) 50 1 500 000 
1: 96 562.5 28078 125 

Thus, 

1: ;·,1 28 on 125 
v = _. - = = 290.78 mm = 291 mm 
. 1:,1 96 562.5 

Ans 

/. 
~---1531n~ / 

Ii.i>.\ill.- /.1.:01n. 
I 

16 in. 

I \ 

)/~ 
I ' f--- J 0 " III -----+I 0 76 m 

T 
10.2 in.IS.62 in. 14.7 in 

0.38 in. 

22)mm 1 

r1'~ 
400mm 

)' 75mm 

1· 100mm 
~~-x 
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SOmm 

75nll~ 
2 400mm 

75mm 
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9-69. Determine the distance h to which a 
lOO-mmldiameter hole must be bored into the base of tbe 
cone mbat the center of mass of the resulting shape is 
located at Z =0 115 mm. The material has a density of 8 Mg/m 3• 

I 
500mm 

I 

/ 
x 

. - to the centroid of the 9-70. Determine the distance Z 'th a hole of height 
shape which consists of a cone WI 
h = 50 mm bored into Its base. 

9-71. The sheet metal part has the dimensi?ns shown. 
Determine the location (x, y, Z) of its centroid. 

1 21' 1 IA • ~3) + 2(3)(6)" DI 

(1) -24 in' I.iA " - 2(4)(3) + 0 2 (3)(6) .. 

2 (1) 36" IjA .. U(4)(3) + 3(3) 2 (3)(6). ID 

1 )( 1 )(3)(6) .. _ 18 in' t~ .. 0(4)(3) ::- 3(6 2 

- I;A .. ~ = 1.71 in. AM 
y- U 21 

590 

t lr
(O.IS)2(O:S)(¥) _ Ir(O.05>'(II)(~) 

- t lr (O.IS)2(O.5) - Ir(O.05)2(II) = O.lIs 

0.4313 - 0.287S II = 0.4688 _ 1.25 II' 

II' - 0.230 II - 0.0300 = 0 

Choooing the posiUve roo~ 

II = 323 DUn Ans 

OS ,O.OS EiV = !1r(O.IS)'(O.5)(-i) - 1r(0.05) (0.OS)(2) 3 

E V = !1«O.IS)'(O.S) - 1«0.05)'(0.05) 
3 

= 0.01139 m' 

EiV 1.463(1CT"') = 0.12845 m = 128 rom 
i = j"V = 0.01139 

x 

Ans 

y 



*9·72. The sheet metal part has a weight per unit area 
of 2 Ib/ft2 and is supported by the smooth rod and at C. 
If the cord is cut, the part will rotate about the y axis until 
it reaches equilibrium. Determine the equilibrium angle 
.vf tilt, measured downward from the negative x axis, that 
AD makes with the -x axis. 

Since die ma/erial is ho 
mogencous. die center of gravity coincides willi die cenlrOid. 

See soluDon ro Prob. 9 _ 71. I r 
9 .,( 1.14) z ran _ '" 531. 

0.857 . 
F 

Ana 
)(----,j.... ..... ---

z 

D/ 
3 in. 

4 in. 

._--------- -----.. _-- ---- ._----_ ... -------._-----_ .. __ ._-- ... _-------
9·73. Determine the location (x, y) of the centroid C of 
the cross-sectional area for the structural member 
constructed from two equal-sized channels welded 
together as shown. Assume all corners are square. Neglect 
the size of the welds_ 

r
L5 in. 

-L... 

y 

0.5 in. 

1:iA = 1.5(0.5)(0.23) + 10(0.5)(5) + 1.5(0.5)(9.75) 
+ 1.5(0.5)(5.23)(2) + 10(0.5)(4.23) 

= 61.625 in' 

L!. = [1.5(0.5) + 10(0.5) + 1.5(0.5)](2) = 13 in' 

i = 1:.iA = 61.623 = 4.74 in. 
L!. 13 AIlS 

1: jA = 1.5(0.5)( 1.25)(2) + 10(0.5)(0.25) + 1.5(0.5)(0.75) 
+ 10(0.5)(5.5) + 1.5(0.5)(10.25) 

= 38.875 in' 

- 1: j A 38.875 2 99 . AIlS 
Y = "i4 = l3' = . tn. 
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9-74. Determine the location (x, y) of the center of 
gravity of the three-wheeler. The location of the center of 
gravity of each component ,md its weight are tabulated in 
the figure. If the three-wheeler is symmetrical with respect 
to the x - y plane, determine the normal reactions each of 
its wheels exens on the ground. 

Li:W = 4.5( 18) + 2.3(85) + 3.1 (120) 

= 648.5 Ib·rt 

LW = 18 + 85 + 120 + 8 = 231 Ib 

x = L,IV = 648.5 = 2.81 ft 
LW 231 

Ans 

LYIV = UO( 18) + 1.5(85) + 2( 120) + 1(8) 

= 398.9 Ib·n 

_ L\'IV 3989 
\' = _. - = -- = 1.73 ft 
. LIV 231 

Ans 

.{ +LM" = 0; 2(N IJ )(4.S) - 231(2.81) = 0 

NB = 72.1 Ib Ans 

+tLF,=O; N,+2(72.I)-231=0 

N" = 86,91b Ans 

9-75. Major floor loadings in a shop are caused by the 
weights of the objects shown. Each force acts through its 
respective center of gravity G. Locate the center of gravity 
(x, v) of all these components. 

Centroid: The floor loadings on the floor and its re~pcctiYc centroid 
arc tabulated bc1o\\-, 

Loadjng W(lb) rIft) l'Oi) iW(lb,ft) vW(lb·fl) 
I 450 6 7 27(X) 3150 

1500 18 16 27000 24(XlO 
3 600 26 3 15600 I ROO 
4 280 30 84(X) 2240 
L 2830 537(lO 31190 

Thus. 

_ L rW 537()() 
\= LW = 2830 = 18.98ft=19.0ft Ans 

l:vW 311YO 
."= iw = 2830 =11.02ft=II.Ofl Ans 

I. Rcar\\hcch IS lh 
Mcchanil:al component!>. H5 lh 
Frame 

231 Ib 

450lb 

/' 
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*9.76. Locate the center of gravity of the two-block 
assembly. The specific weights of the m;terials ~ and B 
are YA = 150 Ib/ft' and YII = 400 Iblft, respectively. 

C.lllroid: The weight of block A and B are W. ,,~(~)(~)(2.)( 150)" 3.12.51b 
2 12 12 12 

and W, ,,(~)( ~)(~)<400) " 16.67 lb. The weight of each block and its respeclive 

oentroid are tabulaled below. 

Block W(lb) x(in.) ;(in.) i(in.) xW(lb.in) ,-W(lb·in) iW(lb.in) 

A 3.125 4 I 2 12.5 3.12.5 6.2.5 
B 16.667 1 3 3 16.667 50.0 50.0 

19.792 29.167 53.125 

Thus. 
_ l:iW 29.167 
X" IW '" i9:m '" 1.474 in. '" 1.47 in. Ana 

_ l:jW 53.12.5 
Y '" IW '" i9:m ,. 2.684 in. = 2.68 in. Ana 

_ L:W 56.25 
z" -;::w " i9.792 = 2.842 in. = 2.84 in. Ans 

9·77. The buoy is made from two homogeneous cones 
each having a radius of 1.5 ft. If h = 1.2 ft, find the 
distance z to the buoy's center of gravity C. 

56.25 

593 

2 in. 

= 8.577 ft' 

l:V = ~1r(1.5)2(1.2) + ~1I(1.5)2(4) 
3 3 

= 12.25 ft' 

i = l:iV = 8.577 = 0.70 ft Ans 
l:V 12.25 



9-78. The buoy is made from two homogeneous cones 
each having a radius of 1.5 ft. If it is required that the 
buoy's center of gravity G be located at Z = 0.5 ft, 
determine the height h of the top cone. 

\ 

4ft 

L __ ~ 

_ 1 • h 1 4 
E% V = -11'(1.5) (h}(-) + -11(15)'(4)(-) 

3 4 3' 4 
= - 0.5890 h' + 9.4248 

1 1 
EV = -1I'(l.S)'(h) + -11(1.5)'(4) 

3 3 
= 2.3562 h + 9.4248 

_ EiV -{).S890h' + 9.4248 
Z = Tv = 2.3562 h + 9.4248 = O.S 

- 0.5890 h' + 9.4248 = 1.1781 h + 4.7124 

h=2.00ft Ana 

,-------------------------,,--
9-79. Locate the centroid Z of the top made from a 
hemisphere and a cone. 

Centroid: 1bc volume of each segment and its res' . 
below. pccave centtoid are tabulalcd 

Secment V(mm3 ) i(mm) iV(mm4) 
2 
3n(243) 129 1.188864n(I()6) 

2 
I 
j'n(242}( 12O) 90 2.0736n( 1()6) 

r 32.256n( 1,03) 
3.262464n( 1()6) 

Thus, 

i = ~ = 3.262464n( \()6) 
IV 32.256n( 1()3) = 101. 14 mm = 101 mm Ans 

/"--------1-_ Y 

x 
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*9-80. A triangular plate made of homogeneous material 
has a constant thickness which is very small. If it is folded 
over as shown. determine the location y of the plate'S 
center of gravity G. 

I 
LA = 2(8)(12) = 4~ in' 

L.rA = 2( I) (D (I )(3) + 1.5(6)(3) + 2(2) G) (I )(3) 

y= LyA = ~ =0.75 in. 
LA 48 

An .. 

9-81. A triangular plate made of homogeneous material 
has a constant thickness which is very small. If it is folded 
over as shown, determine the location z of the plate's 
center of grdvity G. 

9-82. Locate the center of mass;: of the assembly. The 
material has a density of p = 3 Mg/m3. There is a 30-mm 
diameter hole bored through the center. 

Centroid: Since the density is the same for the whole material, the 
centroid of the volume coincide with centrojd of the mass. The volume 
of each segment iUld its respective centroid are tabulated below, 

Segment V(mm-') ~(mm) :'V(mm') 

~;r(40')(60) 115 3.68;r(lOO) 

2 ';"(40')( 1001 50 8.0071"(10") 

3 - ~;r(2o')(30) 137.5 -0.550", (I 0") 
3 

4 -,,(15')(130) 65 -1.901 25rr(100) 
L 158.75,,( 10' ) 9.22875",(10") 

Thus, 

_=LzV =9.22R75JT(10')=58.t:1mm=58.lmm Ans 
z LV 158.75,,(10') 

LA = ~(8)( 12) = 48 in' 

LiA = 2(2) (D (2)(6) + 3(61(2) + 6 G) (2)(3) 

= 78 in:'; 

_ LeA 78 . 
z = ~ = 48 = 1.625 m. 

30 

I 
~ = 15 mm -Jil-60 nun -'c'---~~'---t---6' 

50mm 

50mm 
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Ans 

""~-' 
t--t 

65m'ln! : 
1 , 

........... - i 
~ ~\ 

15 mm 



9-83. The assembly consists of a 20-in. wooden dowel 
rod and a tight-fitting steel collar. Determine the distance 
x to its center of gravi ty if the specific weights of the 
materials are Yw = 150 Ib/ft) and y" = 490 Ib/ft'. The 
radii of the dowel and collar are shown. 

l:xW = {lO71'(l)'(20)(1501 +7.571'(5)(2' - 11)(49011-
1
-, 

(12) 

= 154.8 lb· in. 

I 
l:W = {rr(\)'(20l(l5D) +1l'(5)(2' -1'J(490)}(l2)"3 

= 18.82 lb 

x = Li'W = 154.8 = 8.22 in. 
l:W 18.82 

Ans 

9-84. Using integration, detennine both the area and the 
centroidal distance x of the shaded area. Then, using 
the second theorem of Pappus-Guldinus, detennine the 
volume of the solid generated by revolving the area about 
the y axis. 

_ x 
x==-

2 

.f = y 

dA = x dy 

1 12,,' [,,3]' 
A = dA = '::)dy = "- = 1.33, = U3 m' 

o - 6 0 

xdA = '-dv = '- = 0.8 m' 1 - [" v' [ v
S
]' 

(I 8 40 11 

_ !-i' <fA D.8 
x = -1-- = ~3>'\ = 0.6 m dA .. ,. 

Thu<. 

v = OrA = 27r1O.6)(1.:133) = 5.03 m' Ans 

Ans 

Ans 

9-85. The anchor ring is made of steel having a specific 
weight of y" = 490 Ib/ft'. Detemline the surface area of 
the ring. The cross section is circular as shown. 

A = fJi-L = 2rrO)27r(l) 

= 118 in' Ans 

10 in. 

2 in. 

I in. 

________ ~_+--------J-----_x 

y 

________ =-+-2...= ___ 1-__ x 

596 



9-86. Using integration. detennine both the area and the 
distance v to the centroid of the shaded area. Then using 
the second theorem of Pappus-Guldinus. determine the 
volume of the solid generated by revolving the shaded 
area about the x axis. 

( \"2) Area of the differt!ntial ~Iement d A = I + 2 dy and .\' = y 

r r- ( V-) ., , 
A = J, dA = In 1+'2 dy = ).333 It- = 3.33 ft· Ans 

r {' ( )"1) }" 5'J A = Jo y I +"2 <Iv = 4 ft.l 

/,.V<l1\ 4 
i = -~-- = -- = 1.2 fl 
. /, <111 :1.333 

Ans 

Volume: 

v = lirA = 21r(l.2)(3.333) = 25.1 ft.l Ans 

9-87. A steel wheel ha~ a diameter of 840 mm and a 
cross section as shown in the figure. Detennine the total 
mass of the wheel if p = 5 Mg/m' 

A Section A-A 

Volume: Applying the theorem of Pappus and Guldinlls. Eq. 9-12, with 
(I = 2".." = 0.095111.1', = 0.235 m,?, = 0.39 m, A, = 0.1(0.03) = 
0.003 m', A, = 0.25(0.03) = 0.0075 m' and A, = (0.1 )(0.06) = 
0.006 m::!, we have . 

v = (/1:r1l = 2".[0.095(0.003) + 0.235(0.0075) + 0.39(0.006)1 

= 8.77511"( 1O'.l)m' 

The mass of the wheel is 

m=pV=5(l03)[8.775(10,3)".1 r3=O.39m r,=0.235m 

= IJ8 kg Ans 
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· flied to its top with coal. 
*9·1\1\. The hopper IS I I'f the voids (air space) are 
Determine the volume of eoa I 

1, nt'rccnt of the volume of the hopper. 

~ olum. : The volume of the hopper can be obtained by applying the theorem of 

d G Id ' "~9- 12 with 11= 21r r = 0.1S m, '2 = 0.6333 m, Pappus an u mus,......., , I 

r·. =0.1 m, AI = 1.5(4) =6.00m', A, =~(1.3)(1.2) = 0.180 ml and 

A] = (0.2) (1.2) = 0.240 mI 

V. = I1D'A = 21r[0.15(6.00) +0.6333(0.180) +0.1(0.240)] 

= 10.0361r m' 

The volume of the coal is 

~ = 0.65 V. = 0.65 ( 1O.036Jr) = 20.5 m' Ans 

9·89. Sand is piled between two walls as shown. Assume 
the pile to be a quarter section of a cone and that 26 percent 
of this volume is voids (air space).LJse the second theorem 
of Pappus-Guldinus to determine the volume of sand. 

1.5 m 

15rrt I 

y 
- [Jr 1 ] V = 8 rA = (2)(1)(2)(3)(2) (0.74) = 3.49 m' 

9-90. The rim of a flywheel has the cross section A.A 
shown. Determine the volume of material needed for its 
construction. 

f-60mm-j 

~-1)Omm 
U~40mm 

~ 
.~ 20mm 

Section A·A 

v = 1: I1,A = 211(350)(60)(20) + 211(320)(40)(20) 

v = 4.25(106
) mm' Au 
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9-91. The open tank is fabricated from a hemisphere 
and cylindrical shell. Detemline the vertical reactions that 
each of the four symmetrically placed legs exerts on the 
floor if the tank contains water which is 12 ft deep in the 
tank. The specific gravity of water is 62.4 Ib/ft3

. Neglect 
the weight of the tank. 

Volume: The volume of the water can be obtained by applying 
the theorem of Pappus and Guldinus, Eq. 9-12, with /J = 2n:. 1', = 

I 
4 ft, r, = 3.395 ft. A, = 8(4) = 32.0 ft' and A, = 4,,18') = 50.27 ft'-

v = &UA = 2,,[4(32.0) + 3.395(50.2711 = 1876.58 ft·1 

The weight of the water b 

w = y"V =62.4(1876.58) = 117098.47Ib 

Thus, the reaction of eru:h leg on the floor is 

W 11709H.47 
R = "4 = --4-- = 29274.62 Ib = 29.3 kip Ans 

*9-92. Determine the approximate amount of paint 
needed to cover the outside surface of the open tank. 
Assume that a gallon of paint covers 400 ft2 

Surface Area: Applying the theorem of Pappus and Guldinus. 

Eq. 9-11. with/! = 2,.., L, = 10 n, L, = Jr;8l = 4" ftJ, = 8 nand 

16 
r"t = -ft we have 

- ,,' 

[ 
16] _ A = f!"LrL = 2", 8(10) + ;-(4rr) = 288,.. ft-

Thus. 

288" 
The required amollnt paint = 400 = 2.26 gallon Ans 

water 
surface 

r- Hft--l 

~I 

1', ~4ft 

_ 4(8) . r, ~ 31i ~ 3 .. 195 It 

water 
surface 
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9·93. Determine the volume of material needed to make 
the casting. 

2 in. 

), 
/6 i~ .• ~in. \ 
\ / 
\ / 

" ,i 

Side Vic,," Front View 

v = l://Ay 

= 1402.8 in' 

v = 1.40( 10') in' ADS 

9·94. A circular sca wall is made of concrete. Determine 
the total weight of the wall if the concrete has a specific 
weight of ,)" = 150 Ib/ft'-

_ ~ a -A = ( 50"),.. [(60 + :(7»(!)(30)(7) + 71(30)(8») V - ~ u r 180" 3 2 

= 20 795.6 ft' 

W = r V = 150(20795.6) = 3.12(10") Ib 

9·95. Determine the outside surface area of the storage 
tank. 

Sur/ace Ar ... : Applying the theorem of Pappus and Guldinus. Eq.9-11. 

with // = 211'. L, = .; 152 + 42 = 1241 ft, ~ = 30 ft, T, = 7.5 ft and Tl = 15 fl • 
we have 
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*9·96. Detennine the volume of the storage tank. 

Volume: Applying the theorem of Pappus and Guldinus, Eq. 9-12, 

with H = 2rr. 1', = 5 ft, 1', = 7.5 fl. A I = ~ 115)(4) = :10.0 ft' and 
- 2 

A, = 30( 15) = 450 fl', we have 

v = OETA = 2".15(30.0) + 7.5(450) 1 = 22.1(10.1) ft l Ans 

9·97. The water-supply tank has a hemispherical bottom 
and cylindrical sides. Determine the weight of water in 
the tank when it is filled to the top at C. Take Yw = 
62.4 Ib/ft3• 

v = EOr A = 2". 13(8)(6) + ~l(:) U) (rr )(6)1) 

v = 1357.17 fl.1 

w = yV = 62.4(1357.17) = 84.7 kip Ans 

9·98. Determine the number of gallons of paint needed 
to paint the outside surface of the water-supply tank, which 
consbts of a hemispherical bottom, cylindrical sides. and 
conical top. Each gallon of paint can cover 250 ft". 

1 
2(6) (2(6)rr) I A = EO'i'L = 2rr 3(6j2) + 6(8) + -;;- -4-

= 687.73 ft' 

687.73 ft' 
Number of gal. = , = 2.75 gal. 

250 fl-/gal. 
Ans 

,,=5 fL 

".~ft 

A, j ii 30ft 

~ I 
f----'--*-

15 ft 

. . ~ft 4(6)ft 
31r 

.l

ft8 6 ft 

~lft • 

" 
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9-99. The process tank is used to store liquids during 
manufal:turing. Estimate both the volume of the tank and 
its surface area. The tank has a flat top and the plates from 
which the tank is made have negligible thickness. 

\' = LlirA = 2:r [I (~) (3)(4) + 1.5(3)(6)] 

\' = 207.J nr' = 207 m-' Ans 

= IRH m' Ans 

*9-100. Detel1nine the height h to which liquid should 
be poured into the cup so that it contacts half the surface 
area on the inside of the cup. Neglect the cup's thickness 
for the calculation. 

A = lirL = 2rr{20)t20l' + (sOl' + 5( IO)} 

= 2,,(1127.03) mill' 

20h 2h 
x=-=-

50 5 

{ ( h) 1(2h)' I 2:r 5(10) + 10+ 5' y 5' +", = 2(2".)(1l27.03) 

9-101. A V-belt has as inner radius of 6 in .• and a cross
sectional area as shown. Detennine the volume of material 
used in making the V-belt. 

Volume: Applying the theorem of Pappus and Guldinus, Eq. 9-12, with 
0= 2]1".', = 6.4665 in .. F, = 6.6220 in .. A, = 0.5(0.9330) = 

0.4665 in' and A, = ~tO.5)(0.9330) = 0.2333 in', we have 

v = HLr A = 2:r16.4665(0.4665) + 6.6220(0.233311 

= 28.7 in' Ans 

6m 

I 
50mm 

I I 
10.7711 +0.2154h' = 513.5 

,,= 29.9111111 Ans 

0.25 in. 0.25 in. 

0.25 in. 0.25 in. 

I 105 
in I I 

T~ 
~ = 6.6220 in. rl = 6A665 in. 

I 6 in. 
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9·102. The full circular aluminum housing is used in an 
automotive brake system. The cross section is shown in 
the figure. Determine its weight if aluminum has a specific 
weight of 169 lb/ft'. 

Id' Eq 9 -12. willi . the theorem of Pappus and Gu mUS. . 
Voll, .... : Applying 5' - - 0 45 in. AI ,",0.25(0.5) 

75 . - - 0 82 u\ •• r) -.' 1 
8 = 2n. ;\ = 0.8 u\ .• r

, 
- . . land A _ 0 25(0.9) = 0.225 in • 

. 1 A - 015(3.25) = 0.4875 U\ ) - • = 0.125 u\. 1 - . 

we have 

V = 8!iA = 2n[0.875 (0. 125) +0.825(0.4875) +0.45(0.225)] 

= 3.850 in) 

The weight of Ihe housing is 

(
3.850) = 0 377 lb 

W = yV = 169 IF . .0.05 

9·103. Determine the height h to which liquid should be 
poured Into the conical cup so that it contacts half the 
surface area on the inside of the cup. 

SUr/IlU Are,,: This problem requires that ~AI =A2. Applying Ihe theonm of 

Pappus and Guldinus. Eq.9-9. with 8 = 2n. LI ., /5()2+ 15()2 = 158.11 mill. L 

.~(h)2 Fa _ h 
~ = y h2 + l3) = -3-h• rl = 25 rom and '2 = (; . we have 

I 
2 (8'ILI ) = 8'2~ 

~[2n(25)(l58.11)1 =2n(~)( ~h) 

h= 106 mm .0.05 
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*9-104. Determine the surface area of the roof of the 
structure if it is formed by rotating the parabola about 
the y axis. 

