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Vector Mechanics for Engineers: Statics

Introduction
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Vector Mechanics for Engineers: Statics

M) V] (A [A] e}

Resultant of Two Forces
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Vector Mechanics for Engineers: Statics

Vectors
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Addition of Vectors
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Addition of Vectors
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Vector Mechanics for Engineers: Statics
Resultant of Several Concurrent Forces
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Sample Problem 2.1
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Sample Problem 2.1
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Sample Problem 2.1

o LS 5l Jlac,

R? = P? +Q%-2PQcosB
= (40N)? +(60N)? — 2(40N }(60N ) cos155°

R=97.73N
L s O 58 Jlac|
sinA _sinB

0 R

Q

sinA=sinB=

il

R
a 60N
>

=sin155°
97.73N

A =15.04°
a=20°+A
a = 35.04°
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Sample Problem 2.2

(6 oIS (38 50 43 3 )) 5 (59 Ty sllaa

B o) o = 45°,

<
X

b ik 5l a1 58 ) ol (b
2L (o0 2 e O yiaS

SOLUTION:
S8 daol e
L (st O 58 Jlac) o

s 53 pdine el 2 ik )3 aanine (AE (5) sl o
Sl o il Jlac




m

< Vector Mechanics for Engineers: Statics
Sample Problem 2.2

S K daely .

T, =3700N T, =2600N

L st 58 Jlac) o

T, T,  5000N

sin45° sin30° sinl105°

M) V] (A [A] e}

T, =3660N T, =2590N
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Sample Problem 2.2

o 53 pdine et 2 ik )3 aanine (RS (5] p sl o
Glilia 5 98 Jlec

2 TZJTlﬁﬁdgaéJeujzg.\%Jduiﬁw)m.
‘\ I - JJJ}QQ?A‘)J
h A 5000 N o
h »

AN = T, = (5000 N)sin30° T, =2500N

Lo
— o

T, = (5000 N )cos 30° T, =4330N

a =90°-30° o =60°
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Rectangular Components of a Force: Unit Vectors
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Addition of Forces by Summing Components
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Sample Problem 2.3

F, =150 N

F,=100 N
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Sample Problem 2.3

SOLUTION:

(F5 cos 20°) CRFOS s Adl gady 50 a4l e
force mag X—Ccomp y —comp
E | 150|  +129.9 +75.0

g R— F, | 80 —27.4 +75.2

(Fy sin 15°)] F | 110 0 -110.0

I F,| 100  +966 259

R, =+199.1 R, =+14.3

y

W 48 5o 50 S adlial Lyl (550 sl 4dl 5o Gl

M———— \& gt R aka 50 3 (5 5

=143 N)j /I{\:xlf)ﬁ).l\’i Al g1 (gt Caga g Hlaa duidlaa o
R =/199.1% +14.3° R =199.6N

—
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Equilibrium of a Particle
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100 N O
F,=1732 N
F, =300 N
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100 N 3 -
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Free-Body Diagrams
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< Vector Mechanics for Engineers: Statics
Sample Problem 2.4
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Vector Mechanics for Engineers: Statics
Sample Problem 2.4

SOLUTION:

AOJ.JL;\)QJ\j]e\)gQJeMJ o

dalsi (5 s Jayl 5 Jlec

Jsena Gl 5om Jlake o5l Gy o
Tag  Tac 3500N

sin120° sin2° sin5k8°
TAB 23570N

TAC = 144 N

3500 N
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Sample Problem 2.5

A Rl sy 5 301 s Ol gie 4y gLk i)
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Sample Problem 2.5

SOLUTION:
N IS PN P PN P O PRY SR JUR e
o
1.5m
tane='M-175 tang=""""-0375
4m 4m
o = 60.25° 3 = 20.56°

a = 60.26° - o
Do i gl (gl e Jalad (5 e Jayl i Cana g3 o
D byl b la g i ded 2y a8 (il 68

N

.Jj.u.:

T.‘\H - 40 N

F_é:-I?AB +fAC +fAE +IED =0




- Vector Mechanics for Engineers: Statics

Sample Problem 2.5

|

(40 N)cos 60.26° j

T‘,\(‘ =429 N

B =20.56° /‘

Taop=40N

Ty cos 20.56° j

20.56°

~(60 N) j

FI) = 1966 N

T‘,\l.“ =60 N

o = 60.26°

T, sin 20.56° i

Ll dg sl o

Ta5=—(40N)sin 60.26° 7 + (40 N )cos 60.26° 7
=—(34.73N)i +(19.84N)j
Tac= Tacsin20.56°7 + T4,€0s20.56° ]
=0.3512 74,7 +0.9363 74,/
7=—(60N)j
Fp=Fpi

R=0
=(-34.73+0.3512 Tpo+ Fp)i
+(19.84+0.9363 74~—60) j




m

< Vector Mechanics for Engineers: Statics

Sample Problem 2.5

—

F,,=19.66 N R=0
Tyc=429N -
=(~34.73+0.3512T ¢ + Fp)i
Tipr=60N _
f=2056° /‘ +(19.84+0.9363T 5 —60)
— a = 60.26°
Typ =40N = DB Jha pl py X S 50 o)) Jalad ¥ alas

PR

(Y F,=0) 0=-34.73+0.3512T s +Fp
(ZF,=0) 0=19.84+0.9363Tc —60

Tac =+42.9N
FD - +1966 N
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Problem 2.7 Solution

R, = 2(75 Ib) cos25° = 135.95 Ib

R, =135.951b 1« +25°

38



Problem 2.7 Solution

R, = 135.95 Ib

L aw of sines:

sin(a+25°)  sin(30°)
240Ib  135.951b o + 25° = §1.97°

(240 Ib) sin(30°)
135.95 Ib

= 0.88270 a = 37.0°

39

sin(a+25°) =



Problem 2.8

A B )
s )sa o S C akis jo QS 5
I \/ T sdla u\_&_\ ng\jg‘)h. Caay 9 )
8.5 ft —T_ 9 ft (LJS\ J-\-\S SiiL X X J.\.Ja\_i ) %
5 ft ¢ DA S (@ AC Sy i
R 396 Ib YORBALS
: 12 ft se— 7.5 ft :

40



FREE BODY C: Problem 2.8 Solution

X
396 Ib
12 7.5 _
2F=00 — 5% Tac+ g5 T5c=0

> F,=0: H'SL\C& 3 T~ 3961Ib=0

41



) 4 Problem 2.8 Solution

1396 Ib

(a) Substitute for 7.

3.5 4
5% Tac*+ g5 (1088 7,)- 3961b=0

(0.280 + 0.512) 7,~-396 Ib =0 T,-= 500 Ib

(b) T5-=1.088 (500 Ib) T 5= 544 Ib

42
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Vector Mechanics for Engineers: Statics
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Vector Mechanics for Engineers: Statics
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M) V] (A [A] e}

abadi S J a5 SO lae
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] V] [A] [A] BN

Varignon’s Theorem

Statics
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Mo = Fd
d =(24in.)cos60° =12in.
Mo =(1001b)12in.) Mo =12001b-in
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S Ala) 1 gl les 4S A 3 38 5 e (b

d =(24in.)sin60° = 20.8 in.
Mg = Fd
12001b-in.= F(20.8in.)
~12001b-in.

F = F=577I
20.81n. 3 b
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2l < OA »
Mo = Fd
1200 Ib-in.= F(24in.)
12001b-in.
F = F=501b

24 1n.
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Sample Problem 3.1

Mo = Fd
1200 Ib-in. = (240 Ib)d

240 1b
OB co0s60° =5in.