C ,,,traU : The Ienglb of the differential elemenl is dL ,. .; dzl + dyl 

= U I +(t Y)dx and its cenrroid is i,.~. Hen:, ~ = -j. Evailwin. the 

inregrals, we have 

L = I tiL = 1016'"(1 I + ~ Jdx = 23.663 m 

Applying Eq. 9 - 7 . we have 

_ fLidL 217.181 
~ = iLdL = 23.663 = 9.178 m 

Sur/a", Area: Applying the Iheorem of Pappus and Guldinus. Eq.9- 9. wilh 
9 = 2n", L = 23.663 m. , = i= 9.178, we have 

A = 9,L = 2n"(9.178) (23.663) z 1365 m2 Ans 

9-105. Determine the interior surface area of the brake 
piston. It consists of a full circular part. Its cross section 
is shown in the figure. 

40mm 30mm 20mm 

9-106. Determine the magnitude of the resultant 
hydrostatic force acting on the dam and its location, 
measured from the top surface of the water. The width of 
the dam is 8 m; Pw = 1.0 Mglm3. 

y 

y = 16 - (xlII 6) 

" = I. 6 f L - 2 n" [20(40) r;=;--,,",=-- + 55,1 (30)2 + (80)2 + 80( 20) 
+ 90(60) + 100(20) + 110(4O)J 

,,= 119(10') mm2 

p = 6(1)(10')(9.81) = 58860 N/m2 

1 
F = 2(6)(8)(58860) = 1.41(106

) N = 1.41 MN A .... 

2 
II = 3(6) K 4 m ADS 
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9·107. The tank is filled with water to a depth of 
d = 4 m. Determine the resultant force the water exerts 
on side A and side B of the tank. If oil instead of water 
is placed in the tank, to what depth d should it reach so 
that it creates the same resultant forces? Po = 900 kglm3 
and Pw = 1000 kglm3. 

-~I ~ 
J ~ 2m 

-- m I 1-- , 

For water 

AI side A : 

= 2(1000)(9.81)(4) 

: 78480 N/m 

I 
FR. = 2(78480)(4) : 156960 N : 157 kN 

AlsideB: 

: 3(1000)(9.81)(4) 

: 117720 N/m 

1 
FR. : 2(117720)(4) : 235440 N = 235 kN 

For oil 

AI side A : 

= 2(900)(9.81)d 

: 17658d 

1~ d \ "'" 
---'..10 1 

FR. : 2(17658 d)(d) : 156960 N 

d: 4.22 m ADo 

1------------------".--.. --------
"9·108. When the tide water A subsides, the tide gate 
automatically swings open to drain the marsh B. For the 
condition of high tide shown, determine the horizontal 
reactions developed at the hinge C and stop block D. 
The length of the gate is 6 m and its height is 4 m. 
p", = 1.0 Mg/mJ • 

FI.U I'ru, ur~ : The fluid p=sure at points 0 and E CI/I be dctcmIincd usinl 
Eq. 9- IS, P = pgz. 

Thus, 

PD = \.o( 103
) (9.81)(2) = 19620 N/ml = 19.62 kN/ml 

PE = \.o( 103
) (9.81) (3) = 29 430 N/ml = 29.43 kN/rol 

W D = 19.62(6) = 117.72 kN/m 

WE = 29.43(6) = 176.58 kN/m 

1 
FR, = 2 (176.58)(3) = 264.87 kN 

F.R = ~(117.72) (2) = 117.72 kN , 2 

Equlllioll' of Equilibrium: 

+I:Mc = 0; 264.87(3) -117.72(3.333) -0. (4) = 0 

O. = 100.55 kN = 101 kN Ana 

~ 1:'<; = 0; 264.87-117.72-100.55-C. = 0 

C. = 46.6 kN Ans 
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9·109. The concrete "gravity" dam is held in place by its 
own weight. If the density of concrete is Pc = 2.5 Mg/m'. 
and water has a density of p". = 1.0 Mg/m\ determine 
the smallest dimension d that will prevent the dam from 
overturning about its end A. 

COtlSider a 1 - m width of dam . 

.. = 1000(9.81)(6)( 1) = 58 860 N/m 

F = ~(58 860)(6)(1) = 176580 N 
2 

w = ~(d)(6)(1)(2500)(9.81) = 73575dN 
2 

fr.w. = 0; - 176580(2) + 73 575d Gd) .. 0 

d = 2.68m Ana 

9·110. The concrete dam is designed so that its face AB 
has a gradual slope into the water as shown. Because of 
this, the frictional force at the base BD of the dam is 
increased due to the hydrostatic force of the water acting 
on the dam. Calculate the hydrostatic force acting on the 
face A B of the dam. The dam is 60 ft wide. 
y, = 62.4 Ib/ft". 

A 

r---- 18ft 

9-111. 'The semicircular tunnel passes under a river 
which is 9 m deep. Determine the vertical resultant 
hydrostatic force acting per meter of length along the 
length of the tunnel. The tunnel is 6 m wide; 
Pw = 1.0 Mg/m'. 

9m 

F.. = 4(62.4)(12)(21.63)](60) 

F.. = 4861dp AM 

F = 9.81(1)(6)(6) + 2(1)(9.81)(3(3) - i(3)'] 

F = 391 kN/m AnI 
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*9-112. The tank is used to store a liquid having a 
specific weight of 80 Ib/fe. If it is filled to the top, 
determine the magnitude of force the liquid exerts on 
each of its two sides ABDC and BDFE. 

. Band E can be deIerTDined using FI .. U rr." .. " : The fluid presswe II pomll 
Eq. 9-15, P = rt. 

P. = 80{ 4) = 320 Ib/ftl PI = 80( 12) = 960 !bIrr 

Thus. w. = 320 ( 12) = 3840 Ib/ft wE = 960( 12) = 11520 Ib/ft 

ul f acts on suface ABeD is R., .. ltllllt Fore., : The res CUlt orce 

F. = ~ (3840) ( IS2) = 13 845.311b = 13.8 kip 
., 2 

and ICIS on surface BDFE is 

F • .. ~(384O+ 11520)(8) = 6144O!b" 61.4 kip 
• 2 

Ana 

Ana 

9-113. Determine the resultant horizontal and vertical 
force components that the water exerts on the side of the 
dam. The dam is 25 ft long and 'Yw = 62.4 Ib/fe. 

FI .. U rr." .. ,. : The fluid presswe II die IOe of Ihe duD can be daIamined 
usina Eq. 9 - 15. P = Yt. 

Thus. 
P '" 62.4(25) = 1560 \b/ftZ 

,. 1.56 kip/ttl 

w = 1.56(25) = 39.0 kip/ft 

R., .. ItGllt Fore. : From theinsidebackcoveroflhe=~ lheareaofthe 
2 2 

semiparabolic area is A = 3"" = 3 (lO)(25) = 166.67(r. Then. Ihe wnicII 

component or the resu1tant force is 

[-1---" J' 
I' 

I ' I I 
I I 
I I 

C" I I 
Fi. = yV = 62.4( 166.67(25» = 260 ()()() Ib= 260 kip Ana'4 I I 

'--+I-~"I 
and die horizonllll component of the resuiCUlt force is 

Ana 

I I 
I I 

I I 

1---- '10--1' -:-!I 

1<1·1'1·0 Kip/It. 
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9-114. The gate AB is 8 m wide. Detennine the hori
zontal and vertical components of force acting on the pin 
at B and the vertical reaction at the smooth support A. 
Pw = 1.0 Mg!m] 

Fluid Pressure: The fluid pressure at points A and B can be deter
mined using Eq. 9-15, [J = pgz. 

P" = 1.0(103 )(9.811(9) = 88290 N/m' = 88.29 kN/m' 

PB = 1.0(10' 1(9.8J )(5) = 49 050 N/m' = 49.05 kN/m' 

Thus, 

"'A = 88.29(8) = 706.32 kN/m 

lJ'B = 49.05(8) = 392.40 kN/m 

Resullalll Forces .' 

FR. = 392.4(51 = 1962.0 kN 

1 
F R, = :2 (706.32 - 392.4)(5) = 784.8 kN 

Equations of Equilibrium: 

+LMn = 0: 1962.U(2.5) + 784.8(3.333) - A,(3) = 0 

A,. = 2507 kN = 2.51 lIN Ans 

B, = 2197 kN = 2.20 ,tN Ans 

+;LF,.=O; 2507-784.8(D-1962(~)-B'=() 

B, = 859 kN Ans 

W B = 392.40 kN/111 

~ 
2.5 m /:1 

FR, = 1962 kN / I 

F R, = 784.8 kN 
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9·115. The storage tank contains oil having a specific 
weight of 'Yo = 56lb/ft3 If the tank is 6 ft wide, calculate 
the resultant force acting on the inclined side Be of the 
tank, caused by the oil, and specify its location along BC, 
measured from B. Also compute the total resultant force 
acting on the bottom of the tank. 

I-~-- 10 ft -----I 
A 

8ft 

--+ I 

*9·116. The arched surface AB is shaped in the form of 
a quarter circle. If it is 8 m long, determine the horizontal 
and vertical components of the resultant force caused by 
the water acting on the surface. Pw = 1.0 Mglm3. 

W, = b Po h = 6( 56)(2) = 672 Ib/ft 

We = b Po h = 6(56)(10) = 3360 Ib/ft 

~, = 8(672) = 53761b 

1 
~, = "2(3360 - 672)(8) = 10752 Ib 

1\., = 3(2)(6)(56) = 2016 Ib 

I\. = ~(3)(8)(6)(56) = 4032 Ib , 2 

+ 
-+~Jr = l:Fx; Fir. = 5376 + 10752 = 16 128 Ib 

Fir, = 2016 + 4032 = 6048 Ib 

Fir = ./(16128)' + (6048)' 

= 17225 Ib = 17.2 kip ADS 

/I = tan-I( 6048 ) = 20.56° ~ 
16128 

17 225 d = 10 752( !)(8) + 5376(4) + 2016(1.5) + 4032(2) 
3 

d = 5.22 ft Ans 

At bottom 

Fir = 4(14)(6)(56) = 18 8161b = 18.8 kip Ans 

F, = 1000(9.81)(3)(2)(8) = 470.88 kN 

1'2 = 1000(9.81)(3)(2)(8) = 470.38 kN 

I 
l'j = 1000(9.81)(2)(2)(2)(8) = 156.96 kN 

, I , 
W = [(2) - :ilr(2) )(8)(1000)(9.81) = 67.37 kN 

1'; = 156.96 + 470.88 = 628 kN Ans 

F, = 470.88 + 67.37 = 538 kN Ans 
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9-117. The rectangular bin is tilled with coal, which 
creates a pressure distrihution along wall A that varies 
as shown. i.e., [J = 4~1 Ih/ft", where z is measured in 
feet. Determine the result,mt force created by the coal, 
and specify its location measured from the top surface of 
the coal. 

Resultant Force alld Its Lot'alion: The volume of the ditfcrcntial 
dement is JV = dFu = 4[1J-z = 4(4:'~)J:. = 16::-\/: and it~ centroid 
IS<1t:=:. 

= 40 (X)() Ib = 40.0 kip Ans 

vdFR = :(16:'J:)=-:'1 =:J20000Ibfl 1 1.
\(11\ 16.wJt 

hi 0 5 III 

Ans 

9-118. The semicircular drainage pipe is tilled with 
water. Determine the resultant horizontal and vertical 
force components that the water exerts on the side A B 
of the pipe per foot of pipe length; y", = 62.4 Ib/n3 

Fluid Pre~'sllre: The fluid pressure at the bottom of the drain can he 
detelmineu using Eq. 9·15, p = y:. 

p = 62.4(2) = 124.8 Ib/ft' 

Thu" 

'" = 124.8(1) = 124.8 Ib/ft 

Resultant Forces: The area of the quarter circle is A = ~71T~~ = 
4 

I 
4"JT(2 2

) = rr ft2. Then, the vertical component of the resultant ton:e is 

FR, = yV = 62.4lrr( 1)1 = 1% Ib Ans 

and the horLlontal component of the resultant force is 

FR, = ~(124.8)(2) = 125 lb Ans 
2 
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9.119. The pressure loading on the plate is described 
by the function p == lO[6/(x + I) + 81Ib/ft2

. Determine 
the magnitude of the resultant force and the coordinates 
(x, y) of the point where the line of action of the force 
intersects the plate. 

p= 10[_6_+ 8] 
(x + I) 

FR = ( P dA = r' 10[_6_ +8]3 dx JA J" (-,+1) 

FR = 30[6In(.< + !) + 8-, IIi, = 677.75 Ib = 678 Ib Ans 

{ :Xi' dA = ( x(IO) -- + 8 3 dx , [6 ] 
JA Jo (x+l) 

= 30[6(x - InO + x» + 4x'li, = 642.250 

1 :Xp dA 642.250 
:x = -1" = --- = 0.948 ft 

l'dA 677.75 
., 

ADS 

v = 1.50 ft (by symmetry) ADS 

9·120. The tank is filled to the top (y == 0.5 m) with 
water having a density of Pw = 1.0 Mg/m3 Determine 
the resultant force of the water pressure acting on the flat 
end plate C of the tank, and its location, measured from 
the top of the tank. 

JF = p dA = O)(9.81){0.5 - v) 2t dy 

1
"5 

F = 2(9.81) (0.5 - y)(J(o.5)' - y' d)' 
-0:" 

9.81 [ . ( v )]05 = 2 y"I(O.5)' - ,,' + 0.5' sin-I -'-
0.5 -0.5 

+ 2(9.81) [ !{(0.5l' _ ,,'}'lll . .' 
3 '" - -n.~ 

F = 3.85 kN 

1 "d F = 2(9.81) I'" (0.5)' - y')(v' (O.5)' - y'd), = 19.62 {[_ 0.5 J[(o.5)' _ Y'I,]"5 + 
A --0.:,\ 3 -U.5 

~[ '( () 5)' '1'1 11 . .' (0.5)' [ , ,.)' ]11.1 I 4 v (. -y -11"--8- y"I(O.5)'-y'+«1.5)-s1J1- 1 -
0.5 -0.5 

= -0,481 kN m 

Ans 

y 

F(-d) = f vdF 

-0,481 
d = -- = -0.125 m 

3.85 

Hence. measured from the top of the tank, 

d,vT " . 

•

' x 0.5-1 ~= 1(1}5-y)MPa 

. ). ::. 

d' = O.S + 0.125 = 0.625 m ADS 
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9·Ul. The wind blows uniformly on the front surface of 
the metal building with a pressure of 30 lb/fe. Determine 
the resultant force it exerts on the surface and the position 
of this resultant. 

y 

Parabola: 

F, = l' 3CX2.1: dy) 
o 

- _ fly (30)(2.1: dy) _ 60M /8 y312 dy 
Y - 2560 - 2560 

Also, from 1Ab1. in back of text: 

2 2 
F, = P(3ab) = 60(3)(8)(8) = 2560 

3 
j = S(8) = 4.80 ft 

fO = 2560 + 3CX3)( 16) = 4000 Ib = 4.00 Idp ADS 

4000(j) = 4.8iX.2560) + 9.5(30)(3)( 16) 

j = -6.49 ft Ans 
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9·122. The loading acting on a square plate is repre· 
sented by a parabolic pressure distribution. Determine the 
magnitude of the resultant force and the coordinates (x. y) 
of the point where the line of action of the force intersects 
the plate. Also, what are the reactions at the rollers Band 
C and the ball-and-socket joint A ~ Neglect the weight of 
the plate . 

. f = Y 

dA = r <Iv 

Ans (Due to symmetry) 

f <lA = t 2.\" 'dv = [~)"12]' = 10.67 kNim it) 3 0 

f - 1')- [4 ,;-]' . rdA= 21"-J1'= -.\' - =25.6k[,; 
() 5 II 

f ;. JA 25.6 
\' = --- = -- = 2.40 m 

fdA 10.67 
Ans 

FH = 10.67(4) = 42.7 kN Ans 

'f.M, =0; B, = C, 

'f.M, =0; 42.67(2.40) - 2B,.(4) = 0 

B, = C, = 12.R kN Ans 

9·123. The tank is filled with a liquid which has a density 
of 900 kg/m'. Detelmine the resultant force that it exerts 
on the elliptical end plate. and the location of the center 
of pressure, measured from the x axis. 

Fluid Pressure: The fluid pressure at an arbitrary point along )' 
axis can be determined using Eq. 9-15, r = y(0.5 - y) = 900(9.81) 
(0.5 - v) = ~829(0.5 - .1'). 

Resultant Force and its Location: Here, x = ,/ I - 4\,2 The volume 
of the differential element is dV = J FR = p(2xd)') = H829(O.5 -
vJl2l1 - 4Y'ldv. Evaluating the integrals using Simpson's rule, 
we have 

= 6934.2 N = 6.93 kN Ans 

{ ,'dFH i, . -866.7 
v= -f.' = -- = -0.125 III . J FR 6934.2 

F, 

Ans 

r 

~
) 42.67~ 

\ Y 

~ B. 
A, ~. 

+ t 'f.F = 0; A) - 42.67 + 12.X + 12.H = 0 

A)=17.1kN Ans 

.1' 

p 
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*9-124. A circular V-belt has an inner radius of 600 mm 
and a cross-sectional area as shown. Determine the 
volume of material required to make the belt. 

I I 
75 mm 

I I 

! ! 

V= LiJTA 

i b \--50~1~ = 2n( 0.625(2) (D (0.025)(0.075) + 0.6375(0.05)(0.075) J 

1 25 mm 25 mm Ans 

600 nnn 

I 

1-----------------------····--·-····---------===== 

9-125. A circular V-belt has an inner radius of 600 mm 
and a cross-sectional area as shown. Determine the 
surface->tft'3 of the belt. 

9-126. Locate the centroid y of the beam's cross

sectional are~ 

C ."',old : The area of each segment and its respeclive aenlrOid _1IIbuIaIcd 
below. 

Seement A(~) ;(mm) ;A(mm') 
1 300(25) 112.5 8437S0 
2 100(SO) SO 250000 

12500 10937SO 

Thus. 
_ l:jA 1 093 7SO 
Y = Lr .. """"i2SOO • 87.5 mm Au 

614 

A = T.llfL 

= 211'[0.6(0.05) + 2(0.6375)(/(0.025)2 + (0.075)') + 0.675(0.1)J 

= 1.25 m' Ans 

...., r--
25mm 

L ___ ....... l""-__ --' __ X 

300"'171 

-"1 r-
25 mm 



9-121. Locate the centroid of the solid. 

Vol ••• _ Mo".."t A r". : 1be volume of !he !hin disk differenlial element is 

dV- ~ltk = {{a-D}tz = ~a-~)Ik and iB cenuoid is ali= z. 

C .tttroill : Due 10 symme1rY about the z axis 

1=;=0 Ani 

Applyinl Eq. 9 - 5 and performing 1he inlegration, we have 

Ani 

*9·128. Determine the magnitude of the resultant 
hydrostatic force acting per foot of length on the sea wall: 
l' w = 62.4 Ib/ft3. 

FI.iIl Pr ... ure : The nuX! pressure at the IOC of the dam can be determined 

usinl Eq. 9 - 15, P = rz. 

P = 62.4(8) = 499.2Ib/ft2 

Thus, 

w = 499.2 ( 1) = 499.2 Ib/ft 

R ... ltlUlt Fore., : From the inside back cover of !he !eXt, 1he 
I I 

exparabolic area is A = Jab = 3(8)(2) = 5.333ft2• 1ben, !he venical and 

horimntal componenB of !he resultant force arc 

F ... = rV = 62.4(5.333( I)] = 332.8 Ib 
1 .... = 2(499.2)(8) = 1996.81b 

1be resullant force and is 

... = ~ Fl. + I1. = v' 332.82 + 1996.82 

= 2024.34 Ib = 2.02lcip Ans 

615 

x 

y 

y 

=--.---x 



9-129. The tank and compressor have a mass of 15 kg 
and mass center at G T and the motor has a mass of 70 
kg and a mass center at G M . Determine the angle of tilt, 
e of the tank so that the unit will be on the verge of 
tipping over. 

.r = L,W = 0.2(15) + 0.5(70) = 0.4471 m 
LW 15+70 

I' = 1: Y W = 0.}5( 15) + 0.625(70) = 0.57647 m 
. 1:W 15+70 

e = lan- :; = --~ = 37.8 1(.r) 0.4471 0 

v 0.57647 
Ans 

~
w 

y -: 
() -

() 

9-130. The thin-walled channel and stitlener have the 
cross section shown. If the material has a constant thick
ness, determine the location y of its centroid. The dimen
sions are indicated to the center of each segment. 

v = ~L~y~L = :..:(O:..:.).:..:(9.:..:)--'+....:2=::-(....:I).:..:(2=::-):::+~2:..:.(~2)':':(.,:I)~+~2(:,-0..::..5...:)(':-I...:) +-,-1...:(3..::.) 
. 1:L (9) + 2(2) + 2(1) + 2( I) + 3 

y = 0.600 in. Ans 

9-131. Locate the center of gravity of the homogeneous 
rod. The rod has a weight of 2Ib/ft. Also. compute the 
x, y, z components of reaction at the fixed support A. 

1:);[ = 0(4) + 2(rr)(2) = 12.5664 ft' 

1:,L = 0(4) + 2(2) (,,)(2) = 8 fl' 
. " 

1:'CL = 2(4) + 0(" )(2) = 8 ftl 

1:L = 4 + rr(2) = 10.2832 ft 

1:x L 12.5664 x = -~ = --~ = 1.22 ft 
1:L 10.2832 

1:vL 8 
.v = U = 10.2832 = n.778 ft 

_ 1:iL 8 
, = u = 10.2832 = 0.778 ft 

IV = (2 Ibm)( 10.2832 ft) = 20.566 Ib 

1:,1,1, = 0; M." - 0.778(20.556) = 0 

M A , = 16.0 Ib·ft 

LM, =0; M,ll - (4 - 1.22)(20566) = 0 

MA.l = 57.1 Ib ft 

1:M,=O; MAc =0 

1:F, =0; A, =0 

Ans 

Ans 

Ans 

Ans 

Ans 

Ans 

Ans 

H 
1m. 

H 
I In. 

y 

x A, 

1: F, = 0; A, = 0 Ans 

1: F, = 0; A, = 2(10.2832) = 20.6 lb Ans 
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9-132. The rectangular bin is filled with coal, which 
creates a pressure distribution along wall A that varies as 
shown. i.e .. P = 4Z\/3 lb/ftc• where Z is in feet. Compute 
the resultant force created by the coal, and its location, 
measured from that top surface of the coal. 

F = 121,' ZI;1 tlZ 
o 

= L2 [~ Z'I1]' 
4 0 

= 144 Lb 

i Z tiP = 121,' Z'i'dZ 

= 12 [~ Z7/3]' 
7 " 

= 658.29 Ib·1l 

An.. 

-Z 658.2Y f = 144 = 4.57 t ADs 

dzT / 
J 
I 
I 
I 
I 
I 

I 
I 

f 

,------

8ft 

8C1 

1 
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9·133. The load over the plate varies linearly along the 
sides of the plate sllch that p = i [x( 4 - y) ]kPa Deter· 
mine the resultant force and its position (x. y) on the 
plate. 

Resultant Force and its Location.' The volume of the ditlerential 

element is dV = d FR = pdxdv = ~(xdx)[(4 - v)dxl and its . ~ . 

centroid arc ,t = x and :C' = v. -

. 1"" 1 l' '" FR=) dFR= =Ixdll (4-x)dY 
F" U 3 0 

Ans 

2 [(I')!' '" ( 1")'1' '"J = - - i 4.1' - '- = 48.0 kN·m 
3 3!0 2 () 

f 1''''2 1"" .'id FR = -(xdx) )'(4 - v)dx 
'"/I. (J 3 0 

2 [( l' m ( I I' "'J =3 ~) 2V'-~)() = 32.0 kN·m 

9·134. The pressure loading on the plate is described by 
the function p = (-240j(x + I) + 340} Pa. Determine 
the magnitude of the resultant force and coordinates of 
the point where the line of action of the force intersects 
the plate. 

ResultaJJt Force alJd its Location: The volume of the di ffcrcntial 

element is dV = elFR = 6pdx = 6 (- 240 + 340) d., and it' 
r+1 

centroid in.r = x. 

1 l,m (NO ) FR = dFR = 6 --.- +340 <Ix 
1-/1. 0 .x + 1 

= 61-24Uln(x + l) + 340x'll~ m 

= 76l9.87 N = 7.62 kN Ans 

1, 15 m (140 ) xdF. = 6x --.-- +340 
,.,,_ (I ,x + 1 

= l-l440lx -In!x + 1)1 + 1020x'll~ m 

= 20880.13 N·m 

( .tdFI< 
i = _J,_, __ = 20880.13 = 2.74 mAns 

r tlF. 7619.87 

I" 
Due to symmetry, 

:v = 3.(X) m Ans 

I' 

X kPa I mrn;;::/:?;;' 
~-4m----_. 

x 

I' 

f fdf. _ Jr, 48.0 
x= [dFR =24.0=2.00m 

i,,/< 
Ans 

{"dFR , J,., . .2.0 v = --- = - = 1.33 m 
. [dF, 24.0 

J" 

Ans 

y 

x 
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I - r ' f' , - 0 y dA = 2 y' (x dy) 

- J' ,r.--- 20 Y r4-y dy 

10-1. Determine the 
area about the x axis. moment of inertia of the shaded 

o 

4m 
I 

y 

__ ~~ ______ +-______ L-____ x 

~2m-~ 2m~ 

I, = 39.0 m' Ans 

10-2. Determine the moment of inertia of the shaded 
area about the y axis. 

\" 

4m 

__ .L.......L ____ -l-___ ......l.. ___ x 

I 
\ 

:--2 m 2 m--1 

~ z fAx' dA = 2j' x'(4-x') dx 
o 

Ana 
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10·3. Determine the moment of inertia of the area 
about the x axis. Solve the problem in two ways, using 
rectangular differential elements: (a) having a thickness 
dx and (b) having a thickness of dy. 

a)Dil/.r.llliai £1.111.111 : The area of the differential clement parallcllO y axis 
is dA = ytbc . The moment of iner1ia of Ibis element about z axis is 

dJ. .. dl.. +dAj1 

.. _(tbc)yl +ytbc _ I (y)1 
12 2 

I ( 1) 1 :3 2.5-0.u tbc 

I . 
: 3 ( -o.oou

6 
+0.075z

4 -1.87Sz1 + IS.62S) tbc 

Momut of 1".rtilJ: Performing the integration, we have 

f If'l. 
I, '" dl, = - ( -O.OOu

6 
+ 0.07Sz

4 
- l.87Sz1 + IS.62S) tbc 

3 ·lft 

I ( 0.001 7 O.07S l 1.87S 1 )1'11 =- ---z +--z ---z +IS.62Sz 
3 7 S 3 .llt 

=~~ ~ 

b)Dil/.r,,,tiai £1'III,".t: Here. z= /2S-IOy. The area of thcdifferential 

element parallcllO z axisis dA = 2JCdy = 2/2S - IOydy . 

MOIII."t of 1".rtilJ : Applying Eq. 10-1 and performing the inlegralion, we 
have 

y 

(Q. ) 

-='1 
--------~------~-L~ 

cp) 

I, = f ldA 
A 

f1.lft 1 ~ 
=2 y 12S-IOydy 

o 
{ 

y1 • 2y • 2 '] 1.'11 
• --IS(2S-IOy)'--(lS-10y)'----(2S_10y)' I 

37S 1312S 0 

.lll~ Au 
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*10·4. Determine the moment of inertia of the area 
ahout the x axis. Solve the prohlem in two ways, using 
rectangular differential elements: (a) having a thickness 
of dx, ;nd (h) having a thick ness of dy. 

alDtI/.,utlal EI.mUI : The area of the differential element para.Uel 10 Y axis 
... ~ = ydx . The moment of inenia of this element Ibout x axis is 

dJ, =dl.. +dA;' 

= - (dx) y' + ydx _ I (y)2 
12 2 

1 ( 2) 1 =- 4-4x dx 
3 
1 

= - ( -64x
6 
+ 192x' - 192x2 +64) dx 3 

Momellt of Illertia: Performing the integration. we have 

I, = I dJ, = ~J'" ~ ( -64x6 + 192x' -192x2 +64) dx 
3 -li •. 3 

1( 64, 192, 192 1 )1' .... =- --x +-x --x +64x 
3 7 5 3 -'''. 

= 19.5 in' 
Ans 

b)Dilferelltia/ Elemut : Here, x = ~~. The area of the differential 
2 

element parallel 10 x axis is dA = 2xdy = ~dy . 

Momellt of Illertia : Applying Eq. 10- 1 and performing the integration. we 
have 

I'", 2 r;--
= y'(4-ydy 

o 

[ 2y2 ) 8y '16 'J/"" = -_(4-y)I __ (4-y)I __ (4_y)' 
3 15 105 0 

= 19.5 in' 
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10·.5. I ktcrrnlllc the moment of inertia of th 
.lhout the \' "XIS. S()lve the problem in tw e a~ea 
rcct'lI I d't" a ways. uSing 

, I~U ar I krential elements' (a) I' h' I I . . . . laVing a t Ickness 
(l I,t. dnd (h) haVIng a thicknes, of dy. 

a)Di!frr.fltiDl Elemeflt : The area of the differential element para11el1O yuis 

15 ciA = ydx = ( 4 - 4.t
2

) dx . 

Momeflt of Iflertia: Applying Eq. 10- 1 and performing the integration. we 

have 

r 2 r Ii., 2 ( 2) 
I, = J .t ciA = J % 4-4% dx 

A -I ••. 

[
4 3 4 l]I'''' = -% --% 
3 5 -I ... 

= 1.07 in' AIlS 

1 
b)Diffe"ntial Element: Here. x = -~. The moment of inertia of Ibe 

2 

differential element about y axis is 

1 (3) 2 3 1 ' dl = -(dy) 2x = -% dy = _(4-y)'dy 
, 12 3 12 

Moment of Inertia: Performing the integration. we have 

AIlS 

10-6. Determine the moment of inertia of the shaded 
area about the x axis. 

vo?::: li t-. b . 
-. , 

I 
h 

---i----------------~-L----x 
~------b------~ 

Also, 

d1,. = ~y'dx 
3 

1,. = J d1,. 

= ~(~)"'(~)X'''J· 
3 b 5 0 

= 2 bh , 
15 

ADS 

dA = (b-x) dy = (b - ~y') dy 
h' 

= r y' (b - ~y') dy 
o h' 

= 2 bh, 
15 
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10.7. Determine the moment of inertia of the shaded 
area about the x axis. 

Dil/.,ellliaJ EI.",."t : The area of die differential element parallcl10 y axis 
is dA = ydJc . Tbc moment of inertia of this element about JC axis is 

dJ. =di..+dAj1 

=-(dJc)i+ydJc -I (y)1 
12 2 

I ( ')' = 3 2-2% dJc 

I 
= 3 ( _ax' + 24>::' - 24>::' + 8) dJc 

f I (';.. , 
I, = d1, = 3 Jo (-ax +24>::' - 24>::' + 8) dJc 

I ( 4 '0 24 7 , )1 h •. =3 -s" +," -6x +ax 0 

= l.S4in' A .. 

*10-8. Determine the moment of inertia of the shaded 
area about the y axis. 

Dil/e,.lIIiaJ EI.",."t : The area of die differential element para11c11O yaxis is 

dA = ydJc = (2-2%') dJc. 