4 _12001b-in. .

alie (lae 2 55 5130 2401 s 58 Sq il adats (i (d

OB =10in.
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Sample Problem 4.1
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Sample Problem 5.1
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Sample Problem 6.1
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Sample Problem 7.1
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Sample Problem 8.1
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Sample Problem 9.1

)5l G A 5B L Jsa 1y p s Hsiis

M) V] (A [A] e}




m

< Vector Mechanics for Engineers: Statics
Sample Problem 10.1
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Sample Problem 11.1
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Dl baa gl 5 sy Hlaie sl —F 5 F o8 52 e _F

2y & g

Figure 2.14. A steering wheel offers an exam-
ple of a couple in which two parallel forces are
separated by a distance to produce torque.
Torque equals two parallel forces times distance.
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M, = xF, inplane P,
M, = FxF, in plane P,
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Varignon 4k Jaw 55 e
M =rxF +7xF, .
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y da
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Sample Problem 3.4

R Ciga 0 g5 9bwa 200 (59 5 90 Jlac] o

M,
M,
M,

+X Cea WA 4.5333‘).7?;3

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

+(201b)9in.)=+180 Ib-

in.

—

M =

—~(5401b-in)i +
+(1801b-in.)k

(2401b-in.)]
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Sample Problem 3.4
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Sample Problem 3.5
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Sample Problem 3.5
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@ !‘ 4.8 m (2880 N+m)
MSZME—FrB/AxF_é
|§| — (600 N) j — _(1880 N - m)lz
- = ' ) = (1880 N-m)K

(1000 Nem)
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F=250N 60°=X F: Q— P

EM,: M=-(0.3m)250N)=-75N
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A

C

B 60°
30° 250N

Equivalence then requires:
> F

0=F,cos D+ Fzcos O
Fa=-Fg or cos®=0
250 =-F,SIn D - F5zsin @

=-F5 then -250=0

reject
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C

B 60°

30° 250N

Also:
b 2 My:

-(0.3m)( 250 N) = (0.2 m) £,
or F,=-375N

and Fz=+6/5N

Fa=375N I 60°,  Fr=625N ~_ 60°



m

< Vector Mechanics for Engineers: Statics

JSs Gidae gmidw 3B54NM S 4 SO

L9 A (il 2l e (@
i 53555 O el L awd s Jae (b




Vector Mechanics for Engineers: Statics

] V] (Al [A] B}y

rad g 9) s |y gyt o Adl ge AL g i ateana Gl 2y uaal (g1 s
SF: R=(-10j)+(-45i)+(30cos 60° i +30sin60°j)

=-(30N)i+(15.98N)]j

z R=34N 28°
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D SM,: Mg=(54N-m)+(12m)(10N)-(8m)(45N)

=-186 N-m

) SM,: -186N-m=-a(1598N) a=11.64m

—

) 2Mg;: -186 N-m=c(30N) c=6.20m
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Reactions at Supports and Connections for a Two-
Dimensional Structure
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Sample Problem 4.1
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Sample Problem 4.1

-i—>°B 9.81 kN

l-v2 m4<———4 m—>

a5 Al Sha auiS .

la 5 oo dea b Glas peaa Laddbas Ja lasi 68 B (o
A ds
>Mu=0: +B(1.5m)-9.81kN(2m)

~23.5kN(6m)=0

B =+107.1kN

S35as 558 Sl Al e dad 5 () (55 0 s 4dlse

SF,=0: A +B=0
A, =—107.1kN

>F,=0: A, -9.81kN-23.5kN =0
Ay = +33.3kN
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Sample Problem 4.2
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_Y >M,p=0: —(2320 Ib)25in.—(4980 Ib)6in.
+R,(50in.)=0

G\ 6in R, =17581b
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) _
- ‘; —R(50in.)=0
A R, =5621b
35 al Rl i€ e
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] V] [A][A] EN

T =+49801b

W, =—(5500 Ib)sin 25°
=-23201b
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Sample Problem 4.3
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Sample Problem 4.3

20 kN 20 kN 20 kN 20kN |
e
1.8m 1.8m 1.8m E

E, il — — — —— ———

1} —-l
MpNgZ  45m

E 150 kN

1.8m

s sld 44l g0 (o) p Jolat 4loleo 4w (Sa o
E 2 cLsS 5 S/

SF, =0: EX+‘7‘—'§(1sokN):o

E, =-90.0kN

6
>F,=0: E, —4(20kN)—7—5(150kN)= 0

E, = +200 kN

>Mg =0: +20kN(7.2m)+20kN(5.4m)
+20kN(3.6m)+20kN(1.8m)