Mo",."t of I".rtia : Applying Eq. 10- land perfonning die inr.egralion. we 

have 

y 

r 
2 in. 

~~~~--~----x 

I-- I in.---I 

y 

r 
2 in. 

l x 
1---- I in.----I 
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10·9. Determine the moment of inertia of the shaded 
area anoul the x axis. 

b ' 
Di//.,."tliJI EI.m."t : Here. x = .fi,Yl. The area of Ihe differential element 

rarallellD xaxis is dA = xdy = ( ~Y \}y . 

Momtnt 0/ r"eniD: Applying Eq. 10- I and perfonning the inlelnllion. we 

have 

Ans 

10·10. Determine the moment of inertia of the shaded 
area anoul the y axis. 

Di//.,."tiiJI El.m.nt: The area of the differential e.1ement parallelID yaxis is 

dA =(h_y)dx=(h-~x2)dx. 

Momt"t 0/ r"tnia : Applying Eq. 10- 1 and perfonning the inlegnlion, we 

have 

f 2 J' 2( h 2) I = x dA = x h--x dx 
1. 0 bl 

= (~xl _ .!:..X5)\b 
3 Sbl 0 

= .!:..hb' Ans 
15 

624 

y 

y 

1 
h 
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1----_ b - __ ..J, 

h 
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10-11. Determine the moment of inertia of the shaded 

area about the x axis. 

.t 

= 2. dxy' + y dx (~)' 
12 2 

= ~y' dx 
3 

I,=fdl, 

f"l , 
= -ydx 

o 3 

f" I = -xdx 
o 3 

-- [X"6'I" = 10.7 in' 

Also, 

= 10.7 in' Ans 

*10-12. Determine the moment of inertia of the shad 'd 
area about the x axis. " 

:KO.sX 1 
d I, = i2 tit (2y)' 

x l'mV'", ':": • I 

~' II 

~2m-----: 

I, = J dl, 

Ans 

_ 2[ 2 
- 3 5(:o.SjO-O.5X)"'! 

A1lo, 
= 0.533 m' AD. 

dA = xdy = 2(1-y')dy 

I, = Jy'dA 

= 0.533 m' ADS 
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10-13. Determine the moment of inertia of the shaded 
area about the y axis. 

dA. = 2y dx 

= l' 2x'(l-O.5x)I"dx 
o 

= 2[2(8+ 12(-0.5)x + 15(-0.5)' x')~]' 
105(-0.5)' 

o 

= 2.44 m4 Ans 
Abo. _ \" = I - 0.5x 

1,= f d1, 
1m 

1-7-----------4-------x 

W-14. Determine the moment of inertia of the shaded 
area about the x axis. 

Diff.r."tial El.m""t : Here. x = 2yl. 11Ic area of die differential element 

parallel 10 xaxis is dA = xdy = (2yl)dy . 

Mom."t of I".rtu. : Applying Eq. 10-1 and perfonning the inllegnlion. we 
have 

I. = fA idA = rO'i(2yl)dy 

= (;yl)C' 
= 0.571 in' ADS 

8 [ l 3, 1 '11 = 2(-) Y - Y + -y --y 
3 5 7 

= 2.44 m4 Ani 
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10.15. Determine the moment of inertia of the shaded 
area about the y axis. 

Differential Elelllellt: The area of the differential clement parallel to 

v axis is dA = (I -vldx = (I - ~x')elx. 

Moment of Inertia: Applying lOy. lO-1 and performing the integration. 

we have 

I,. = f.x1dA = 1,' '"xl (I - ~x2)dx 

= (~,J _ ~,')I' '" 
3' 2()" \0 

= 1.07 in" Ans 

*-10.16. Determine the moment of inertia of the area 
about the y axis. Use Simpson's rule to evaluate 
the integral. 

1,.= fx1dA 

= 0.314 m' Ans 

I m-----l 

-10-17. Determine the moment of inertia of the area 
about the x axis. Use Simpson's rule to evaluate 
the integral. 

ell = ~ dx,' , 1 ' 

[,
1 I " 1 

I, = '1 to.5e )' dx 
n -

= - (e")' <Ix 1 [" '\ 
24 () 

=0.176 m' Ans 

y 

1 
I in. 

L-__ ~~ ________________ L-___ x 

y 

y 
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10·18. Determine the moment of inertia of the shaded 
area about the x axis. 

y 

Y=/2COS(-jf-X) ~ 7 1 

~-t 
~C-__ ~ ____ +-________ ~J---x 

f--- 4 in.--+- ·4 in. ----1 

1 1 (y)1 1 1 
2 -d:ry +yd:r - 2 -, d:r 

12 2 3 

I • • I dI. ~ J4 ~cos' (!!JC)d:r 
• ...3 8 

8[Sin(!!JC) Sinl(!JCll 2S6 .• • _ ~ - ::.:::...lLi '" - • 9.0!I m 
3 If 31f 91f' 

i 8" 

10·19. Determine the moment of inertia of the shaded 
area about the y axis. 

-4 - - - " . UI (
128 1024) 309' 4 

If ~ 
Au 

628 



*111·211. Determine the moment of inertia of the shaded 
area ahout the x axis. 

DifferUlial Element: Here. " = yl. The area of the differential element 

parallel to "allIS is dA = "dy = y; dy . 

Moment of Inertu.: Applying Eq. 10-land performing the integration. we 
have 

I, = fA y'dA = f:"l~;)dy 

=[~Y~]C' 
= 307 in' Ans 

~ 

dr-
Bin 

1-
t--

~ 
Il~ -!-,r 
1 

) 1 

~ 

y 

-, r-----

-y =x" 

I 
II 

8 in. 
I 

I j I 

I 
t 

f-~c--..j 
2 In. ' 

"f.. 

1------------------------------___________ . __________________________________________ _. 

10·21. Determine the moment of inertia of the shaded 
area about the y axis. 

Differential Element: The area of !he differential element paral.lel to yaxis is 

dA = (8-y)dx = (8-.>:') dx. 

Mom,nt of /n,nu.: Applying Eq. 10-1 and performing the integnlion. we 
have 

_(8, I 6)1 2; •. - -x --x 
3 6 0 

= 10.1 in' Ans 

y 
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10-22. Detennine the moment of inertia of the shaded 
area about the x axis. 

1,=fr2 dA 

1, r' = '-dv o . 
{, -

= 3.20 m' 
Also. 

dA = (2 - /2X)dx 

<1/, =Jh+dA,' 

Ans 

I =, = (2-/2X ~)' = - Jx(2 - ,,2.<). + (2 - ,,2x)Jx --- + v2x 
12 2 

-10-23. Determine the moment of inertia of the shaded 
area about the y axis. Use Simpson's rule to evaluate 
the integral. 

Area of the differential element (shaded) dA = wlx where v = e", 
hence, d A = .vdx = et~ c1:c .. 

I,. = [ x' JA = r' x'(e" )dx 
JA Jll 

Use Simpson's rule to evaluate the integral: (to 500 intervals) 

I, = 0.628 m' Ans 

-*10-24. Determine the moment of inertia of the shaded 
area about the x axis. Use Simpson's rule to evaluate 
the integral. 

dl, =tlh+<lAy' 

I (V)' I = -dxv] + \J(/x ::.... = -v3 dx 
12 ' " 2 3' 

11.', 11'·, l , Ix = - v- d.t = - (e.l)' dx = 1.41 m 
3 () . 3 0 

Ans 

I, = f"l, 

= 3.20 m' 

y 

y 

'I 
J 

J[ 
~llll--l 
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10-25. The polar moment of inertia of the area is 7 c = 
23 in4 about the z axis passing through the centroid C. If 
the moment of inertia about the y' axis is 5 in4, and the 
moment of inertia about the x a~is is 40 in". determine 
the area A. 

Moment of Inertia: The polar of moment inertia J c = l.t' + I.v'. 

Then, I" = lc - I,. = 23 - 5 = \8.0 in'. Applying the parallel-axis 

theorem, Eq. 10-3, we have 

40 = 18.0 + A(3') 

A = 2.44 in' Ans 

10-26. The polar moment of inertia of the area is 7 c = 
548(106 ) mm4, about the z' axis pa~sing through the 
centroid C. The moment of inertia about the y' axis is 
383(106 ) mm4, and the moment of inertia about the x 
axis is 856( 106 ) mm4 Detennine the area A. 

I" = I, +Ad' = 856(10") - A(250)' 

1c=I,.+I,. 

548(106 ) = 856(106 ) - A(250)' + 383(10") 

A = 11.1 (lO')mm' Ans 

10-27. The beam is constructed from the two channels 
and two cover plates. If each channel has a cross-sectional 
area of Ac = 11.8 in2 and a moment of inertia about a 
horizontal axis passing through it~ own centroid C. of 
(/,k, = 349 in4, detennine the moment of inerti~ o~'the 
beam about the x axis. 

I, = 2 [Tz(lZ)(I)J + Ill! 12)( [0.5)'] + 2(34') 

= 3.35(103 ) in' Ans 

..... __ + __ ---,,...-_x' 

___________ -L ___ x 

y' 

C -t _____ ~>--------tL--,,--x' 

250mm 

______ --\ _______ -I_x 
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*10-28. The he am is constructed from the two channels 
and two (mer plates. If each channel has a cross-sectional 
area of A, = II.S inc and a moment of inertia ahout a 

vertical axis passing through its own centroid. C,. of 
(f ,Jc = 9.::!" in';. dekrmine tht:: moment of inertia of the 
heam ahnut the .I' aXIs. 

I in. 

x 

10-29. Determine the moment of inertia of the beam's 
cross-sectional area with respect to the x' centroidal axis. 
Neglect the size of all the rivet heads, R, for the 
calculation. Handbook values for the area, moment of 
inertia. and location of the centroid C of one of the angles 
are listed in the figure. 

1, .• ..!..(I~)(27S)' + {1.32( 106
) + 1.36( 1(3) (2~S - 28 n 

12 

632 

~ '" 2[A(I)(12)'] + 2[(9.23) + 11.8(6-1.28)2J 

'" 832 in' Ans 

1 
\ 

'I 

275 mm 

___ --+-+----11 

x' 

28 mm Xu 



10-30. Locate the centroid y of the cross-sectional area 
for the angle. Then find the 'moment of inertia T, about 
the x' centroidal axis. 

Centroid: The mea of each ... egmcol and ilS respect i \ C centroid arc 
tabulated below. 

Thus. 

Segment 

I 

A(in2
) 

6(2) 
6(2) 

24.0 

y(in.) 

LyA -'lS.O v = -- = -~ = 2.00 in. 
. LA 24.0 

yAlin') 

)0.0 
12.0 

4R.O 

An."i 

. Mome"t of Inertia: The moment of inertia about the x' axi~ for each 
segment can bl! determined using the paraliel - a'(is thenrclll 1\ = 

I, + Ad;. 

Segment Ai (in') Idy),(in.) (I")i (in") (Ad;); (in") (/")iOn') 

I 2(6) I ,';(2)(6') 12.0 4K.O 

2 6(2) I t(6)(23
) 12.0 160 

Thus. 
Y, = Li/,), =64.0 in' Ans 

10-31. Locate the centroid x of the cross-sectional area 
for the ,mgle. Then find the moment of inertia I y' about 
the y' centroidal axis. 

Centroid: The area of each segment and its re;!spective centroid are 
tabulated below. 

Segment A(in') x(in.) xA(in") 

6(2) I 12.0 
2 6(2) 60.0 

L 24.0 no 

Thus. 
LxA 72.0 

x = -- = -- = 3.00 in. 
LA 24.0 

Ans 

Moment of lI.ertia: The moment of inertia about the .v' axis for each 
segment can be detcnnincd u!-.ing the parallel - axi~ theorem I ~" = 
I, + AJ~. 

Segment Ai (in') (d, );(in.) (J,. );(in") I Adllt<in4) {lY')i (in") 

6(2) ,';(6)(2') 
2(6) t(2)(61 ) 

4K.0 52.0 
48.0 84.0 

Thus. 

Ans 

I 
I 

(, in. 
I 

I 
_1_L......_~ ___ ~ __ -'---L-_ x 

~-6in. ---I 
2 in. 

r-- lin. 

i 6 in . 

bin I -: CD '1 
3 in] ,",. l' 1; in. 

L----J~_\-=.I_.cl-'_'_'""-' . .-L 
5 in. .\ 

6 in. +'=I+-+-__ ..,.~;-', x 

y' 

~--------~~-----Y----x' 

'--__ ...L_-'-_ X 
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* Ill·]:!. Determine the distance x to the centroid of the 
heam's cross-sectional area: then find the moment of 
inertia ahout the .1" axis. 

C."trol.d : The area of each segment and ilS respective centroid are labulated below . 

Thus, 

Segment 

1 

2 

A(mml) 

160(80) 

40(80) 

16,0(1()3) 

..... (mm) ..... A (mm') 

80 1.024( 10") 
20 64.0(1()3) 

1.088(10") 

_ :!:iA 1.088 ( 10") 
x = - = = 68,0 nun 

rA. 16,0( 10') Ans 

Moment of Inertia: The moment of inertia about the y' axis for each segment can be determined 
• 2 

using the parallel - axis theorem I" = I" +Ad; , 

Segment A,(mm2 ) (d,),(mm) (t,.), (mm') (Ad.1 ), (mm') (I,.), (mm') 
80(160) 12,0 ir (80) (1W) 1.8432 ( 10") 29,ISO( 10") 

2 80(40) 48,0 ir (80) (4Q3) 7,3728 ( 10") 7.799( 10") 

Thus, 

I" = 1:(!y.), = 36.949 ( 10
6

) nun' = 36.9( 106
) nun' Ans 

Y y 

'--------=--+---- x' 

I , 
1--'----1--- 120 111m 
40 mill' 

mm 

10·33. Determine the moment of inertia of the beam's Y 
cross-sectional area about the x' axis. 

Moment of Inertia: The moment inertia for the rectangle about ilScentroidai 

1 
axis can be detennined using the formula, I •. = 12bh1, given on the inside back 

cover of the textbook. 
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10-34. Determine the moments of inertia of the shaded 
area about the x and v axes. 

)' 

L _____ -L_~ ____ x 

_ [~JT(2)4 + 7((2)'(4)'] = 1.l92(IO') 

_ [ ~:'r(2)' + JT(2)'(3)2] = 364.8 in' 

Ans 

Ans 

~150mm---j 10-35. Detennine the moment of inertia of the beam's 
cross-sectional area about the x' axis. Neglect the size of 
the corner welds at A and B for the calculation, 
y = 154.4 mm. "l 

Momellt of Inertia: The moment of inertia about the x' axis for each 
segmenl can be determined using the paralJel - axis theorem I" 
7, + Ad;. 

Segment A,(mm') (dy),(mm) (lx')' (mm') (Ad;), (mm') (lx')' (mm') 

150(15) 146.9 f, (150)( 15') *8.554(10') 48.596( 106 ) 

2 15(150) 64.4 f,(15)(150') 9.332(10') 13550(106 ) 

JT(50') 60.6 ~(5()') 28843(106 ) 33.751(1()6) 

Thus, 

I,· = 'L(/, 1, = 95.898(10") mm' = 95.9(106
) mm' Ans 

635 
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*HI-36. ('ampul.: the moments of inertia I, and I, for the 
beam's cross-sectlomil area: about the x and v axes. 

10-37. Determine the distance .,. to the centroid C of 
the heam's cross-sectional area and then compute the 
mllment of inertia 7, about the x' axis. 

v 
y' 

30 

1O-38. Determine the distance .r to the centfllid C of 
the heam's cross-sectional area and then compute the 
moment of inertia I, about the y' axis. 

x 

x 

636 

I, = 2.(170)(30)' + 170(30)(15)' 
12 

+ 2.(30)(170)' + 30(170)(85)' 
12 

+ 2.( 100)(30)' + 100(30)( 185)' 
12 

I, = 154( 10') mm' Ans 

T = 2.(30)( 170)' + 30( 170)( 115)' ." 12 

+ 2.(170)(30)' + 30(170)(15)' 
12 

+ 2.(30)(100)' + 30(100)(50)' 
12 

I, = 91.3( 10') mm' Ani 

j = 170(30)(15) + 170(30)(85) + 100(30)(185) 
170( 30) + 170( 30) + 100(30) 

= 80.68 = 80.7 mm AD. 

I.. = [iz(170)(30)' + 170(30)(80.68 _15)'] 

+ [iz(30)(l70)' + 30(170)(85-80.68)'] 

I 
+ 12(100)(30)' + 100(30)(185- 80.68)' 

I.. = 67.6( 10') mm' Au 

i = 170(30)( 115) + 170(30)( IS) + 100(30)(50) 
170(30) + 170(30) + 100(30) 

= 61.59 = 61.6 mm Ana 

1,. = [~(30)(170)' + 170(30)(115-61.S9)'] 

+ [~(170)(30)' + 30(170)(15-61.59)'] 

I , 
+ 12(30)(100) + 100(30)(50-61.59)' 

1,. = 41.2( 10') mm' Ana 



10-39. Locate the centroid v of the cross section and 
detelmine the moment of inertia of the section about the 
x' axis. 

Centroid: The area of each segment and irs re\pecti'oe t.:t?ntroid are 

tabulated below. 

Segment A(m') y(m) yA(m') 

I 0.3<0.4) 0.25 (J.O} 

2 } (O.4HO.4) 0.1833 0.014667 
1.110(05) 0025 0.001375 

0.255 0.046042 

Thus. 
I;vA 0.ll46042 

'\'= -'- = --- =0.1806 III =0.181 m 
. LA 0.255 

Ans 

,l\1oment of Inertia: The moment of inertia about the x' axis for each 
segment can be detelmineu using the parallel ~ axis theorem fA = 
It·+Ad~. 

Seg- A;(m') (dy);(m) (Ix'); (m·) (Ad;);(m') (lx' );(m4) 

ment 

0.3<0.4) (J.06944 {,(O.3)IO.4') O.5787(IO~') 2.1787(10"') 

:iiO.4)(O.4) 0.002778 p;(0.4)(0.4'1 0.6173(1O~') 0.7117(10-') 

1.1(0.05) 0.1556 TI(l·IH005 ) 1.3309(10") 1.3423(IO~·1) 

Thus, 

I" = L(/,); = 4.233(10-') m' = 4.23(10-') m' Ans 

*10-40. Detemline y, which locates the centroidal axis 
x' for the cross~sectional area of the T -beam, and then 
find the moments of inertia Ix' and I y" 

I' = LyA = 125(250)(50) + (275)150)(300) 
. LA 250(50) + 50(300) 

y = 207 mm 

7, = [~(50)(250)' + 50(250)(206.818 - 125)'] 

+ [ ~ (300)150)' + 50(300)(275 - 206.818)2] 

1\ = 222(10"') mm-i 

Ans 

Ans 

I I 
I, = 12 (250)(50l' + 12(50)(300)1 = 115(10") 111m· Ans 

so 
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10-41. Detennine the distance I' to the centroid for the 
beam's cross-sectional area; then determine the moment 
of inertia about the x' axis. 

h 
25 mm 

Celltroid: The <IIea of each ~egmcnt and its respective centroid arc 
tabulated helow. 

Segment A(mm') y(mm) YA(mm") 

50(100) 75 375(lO') 
325(25 ) 12.5 101.5625(10") 
25(100) -50 -125(\()1) 

15625(10') 351.5625110') 

Thus. 
_ LvA 351.5625(10') 
v = ~ = 15.625(10') = 22.5 mm Ans 

Moment of Inertia: The moment of inertia about the x' axi., for each 
segment l:3n he determined using the parallel - axj~ theorem J t = 
f. + Ad;. 

50mm 25mm 

Segment Admm2) (d,);(mm) (i.,); (mm4) (Ad;);(mm4 ) (/.,);(mm4) 

5()(100) 52.5 r, (50lll 00') 13.nl(lO") 17.948(106 ) 

2 325(25) 10 f;(325)(25') U.8125(10") 1.236(100) 
25(100) 72.S +,(25)(100') 13.14100°) IS.n4(lOO) 

Thus. 

I, = L(/, ), = 34.41(10") mm4 = 34.4(10") mill" Ans 

50 mm:?5 mill 

I 

25mm 50mm 
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111-42. Detennine the moment of inertia of the beam's 
cross-sectional area about the y axis. 

lWoment of Jllertia: The moment of inertia about the y' axis for each 
segment can be determined u!'Iing the pardllel-axis theorem /'\' = 

I) + Ad;. 

Segment Ai(mm') (dx)i(mm) (l y.li{mm') (Ad;)i(mm') (l,.),(mm') 

I 21100(25)1 100 f.(l00)(25') 50.0( 106 ) 50.130(1 Q6) 

2 25(325) 0 f (25)(325') 0 71.519(10·) 

100(25) 0 -/;(100)(253
) 0 O.130(IW) 

Thus. 

I). = 'E(/, )i = 121.78(106
) mm4 = 122(10·) mm' Ans 

10-43. Detennine the moment of inertia I, of the shaded 
area about the x axis. 

y 

6in. 

25mm 

J, = [-k(6)(6)J +6(6)(3)'] 

TI--o in.-+3 in.] 

i T X 

Ans 

*10-44. Determine the moment of inertia 1, of the 
shaded area about the y axis. 

I.,. = [-k(6)(6)' + 6(6)(3>'] + [~(6)(3)' + ~(6)(3)(6 + I)'] 

+ [~(6)(9)' + ~(6)(9)(6)'] = 1971 in' Ans 

6 in. 
1 

y 

I~';"+3;": 

i T X 

6 in. 

1 
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10-45. Locate the centroid y of the channel's cross
sectional area, and then determine the moment of inertia 
with respect to the x' axis passing through the centroid. 

x' 

10-46. Determine the moments of inertia I, and Iy of 
the shaded area. 

v 

rSb _ m. 
x 

10-47. Determine the moment of inertia of the 
parallelog~am anout the x' axis. which passes through the 
centrOlu ( of the area. -

b---~ 

*10-48. Determine the moment of inertia of the 
parallelogram about the v' axis. which passes through the 
centroiu C of the area. 

/ 
u 

~ __ -L ___________ ~-L---------X 

b -----< 

640 

j = 1:jA = (1)(12)(2) + 2[(3)(6)(2)] 

1:A 12(2) + 2(6)(2) 

= 2 io. ADS 

- [ I, ] [ I I,. = 12(12)(2) + 12(2)(1)' + 2 12(2)(6)' + 6(2)(3-2)'] 

1.. = 128;0' Au 

/, = ~ = 1r(6)' _ ~ 
8 8 

= 503 In' A ... 

h = asin9 

I.. = hbh' = h(b)(aainB)' = ha'blln' 9 A ... 

~. = 2[ ;\r(asin 9)(acos B)' + t(asioB)(acos B) (t + 1 cos B-tacos B) 'J 
+f,(asin9)(b- acosB)' 

ADS 



1()·49. An aluminum strut has a cross section referred 
to as a deep hat. Determine the location y of the centroid 
of its area and the moment of inertia of the area about 
the x' axis. Each segment has a thickness of 10 mm. 

C ."troUi : The aru of each segment and its respective centroid are tabulalcd below. 

Thus. 

Segment A (mrnl) i(mm) 

I 4O( 10) 5 
2 20( (00) 50 

60(10) 95 

3.00(10') 

iA(mml) 

2.00( 103 ) 

100.0(10') 
57.0(.10') 

159.0( 10') 

_ ryA 159.0( 10') 
Y = - = = 53.0 mm 

l:A 3.00( 10') Ans 

Moment of Inertia: The moment of inertia about the x' axis for each segment can be determined usin 

the parallel - axis theorem I,. = 1,. + A 4 . 

Segment Ai (mrn') (d')i (mm) (i")i (mm') (Ad,»i(mm') (1.,)/ (mm') 
I 40(10) 48.0 ir(40)(lO') 0.9216(loo) 0.9249(loo) 
2 20(100) 3.00 &(20) (1003 ) 0.018( loo) 1.6847(loo) 
3 6O( 10) 42.0 fr(6O)( 10') 1.0584( loo) 1.0634 (l oo) 

Thus. 

I.. =r(l,.), = 3.673( 106
) mm' = 3.67( 106 ) mm' AIlS 
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10·50. Determine the moment of inertia of the beam's 
cross-sectional area with respect to the x' axis passing 
through the centroid C of the cross section. Neglect the 
size of the corner welds at A and B for the calculation, y 
= 104.3 mm. 

Mom.", of/".nill : The moment of inertia about the;r:' axis for each segment can be determined usin 

thepara1lcl-axistheorem/., =i,..+A~. 

Segment A; (mm2) (d,); (mm) (i.,); (mm') (Ad,'); (nun') (I.,); (nun') 

1r(17.Sl ) 113.2 i(l7.5·) 12.329(106) 12.402( 106) 
2 15(150) 20.7 &(15)(150') 0.964 ( 106) 5.183(106) 
3 1r(252) 79.3 i(25') 12.347(106) 12.654( 106) 

Thus, 

I •. =1:(1 •. ), =30.24(106
) mm·=30.2(106

) mm' Ans 

10·51. Determine the location y of the centroid of the 
channel's cross-sectional area and then calculate the 
moment of inertia of the area about this axis. 

C .""oid : 'The area of each segment and its respective centroid are labulaled below. 

Thus, 

Segment 

1 

2 

A(mnr) ."(mm) 
100(250) 125 

250(50) 25 

37.5( 10') 

iA(mmJ ) 

3.l25( 106) 

0.3125( 106) 

3.4375( 106) 

1:iA 3,4375( 106) 
j= ~. = =9L67mm=91.7mrn Ans ...... 37.5(1(}l) 

Mom.", of/".nia : The moment of inertia about the;r:' axis for each segment can be determined 

using the parallel -axis theorem I.. = i,.. +At{ 

Segment A; (mm2) (d,); (mm) (i.,); (mm') (Ad,'); (mm') (/.,); (nun') 
1 100(250) 33.33 &( 1(0) (250') 27.778(106) 157.99(106) 
2 250(50) 66.67 &(250) (50') 55.556( 106) 58.16(106) 

Thus, 

I •. =1:(1 •. ), = 216.15( 106
) mm' = 216( 106

) mm' Ans 
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d' of gyration k, for the *10-52. Determine the ra IUS _ 

column's cross-sectional area, 

x 

200 mm 

lOOmm 

= ~ 5(0)(100)' + 2[~(100)(200)' + (lOO)(200}(ISO)'] I, 12( 12 

= l.07S( 10') mm' 

l.OOS( 10') = 109 mm 
90(10') 

Ana 

----------~ __ ~.~w~,~,~~ .. ------------~~~~=--------------------------'--1~., = I. Co) II' + hCb-o)/a' = hbh' 
Ana 

, moments of inertia of the 
10-53. Determme the , d y' axes which pass 

b Ut the x an , trianoular area a 0 

thro~gh the centroid C of the area, 

,+--' .. 
'.t. 

L~!....:.-~.,..-_--x 

lL~ ___ ~~-~-x 
a ----

------ b ---------I 

, duct of inertia of the shaded 
*10-54. Determme the p,r~ peet to the x and y axes. 
portion of the parabola Wit res 

Dil/"."tiaj EI"',.nt : Here. x = /SOyl, The area of lhe differenlial clemen I 

parallel 10 rhe x axis is d4 = 2xdy = 2/SOy Idy . The coortlinarcs of die celllroid 
for lhis elemenl are i = 0, j = y, Then lhe ProduCI of inertia for lhis elemenl is 

dJ., = <D.", + d4ij 

= 0+ (2ffoy1dY )CO) (y) 

=0 

Product of Inertia: PerfOnning lhe integration, we have 

t., = f dJ., = 0 
Ana 

Note: By inSpection. t., = 0 since lhe shaded area is symmenicaJ aboUllhc y 
axis. 

643 

__ l:iA _ tt{tch)(O)]+[o+¥HhCb-a)t b+o 
x- l:A - tCh)(o)+thCb-o) 3 

y 

r 
,100 mm! 

200mm 

/ 1 2 
• Y=-,'i()x // 

/ _L ___ .::::".+~ _____ x 



10-55. Determine the product of inertia of the shaded 