—%(lSOkN)4.5m+ Mg =0

Mg =180.0kN-m
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Sample Problem 4.4

SOLUTION:
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Sample Problem 4.4

35 Al SLa pauis .

R dasll (S (5508 Cags (a0

AF= ABcos45 = (4m)cos45 = 2.828m

CD= AE= % AF=1.414m
BD= CDcot(45+ 25) = (1.414 m)tan 20 = 0.515m
CE= BF- BD=1(2.828—0.515)m =2.313m

_CE_2313_
AE 1414

1.636

tanx

a =58.6°
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R dexll GiuSie (5505 Jlata (i o

T R 98.1N

sin31.4° - sin110° - sin38.6°

T=819N
R=14738N
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C'J?AMJJABCDC;U%/_;P‘,JJ@L&
CosB R ds) 3D 0 558
A o 43l 455 Joled a0
oSe s Gpd o = 45° adib
Ds CB o Jardl
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D 558 Fa st ABCD (5 o o aid libs
B lei s 0 C 5B R s 5D 0
LS}J:“U:‘-"—’ a:450ﬁﬁ/J‘;A,JJ/a.Lj4lﬁ/J

D) C‘B JJM\L}S\L

108



5).9- ..ézwﬁ.:ABCD L§/ o):g/‘) /op..«.! u[«_é
P CsB o slos, 3 D o Sos5
il o i ol ALl 4T ol >

0 Josdl oSe 9,0 ymews O = 45°
D, CB

For two-dimensional structure the three equations might be:
XF=0 XF=0 ZIM,=0
where Ois an arbitrary point in the plane of the structure

o] 2F,=0 2M,=0 ZMz=0
where point Bis such that line ABis not parallel to the y axis
or XMy=0 2Mz=0 2M.=0

where the points A, B, and Cdo not lie in a straight line.
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Problem 4.6 Solution

B BIN2 ! »MC
CIN 2
+) X M,=0: (Psina) R-D(R)=0 D= Psina (1)
+. 5 F,=0: Pcosa+BA2-CN2=0 (2)

+T X F,=0: -Psina+ B/x/§+ C/\/E— Psino =0

2Psina.+ BA 2+ CHW2=0 (3)
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Psino Problem 4.6 Solution

(2) +(3)

(2)-(3)

BIN2

P(coso - 2sina) + 2 BN 2 =0

B = Q (2sina. - cosa) P (4)

P(coso, + 2sina) -2 C/A2 =0

Jz (2sina. + cosa) P (5)

112



Problem 4.6 Solution

For o = 45°

SInoL = CoSq, = 1N_2

2

EQ. (5) C—J (J2 -5 S ) p=3p; c=3p s

EQ.(1): D= AV2 D=p/2 |

113

EQ.(4): B-= V2 (J2 Jz Ly p=1p. B=2 P A 45°




Problem 4.7

A4in41in
I | |

) IS jasadieala L JSE T A

sC rab 0 sESS SF a K hus
\)EJD‘CLEJJJUI&‘}‘&)&JLJ

Ayl Gy 9= 30° 48 Sl
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41n,41n

a0 al Rla s

J-Udi.u).l o L& 820 UL».\JS\&T .’.’,33

5C N4l 0 sESS S Sbug
Ry Sl Sl S asd eyl D
\JEJD‘CLm)JuilS\jcegﬁijJLj

Al Gy 9= 30° 48 ke
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41in,41in,

)-Udi.u).l s sl u\.uudfuiT it

5C N4l 0 sESS S Sbug
Ja\Jd&Lm\j\ﬁ\_qjﬁwg)guD
\)EJD‘CL&JJJUS-'\SU‘ﬁ)@JLJ

Al Gy 9= 30° 48 Sl

For two-dimensional structure the three equations might be:
XF=0 XF=0 ZIM,=0
where Ois an arbitrary point in the plane of the structure

o] 2F,=0 2M,=0 ZMz=0
where point Bis such that line ABis not parallel to the y axis
or XMy=0 2Mz=0 2M.=0

where the points A, B, and Cdo not lie in a straight line.