area with respect to the x and y axes. 

D;ff"~lttiaJ EI.m~ltt : Hen:. x = 2yl. The area of !he differential clemen! 

Parallel to the x axis is d'I = xdy = 2y ldy . The coordinaJes of the cenlmid for x , 

this element are i = :2 = y'. j = y. Then the product of inertia for this element is 

cU., = di..,. + dAij 

= 0+ (2Y'dy )(y')cy) 

=2idy 

Product of Int!Tlitz : Perfonningthe integration. we have 

f ~I". 2 II". 1.,= cU.,= 2/dy=_yJ = 0.667 in' 
030 Ans 

. roduct of inertia of the shaded 
*10-56. Determine .the p . t the x and y axes. 
area of the ellipse With respect 0 

y 

, + 4v2 = 16 /------- ,("'" " 

I 

2 in. 

- -x 

r------ -- 4 in. ---- --~ 

r 
/ 

-----~?1' = O.2)x 2 1 ~~ j' 
~=-~--II-x 
110-_____ 2 in. ---- '-'"1 

I in. 

1 

J• y J - -dA - (-)(xy) ax 
1;"7 = A X Y - 0 2 

= ~r y'xax 
2 0 

= ~r ~(16 -x')xax 
2 0 4 

= ~ f'cl6x - x') ax 
8 0 

l[ , ~.r = ii 8 x - 4x 

Ans 
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10-57. Dett:rmine tht: product of inertia of the parah(]\ic 
area with respect to tht: x and v axes. 

-T 

b 

---+---------L-.-'----x 

10-58. Dt:termine the product of int:rtia of the shaded 
area with respect to the x and y axes. 

v 

x 

'-1.--- 8 in. -----'.1 

j= .r 

- y y = -
2 

dA=ydx 

xy' 
d I" = 2" dx 

I" = J d I" 

J" 1 b' , = -(-)x dx 
o 2 a 

1[ b' 'I = (; (-;)x 

= ~ a' b' 
Ii 

i = x 

- y y = -
2 

dA = ydx 

= ~ J' x'" dx 
2 0 

Ans 

= 48 in' Ans 
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10·59. Determine the product of inertia of the shaded 
area with respect to the x and y axes. 

Differential Element: Here. y = 14 - x2• The area of the differential 

element panJlel to the y axis is dA = ydx = 14 -x2dx . The coordinates of the 

centroid for this element are i = x, i = ~ = ~!4_X2. Then the product of 
2 2 

inema for this element is 

dl" = til,.,. + dAiy 

= 0+ (!4-x2dx) (X)G/4-x2) 

= ~(4X _xl) dx 
2 

Product of Inenia : Perfonning the inlCgralion, we have 

* 10·60. Determine the product of inertia of the shaded 
an~a with resp«ct to the x and y axes. 

-,--;---- ~ ,,2 = I -OSr 

1m 

~-t----------------------L-----x 

1----------- 2 m 

·tt 

i=x 

- y y = -
2 

dtt=ydx 

xy' 
dl" = "2 dx 

lx, = f d/~., 

J' 1 = 0 2(x - 0.5x') dx 

= ~[~ - ~x'r 2 2 6 

= 0.333 m' Ans 
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10-61. Determine the product of inertia of the shaded 
area with respect to the x and y axes. 

\' 

~----------------~~-.-

h 

~;';';"'=:::::::=--________ --L-__ x 

~---------b--------

*10-62. Determine the prod f' . 
area with respect to th duct 0 Inertia of the shaded 

e x an yaxes. 

Di//,r",tilll El"."nt : The area of the differential element paral.lellO the y 

axis is dA = ydx = (a1_x1Y dx. ThecoonlinaleS of thecenlroid for this 

y I (' ')2 element are i = x. y = 2 = 2 a' - x' . Then the product of inertia for this 

element is 

Product o/In,nill : Performing the inlegration. we have 

a' 
Ans 

i=x 

- y 
Y = -

2 

dA=xdy 

x 2y 
dl,y = '2 dy 

1[ iJl 3 '''1 = 2 (h2l ,)(g)Y 

Ans 
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• '1\3. Determine the product of inertia of the shaded 
are. dlth respect to the x and y axes. 

di.., = dl.., + ijdA. 

4(11 + 1) 
ADa 

*10·64. Determine the product of inertia of the shaded 
area with respect 10 the x and y axes. 

2 

Di//uential EI,mMt : Here, x = T' The area of !he differenlia.l e1ement 

, , y' 
parallel 10 Ihe x axIS IS dA = xdy = Tdy , The coordin= o( Ihe CCflllOid (or Ibis 

- x y' - Th th od ( . f Ib' e!emen ' element are x = 2 = 4' y = y. en e pr UCI 0 mertJa or IS lIS 

Product iJ/lllertia : Performing the integration. we have 

f 1 J,'" , I I'm lz, = diz, = - y dy = -/ = 1.33 m< 
8 a 48 a Ans 
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-10-65. Determine the product of inertia of the shaded 
area with respect to the x and y axes. Use Simpson's rule 
to evaluate the integral. 

L. _____ -'-__ x 

JA = .vdx 

.x ",2 
dl tl = lclx 

[,
' 1 " , = -.dO.8e )-dx 

" 2 

1.
, , 

= 0.32 x e2
.1.- dx 

II 

=0.511 m4 Ans 

10-66. Detennine the product of inertia of the thin strip 
of area with respect to the x and y axes. The strip is 
oriented at an angle (i from the x axis. Assume that t « I. 

In = I. xy ciA = 1.' (s cos Ii)(ssin lI)r d.,' = sin fI cos lit r' .\.2 </.\ 
A 0 Jo 

)' 

= ~/'t sin 20 
6 

Ans 

r: ().8,~ 

. '~[;(X,\,) 

~ (x."Iz) 

d" 
,,/ X 

I--- 1 m-----l 

y 
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10-67. Determine the product of inertia of the beam's 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 

I'roilucl 0/ '".rtw. : The area for each segmen~ irs centroid and product of 
inertia with teSpect 10 x and y axes arc labularcd below. 

Secment "';(mm') (d.),(mm) (d,),(mm) (1.,) i (nun') 

-9.37S( 10') 

Thus, 

1 

2 

50(S) 

25(5) 
-5 
10 

7.5 
-IS -18.75(10') 

1.,=I(/.,),=-28.12S(IOJ
) mm'=-28.1(IO

J
) nun' Ans 

*10-68. Determine the product of inertia of the beam's 
cross-sectional area with respect to the x and .I' aXes. 

1 in. 

L-__________________ ~. __ ~~-x 

1--,,----12 in.------, 

-----::W--- x 

L 

\-- ---- 30 mm --..J 

;-"'--,---- x: 

I., : o.S( 4}(8}( I} + 6(O.S}( IO}( I) + 1l.S( 1.5}(3}(I) 

: 97.8 in' Ana 
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10-69. Determine the product of inertia of the cross
sectional area with respect to the x and y axes that have 
their origin located at the centroid C. 

I'roduct of 1"~rti4 : The atea for each segment, its cencroid and product of 
inertia with respect to ex and y axes are tabula!ed below. 

Segment Ai (in') (d')i (in.) (d')i (in.) (I.,) i (in') 

3(1) 2 18.0 
2 7(1) 0 0 0 
3 3(1) -2 -3 18.0 

Thus. 

I., = 1:(1.,) i = 36.0 in' Ans 

y 

5 in. -~---x 

~ 
I in. 
L-_~ __ -J~ _____ ~_ 

T i--- 4 in. --I 

3 In 
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· h duct of inertia of the 
10.70. Determtne t e pro 
parallelogram with respect to the x and y axes. 

Produc' oll ... "ia 01 ,It. Tria .. ,'. : The produa of inerlia widl respec;t 10 x and y axes 
can be dctI:rmincd by inlCgration. The area of die differential element panllcl lO y axis is dA 

= '1dx = (It + ~x )dx[Fig. (a») . ThecoordinaleS of the eenlroid for dlis elernent_i,. -x. 

y = ~ = ~ (11+ ~x). Then the product of inertia for dlis element is 
2 2 b 

Performing die inlCgration. we have 

The product of inertia with respect to eenlroidal axes. x' and y'. can be determined by applying 

Eq. 10-8 [Fig. (b) or(c»). 

H b 
. - .rb2sinZ8cosz9 

ere. = <lCOS 9 and It = asm 9. Then. 1,- . = -----, 72 

Product of inenia of the parallelogram [Fig. (d») with respect to cenlrOidal x'and '1' axes. is 

1 _ 2[a4cosZ 9sinz9 1. (3e-acos9)(asin9)] 
,',- - 72 +2(asm9)(acos9) 6 -6-

= a3 esinz 9cos 9 
12 

The product of inertia of the parallelogram [Fig. (d») about x andy axes is 

I" =1.-" +Ad,d, 
a3esinz9cos9 

= . 12 +(aSin9)(ef+~OS9)(aS~n9) 
.resmz 9 

= --12-(4acos9+3e) Ans 
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10-71. Determine the product of inertia of the cross 
sectional area with respect to the x and y axes. 

Product of Inertia: The area for each segment, its centroid and product 
of inertia with respect to x and y axes are tabulated below. 

Segment Ai (mm2) 

100(20) 

(d')i (mm) (dy)i (mm) 

60 4\0 
2 840(20) o 0 
3 100(20) -60 -4\0 

Thus, 

y 

400mm 

--'-=ih+-- x 

400mm 

lOOmm 

(IX])i (mm4) 

49.2(\06) 
o 

49.2(106) 

*10-72. Determine the product of inertia of the beam's 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 

Ixy = 5(1)(5.5)(-2) + 5(1)(-5.5)(2) 

= -1 \0 in4 Ans 

10-73. Determine the product of inertia for the angle 
with respect to the x and y axes passing through the 
centroid C. Assume all corners to be square. 

Centroid: 

_ 1:xA 0.125(0.25)(3) + 1.625(0.25)(2.75) . 
x = -- = = 0.8424 In 

1:A 0.25(3) + 0.25(2.75) 

_ 1:yA 1.5(0.25)(3) + 0.125(0.25)(2.75) . 
y = 1:A = 0.25(3) + 0.25(2.75) = 0.8424 In 

Product of inertia about x and y axes: 

Ix} = 0.25(3)(0.7174)(0.6576) + 0.25(2.75)( -0.7826)( -0.7174) 

= 0.740 in4 Ans 

y 

[100 mmi .. " ,y:t"'" 

~mm 

400mm 

~l_x 

1-20mm 

-+---x 

y 

0.25 in. 

D 

'1 
~ .. '."'.'.]~ 

o2L~'Y 
1 3' -----1 Ill. 

x 
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10-74. Determine the product of inertia for the beam', 
cross-sectional area with respect to the II and l' axes. 

\1oment..; of inertia!, ami J, 

f = 2[,';(21l)(30(l)'[ + "'(60)(20l' = 90.24(10)" mm' 

The ",edion j" "ymmctric about both x and y axes: therefore 1\\ = O. 

(
. :; 11 .. 16 - 90.24... ) = _ . ___ . ,m40 +Ocos40" 10' 

2 

Ans 

10-75. Determine the moments of inertia I" and I" of 
the cross-sectional area. 

Moment and Product ollTlertia about x alld y Axes: Since the shaded 

arCil i~ symmetrical about the y axis, Ix) = O. 

f, = ~(40)(2()O\ 1+ 401 2fXl)(1 20') + ~(2()0)(40') 
12 12 

= 142.93110") mm' 

I \ I 
f, = 12(200)(40 ) + 12(40)<200') = 27.7}(]()6) mm' 

Momet1toj Inertia about tile inclined u and,' Axes: Applying Eq. 10-
9 \.11th I! = -30". we have 

I = l~.~_ ~~ + I). - 1\, cos?fI- f s,'n"'1 \ 2 2' .. ~y -(. 

( 
142.93 + 27.73 142.93 - 27.73 

= 2 + 2 eos(-60") 

- OrSin(-600)1) (106
) 

= 114(10"l mm' Ans 

= ( 142.93: 27.73 _ 142.93 - 27.73 
2 cost -60") 

- OI.Sinf-mol l) 110') 

= 'io.5(1f!") mm' Ans 

200 nlln 

L~~ 
20l11m [ 

~~1 
1 

200mm 

~ 

2°itnJl1 ~ 
( ~40nllll 

'- ;:/" , 

T~2(Xlmm~, 
" 

40mm- I"-

----c 
200mm 

120mm 

40mm I A 

1 :200 mrn ·1 
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*10-76. Determine the distance v to the centroid of the 
area and then calculate the moments of inertia I" and I, 
of the channel's cross-sectional area. The II ami t' axes 
have their origin at the centroid C. For the calculation. 
assume all comers to be square. 

_ 300(lO)(S) + 21(50HIO)(35)1 
y = :«)(}(IO) + 2(50)( 101 = 12.5 mill Ans 

+2[ -A, (1O)(50)J + 10(50)(35 - 12.51'] 

= 0.90H3(10") moo' 

I,. = -A, (10)(3()(», +2[ ~(50)(IOIJ +S0(10)1150-- 5)2] 

= 43.53(10°) mm" 

/.1) = 0 (By""ymmctryJ 

*10-77. Detennine the lIloments of inertia of the ,haded 
area with respect to the II and v axes. 

.~ome1Jt and Product uf IlJertia about x and}' Axes: Sincl' the :-.hadcu 
area i-; !-.ymmctrical about the x axis, 1\\ = O. 

I, = ~il)(5J) + ~H)(I \) = 10.75 in' 
12 12 

I, = _~·(I)141) + 1(4)12.5') + ~(51(I') = 30.75 in' 
12 12 

Moment of Inertia about the Inc/ined u and v Axes: Applyin~ Eq. 10-
9 with I) = 30', we have 

I, + I, I, - I. 
1/1 = ~ + -2- co'> 20 - 1\\ sin 20 

I, 

10.75 + 30.75 + 10.75 - .'U.75 wsW' _ O(s,,\(,I1' ) 

= 15.75 in" 

IO.7S + 30.75 

2 

10.75 - 30.7S 
------- cos 60 --1- O«'in 60' ) 

2 

Ans 

l' 

10 111m 10illm 
-.p.- u 

T 
50 mI11+ ______ -+""--'-= ___ +-_-."""'" x 
10 ml11 L...... ______ +-_____ ~~_.~ 

/' 

T !--- I SO n\I1l ~- 150 111111 ----1 

O.90R3( Ill") +43.S3( 10" I 0.9083(10" I -43.S3( 10") 
2 + 2 cos 40' -0 

O.9()X3110")+43.53(10") 

2 

= 3R.5(IO') mm' 

,-
, 

5 ill. 

L 
------; J in. :----- 4 ill. 

2.5 in. 

i I ill. 

AIlS 

O.90H3( 10") -43.53(HJ6j , 
2 cos40'+0 

AIlS 

0.5 in. 

0.5 in. 

:) in 
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. irections of the principal axes 
lIl· 78. Determme the.d 0 d the principal moments 

. . I ted at pomt ,an 
with orlgm oca I a about these axes. 
of inertia for the rcctangu ar are 

= 2.(3)(6)' + (3)(6)(3)2 = 216 in' I, 12 

I = 2.(6)(3)' + (3)(6)(U)2 = S4 in' 
, 12 

I" = xyA = (U)(3)(3)(6) = 81 in' 

-21" _ -2(81) = _ 1 
!all 29 = I, _ I, - 216 - S4 

11 = -22.So AIlS 

_I, +1, ± (l' _1,)2 12 _ ~± (216
2
-54)2 +(8Ir 

I,:~ - 2 -2- +" - 2 

I ... = 250 in' AIlS 

I.,. = 20.4 in' Ans 

10·79. Determine the moments of inertia lu, Iv and the 
product of inertia IUl' of the beam's cross-sectional area. 
Take () = 45°. 

y 

~·8in.--~ 2 in. 
~ in. 2 in. 

656 

y 

I--- 3 in.---I 

1 
6 in. 

~----------~~~---x o 

t 2 1 , 2 
I = -(20)(2)' + 20(2)(1) + -(4)(16) + 4(16)(8) 
• 12 12 

= 5.515(10') In' 

1 1, 
I, = -(2)(20)' + -(16)(4) 

12 12 

= 1.419( 10') In' 

l., = 0 

I = £!J. + ~ cos28 - I., sln28 
• 2 2 

= 5.515; 1.419(10') + 5.515; 1.419(10') cos9QO _ 0 

= 3.47(10') In' Ans 

I" = 3.47(10') In' Ans 

I = ~ sin28 + I., cos28 
w 2 

= 5.515-1.419(10') sin9QO + 0 
2 

= 2.05(10') in' Ans 



*10-80. Determine the directions of the principal axes 
with origin located at point O. and the principal moments 
of inertia of the area about these axes. 

= 236.95 in' 

= 114.65 in' 

I" = 10 + (4)(6)12){3)1-IO +;r( 1)(2)(4)1 = 118.87 in' 

lan2lip = ~ = -118.87 
I, - I, (236.95 - 114.65) 

2 

8p = -31388°; 58.612" 

Thus. 

Ans 

10-81. Determine the principal moments of inertia of 
the beam's cross-sectional area about the principal axes 
that have their origin located at the centroid C. Use the 
equations developed in Section 10-7. For the calculation, 
assume all corners to be square. 

I = 2 [..!..(4) (~)' + 4 (~) (4 _ 2.)'] +..!.. (~) (8 _ ~)' 
, 11 8 8 16 12 8 8 

= 55.55 in' 

[ I (3)( 3)3 3( 3){(4-~) 3)'] 1.=2 12 "8 4- 8 +8 4- 8 ~ +\6 

1 (3)' +-(8) :. 
12 8 

= 13.89 in' 

= -1[( 1.813 + 0.1875)(3.813){3.625)(0.375) 1+ 0 

= -20.73 in' 

:2 111. 

~ __________ ~l-l ___ , 
() 

1 .. 1,+1) ./(1,-1,), . 
,,:; = --2-- ± V -~ + I,', 

.---------. 

236.Y5 + 114.65 i(236.~5 - 114.(5)' • 
= ---2-.. ·~ .. ·· ± V 2 + 1118.87)-

I"",., = 309 in4 Ans 

IlIIill = 42.1 in~ Ans 

...L.7"4in.- _ 

r r 3. 
sin. 

,_4;n. 
*in.~ I 1 

x 

1,+1, /(1,_',)' . 
I"""""", = z- ± V z- + I;, 

~ 9 I( 1 5555 + 1 .. 8 I 55.55 - Ll.89) 
= 2 ± Y 2 + (-20.73)2 
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------- --

. . . \ 1m 'nh llf in..:rtia for 
1Il-S2. l)dermln..: the pnm:lpa nl1 e; . .,' 

. \ ,. . th r'snect III a set ot 
the an\'.\c·' cru,,-'ieetillna arccl \\1 C t , 

. . -. \ .. , th'lt h'I\": their llri\'.in located at the 
pnnclpcl axe;, " '. .' ) 7 

t 
'd 1- t'c" the (Iluatiun developed 111 Section ll- . 

cen rIll L.·" '1 

Fur the cakulatillll. assume all curners to be sljuare. 

,-

_----- .-- 100 mm -------' 

10-83. The area of the cross section of an airplane wing 
has the following properties about the x and y axes passing 
through the centroid C: 7, = 450 in", 7v = 1730 in", 

Tn- = 138 in". Determine the orientation of the principal 

axes and the principal moments of inertia. 

---1~--------~----------~~~~----X 

I, = [~(20)(100)' + 100(20)(50-32.22)2] 

+ [fz(80)(20)' + 80(20)(32.22-10)2] 

= 3.142(106
) mm

4 

L, = [~(100)(20)' + 100(20)(32.22-10)2] 

+ [~(20)(80)' + 80(20)(60- 32.22)2] 

= 3.142 (106
) mm4 

I" = l:ijA 

= -(32.22-10)(50-32.22)(100)(20) - (60-32.22)(32.22-10)(80)(20) 

-1.778(106
) mm4 

= 3.J42(106)± ';0 + {(-1.778)(JQ6»)2 

I. i• = 1.36( 106
) mm4 Ans 

tan 26 = -21" = -2( 138) 
/'-I, 4~-1730 

6 = 6.08° Ans 

= 4~0 + 1730 i(4~0-1730)2 
2 ± --2-- + 1382 

I.. .. = 1.74( 10') In' Ans 

/"'ill = 435 io· Ans 
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*10-84. Detelmine the moments of inertia Iu and Iv of 
the shaded area. 

y 

20mm 

v 

20mm 

""',.".-______ -(--'-20 mm x 

~""=,J 
40mm 

Moment and Product of Inertia about x and y Axes: Since the shaded 
area is !->ymmctrit:al about the x axis, 1 fy = 0. 

I, = ~(200)(40') + ~(40)(2()0') = 27.73(10") 111m" 
12 12 

I., = ~ (40)(2003
) + 40( 200)( 12[Jl) + ~ (200)(40') 

= 142.93(106) 111m" 

Momellt of Illertia about the Inclined u and v Axes: Applying 
Eq. 10-9 with 0 = 45'. we have 

(
27.73 + 142.93 27.73 - 142.93 90' O· 9(') 10" 

= 2 + 2 cos - (SIn J J ( ) 

= 85.3( 10°) mm" Ans 

I, + I, l, - I, . 
I, = -2-' - -2-' COs 28 + l,! sm28 

( 
27.73 + 142.93 27.73 - 142.93, 0). 

= 2 - 2 c0890 -0(5in90) (10) 

= 85.3(10") mm' Ans 

"",{ 
120mm I 

40mm 

I ! 
x 

~ 

11 
I, I 2(XJmm 

'I 
40mm 
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10-85. Solve Prob. 10-78 using Mohr's circle. 

See solution 10 Prob. 10 - 78. 

T, = 216 in' 

T, = 54 in' 

1" = 81 in' 

Center of circle: I, + I, = 135 
2 

R = /(216 - 135)1 + (81)1 = ll05 

I ... = 135 + 114.55 = 250 in' AIlS 

I ••• = 135 - ll4.55 = 20.4 in' A .. 

10-86. Solve Prob. 10-81 using Mohr's circle. 

See prob.10-81. 

Ix = 55.55 in4 

Iy = 13.89 in4 

Center of circle; 

~ = 34.72in4 
2 

R = /(55.55 - 34.72)2 + (-20.73)2 = 29.39 in4 

[mfU = 34.72 + 29.39 = 64.1 in4 Ans 

[mi" = 34.72 - 29.39 = 5.33 in4 Ans 
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10-87. Solve Prob. 10-82 using Mohr's circle. 

See Prob. 10-82. 

I,. = 3.142(10') mm' 

~ = 3.142(10') mm' 

I,., = -1.778(10') mm' 

Cent ... of circle: 

I,. ~ ~ = 3.142( 10') mm' 

R = {(3.142-3.142)' + (-1.778)'(10') = 1.778(10') mm' 

I,.u = 3.142(10') + 1.778(10') = 4.92(10') mm' Ana 

1.
" 

= 3.142(10') - 1.778(10') = 1.36(10') mm' Ana 

1-----------·-----------------------------------------... 

*10-88. Solve Prob. 10·80 using Mohr's circle. 

See .ohUion III Prob. 10.80. 

I, : 236.9' in' 

I, ,. 114.6' in' 

1" '" 118.87 in' 

I, + I, 236.9' + 114.65 -r" 2 • 175.8in' 

R '" {(236.95 - 1758)2 + (118 87u . . r· 133.68 ill' 

I~ .. '" (175.8 + 133.68) • 309 jg' 

I~ •• .. (175.8 - 133.68) " 42.1 in' I 

28,. '" ran-I ( 118.87 ) 
(236.95 _ 175.8) • 62.780 

8" '" -31.4° Ana 

8, •• 90" -31.4° • 58.6° 
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10-89. Solve Prob. 10-83 using Mohr's circle. 

rrom Prob. 10·~3. 

I;: = 450 in'. I;: = 1730 in'. I" = DR in' 

Center of circle 

1;:+ T, = ~ = 1090 in' 
2 2 

R"Jius R = ,/(-640l' + (138)' 

R = 654.71(-640)' + (138)' 

I",,,, = 1090 + 654.71 = 1744.7 = 1.74( 10-') in' Ans 

I,,,, = 1090 - 654.71 = 435 in' 

*10-90. Detemline the moment of inertia ly for the 
slender rod. The rod's density p and cross-sectional area 
A are constant. Express the result in terms of the rod's 

total mass m. 

= 10' x'(p A <Ix) 

Thus. 

10-91. Determine the moment of inertia of the thin ring 
about the z axis. The ring has a mass m. 

1,= 10
2rr 

pA(RdO)R' =21fpAR' 

[," 
m = pAR db = 2". pAR 

() 

Thus, 

I~ = mR'2 Ans 

I" (13.5.13.5) 

A 
x 

y 

x 

y 

Ef}_x 

~
dfJY 

dB R 
.T 

662 



* 1 0-92. Detennine the moment of inertia I r of the right 
circular cone and express the result in telms of the total 
mass m of the cone. The cone has a constant density p. 

Differelltial Disk Element: The mass of the differential disk clement 

is dm = pdV = P7r_\>.2 dx = prr (~x2) dx. The mass moment of 
h-

inertia of this dement is <II, = ~dllly2 = ~ [prr (~x2)dX] 

( 

r2 2) _ prr r 4 4 _ 
hi X -"2h4' d.\. 

Total Mas!!,': Performing the integration, we have 

1 10" (r') prrr' (X-')I" I m = dm = prr ~x2 £Ix = -.-,- - = -:-prrr'2h 
III 0 h h 3 () J 

Mass .Woment of Inertia: Perfon11ing the integration, we have 

J 10
" prrr4 4 p"r' (x5)lh I 4 

It = dlt = ---:::;-TX Jx = ~ - = -prrr h 
() _II _h 5 () 10 

The mass moment of inertia expressed in terms of the total ma~s is 

J (I ')' 3 2 I, = 16 'jprrr h r- = 16/" Ans 

10-93. Detennine the moment of inertia I, of the sphere 
and express the result in tenns of the total mass til of the 
sphere. The sphere has a constant density p. 

,,2dm 
d/.'=2 

dm = pdV = p(rry'dx) = prr(r' - x')dx 

d J, = ~prr(rl - x')' d, 2 . 

8 < 
= -rrpr 

15 

Thus. 

It = ~11Ir2 ADS 
5 

···---11-----1 

r=y 

~
\" ·,2hl+Y2,~/ 

r \" ----- - -
~__ x 

x 
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10-94. Detennine the radius of gyration k.. of the 
parabolOId. The density of the matenal IS P 0= 5 Mg/m

3 

DifJerential Disk Elemfllt: The mass of the differential dbk 
ekm~nt is elm = pJV = prry'2 dx = prr{50x)dx. The mass moment 

of inertia of this element is dl, = ~ dml" = ~llm(50X)dXj(50X) = 
piT ., 
-i-(2500r) £Ix. 

Total Mass: Performing the integration, we have 

1 1, ""m'" - '1 .2 200mm _ 0 
In = dill = prr()Dx)dx = prr(_5x )1" - 1(10 )pT( 

I!! () 

iHass Alomellt of Illertia: Performing the integration, we have 

)COO ')1"""'"' 
= P2" (~'-- I" 

The radius of gyration is 

k - ; 1:_ {-Vm 

10-95. Determine the moment of inertia of the semiel-
iipsoid with respect to the x axis and express the result 
in terms of the mass lit of the semiellipsoid. The material 
has a constant density p. 

Differential Disk Element: Here. y' = 1/ (I - S). The rna." 

of the differential disk element is dm = pC/V = PJrv2 dx = 

prrh:' (I - ~) Jx. The mass moment of inertia of this el~ment i .... a-

d!., = ~ <1m,.' = ~ [Imh' (I -S) £IX] [,,' (I - f)] = P~h4 

( ~_2X~ +1)dX. 
a-l al 

Total ,Wass: Performing: the integration. we have 

1 1,,, (') (' I" In = elm = p;r!J2 I - '~'i ax = Pirt/- x - ~) 
m () (I 30- {) 

2 , 
3P7rah-

Alass Moment of Inertia: Peti'orming the integration. we have 

f 1," p;rh' «4 2x' ) I, = d/, = _._- - -~ .. + I d.1 
n 2 u 4 0-

= prrh4 (_~_ 2x1 ) 
2 5114 - .301 + r 

v'; SOx", 

_-+----'--x 

x 

The mass moment of inertia expressed in terms of the total mass is 

2 (2 ')' 2 , I, = 5 'jp"alr Ir = 5mlr An. 
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*111-%. Detelmine the radius of gyration k,. The 
specific weight of the material is y = 380 Ib/ft'. 

--f-------tH-t-----+ ...... +i--x 

dm = pd\! = prr."dx 

d I, = ~ (<1m),.' = ~;rpy. dx 
2 . 1 

1'1 
I, = -rrpx';' dx = 86.17p 

" 2 