Problem 4.7 Solution

41in,41n

4in,41n
e

20b] | l401b
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4in,41in Problem 4.7 Solution

+|£F=0 Ecos30°-20-40=0

60 Ib
cos 30°

E= =69.28 Ib

£=6931b A 60°
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4in,41in Problem 4.7 Solution

+) 3 M, =0:
(20 1b)(4in)-(401b)(4in)-C(3in)+ E£sin30°(3in)=0
-80-3C+69.28(05)(3)=0

C=7.9741b C=7971b '

119



A41in,41in Problem 4.7 Solution

+ Y F=0:
Esin30°+ C-D=0

(69.2810)(0.5) +7.974 Ib- D=0

D=4261b—

120



Problem 4.9

438 R I8 S Gl )3 B adadi )0 e
i € ol |y Saal il
a=8in S Sk 1) B s A s (S5 ()
QS () a8 @ Jlake (@ S et 280
DB s A 3 iSly Dlase 5 88l A o

gl ey

121



Problem 4.9

438 R I8 S Gl )3 B adadi )0 e
i € ol |y Saal il
a=8in S Sk 1) B s A s (S5 ()
QS () a8 @ Jlake (@ S et 280
DB s A 3 iSly Dlase 5 88l A o

gl ey

a0 ol Sl s
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Problem 4.9

oo A abd o S ha g AC Al

gasd Kol | ) SSdaal il
GRSl ol 248 g Jle (@ S Guad 2l
LB s A 0 Sy e 5 8 A

A gl Gy

The resultants of the three forces
must be concurrent or parallel. To solve a problem involving a
three-force body with concurrent forces, draw the free-body
diagram showing that the three forces pass through the same
point. Complete the solution by using a force triangle.
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Problem 4.9 Solution

(@) a=8in

124



Problem 4.9 Solution

3 - FORCE BODY

Reaction at A passes through D
where B and 60-lb load intersect

AE=—- EB=— (8)=4in

EF=BG=10-4=61In

1 1 .
DG=-BG==,(6) =3in.

FD=FG-DG=8-3=5In.

Tany=—2 = >;  y=2657

125



Problem 4.9 Solution

FORCE TRIANGLE

30 1b

A=B= =67.08 1b

sin 26.57°
A=671lb —< 26.6°

B=67.11b I~ 26.6°
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Problem 4.9 Solution

(b) For A horizontal

10 In

- y__

60 Ib
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10 1In Problem 4.9 Solution

i
B Y _

A ABF:. BF=AFco0sS o

ABFG: FG= BFsina

a=FG= AFcos a Sin o
60 Ib

a=(10in.) cos 26.57° sin 26.57°

a=4.00 In.

128



Problem 4.9 Solution

FORCE TRIANGLE

60 Ib

A=1200Ib—

B=134.21b 1. 26.6°

129
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Sample Problem 5.1

<— 3.6 m SOLUTION:
1.2 m A‘

QYL@J\JJ\AM\)}\AJJ&AMM °

2400 N

Jahti J3) ) ACF sac 1) jo Jala gy o

AR (e L ) Jeals Ciand 3 5w o alad
o oS - gl L 1) J )0 (Al sl g 50

A I a8 R Hlai 50 e e Gl )

|<—4.8m—>| Koo sl sl gy e

Lg\.%‘g‘):u L"_\.a..u.\jlk.a TANERIE u\.ﬁu L.\\ﬁ B
¢J adadt 3 ACF sac (SEARIRENE
KMJJ BCD)*AQ)J(U

o
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Vector Mechanics for Engineers: Statics

Sample Problem 5.1

SOLUTION:

2400 N

3‘6“‘“

k_\\)[LAJ\JJLAJuS\JJLQJJ:UMBA °

AT e gad Ol gie 4 QB ISy

ZME =0:
—(2400N)(3.6m)+F(4.8m)=0 F =1800N

2. Fy=0:
—2400N +1800N +E, =0 Ey =600N
> F,=0: E, =




Vector Mechanics for Engineers: Statics
Y R 1 5.1

uonl

J\}‘e\)ghﬁliauuﬁ EBC:[) JP4=°'Q;“‘1)9

ZMB =0:

—(2400N)3.6m)+Cy(24m)=0  C, =3600N
ZMC =0:

—(2400N)1.2m)+B,(2.4m)=0 B, =1200N
> F,=0: -By,+Cy =0

ABE 2131 )l sai (o)
SMa=0: B,(2.7m)=0 B, =0
> F,=0: By —A, =0 A, =0
szzo: —-Ay+By +600N=0 Ay =1800N

BCD s )
:E:F:X =:C): _-EBX +‘(:X =:C) (:X ::()

7- 136
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Sample Problem 5.1
1200 N 3600 N 2400 N J?“"SL;‘“CL‘SJ&S" gy ‘) ACF suac 1] ‘_;'A\J Sy e
et Ly o A la g aan e L)) Jhals Ciand 0
a8 S Sl 0l e (e QLS ) a8 S -5 e
Al 23

1800 N

Al
AJ 23 lagad (o
d > My =0:
i \ —(1800N)1.2m)+M =0 M =2160N-m
> Fy =0:
F —(1800N)cos41.7°=0 F=1344N
2. Fy=0:

~V +(1800N)sin 41.7° =0 Vv =1197N
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Sample Problem 5.1

1200 N 3600 N 2400 N

JAlaa (59 35S ploss SQ el (K )3 BCD grac 2l o
K ah sl
1800 N

BK 20 al 8L (i

. > Mg =0:
(1200N)1.5m)+M =0 M =—1800N-m
g S— > Fy =0: F=0
ZFy =0:
~1200N-V =0 Vv =-1200N

2400 N
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o\gA_\S\J}LgJ\JthuLM&UA\

Forces in Beams and Cables
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Sample Problem 5.2

20 kN 40 kN SOLUTION:

iad Sl g i e
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Sample Problem 5.2
| SOLUTION:

‘)gjew J‘j‘ e.w; L4

i Sl g i e

> Fy=0: _20kN-V;=0 V; = —20kN

>M,=0: (20kN)Om)+M;=0 |M;=0

Vs =26kN Mg =-50kN-m
V, =26kN M, =-50kN-m
Vg =26kN Mg =—50kN-m
Vg =26kN Mg =—50kN-m




Vector Mechanics for Engineers: Statics

Sample Problem 5.2
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Sample Problem 5.3

| 40 1b/in. SOLUTION:
y y —— )
A [ o Al 2] s o
400 1b
e —— 10—~ R 3 D)l e (RIS 5 i oS sleionn Gl
. L A, DB «CD ‘AC s

S as ) 1) AB DS e 5 G sla s )
Ve 3112 in dsk 2 401Ib/in e 8 b ol AL a5 o
Ll oadia )l g E ,04001b L sCUA

&
<
>
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Sample Problem 5.3

[T  [las. SOLUTION:
400 1b
12 in— =10 in > 2. Mp=0:
- mn— B, (32in.) - (4801b)6in.) - (4001b)22in.) = 0
v B, =365

il Al- " (480Ib)26in.)+ (400Ib)10in )— A(32in) =0
{16 in—=10in—~ A=5151b
B > F,=0: By =0

» Note: The 400 Ib load at £may be replaced by a
400 Ib force and 1600 Ib-in. couple at D.

§§'§
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Sample Problem 5.3

le—12 in. o Sing, 14 in. «AC LSLQ U:"A" Dh J_)\ pR LA;\.J Py J:US L;\.Q_Alu:\u Ozl @
20 1bin. | 1600 Tb-in. DB CD
Yy vy ﬂ
ACE i B
I
515 EhT ::l ¢ Et p 365 Ib FromAto C
. 2 1400 Ib -
o 2 >Fy,=0: 515-40x-V =0
: r__zt_."J') | V =515-40x
. M |r
il N A YM;=0: —515x—40x(Lx)+M =0
. 4 M =515x — 20x°
| _?l | From Cto D.
I
> Fy,=0: 515-480-V =0

1

V =35Ib

>M, =0: -515x+480(x—6)+M =0
M =(2880+35x)Ib-in.