In = r' Jrpx'" <Ix = 60.32p 
J" 

rr: ''l!6.l7fl . k,=.!-=.!--=1.20,". Ans 
. V m V 60.32p 

10-97. Detemline the moment of inertia of the ellipsoid 
with respect to the x axis and express the result in tenns 
of the mass m of the ellipsoid. The material has a constant 
density p. 

y 

-+-----/---I>I--++--¥--x 

y'dm 
<II, = -2-

f f a ( t') 4 111= pdV= p;rb1 l-~ dx=-rrpllb'2 
\' -a a 3 

f a I ( t')' 8 I, = -prrb' 1 - ~ dx = -rrpll/)' 
_a 2 a- 15 

Thus, 

Ix = ~mb' Ans 
5 

y 

y 

b 

---t-----+-----f-L--x 
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1(1-98. Determine the moment of inertia of the 
homogenous triangular prism with respect to the Y axis, 
Express the result in terms of the mass III of the pnsll1, 
Hillt: For integration. use thin plate elements parallel to 

the x-y plane having a thickness of d~. 

Differential Thin Plate f.'lement: Here, x = " (I - ;,) The "le'" 
~)f the differential thin plate element i~ tim = pdV = plHd~ = (Jdh 

(I _. ~) £1::. The mass moment ~)f inertia or t!lI~ ele111ent ahout y 

ax\:-\ I' 

I , (X2 ') = 12 dmx· + £1m ""4 + ;~ 

Total Mass: Performing the integration, we have 

1. 1,h • (.2 )/' I 
m= dl1l= pah(J-":"")d:.:=p:rh .~_2- I =l puhh 

!II () II 217 10 -

.Mas~; j\foment of Inertia: Performing the integration. we have 

= puhh «(12 + h') 
12 

10-99. The concrete shape is formed by rotating the 
shaded area about the y axis, Detennine the moment 
of inertia I\" The specific weight of concrete is y = 
150 Ib/ft3 • 

el I, = ~(dm)(J(»' - ~I<im)x' 
2 2 

J 2 - J , 2 
= :;:[rrp(lO) el)'}( 10)- - 7.-"pr <ivx 

1 [r' ('(9)'] I, = 2"1' 1" (10)' ely - 1" :;: \" ely 

j;"(1150) [ (9)'('1\] 
=,'22112)' (lO)'lk)- 2: 3)IX)\ 

= 324.1 ..,lug· in2 

I) = 2.25 slug· ft-' Ans 

\ 
/ 

The ma ... s Inumcnt of incrtiJ expressed in terms of the total m~l"'S is 

6m. 

R in. 

~x 
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*10-100. Determine the moment of inertia of the wire 
triangle about an axis perpendicular to the page and 
passing through point O. Also, locate the mass center G 
and determine the moment of inertia about an axis 
perpendicular to the page and passing through point G. 
The wire has a mass of 0.3 kglm. Neglect the size of the 
ring at O. 

M.61 Mo",.", o/I"tJrlia Aboul an Axis Through Poi"t 0: The IIIU. 

for each wire segment is m, = 0.3(0.1) = 0.03 kg. The mass moment of inenia 
of each segment about an axis passing through the center of mass CUI be 

I 
delCmlined using (lG), = 12ml'. Applying Eq.1O-16. we have 

10 = 1:(la) , + m, d/ 
= 2[ ~(0.03) (0.1') + 0.03 ( 0.05') ] 

+~(0.03)( 0.1') +0.03(O.lsin 60")' 

= 0.450( 10") kg· m' Ans 

Locatio" 0/ CtJ"troUi : 

_ 1:ym 2[0.05sin 60"(0.03») +0.isin6O"(0.03) 
y = I.m = 3(0.03) 

= 0.05774 m = 57.7 mm Ans 

Mass Moment o/I"tJrlia Aboul an Axis Through Poifll G : Using 

the rcsult10 = 0.450( 10.3
) kg. m' and d= j = 0.05774 m and applying 

Eq.1O-16. we have 

10 =Ia+md' 

0.450( 10.3 ) =IG+3(0.03) (0.05774') 

A B 

~----IOO mm ------I 

1--------------------------------.-----------------. 
10-101. Determine the moment of inertia I, of the 
frustum of the cont: which has a conical depression. The 
material has a density of 200 kg/m3. 

I 0.8 m 

0.6 m 

~ = 2..[!,..(0.4)'(I.6)(2oo)](0.4)' 
!O3 

_ 2.. [!,.. (0.2)'(0.8)(200)](0.2)' 
10 3 

_ 2..[!,.. (0.4)'(0.6)(200) ](0.4)' 
10 3 

~ = 1.53 kg.m' ADI 
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10-102. Determine the moment of inertia of the wheel 
about the .x axis that passes through the center of mass 
G. The material has a specific weight of Y = 90 lb/ft' 

iWass Moment of Illertia About an Axis 'Through Point G: The mass 
moment of inel1ia nf each disk about an <LX1S passing through the center 

I 
of mu::>s can be determine u\-,ing (Ie;}) = 2I11r;'. Applying Eq. to-16, 

we h<l\,c 

= ~ iJT(2.52)(1}(90}1 2 ~ [,,(?2}(O.75)(9(}}] 02 2L 32.2 (2.51- 2 322 I_) 

_ 4 {~ [JTIO.2)2 }(O.25}(91J) J 0 2 ["10.25
2

1(025)(90) J ,1 
2 322 (IL5 ) + 32.2 (I-) I 

Ans 

668 



10-103. Determine the moment of inertia of the wheel 
about the x' axis that passes through point o. The material 
has a specific weight of y = 90 Ib/ft3 

x 

0.25 Ii 

x' x' 

o ~I ft--l 

Mass Moment of Illertia About an Axis Through Point G: The mass 
moment of inertia of eat:h disk atxmt an axis passing through the ,enter 

of mass can be dctcnnine w .. ing (fa)1 = ~mr2. Applying Eq. lO-l6. 

we have 

_ I [JT(2.51 )(1)(90)] 2 I [;r(22 l(0.75)(90)] , 
- :2 32.2 (2.5 ) - :2 32.2 (2 ) 

{
I [rr(o.25' )(0.25)(90)] , 

- 4 :2 32.2 (0.25 ) 

[
"'(0.25

1
)(0.25)(90)] I' I 

+ 32.2 ( ) 

= 118.25 slug. ft' 

Mass Moment of Inertia About an Axis Through Point 0: The mass 
of the wheel is 

rr(2.5')(1 )(90) ".(22 )(0.75)(90) [rr(0.252 )(0.25)(90)] 
111 = - -4 

32.2 32.2 32.2 

= 27.989 slug 

Using the result Ie; = 118.25 slug· ft2 and applying Eq. 10-16, 
we have 

= 118.25 + 27.989(2.5') 

= 293 slug ft' Ans 
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*10.104. The pendulum consists of a disk having a mass 
of 6 kg and slender rods AB and DC which have a mass 
of 2 kglm. Determine the length L of DC so that the 
center of the mass is at the bearing O. What is the moment 
of inertia of the assembly about an axis perpendicular to 

the page and passing through point 0'1 

Locatio" of C ... troid : This problem requires i. 0.5 m. 

I.im 
i=

Im 
0.5 = 1.5(6) + 0.65 [ 1.3(2)1 +O[L(2)J 

6+ 1.3(2) +L(2) 

L = 6.39 m Ans 

Mass Moment of Inertia About an Azis Through Poi"t O:"The mass 
moment of inenia of each rod segment and disk about an axis passing through 

the center of mass can be dClCnnine using (TG)' = ...!.m/2 
and (lG)' 

I 12 I 

I 2 = 2:m, . Applying Eq.1O-16. we have 

10 = 1:(/G). + m.42 

I = 12 [1.3(2)] ( 1.32
) + [1.3(2)] (0.15

2
) 

I 
+ 12 [6.39(2)1 (6.392

) + [6.39(2)] (0.5
2

) 

I 
+ "2(6) (0.2

2) +6( 12) 

ADI 

to· 105. Th~ sknc..!e c..!' h 
D

. r ro s ave a \vei!.!hl of ~ 10 1'1. 
elermlne Ihe ma . . -' .' menl 01 Inertia llf the ass'mhl aouuI 

an. aXIs p~rpenc..!icular to th~ paoe anc..! C \ 
pOint A. "passing through 

A~ -----, 

2 ft 

: ~ ~ 
r-- t.5ft--- t.5ft-
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~g 'X ::: :::;t:: :tjw,::;::;~l 
~A B I 

o ~ 
c 

= 2.17 alul·II' ADS 



10-106. Determine the moment of inertia /z of the 
frustrum of the cone which has a conical depression. The 
material has a density of 200 kglmJ . 

M., Mom."t of ,,,.,.,ill About % Axis : From similar aiangles. 

1 . . f CIIdI COlIC about % ~ = ~. l = 0.333 m. The mass moment of merua 0 

0.2 0.8 3 1 

axis can be dClClmine using ~ = lOmr . 

= 34.2 kg· m1 Ana 

10-107. The slender rods have a weight of 3 Ib/ft. 
Determine the moment of inertia of the assembly about an 
axis perpendicular to the page and passing through point A 

*10-108. The pendulum consists of a plate having a 
weight of 12 Ib and a slender rod having a weight of 4 lb. 
Determine the radius of gyration of the pendulum about 
an axis perpendicular to the page and passing through 
ooinl n 

s4.917 slug· rr 

(~)+(.E..),. 0.4969 slu. 
m:o 32.2 32.2 

. ~.f·917 .3.1Sfl 
10 V; 0.4969 

200mm 

A'" f' 

A e 
! 

I 
2 ft 

__ --=-==-1 
I-- 1.5 ft -+- L5 ft _-! 

-,. ·.,~f ~ ~.' •• ===.-I.r:}~===j; 
~l-cl~f~t -+-1-- 3 ft -+- 2 ft---J 
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10-109. Detennine the moment of inertia of the over
hun" crank about the x axis. The material is steel having 

'" 1 a density of p == 7.~5 Mglm' 

Let m = mass of one handle. 

m = p(rrr'h) 

= (7.R5 x IO'lrr(0.01O)'(O.050) 

= 0.1233 kg 

Let M = mass of bar. 

= (7.X5 x 10
' 

I(O.03)(U. 1 8)(0.02) 

= 0.8478 kg 

for the LI.'.sembly. 

/.1 = 2 -mr + nu[- + -M(a- + Jr) (
1, ') 1 , • 
2 12 

= 2 [~(0.1233)(0.OIQ)' + (0.1233)(0.06ll)'] 

+ ~(o8478)\(0030)' + (0.18)'\ 
12 

= 3.25 x lW~ kg m2 Ans 

10-110. Detennine the moment of inertia of the over
hung crank about the x axis. The material is steel having 
a density of p = 7.85 Mglm.1. 

From 10-109.111 = 0.1233 kg. M = 0.8478 kg. and 
i, = 3.25 x 1O- 1kg.m". 

= 3.25 x 10 '+ 12(0.1233) + O.84781(U.06U)' 

= 7.20 x 10-' kg· 111' Ans 

s=,omrn -~f 

90 111m 

h(-)m-~; Ii 

___ -I--+-__ -'I ____ x 

~ ---+---I---+-~x 

c-'----rl 
2omm--i ~-~ 

)Omm 
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f\~ I 
".j i 

I 
I 

IX01mm 

~ \ 

\JI 301:m I __ I':J 
30mmH 

~~ 

O--.LI 
i 
i 

I~ .J80mm 

I \..JI )0 111m 
____ J. 
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10-111. Determine the location of y of the center of 
mass G of the assembly and then calculate the moment 
of inertia about an axis perpendicular to the page and 
passing through G. The block has a mass of 3 kg and the 
mass of the semicylinder is 5 kg. 

Location 01 C.nlroid : 

rym 350(3) + 115.12(5) 
y= in. = 3+5 =203.20mm=203mm Ans 

Mass Moment ollnertilJ About IJn Axis Through Poi,.t G : The mass 
moment of inertia of a recWlgulat block and a semicylinder about an axis passing 

through the center of mass perpendicular to the page can be detennine using 

I (' ') I , (4r)' , (l,)e=12 m a +b and (I,)e = "2 mr -m 3ir =0.3199mr 

respectively. Applying Eq.1O-16, we have 

Ie = r(I,)ei + mid,' 

= [~(3) (0.3
2 
+0.4') + 3( 0.(468

2
) ] 

+[ 0.3199(5) (0.2') + 5 (0.08808
2

) ] 

= 0.230 kg· m
2 Ans 

1--- 400 mm ------.: 
-1-

ht.';,,,,;;,',- •. ,,';. I 

i 
I 

,00mm 

~---------------------.-----------------.-------~---

*10-112. The pendulum consists of two slender rods AB 
and DC which have a mass of 3 kg/m. The thin plate has 
a mass of 12 kg/m2. Determine the location y of the 
center of mass G of the pendulum, then calculate the 
moment of inertia of the pendulum about an aXIs 
perpendicular to the page and passing through G. 

'-0.4 m-O." m-: 

c 1.5 m 

c::.------L 
.,;O.! m 

() 
0.3 m 

673 

y = l.S(3)(0.7~) + .. (0.3)'(12)(1.8) - .. (0.1)'(12)(1.8) 
l.S(3) + .. (0.3)2(12) .. (0.1)2(12) + 0.8(3) 

= 0.8878 m = 0.888 m AM 

1 
fa = 12(0.8)(3)(0.8)' + 0.8(3)(0.8878)' 

I 
+ 12(1.5)(3)(1.5)' + 1.5(3)(0.75 - 0.8878)2 

1 , 
+ 2[n(0.3) (12)(0.3)' + [11(0.3)'(12)1(1.8-0.8878)' 

1 , 
- 2[1«0.1) (12)(0.1)2 - [11(0.1)2(12)1(1.8-0.8878)' 

IG = 5.61 kg·m' A ... 



10-113. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis which passes through 
the centroid C. 

Momellt of Illertia : lhe moment of inertia about !hex axis for !he composiIC 
beam's cross section can be delmtlined using !he patallel - axis Iheorem 

I, = r.(i, +A~2),. 

I, =[~(d)(dJ) +oJ 

+4[ ~(O.2887d)(~y + ~(O.2887d)(~)(~n 
= 0.0954<1" Ans 

10-114. Determine the moment of inertia of the beam s 
cross-sectional area about the y axis which passes through 
the centroid C. 

Mo"',ellt of Illertia : The moment of inertia about yaxis for the composilC 
beam s cross section can be delmtlined using the parallel - axis theorem 

1,=r.(~+Ad.z) .. 

1,=[~(d)(dJ)+O] 

+ 2[~ (d) (0.2887d)J + ~ (d) (0.2887d) (O.5962d)Z] 

= 0.187d" Ans 
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10-115. Determine the moment of inertia I, of the body 
and express the result in terms of the total m,L~S In of the 
body. The density is constant. 

= ~p:Ta'" 
10 

m = dm = pir --;;-x 2 + =---x + b'2 d:r: = -prral/' I. 1" (b' 7b' ) 7 
III () a.l. II 3 

Ans 

*10-116. Detennine the moments of inertia Ix and I,. of 
the shaded area. . 

= __ I __ 
hh

, 

30n + 1) 

I, = !x'dA 

= _I_h1h 
n + 3 

Ans 

Ans 

,,-----I 

y 

--+-=====--------L...L __ x 

IX,r) 

-f--"------"'--!--'--x 
J.-----b----~ 
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10-117. Determine the moments of inertia Itt and Iv and 
the product of inertia Iliv for the semicircular area. 

v 

. . ~ . 

. "/ .. ,.,;,[~?~~t,; ~if1:~fr~t. II 

~ ____ --=""""'_--'L.----L.--X 

1 4 
Ix = I.; = '8 1r (60) = 5089380.1 mm

4 

(Due to symmetry) 

5089380.1 + 5089380.1 

2 
+0-0 

Ans 

~+~ ~-I.; l. = -- - -- cos28 + I . 28 2 2 xy sm 

5 089 380.1 + 5 089 380.1 
= 2 -0+0 

~ -I.; 
!"v = -2- sin28 + Ixy cos 28 

= 0 + 0 

!"v = 0 Ans 
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*10.118. Determine the moment of inertia of the 
shaded area about the y axis. 

1 
Di//_r.",11Il £1.",.",: Here. y = -( 4_x2

). The area of the differential 
4 

1 
element parallel 10 the y axis is dA = ydx = - ( 4 - i) dx . 

4 

MO",.,., o/I,..nia : Applying Eq. 10- 1 and perfonning the integnlion. we 

have 

J 2 1J2I1 2 2) 1,= xdA=- x(4-x dx 
A 4 -2ft 

= ~[~x3 _ ~xl]12h 
4 3 5 -2h 

= 2.13 ft' Ans 

10·119. Determine the moment of inertia of the shaded 
area about the x axis. 

DI//_r.,.,11Il £1.",.,., : Here, y = ~ ( 4_x l
) . The area of the differential 

4 
element parallel 10 the y axis is dA = ydx . The moment of inerna of this 
differential element about the x axis is 

MO",.,., o/I".nia: Pcrfonning the integ:-alion. we have 

I, = J d1, = ~fl'l (-x' + 12.<' -48.i +64) dx 
192 -1ft 

= ~(_~;C7 +~;Cl_I6x'+64x)12h 
192 7 5 -1ft 

= 0.610 ft' Ans 

v 

I 

Iftl/ ~J 
T ~ r-dA. T A.. 

I'" ZIt i?-ft l 
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*10-120. Determine the moment of inertia .of the area 
about the x axis. ·Then. using the parallel-axIs theorem. 
find the moment of inertia about th~ x' axis that passes 
through the centroid C of the area. y = 120 mm. 1-

200 mm T\'"---7f----......,L_ C / x' 

Differ~tltlaJ EI,metlt: Here. X" /iOOy1. The an:aoClhediffen:nlial 

element parallel to the x axis is dA ., 2xdy" 2/iOOy'dy. 

Mom~nl of Iner/iD : ApplYing Eq. 10- I and performin8 the inlCgralion. we 
have 

I, = fA y'dA = romm 

/(2I2OOyldy ) 

= 212OO(~yl)l:oo •• 

= 914.29( 10
6

) mm' = 914( 106
) mm' Ans 

The moment of inertia about the x' axis can be detennined using the parallel -

axis theorem. The area is A = fdA", 2/iOOy'dy = S3.33( 10') nun2 J,
lOOftlra I 

A 0 

I, = 1.. +AJ,2 

914.29( 10
6

) = 1.. + S3.33( 10') (12<i) 

1,. = 146( 106
) mm' 

10-Ul. Determine the moment of inertia of the triangular 
area about (a) the x axis, and (b) the centroidal x' axis. 

-, 
! 

I 
1 

h 

\' 

~J-.../-____ -'--':~---X· 
c 

Ans 

b 
S = h(h-y) 

', ____ b ---- (a) <fA = sdy = [~(h-y)]dy 
h 

J' 2 b 
= 0 y [h(h-y)]dy 

bh' 

12 

(b) I. = ~. + A d2 

Ana 

_ bh' 
1..= 36 Ana 
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10-122. Detennine the product of inertia of the shaded 
area with respect to the x and y axes. 

I 
Differential Element: } Jert!. x = \·1 The are;'l of the differt!ntial element 

I 

pan.lJlei lo the r ax!!>' i~ d A = xli:,,' = y} Jy. The coordinates of the 
.J.. I! 

ct"mroid for this ekl1lenl are .t = "2 = "2 y J . )-: = y. Then the product 

of inertia tor thi~ element i. 

I (I') = 0 + (\ldv) \2>\'1 (y) 

I ~ 
= -v.'Jv 2 . 

Product of IlJertia" Performing the integration. \\'C have 

~ j jllli 

..:....\·'\'1 = 0.1875 m' 
16 0 

v 

1m 

Ans 
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11.1. Use the method of virtual work to determine the 
tensions in cable AC. The lamp weighs 10 lb. 

Free Bad] Dia,ram : The tension in cableAC can be determined by releasing 
cable A C. The system has only one degree of freedom defUled by the indqIendent 

coordinalC 8. When 8 undergoes a positive displaccmenl 058. only F.e UIIIIhe 

weight of lamp (10 Ib force) do work. 

Virtual Displaumen,s : Force F.e and 10 Ib force are 10CalCd from lhe fIXed 

poinl B using position coordinares y. and x •. 

x. = Icos 8 

Y. = Isin 8 

6x. = -Isin 8058 

6y. = Icos 8058 

Virtual· Work Equation: When Y. and x.undergo positive vinual 

displacemenlS 6y. and .5x,. lhe 10 Ib force and horizontal component of F.e • 

r;.ccos 30° do positive work while lhe vertical component of F. e • r;.esin 300 

does negative work. 

6U=O; 

Substiruting Eqs.[l) and (2) inlO (3) yields 

(lOcos B-0.5r;.ecos 8-0.8660r;.esin 8)1.58=0 

Since I.5B .. O. lhen 

,,_ lOcos 8 
rAe -

O. Scos 8 + 0.8660sin 8 

Atlhe eqllilibrium position 8 = 45°. 

[I) 

(2) 

(3) 

F. = lOcos 45° _ 
.e O.Scos 450+0.8660sin 450 -7.32Ib Ana 
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11·2. The uniform rod OA has a weight of 10 lb. When 
the rod is in vertical position. (I = n°, the spring is un
stretched. Determine the angle () for equilibriulll if the end 
of the spling wraps around the periphery of the disk as 
the disk turns. 

Free Body Diagram: The S) stem has only one degree of freedom 
defined by the independent ~()Ordinate O. When f) undergoes a positive 

displacement 80, only the ~priJlg force and the weight of nxl (to lb 
force) do work. 

Virtual Displacements: The 10 Ib force is heated from the fixed point 
B using the p~J:..ition coordinate \'H, ~U1d the virtual displacement of 
point C i ... t) rr. 

YB = I en..; H /',YB = - ~in 8M} III 

OX,· = o.oW 121 

Virtual- Work EquaHoll: \Vhen points B amI C undergo pu~iti\'e 

virtual di'placcmcnt!-. (jYB and (Ltc. the 101b force and the ~pring 
force F'I" do positivL' work 

8U =(); 1.11 

Sub"ituting Eqs. III and 121 into 131 yields 

1-IOsin 0 + OSF",) 80 = 0 141 

However, from the spring formula, F';I' = kx = 10({),50) = 150. 
Substituting this value into Ell. 141 yields 

I-Ithin () +7.50) IiO =0 

Since (,Ii '" O. then 

-IOsin 0 +7.50 =0 

11·3. Detennine the force F acting on the cord which is 
required to maintain equilibrium of the horizontal lO-kg 
bar AB. Hint: Express the total constant vertical length I 
of the cord in terms of position coordinates .1'1 and .\'2. The 
derivative of this equation yields a relationship between 
8 t and 82. 

Free-Bady Diagram: Only force F and the weight of link AB (98.1 N) 
do work. 

Virtual Displacement ... Force F and the weight of link AB (98.1 N) 
are I()c~tcd from the top of the llxed link u!-ling position coordinates 
.\'2 and S\. Sin~e the cord ha .... a con~tant length. I. then 

III 

Virtual- Work Equation: When .\'! and \'2 undt!rgo positive viltual 
displacements OSl and OS2, the weight of link AB (98.1 N) and force 
F do positjve work and negative work, respectively. 

8U = 0; 98.1(-8sJl- F(-os,) = 0 12) 

Sub'tituting into Eg. 121 into III yields 

1-98.1 + 4F) os, = 0 

Since 8.~ 1 i=- 0, then 

-98.1 +4F=O 

F = 24.5 N Ans 

,\ 2 ft 

~ ~ 30 Ib/ft 

Solving by trial and error 

(I = If and !) = 7.1.1' 

IOt9.81)~'i81 N 
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11-4. Each member of the pin-connected mechanism ha:-
a mas:-- of 8 kg. If the spring is um,tretched when (I = 0'. 
determine the angle fl for equilibrium. Set k = 2500 N/m 
and At = 50 N·m. 

r·=()!5~lnH 

\ ~ = () .. ~ :'111 H 

[cOX -IX)(O.15coS'i) -;. 7X.4RrO.3cosA) - F,(IUcosH) + SO[bH = 0 

F.' = 2)()()(O.~ sin 1/) = 750 sin U 

"+7.0~Xl,.·OS('- i12.5~102f!+5()=() 

Solvmg. (I = 27.-+" An.'\ 

or /1 =72.7' Ans 

11-5. Each member of the pin-connected mechanism lHl~ 
a mass of 8 kg. If the spring is unstretched when () = ()'. 
determine the required stiffness k so that the mechanism 
is in equilibrium when!) = 30". Set M = O. 

VI = O.15sin(J, Y: = O.3sinO 

/>li = 0; 2(7S4K)'))" + 78.488v, - F,liy, = 0 

12(7R.48)(O.15 ens H) + 78AR(0.3 cos /I) - F,(O.3 cos H)jbH = 0 

Ii = 30'; h = k«(Usin30') = IUSk 

2(7S.4X)(0.15cos}O ) + 78.4S(0.3co.<.1()o) 

-015krO.3cos30') =0 

k = 1.05 kN/m Ans 

11-6. The crankshaft is subjected to a torque of M = 
50 N·m, Determine the horizontal compressive force F 
applied to the piston for equilibrium when fi = 60°. 

(0.4)' = 10.1>, + x' - 2rO.l )(x)(cos 1/) 

o = 0 + 2x,)x + 0.2.\ sin 00i1 - 0.2 cos 08.< 

8U =0; -SOMI- Pbx =0 

For /1 = 6(t, ,= 0.M05 III 

lix = -0.0976980 

1-'0.,. O.09769F)W = 0 

F = 512 N Ans 

A 
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300 mm 

7XAS N 

C 

300m.m 

78.48 N 
C 

F 

F 



11·7. The crankshaft is subjected to a torque of 
M = 50 N . m. Determine the horizontal compressive 
force F and plot the result of F (ordinate) versus 8 
(abscissa) for 0° :$ 8 :$ 90°. 

F 

(0.4)2 = (0.1)2 + x2 
- 2(0.I)(x)(cos8) (1) 

o = 0 + 2x 6x + 0.2x sln8 68-0.2 cos 8 6x 

6x = ( 0.2xsln8 )68 
0.2cos8 - 2x 

6u = 0; -5068-F6x = 0 

0.2x sin8 
-5068 - F(0.2cos8 _ 2x)68 = 0, 68 .. 0 

F = SO(2x-0.2cos8) 
--'-::0"':.2x-sl'-n""8-

From Eq. (I) 

x2 
- 0.2x cos8 - 0.15 = 0 

0.2COS8±jO.04cos28 + 0.6 
x = 2 ' since ,to.04cos2 8 + 0.6> 0.2 

x = 0.2cos8 + jO.04cos28 + 0.6 
2 

F = soojO.04cos28 + 0.6 

(0.2cos8 + ~0.04COS28 + 0.6)sln8 
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*11·R. Determine the force developed in the spring 
required to keep the 10 Ih uniform rod AB in equilihrium 
when IJ = 3:'io. 

Fret. Body Diagram: The system has only one degree of freedom defined b) 

the mdepcndent coordinate 9. When 9 undergoes a positive displacement 69. 
only the spring force F,p. the weight of the rod( 10 Ib) and the 10 lb· ft couple 

moment do work. 

Virtual Displaaments : The spring force F,p and the weight of the rod 

( 10 lb) are located from the fiXed point A using position coordinates x. and 

xc. respectively. 

X, = 6cos 9 

Ye = 3sin 9 

6.1 I = -6sin 969 

5Ye = 3cos 959 

Virtual. Work Equation: When points B and C undergo positive vir1ual 
displacements 5.1 Band 6Ye. the spring force F,p and the weight of the rod 

( 10 Ib) do negative work. The 10 lb· ft couple moment does negative work 

when rod AB undergoes a positive virtual rotation 59. 

6U=0; - F,p 6.1. - 105Ye -1059 = 0 

Substilllting Eqs. [I) and (2) into (3) yields 

Since 59 .. 0, then 

(6F"sin 9- 30c0s 9-10) 69 = 0 

6F,p sin 9- 3Ocos 9-\0 = 0 

F. = 30c0s 9+ 10 
" 6sin 9 

At the equilibrium position, 9 = 35°. Then 

F. = 3Ocos 35· + 10 _ 
'p 6sin 35. - 10.0 Ib A .... 

[1) 

[2) 

[3) 

[4) 

4 k = I:; Ih/ft ~. 
~7~1/1 / 

'I ~~ 
~ I ~' 

M=IOlh.f~ 
h ft 

II 
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11·9. Determine the angles (I fm equilihrium of the 4-lh 
disk USlTlt'- using the rrillciric of the ,inual ",ork. Neglect 
the weight of the rod.Illl· spring i, unqretched when (I = 

()' and alw'iYs remains in the vertical rnsition due to the 
roller guide. 

_--3ft 

Fru 80d, Diagram: 'The syslIOm has only one decree offrccdom defined by 

the independent coordinate 9. When 9 undergoes a positive displK:ement S9. 
only the spnng foro: F,p and the weight of the disk (4Ib) do work. 

Virtual Displaumelfu " The spnng force F" and the weight of the disk 

(41b) are located from the ft<ed point 8 using position coordinau:s ycand y •• 

res pecuvel y. 

Yc ~ Isin 8 SYc = cos 8S8 

y. = 35m 9 Sy. = :kos 908 

[Ij 

[2J 

Virtual- Work Equaliolf : When pomts C and A undergo positive virtual 

dISplacements oy c and 8y. ' the spring foro: F" does negative work while the 

weight of the disk (4 lb) do poslOYe work. 

liU=O; 

Substitunng Eqs.[I] and [2J into [3J yields 

( 12 - F,p ) cos 8S8 = 0 

However, from the spring fonnula. F,p = b: = 50( Isin 8) = 50 sin 8. 

Substirunng this value into Eq. [4] yields 

(12 - 50s", 8)eos 8S8 = 0 

Sine<: 88 '" O. then 

12 - SOs in Ii = 0 Ii = 13.9° Ans 

00s8=0 1i=90° 

11·10. If each of the three links of the mechanism has 
a weight of 20 lb. determine the angle () for equilibrium 
of the spring. which. due to the roller guide. alwavs 
remains horizontal and is umtretchcd "'hen () = DO. ' 

4 [1 ----- .-~ 

/. 

Ans 

[3] 

[4J 

x = 2 sin6. 

YI = 2 cos 6, 

y, = 4 cos 6, 

.i.t = 2 sin6 

8x = 2 cos 6 06 

-2 sin6 06 

oy, -4 sin6 06 

1'; = k.i.t = 50(2 8in6) = 100 8in6 

oU = 0; 

[20(4 sin6) + 2(20)(2sin6) - 1';(2 cos6)J06 =0 

[160 sin6 - 2OOSin6cos6)08 = 0 

Hence, sin 6 = 0; 
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160 
cos6 = 200; 

6 = 0° 

6 = 36.9° 

ADO 

AD. 

J f1 
~------~. 



ll-ll. When iJ = :Wu
• the 50-lh uniform block com

presses the two vertical springs 4 in. If the unifonn links 
AB and CD each weigh 10 lb. determine the magnitude of 
the applied couple moments M needed to maintain equi
librium when 0 = 20°. 

Free Body Diagram: The 'iy~tem has only one degree of freedom 
dehncd by the im1epcndcnt coon.ijnJlc H. When {j undergoes J po:-,itive 

di~pl;:H.':L'menl td:f, only the spring force,", FII" the weight of the bl<x:k 
(50 Ib). the \wights of the links (10 Ib) and the couple Illoment M do 
work. 

Virtual Displacements: The spring forces FIJI. the weight of the block 
(50 Ib) and the weight of the links (10 Ib) are located from the fixed 
point C using po.;;ition coordinates .n. Y2 and )'1 rcspc(tivcly. 

III 

y, = 0.5 + <lcos A 8r, = -4sin &8& 121 

~'1 = 2 cos 0 0Yl = ~2 sin filiO 131 

Virtual- Work Equation: \Vhen )'1 • .\'2 and YJ undergo positive virtual 
displacements by), liYl and b.v,. the spring fon.:cs f~p. the weight of the 
block (50 Ib) and the weights of the links (10 Ib) do negative work. 
The couple moment ~1 docs negative work when the links undergo a 
positive virtual rotation 80. 

HI 

Substituting Eqs. 111,121 and 131 into 141 yields 

(SF,p sin I) + 240 ,in Ii - 2M) 81i = 0 

Since MI * O. then 

M = sin O(4F,,, + 120) 

At the equilibrium position Ii = 20'. F", = kx = 2(4) = 8 lb. 

M ~ sin 20'[418) + 120J = 52.0 lb· ft Ans 

*11-12. The spring is unstretched when e = 0°. If P = 
8 Ib, detennine the angle () for equilibrium. Due to the 
roller guide, the spring always remains vertical. Neglect 
the weight of the links. 

YI = 2 sinH, «VI = 2 co~H oR 

.\', =4 sin&+4. 8y, =4 cos II 81:1 

F, = 50(2 sinO) = 100 sinO 

lie =0; -F, Ii)" + Pbv, =0 

- IOOsinll\2cos& 811) + R\4cos& 811) = 0 

AS~llme (-) < YO'), so cos (-) :f- O. 

A, c, 

4 ft 

ZOO sinO = 32 p 

0=9.21" Ans 
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11-13_ The thin rod of weight W rest against the smooth 
wall and floor. Determine the magnitude of force P 
needed to hold it in equilihrium for a given angle Ii. 

Fr •• Bod, Di".r"", : 'The sysran has only one degree of f.-lom dcfmed by 

the independent coordinale 8. When 8 undergoes a positive dilplaa:ment 69, 
only the weight of the rod W and force P do work. 

Vinual Displaumellu : The weight of the rod W and force P are locaICd 
from the fIXed points A and B using position coordinales ycand xA , respectivel) 

I 
Yc = i sin 9 

X A = Ieos 8 

I 
6yc = icos 969 

6xA = -/sin 868 

(I) 

[2) 

Vin"al- Work Eqlllllioll : When points C and A undergo positive virtual 

disp1accmcnts 6Ycand 6xA , the weight of the rod W and force F do IICgalive 

work. 

6U=O; (3) 

Substituting Eqs.[I) and (2) inlD [3] yields 

Since 69 .. 0, then 
WI 

P/Sin 9- Tcos 9 .. 0 

W 
P=Tcot9 Ans 

-11-14. The 4-ft members of the mechanism are pin-
. al f P = P = 30 lb connected at their centers. If vertic o.rces I 2 

C d E as shown determme the angle (J for 
act at an . ' (J = 45° 

'I'b . The spring IS unstretched when . equII f1um. 
Neglect the weight of the members. 

y = 4 sin 9, x = 4coa9 

6y =4cos9 69, 6x = -4sin969 

6U = 0; - F,6x -306y - 306y = 0 

[-F,(--4sln9) - 6O(4cos9))69 = 0 

SiDce 1', = k( 4cos /1 - 4cos4S0) = 200( 4cos /1 - 4cos4S0) 

6Ocos/1 = 800(cos/1 - cos4S0)sin/1 

1iD9 - 0.707tan9 - O.07S = 0 

9 = 16.6° Ano 
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11-15. The spring has an unstretched length of 0.3 m. 
Determine the angle fJ tilr equilibrium if the uniform links 
each have a mass of 5 kg:. 

Free Body Diagram: The system has only one degree of freedom 
dctined by the independent coonlinale e. When (j undergoes a positive 
displacement Mi, only the spring force F,,, and the weights of the link.s 

(49.05 N) do work. 

Vutual Displacements: The position of points B, D and G are mea"l
red from the fix.ed point A using position coordinates X/J. Xl) and ).'Ci' 

respectively. 

x. =O.lsin 0 OX8 =O.lcos 1/80 II] 

XI) = 2(0.7 sin 1/)-O.lsin 0= 1.3 sin 0 OXD= 1.3cos 081/ 12] 

J'r. = 0.35 cos Ii 8vr; = -0.35 sin HbG 13] 

Virtual- Work Equation: When points B, D and G undergo posi
tive virtual displacements OX8.0XO and 0Yr., the spring force F'J' 
that acts at point B does positive work while the spring force F,p 
that acts at point D and the weight of link AC and CE (49.05 N) do 
negative work. 

SU = 0; 2(-49.058)'(;) + F",('X8 - 8xo) = 0 

Substituting Eqs. 11], 121 and 131 into 141 yields 

(34.335 sin (j - 1.2F", cos 8) 8& = 0 

However, from the spring fonnula, F", = kx = 40012(0.6 sin 0) -
0.3] = 480sinO - 120. Substituting this value into Eq. 15] yields 

(34.335 sin (J - 576 sin 0 cos Ii + 144 cos 0) SO = 0 

Since M! oF 0, then 

34.335 sin Ii - 576 sin Ii cos!! + l44cos fI = 0 

&= 15S 

and 1/ = 85.40 AIlS 

141 

151 

*11-16. Determine the force F needed to lift the block 
having a weight of 100 Ib, Him: Note that the coordinates 
.1.1 and .18 can be related to the constant vertical length I 
of the cord. 

1="" +2"B 

hU = 0; w,sB + FS ... , = 0 

IOOSSB + F( -28s 8 ) = 0 

F=.'iO Ib An. 

.,~" SB 

A j 
F B 

100Ib 
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11-17. The machine shown is u,ed for forming metal 
plates. It consists of two toggles ABC and DEF. which 
are operated by hydraulic cylinder BE. The toggles push 
the moveable bar Fe forward, pressing the plate pinto 
the cavity. If the force which the plate exerts on the head is 
P = 8 kN. determine the force F in the hydraulic cylinder 
when fI = 30°. 

f' 

Free Bod)' Diagram: The ~y-;tcm hJ ... only one (h:gree of freedom 
defined by the independent coordinate H. When H undcrgnc:-. a ro~itivc 
di ... placemcnt (jij, only the force ... F and P do \\-ork. 

Virtual Displacements: The fOlce f' acting nn joint~ E and B anu force 
P are located from the fixed points D anJ A using pu~ition coordinates 
\"!. amI Yu. respectively. The location for force l' i~ measured from 
the fixed point A using position coordinate .\(;. 

Vl: = 0.2 sin H fir!. = 0.2 (0<'; OM) III 

Vn = 0.2 sin 0 0)'8 = 0.2 co ... OMI 121 

fa = 2(0.2 cos 0) + { Sx" = -0.4 sin liSt! 131 

VU"tual- Work Equation: \Vhen points E, Band G undergo positive 
vinual displacements 8Vf_, (5YH and 8xG, force F and P do nega
tive work. 

SU = 0; 141 

Substituting Eqs. Iii. 12i and I.lJ into 14J yields 

(O.4P sin II - OAF cos H) 011 = () 

Since 61) i' O. then 

0.4 P sin U .- 0.4 F cos 0 = () F = P tan Ii 

At equilibrium position 0 = 31t set P = 8 kN. we have 

F = X tan 3()' = 4.62 kN Ans 

689 



1J·1I!. The vent plate is supported at R hy a pin. If it 
weighs l'i Ih and has a center of gravity at G, determine 
the stiffness k of the spring so that the plate remains in 
equilihrium at () = :l0°. The spring is unstrctched when 
II ~ 0". 

Free Body Diagram: 'Ihe system has only one degree of freedom defined by 

the independent coordInate B. When II undergoes a positive displacement i5B, 

only the spring force F,p and the weight of the Ven! plate (15 Ib force) do work. 

Virtual DispiacemenJs : Ihe weIght of the Yent plate (15 Ib force) is located 

from the fixed point B USIng the position coordinate Y G' The horiwntal and 

vertical position of the spring force F,p arc measured from the fixed point Busing 

the positIon coordinates xA and ,VA' respectively_ 

Va = 0.5eos II 

VA = leas II 

X A = Isin B 

i5Yc; = -0.5sin 8158 

i5YA = -sin Bi58 

i5xA = cos Bi5B 

III 
[21 

[3J 

Virtual· Work Equation: When Ye;, YA and xA undergo posItive vIrtual 

displacemenLs i5YG' i5v" and i5xA , the weight of the vent plate (l51b force), 

honwlltal component of F,p. F,p cos ¢ and vertical component of F,p , F,p sin ¢ 
do negative work. 

i5U= 0: 

Substituting E4S.[11. 12J and [3J Into 14J yields 

( -F,p cos Beos ¢ + F,p sm 8sin !/J + 7.5sin 8) 158 = 0 

(-F,pcos(8+¢)+7.5si1l8)i58=O 

Since DB etc 0, then 

-F,pcos(8+¢) +7.5sin 8= 0 

7.5sin B 
F =---_ 
'P cos(B+¢) 

f4J 

At equilibrium position 8 = 30°, the angle ¢ = tan - , = 10.89°. I ( leas 30° ) 
4+lsIn30° 

7.5sin 30° 
F = =4.9611b 

'P cos(300+ 10.89°) 

Spring Formula: From the geometry, the spring stretches 

x = /42 + 12 - 2( 4) (I) cos 120° - /42+i2 = 0.4595 ft. 

F,p = kx 

4.961 = k(0.4595) 

k = 10.8 Ib/ft Ans 

690 

c . 
I 
------ 4f1 



11·19. The scissors jack supports a load P. Determine 
the axial force in the screw necessary for equilibrium 
when the jack is in the position O. Each of the four links 
has a length L and is pin-connected at its center. Points 
Band D can move horizontally. 

p 

*11·20. Determine the mass of A and B required to 
hold the 400-g desk lamp in balance for any angles 0 
and <p. Neglect the weight of the mechanism and the 
size of the lamp. 

x = L cos II, 6x = -L aiD II 611 

y = 2L lin II, 6y = 2L cooll 611 

6U = 0; - PIJy - F6x = 0 

-P(2Lcosll 6(1) - F(-LaiDII 6(1) =0 

F = 2Pcotll Au 

y, = 300 sin; - 375 sinll 

y, = 75 sinll + 75 sin; - 75 sinll = 75 sin, 

y, = 75 sinll 

DiIpIocement 611 (only) 

6y, = -375 cosll 611 

6y, = 75 cosll 611 

6U = 0; W6y, - w.6y, + W.6y, = 0 

W(-375 cos II 6f!) - 0 + W.(75 cosll 6f!) = 0 

375 375 
W. = 15 W = 15(0.4)(9.81) = 19.62 N 

19.62 
m. = 9.81 = 2 kg Ans 

DisplllCCDlCnt 6; (only) 

6y, = 300 cos; 6; 

6y, = 75 cos; 6; 

6y, =0 

6U = 0; W6y, - W.6y, + W.6y, = 0 

300 300 
W. = 15 W = 15(0.4)(9.81) = 15.70 N 

m. = 15.70 = 1.60 kg Ani 
9.81 

691 



11.21. The piston C moves vertically between the two 
smooth walls. If the spring has a stiffness of k = 1.5 kN/m 
and is unstretched when fJ = on. determine the coupl~ M 
Ihal musl be applied 10 link AB to hold the mechamsm 

in equilibrium; fJ = 30". 

Fr.. Bod, Diagram : The system has only one degree of freedom defmed by the 

independent coordinate 8. When 8 undergoes a positive displacement B8, only the 

spring force F,. and couple moment M do work. 

Virtual Displaum.nts : The spring force F" is located from the fIXed pointA 

using the position coordinate Ye' Using the law of cosines 

Differentiating the above expression. we have 

[I] 

(2) 

Virtual· Work Equation: When point C undergoes a positive virtual displacement 

8Ye. the spring force F., does positive work. The couple moment M does positive 

work when link AB undergoes a positive virtual rotarion 88. 

8U=0; (3) 

Substituting &j.[I] into [2] yields 

( 
0.8Yesin 8 ) 

O 8 (J F" + M 8(J = 0 
. cos -2Ye 

Since B(J .. O. then 

0.8Ycsin 8 

O 8 (J F" +M= 0 
. cos -2Ye 

M _ _ 0.8Yesin 8 
- 0.8cos 8-2yc F" (4) 

0·"'" 

\ 
\ 

0.6 rn\ 

AI the equilibrium position. (J = 30°. Substituting into Eq.[I), ' The spring streu:bcs;r = 1- 0.9121 = 0.08790 m. Then the spring fora: is F" = lex 

= 1500(0.08790) = 131.86 N. Substituting the above results into Eq. [4]. we have 

0.6' = y~ +0.4' - 2(ycl (0.4) cos 3QO 

Yc =0.9121 m 
[ 

0.8(0.9121) sin 3QO ] 
M=- 08 '..0-209 131.86=42.5N·m . cos.>V (. 121) 
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11-22. The crankshaft is subjected to a torque of M = 
50 Ib . ft. Determine the vertical compressive force F 
applied to the piqon for equilibriulll when 0 = 60°. 

Free Body Diagram: The ~y~tC'l1l has only nne uegree of freeuom 
detlnt:d by the independent coordinate fJ. \Vhen f.J lIndergoe~ a po~i
live Ji~phlccmenl 80. only the force F and couple mOlllent 1\1 do 
work. 

Virtual Displacements: Porce F is located fwm the fixeJ point A using 
[he positional cooruinate y( L:\ing the law of cosines. 

III 

However. co~(90" - 0) ::: sin O. Then E4. III becomes 25 = vi- + '} _. 
6yc ... inB. Differentiating this cxpres:-,ion, we have 

12[ 

Virtual- "'Orlc Equation: When point C undergoes a positive virtual 
displacement 8yc. force F does negative work. The couple moment :\1 
dl)e~ positive work when link AB undergoes a po~itive virtual rotation 
00. :=; in. 

8U =0; -F8rc +.1180 =0 [31 

Sub"ilUling Eg. 121 into 131 yields 

( 
6rccos (} ) 

2\",: _ 6 sin H f' + .11 80 = 0 

Since W -I 0, Ihe" 

2ye - osin f} 
F= M 

ny( CO" H 
[41 

At the equilibrium pn"ition, 0 = 60°. Substituting into Eq. II L we 
have 

I"c = 7.368 in. 

Substituting the ao()\'c rcsult\ into Eq. l4j and setting M = SO Ih ft. 
we havt: 

[
20.3(8) - 6sin 60"] r = ----------- 50(12 in'!l ft) = 2591b 

6(7 . .16R) ens 60'~ 
Ans 
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11·23. The assemhlv is used for exercise. It consist of 
four pin-connected h;rs. each of length 1_. and a spring of 
stiffness k and unstrctchcd length a «2L). If hOTizontal 
forces P and - P arc applied to the handles so that fI is 
slowly decreased. determine the angle fI at which the 
magnitude of P hecomes a maximum. 

Fr,. Bad, Dillgram : The syslCm has only one des- of f~m defllled by 

the independent coordinate 8. When 8 undergoes a positive displaccmall88. 
the spnng fo= F" and fo= P do worle. 

Vinual Displacemellts : The spring force F., and force P are 10cated 

from the fIxed point D and A using position coordinaICS y and x , respectively. 

y = Leos 8 8y = -Lsin 888 
x = Lsin 8 8x = Leos 888 

Vinual. Wart Equatiall: When points A, C, Band Dundergo positive 

virtual displacement 8y and lix, the spring force F., and force P do negative 
work. 

5U=0; -2F,,5y-2P5x=0 

Substituting Eqs.[lJ and [2J into [3J yields 

(2F,p sin 8- 2Pcos 8) La8 = 0 

From the gcomell)', the spring slrelChes x = 2Lcos8 - a. Then, the spring 

force F., = kx = k(2Lcos8-a) = 2kLeos8-ka. Substituting this value into 
Eq.[4J yields 

(4kLsin 8cos 8 - 2kasin 8 - 2Pcos 8) L88 = 0 

Since Lo8 _ 0, then' 

4kLsin 8cos 8 - 2kasin 8 - 2Pcos 8 = 0 

P = k(2Lsin 8-<Un 8) 

tiP 
In order to obtain maximum P, d8 = O. 

dP ( z ) - = k 2Lcos8-asec 8 = 0 d8 

ADS 

[I) 

(2) 

[3J 

(4) 

c 
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*)]·24. Determine the weight W of the crate if the 
angle fJ = 45°, The springs are unstretched when fJ = (iO", 

Neglect the weights of the memoers, 

Pol.lllil1l Pu"ello" : The daIwn is es1ablishcd at point A, Since the center of 
gravily of !he craIIC is below the -dalwn. irs potential energy is negative. Here. 
y = (4sin 9+ 2sin 9 ) = 6sin 9 ft and the spring strcu:hcs % = 2(2sin 9- 2sin 30") 
= (4sin 9-2) fl 

v= v,+v, 
1 2 =2U -Wy 

1 = - (3)(4sin 9- 2)2 - W(6sin 9) 
2 

= 24sin
2
9-24sin 9-6Wsin 9+6 

dV Equilibrium Positio,,: ThesYSlmI is in equilibrium if d9 = 0, 

dV 
d9 =48sin 9cos 9+24cos 9+6Wcos 9=0 

AI equilibrium position. 9 = 45·, Subsomting this value into Eq, [1). we have 

48sin 45·cos 45· + 24cos 45· -6Wcos 45· = 0 

W = l.66lb 

[1] 
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11·25. Rods AB and Be have' cente9,of mass located 
at their midpoints. If all contacting surfaces are smooth 
and Be has a mass of 100 kg, determine the appropriate 
mass of AB required for equilibrium. 

A Urn 

T J 
f-I --1 -rn------"-1 ..... -"'-------------=--2-rn---~~~~~=jl 

11.26. If the potential function for a conservative one
degree-of-freedom system is V = (8x 3 - 2x2 - 10) J, 
where x is given in meters, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 

x = 1.25 cosq,; 3-x = 2.5 cosO 

3 - 1.25 cos q, = 2.5 cos 8 

1.25 sin q, t5 q, -2.5 sin8 t58 

1.5 0.75 
1.25(-) t5q, 

1.25 
- 2.5( - )t58 

2.5 

0.75t5q, = -1.5t58 

t5q, = - t58 

1.25 
(-) sinq, 

2 

Y2 = 1.25 sin 8 

t5YI = 0.625 cosq, 8q, 

t5Y2 = 1.25 cos8 t58 

t5U = 0; -m(9.81)t5YI - 981t5Y2 = 0 

-m(9.81)(0.625 cosq, t5q, ) - 981( 1.25 cos8 t58) = 0 

1 2 
-m(9.81)(0.625)(-)( -2t58) - 981( 1.25)( - )t58 = 0 

1.25 2.5 

[m(9.81) -981]t59 = 0 

m = 100 kg Ans 

Y = 8.I' - 21' - 10 

~=24x'-4X=0 
dx 

(24x - 4)x = 0 

x = 0 and x = 0.167m 

d'Y 
-=48.I-4 
dx' 

x = 0, d'Y=_4<0 
dx' 

Unstable 

x = 0.167 m, 

696 

d'Y 
- = 4 > 0 
dx' 

Stable 

Am 

Am 
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11-27. If the potential function for a conservative onc
degree-of-freedom system is V = (12 sin 2e + 15 cos Ii) J, 
where 0

0 < e < 180°, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 

*1l-28. If the potential function for a conservative one
degree-of-freedom system is V = (lOcos 2e + 25 sin Ii) J, 
where 0

0 

< Ii < 180°, determine the positions for 
equilibrium and investigate the stability at each of these 
positions. 

v = J Ocos28 + 25sin 8 

For equilibrium: 

dV 
d8 

-20sin28 + 25cos8 

(--40sin Ii + 25) cos Ii = 0 

o 

1 25 
8 = sin (40) 38.7° and 141 0 

and 

FI = Cos -1 0 = 900 Ans 

d2 V 

Ans 

Stability: 
d82 

-40cos28 - 25sin8 

d 2 V e = 38.7", - 24.4 < 0, Unstable d82 

d2 V 
fJ = 141°, - 24.4 < 0, Unstable d82 

d2 V 
8 = 90°, 15 > 0, Stable d82 

Ans 

Ans 

Ans 
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v = 12sm2e + 15cose 

dV 
de 0; 24cos2e - 15sine 

24(1- 2sin2 e) - lS sin e = 0 

48sin2 e + lSsin e - 24 = 0 

Choosing the angle 0° < e < 1800 

FI = 34.6° Ans 
and 

e = 145 G Ans 

-48sin2e - lScose 

-57.2 < 0 

e = 145' S7.2 > 0 

° 

Unstable Ans 

Stable Ans 



11-29. If the potential function for a conservative two
degree-of-freedom system is V = (91 + 18x2) J, where 
x and yare given in meters, determine the equilibrium 
positIOn and investigate the stability at this position. 

11-.'0. 'Ihe spnng 01 Ihe scale has an unstretched length 
of 11. Determine the angle (} for equilihrium when a weight 
W is supported on the platform. Neglect the weight of the 
memhers. What value W would he required to keep the 
scale in neutral eQuilihrium when (} = on? 

,.", ... ,,111 '""c,Io .. : The dawm is established at pointA. Sino: die weight 
W is above the dawm. iCS POll:l1liai energy is posilive. From the lcometty, die 

spring SlrCtches x = u.sin 8 and y = 2Lcos 8. 

V=Y,+v, 

= ~.b:' + Wy 
2 

= ':(k)(2Lsin 8)' + W(2Lcos 8) 
2 

= 2kL'sin'8+2WLcos 8 

dV 
Eq"ilibri"m P,uitioll : The syslcm is in equilibrium if d8 = O. 

Solving. 

dV = 4.tL'sin Bros 8- 2WLsin 8 = 0 
d8 

dV = 2kL'sin 28- 2WLsin 8 = 0 
d8 

_,( W ) 
8=0" or 8=cos 2KL 

dIVI S,1Ib il", : To have neutral equilibrium at 8 = 0", d'" = O . 
.,... '-0' 

d'V = 4kL'cos 28-2WLcos 8 
d81 

dlVI = 4kL'cos 0" -2WLcos 0" = 0 
d6Z '-0' 

W = 2kL 

Ans 

Ans 
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v = 9y' + 18x' 

iJV 
ar=36x=O; 

iJV ay = 18y = 0; 

x = 0 

y = 0 

(0,0) is a position for equilibriwn Ans 

d'v d'v 
- + - = 36 + 18 = 54 > 0 
at' ay' 

d'v, a'V d'v 
(atay) - (at,) (ay') = 0-36(18) = -648 < 0 

stable Ans 



11-31. The two bars each have a weight of 8 lb. Deter
mine the required stiffness k of the spring so that the two 
bars are in equilibrium when () = 30'. The spring has an 
unstretched length of I ft. 

v = 2(8)(1 sinG) + tk(4cosli - 1)2 

<IV 
dO = l(>wsH +kl4cosH - l)l-4sinH) 

& = 30". 
<IV 
-=0 
d/l 

l6codO" - 4k\4codO' - l)sin30' = 0 

k = 2.8l lb/ft 

~~~~~~~~~~~_c __ _ DATUM 
x I i -I 

c 

Ans 
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*11-32. The two hars each have a weight of 8 Ih. 
Determine the angle II for the cquilihrium and investigate 
the stahlhty at the cquilihrium position. The spring has an 
unstretched length of 1 ft. 

Potelltial FUlletloll : The dalllm is establiJhcd III point A. Since the center of 

gravity of the bars are below the datum. their potential eneclY is negative. Here. 

y, = leos /I fl, Y2 = leos /1+ leos /I = 3cos /I fund the spring stretches 

x = 2(2cos /I) - 1= (4cos /1- i) fl 

V=v,+v, 
I 2 

= 2k.x -l:Wy 

= ~(30)(4cos /I-1)2-8(lcos /I)-8(3cos /I) 
2 

= 24Ocos' /1- 152cos /1+ 15 

dV 
EqUilibrium Positio" : The system is in equilibrium if d/l = O. 

Solving. 

Stabilily : 

dV = -480sin /lcos /1+ 152sin /I = 0 
d/l 

dV = -240sin 2/1+ 152sin /I = 0 
d/l 

/1=0" or /1=71.54°=71.5° 

d2 V 
d(Jl = -480c0s 2/1+ 152cos /I 

d2 V\ 
d
'" = -48Ocos 0° + 152eos 0" = -328 < 0 
t7" 8-0· 

Ans 

Thus. the system is in unstable equilibrium at /I = 0" Ans 

d'V\ 
dm = -480c0s 143°+ 152cos 71.54° = 431.87 > 0 

tr' 8-71.5 .. • 

Thus. the system is in stable eqUilibrium at /I = 71.54° AN 
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11.33. The truck has a mass of 20 Mg and a mass center 
at C. Determine the steepest grade e along which it can 
park without overturning and investigate the stability in 

this position. 

Potential Function: The dalUm is eslablished 11 pointA. Since the cenrcr of 

gravity for the truck is above the dalUm. ilS POlelltial energy is positive. Here. 
y = (!'ssin 8+ 3.Scos 8) m. 

v= V, = Wy = W(Usin 8+3.5cos 8) 

EquUibrium Position : The sysrem is in equilibrium if dV = 0 
d8 

Since W .. O. 

Stability : 

dV 
d8 = W (!.Scos 8 - 3.5sin 8) = 0 

cf1v 

I.Scos 8-3.5sin 8 = 0 
8 = 23.20" = 23.20 

d(Jl = W(-l.Ssin8-3.5cos 8) 

Ans 

cf1V\ 
d
'" = W ( -1. Ssin 23.20" - 3.5cos 23.20") = -3.81 W < 0 
(1- '.11.20· 

Thus. the truck is in unstable equilibrium al8 = 23.20 

11·34. The bar supports a weight of W = 500 Ib at its 
end. If the springs are originally unstretched when the bar 
is vertical, determine the required stiffness kl = kz = k 
of the springs so that the bar is in neutral equilibrium 
when it is vertical. 

Ana 

y = 9 cos6 

Xl = 3 sin 6 

X, = 68in6 

1 1 
V = Soo(9cos6) + Zk(3Sin6)' + Zk(6Sin6)' 

V ,;. 4500 cos 6 + k(22.5 sin' 6) 

tIV d9 = -45OOain6 + k(22.5ain26) 

Require, 
tIV 
d9 = 0; -45OOsin6 + k(45 sin6cos6) = 0 

sin6 = 0; 6 = 0" 

d'V 
d62 = -4500 cos 6 + k(45cos26) 

Neutral equilibrilJm requires d'V = 0 
d62 

- 4Soocos 6 + k( 4Scos26) = 0 

When 6 = 0·, -4500 + 4Sk _ 0 

k = 100 Ib/ft Ana 
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11-35. The cylinder is made of two materials such that it 
has a mass of nl and a center of gravity at point G. Show 
that when G lies above the centroid C of the cylinder, the 
equilibrium is unstable. 

Potelltial FUllctiOIl: The datum is ~stablished at pnint A. Since the 
center of gravity of the l:ylinder j~ above th~ datum. its potentia] ~nt'rg)' 
i~ posith't'. Here, y = r + d cos". 

v = V!,' = \i/, = mg(r +dcos H) 

<IV 
Equilibrium I'o.\'itioll: The system is in equilibrium if dH = O. 

JV 
-- = -mr<dsin f.j = 0 
dfl ' 

Stability: 

d'V I --;- = -mgd cos 0" = -m!:ll < 0 
d()- (j~U' 

Thus. the cylinder is in unstable equilibrium at 0 = 0" (Q.E.D.) 

*11-36. Determine the angle () for equilibrium and in
vestigate the stability at this position. The bars each have 
a mass of 3 kg and the suspended block D has a mass of 
7 kg. Cord DC has a total length of I m. 

1=500mm 

v! = ~ sinH 

.1'2 = I + 2/(1 - cosO) = 1(3 - 2co,0) 

tan I! = ~ = 3(9.81) = 0.2143 
2Wo 14(9.81) 

Ii = 12.1" 

J'V 
- =/(-Wsinfl-2\VDcosfJ) 
d(P 

Ans 

o J'V 98' 2" , 11=12.1'. dll' =0.51-3(. l)sml.1 -14(9.81)cosI2.11 

= -70.2 < 0 Unstable Ans 

mg 
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11·37. The cup has a hemispherical bottom and a mass 
In. Determine the position h of the center of mass G so 
that the cup is in neutral equilibrium. 

Potential FUlJction: The datum i!-> c~tabli~hed ilt point A. Since the 
center of gravity of the cup is above the datum, its potential energy is 
positivt:. Ht:re, y == r - h cos O. 

v = V, = Wy = mg(r - h cos 0) 

dV 
Equilibrium PositiolJ: The sy~tcm is in equilibrium if dO = O. 

<1\' 
dB ;;:: mgh sin {} = 0 

sin I! = () Ii = 0' 

d'VI Stability: To have neutral cyuilibrium at Ii = no. dO' ,,~n' = O. 

d'V 
J02 = "'X/tcos H 

,,2 1,'1 
d&~ {J ()' 

= mgh cos 00 = () 

h=() Ans 

11·38. If each of the three links of the mechanism has 
a weight W. determine the angle e for equilibrium. The 
spring, which always remains vertical, is unstretched when 
e = 0" 

YI = 1I sinO 8Yl = (/ cosO 80 

.V2 = 20 + (l s.in {/ 8)'2;;:: II cos e flO 

.\'1 = 211 + 2t1 sinO 8y-~;;:: 2(1 L"osO 80 

Fo' = kll<;infJ 

IV 

Note: Stable EquHibrium occurs if 

( 
d'V i ) 

h > () ----, I = mgh cos 0" > 0 . 
JH !,. {f 

8U =O:lW - F,)/iYI + WbV2 + W8", =() 

(W -kusinO)acosO /i0 + WacosO 011 + W(2u) cos U 1i0 =() 

A~sul1le 0 < 90", so Cos 0 i= O. 

4W-kasinl!=0 

(
4W) 0= sin I ----;;;; Ans 

or 

II =90" Ans 
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11-39. If the unifonn rod OA has a mass of 12 kg, deter
mine the mass m that will hold the rod in equilibrium 
when e = 30°. Point C is coincident with B when OA is 
horizontal. Neglect the size of the pulley at B. 

Geometry: Using the law of cosines, 

I J' /J = ./ l' + 3' - 2(1)( 3) cos(90" - 0) = J 10 - 6 'in 0 

1.," = J l' + 3' = ,flO m 

1=1.,8 -/."8 = v'I5- JIO- 6sinH 

Potential Function: The datum is established at point O. Since the 
center of gravity of the nxl and the block are above the datum, their 
potential energy j!oJ positive. 

~. 
:~I~ lei 

In : 

, I 

Here, -'", = 3 -I = [3 - tv'iO - ,,110 - 6sinli)j m and y, = U.5sinH m. 

= 9.81 m[3 - (,flO - JIO - 6sinli)j + 117.72(0.5 sine) 

= 29.43 m - 9.81 m(,flO - vlO - 6 'inll) + 58.86sinO 

Equilibrium Positio,.: The system is in eqUilibrium if 

ilVI -0 
dB 11:::30" - • 

- = -9.81 m --(IO-6sinO)-'(-6cosfi) +58.86cosfl dV [ I ! ] 
dli 2 

29.43 moose 
,,110 _ 6sinll + 58.86 cos Ii 

ALII =30", 

29.43111 cos 30" + 58.86 cos 300 = 0 
,,110 65in 30' 

m = 5.29 kg Ans 

>I< 11-40. The uniform right circular cone having a mass 
m is suspended from the cord as shown, Determine the 
angle e at which it hangs from the wall for equilibrium. 
Is the cone in stable equilibrium') 

( 3a ") v=- Tcosl}+4"sinO m~ 

-=- ---sinfJ+-co\H m~=O dV ()" a) 
dl! 2 4 ' 

3 sinO = O.ScosO 

tanO = 0.1667 

o = 9.46' An .. 

d' \i (3<1 a) -_._=- -~C()SA---~jnH HI~ 
dl)' 2' 4 ' Stable 
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11·41. The homogeneous cylinder has a conical cavity 
cut into its base as shown. Determine the depth d of the 
cavity so that the cylinder balances on the pivot and 
remains in neutral equilibrium. 

1:0' 7511(50)2(150) - ~(}1r)(SO)2d 
Y = Tv = 11(50)2 ( ISO) - }1I(SO)2d 

11250 - fi 
y = ISO - f 

y = (y - d)cos6 

Y = (y - d)cos6(W) 

~ = -W(y - d)sin6 = 0 
d6 

6 = 0° (equilibrium position) 

d'Y de' = - W(y - d)cos6 = 0 

At6=0°, y=d 

d' d' 
11250 -12 = I50d - "3 

0.25 d' - ISOd + 11250 = 0 

d = 512.1 mm > ISO mm (N.GI) 

Also, 

d = 87.9 mm Ans 
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11··n. '\ homogeneous block rests on tOP of the 
C\ lindrical surfac~. Derive the relationship between the 
l"dilh of the cYlindcr. r. and the dimension of the 
h:ock. h. for st:rhlL cljuilihrium. lIil1l: Estahlish the 
I), )tential energy function for a small angle O. i,e .. 
d:,pwsill1ate si:"O~' (T, and ,:os () '< I rl'/2. 

l'ot."tiaJ FUllctioll : The darum is established at point O. Sino: the o:nter of 

gravlly for the block is above the darum. its potential energy is positive. Here, 

Y = (r+ ~ )cos 9+ rt1Slfl 9. 

!Jl 
For small angle 9. Sin9-9andcos9-1-2" Then Eq,[ll becomes 

dV 
Equilibrium Posilion : The system is in equilibrium if d9 = 0 

dV = w(r-~)9=0 9=0. 
d9 2 

d2 V/ Stabilily : To have stable equilibrium. d9' '-0' > 0, 

d2VI (b) - =W r-- >0 
d9' '-0' 2 

Ans 

[II 

706 



11-43. The homogeneous conc has a conical cavity cut 
into it as shown. Detcrmine the depth of d of the cavity 
in terms of h so that the cone balances on the pivot and 
remains in neutral equilibrium. 

_ mGVh)-(~)(~Vd) hl_d1 I 
y= I 1 =4(h-d) "'4(h+d) [I] -nrlh --nr1d 

3 3 

Potential Function: The daIllm is established at pointA. Since the center of 
gravity of the cone is above the datum. its potential energy is positive. Here. 

y = (j-d) cos 8 =[ ~(h+ d) -d}OS 8 = ~(h- 3d) cos 8. 

[
I ] W(h-3d) 

Y= W 4(h-3d)cos 8 cos8 = --4--cos8 

dV 
Equilibrium Position The system is in equilibrium if d8 '" 0 

dV W(h-3d) 
- '" ----sin8 '" 0 
d8 4 

8 =0 8=0" 

d1YI Stabiluy : To have neutral equilibriwn at 8 = 0·. d82 .. 0' = O. 

d1y W(h- 3d) 
-=----cos8 
d82 4 

d1YI =_W(h-3d) cosO· =0 
d82 '-0' 4 

W(h-3d) 
----=0 

4 
h 

d", -
3 

Ans 

N B " d h th ful ote: y subsuruung = '3 into Eq.[ll. one realizes that e crum must be at 

the center of gravity for neutral equilibrium. 
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*11-44. The triangular block of weight W rests on the 
smooth corners which are a distance a apart. If the block 
has three equal sides of length d, determine the angle e 
for equilibrium. 

--a-

AF = AD sin, = AD sin(6O"- 9) 

AD a 

sina sin 60° 

AD = _a_(sin(60° + 0)) 
sin60° 

AF = _a_(sin(60° + 9))sin(600-9) 
sin 60° 

= _a_(0.75col9 - 0.25 sin' 9) 
sin 60° 

v = Wy 

~ = W(-Q.5774dj sin9 - . a600(-I.5Sin9cos9 - 0.5 sinOcosO) = 0 
d9 SID 

Require, sin 9 = 0 9 = 0° 

and -0.5774d - _._a_(_2cos9) = 0 
sm60° 

-1 d 
9 = cos (~) 

Ans 

Ans 

11-45. Two uniform bars, each having a weight W, are 
pin-connected at their ends. If they are placed over a 
smooth cylindrical surface. show that the angle e for 
equilibrium must satisfy the equation cos elsin3 e = al2r. 

v = 2W(rcsc9 - ~ cos 9) 
2 

<IV a dii = 2W(-rcsc9cot9 + 2Sin9) = 0 

cos 9 a 
r(--) = -sin9 

sin' 9 2 

cos 9 a 

sin' 9 2r 
Ans 
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11· 4-t... The uniform links 118 and He e<tch weigh 2 Ih 
and the cylinder weighs 20 Ih. DC[ermine the horizontal 
force P required to hold the mechanism in the J1osition 
when A = 4:;". The sJ1ring has an un~trctched length of 
Ii in. 

Fru Bod, Diagrtun : The system has only one degree of freedom defmed by 

the independent coordinate 8. When 8 undergoes a positive displacement 158. 
only the spring force F". the weight of links (2 lb). 20 Ib force and force P do 

work. 

Virtual Displaumuu : The positions of points B. Dand C are measured 

from the fIxed pointA using position coordinates YB' Yo and xcrespectively. 

Y. = IOsin 8 

Yo = 5sin 8 

Xc = 2( lOcos 8) 

l5y. = lOcos 8158 

l5yo = 5eas 8158 

15xc = -20sin 8158 

[I) 

(2) 

(3) 

Virtual· Work Equation: When points B. D and C undergo positive 

virtual displacements l5y •. I5Yoand 15xc. spring force F" that acts at point C. 

the weight of links (21b) and 20 Ib force do negative work while force P does 
positive work. 

I5U=O; 

SubstilUting Eqs.[I). (2) and (3) into (4) yields 

(20F"sin 8- 20Psin 8- 220c0s 8) 158 = 0 

However. from the spring fonnula. F" = lex = 2[2( lOcos 8) -6) 

= 4Ocos 8 - 12. SubstilUting this value into Eq. (5) yields 

(800sin 8cos 8 - 240sin 8 - 22Ocos 8 - 20Psin 8) 158 = 0 

Since 68 .. O. then 

SOOsin 8cos 8 - 240sin 8 - 220c0s 8 - 20Psin 8 = 0 

P = 4Ocos 8-Ileal 8- 12 

At the equilibrium position. 8 = 45°. Then 

P = 4Ocos 45° - Ileal 45° - 12 = 5.2Slb 

[4) 

(5) 

Ana 
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11·47. The spring attached to the mechanism has an 
un stretched length when () = 90°. Determine the posi
tion () for equilibrium and investigate the stability of the 
mechanism at this position. Disk A is pin-connected to the 
frame at B and has a weight of 20 lb. Neglect the weight 
of the bars. 

Potential Function: The datum is established at point C. Since the 
center of gravity of the disk is below the datum, its potential energy is 
negative. Here, Y = 2(1.25 cosO) = 2.5 cosO ft and the spring com
presses x = (2.5 - 2.5 sin 0) ft. 

I = -kx2 
- Wy 

2 

I 
= 2(16)(2.5 - 2.5sinOf - 20(2.5 cosO) 

= 50 sin2 0 - 100 sin 0 - 50 cos 0 + 50 

dV 
Equilibrium Position: The system is in equilibrium if dO = O. 

dV 
dO = 100 sin 0 cos 0 - 100 cos 0 + 50sinO = 0 

dV . 
dO = 50sin20 - lOOcosO + 50smO = 0 

Solving by trial and error, 

0= 37.77° = 37.8° ADs 

Stability: 

d 2 V 
d0 2 = 100 cos 20 + lOOsinO+50cosO 

d
2 

V I 0' ° 7 77° - = 100 cos 75.54 + lOOsm37.77 +50cos3 . 
d0 2 0=37,77' 

= 125.7 > 0 

Thus, the system is in stable equilibrium at 0 = 37.8° Ans 

y 

20lb 
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*11-48. The toggle joint is subjected to the load P. 
Determine the compressive force F it creates on the 
cylinder at A as a function of e. 

x=2Lros9 

6x = -2L sin9 69 

y = Lsin9 

6y = L ros9 1i9 

6U = 0; -Pliy - Flix = 0 

-PLros9 69 - F(-2Lsin9jIi9 = 0 

11-49. The uniform beam AB weighs 100 lb. If both springs 
DE and BC are unstretched when e = 90°, determine the 
angle e for equilibrium using the principle of potential 
energy. Investigate the stability at the equilibrium position. 
Both springs always act in the horizontal position because 
of the roller guides at C and E. 

-Pros9 + 2Fsin9 = 0 

P 
F = 2tan9 An. 

Potelltial FUllctioll : The darum is established at pointA. Since die center of 
gravity of die beam is above the darum. its potential energy is positive. Here. 
y = (3sin 9) f~ the spring at D strelChes x D = (2cos 9) ft and die spring at B 
compreeses x = (6cos 9) fl 

V=v,+v, 
I , 

= l:2kx + Wy 

= ~ (24) (2cos 9 )' + ~ (48) (6cos 9)' + lOO(3sin 9) 
2 2 

= 912cos'9+300sin 9 

dV 
Equilibrium Positioll : The system is in equilibrium if d9 = O. 

Salving. 

Stability : 

dV = -1824sin 9cos 9 + 300c0s 9 = 0 
d9 

dV = -912sin 29+ 300cas 9 = 0 
d9 

9 = 90° ar 9 = 9.467" = 9.41° 

<flv 
dIP =-1824cos 29-300sin 9 

d'VI 
db> = -I 824cas 180" - 300sin 900 = 1524> 0 

17' 9.90· 

Thus. Ihe system is in stable equilibrium at9 = 900 

Ans 

Ans 

d'VI 
db> = -I 824cos 18.933°-300sin 9.461° = -1114.1 < 0 

V" '-9."61-

Thus. die system is in unstable equilibrium at9 = 9.41° Ans 
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11-50. The uniform bar AB weighs 10 lb. If the attached 
spring is unstretched when 0 = 900

, use the method of 
virtual work and determine the angle 0 for equilibrium. 
Note that the spring always remains in the vertical 
position due to the roller guide. 

y = 4 sinll 

oy=4rosll OIl 

F, = 5(4-4slnll) 

oU = 0; -lOoy + F,oy = 0 

[-10 + 20(1-sinll»)(4rosll 011) = 0 

cosll = 0 and 10-20 sinll = 0 

II = 90° 
Ans 

11-51. Solve Prob. 11-50 using the principle of potential 
energy. Investigate the stability of the bar when it is in 
the equilibrium position. 

4 ft 

y = 4sin9 

Y = 10(4sin9) + ~(5)(4-4Sin9)' 
2 

~ = 4Ocos9 + 5(4-4sin9)(-4cos9) 
d9 

Require, 
dY 
- = 0 
d9 

4Ocos9 - 20(4-4sin9)ros9 = 0 

cos9 = 0 or 40 - 80(1-sin9) = 0 

9 = 90°, or 9=30° Ans 

d'Y 

dlJl 
-408in9 + S(4-4sin9)(4sinll) + S(-4cosll)(-4cosll) 

d'Y 
dlJl 

-4Osinll + 80(1-sinll)sin9 + 80cos'9 

d'Y 
-40 < 0 Unstable II = 90°, dlJl = 

9 = 30°, d'Y = 60 > 0 Stable 
d(1l 
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*11-52. '!lIe punch press consists of the ram R, connecting 
roJ AB, and a flywheel. If a torque of M = 50 N· m IS 

applied to the flywheel. determine the force F applied at the 
ram to hold the rod in the position () = 60°, 

Free Bod] Di4,ram : The sysrem has only one degree of freedom dcf'uted by Ihc 
Independent coordinare 9, When 9 undergoes a positive displacement 69. only 
fo= F and 50 N . m couple moment do work. 

Virtual Displace",.",s : The force F is (ocared from the fIXed point A using the 
position coordinatcx •. Using the law of cosines. 

[I] 

DiffO'entiating the above expression. we have 

(2) 

Virtual. Work Eqlllllio" : When point A undctgoes positive vinua.I displacement 

6x • . fo= F docs negative work: The 50 N . m couple moment does negative work 

when the flywheel undergoes a positive virtual rotation 69. 

6U=0; 

Substiruting Eq.[2] into [3] yields 

Since 68 .. O. then 

(
- 0.2x.sin9 F- 50I68=0 

0.2cos 9- 2x. J 

_ O.2x.sin9 F-50=O 
0.2cos 9-2x. 

F = __ 50..;(..;0_, 2co_S_8_-_2x...;.::..:.) 

O.2x.sin 9 

At the equilibrium position. 8 = 60". Substituting inID Eq.[1). we haw 

[3) 

(4) 

0.4
1 =x! +0.1

1
-2(x.)(0.I)COI6O" 

x. = 0.4405 m 

Subsliluting Ihc above resulls into Eq. [4). we have 

F 50(O.2cos 60"-2(0.4405») 
=- =512N 

0.2(0.4405) sin 60" 
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