] V] [A][A] EN
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Sample Pro

nlem 5.3

12 in,—>{=
40} Ibfin.

1600 Ih-in.

L e
515 H:t

« 480 1b

-e—x 64—’
I

@ 515 lhT

1600 Ib-in.

400 1by - 18

I—-u

<
X

el (i jo ol ab ARy 5500 i S leaiun (uat e

DB «CD (AC
From Dto B
ZFy =0: 515-480-400-V =0
\V =-3651b
> M, =0

—515x +480(x —6)—1600+400(x —18)+M =0
M =(11,680—365x)Ib-in.
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Sample Problem 5.3

e D T
40 Ib/in.
— - 1600 Ib-in.

3510 lb-in
3300 lb-i '

e‘)g‘-..ﬁ P e
FromAto C
\V =515-40x

M =515x — 20x°2

From Cto D
\V =351b

M = (2880 +35x)lb-in.

From Dto B
\V =-3651b

M = (11,680 —-365x)Ib-in.
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ied Sl 5 i b gl dal g

Al

e

Gin 5 soR Gmadal,
V —(V+AV)-wAXx =0
dv AV

— = |im =—W
dX  Ax>0 AX.
XD
Vp —V¢ =- [wdx =—(area under load curve)
Xc

e (laa 5 i Gmadal ) e
(M +AM )-M —VAx+wa%=o

aM = lim AM _ lim (\/—%WAX)=V
dX CAX—0 AX  Ax—0

D
Mp —Mc = [V dx=(area under shear curve)

Xc
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ied Sl 5 i b gl dal g

sz

|
|
|
|
!
L L =
2

wL
"a=Re =7

 Reactions at supports,
« Shear curve,

X
V -V, =—[wdx=—wx
Vv =VA—WX=W—L—WX=W(E—XJ
2 2

 Moment curve,

X
M —M 4 = [Vdx

M = :{(W(%—xjdx:vzv(Lx—xz)

wlL 2 dM
Moy =—— |Mat— =V =0
max 3 ( dx )
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Sample Problem 5.4

SOLUTION:

20 kips 12kips 1.5 kips/tt « Taking entire beam as a free-body, determine
reactions at supports.

« Between concentrated load application
points, dV/dx=-w=0 and shear Is
constant.

 With uniform loading between Dand £, the

_ shear variation 1s linear.
Draw the shear and bending-

£ moment diagrams for the beam » Between concentrated load application

and loading shown. points, dM/dx =V = constant. The change
In moment between load application points is
equal to area under shear curve between
points.

) [V] [A]

With a linear shear variation between D
and £, the bending moment diagram is a
parabola.
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Sample Problem 5.4

20 kips 12 kips

18 kips

4ft -

L

3.2 12 kips

AAE
¢ o
D
8 ft =10 fi 8 ft -
1.5 kips/ft

20 kips 12 kips

}‘1!

i TR T
T

{-;lﬁ}

'nf

26 kips

(+48)

+12\&

(—140)

- 14

SOLUTION:

 Taking entire beam as a free-body,
determine reactions at supports.

> M, =0:
D(24 ft)— (20 kips)(6 ft)— (12 kips (14 ft)
—(12kips)(28ft)=0

D =26 kips
2. Fy=0:
Ay —20kips —12 kips + 26 kips —12 kips = 0
Ay =18Kips

« Between concentrated load application points,
dV/dx = —w =0 and shear is constant.

 With uniform loading between Dand £, the shear
variation is linear.
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Sample Problem 5.4

20 kis 12 kips 15 kips/ft « Between concentrated load application
I ‘ 1 1 points, dM/dx =V = constant. The change
A T T T E in moment between load application points is
1 B ¢ Df equal to area under the shear curve between
18 kips 26 kips pOintS'
V(kip188) MB _MA =+108 MB =+108 klpft
Bl ¢48) Mc -Mg=-16 M =+92kip-ft
(—/16) K MD_MC =-140 MD 2—48k|pﬂ
pa = (~140) Mg-Mp=+48 Mg =0
« With a linear shear variation between D
and £, the bending moment diagram is a
parabola.




Problem 5.13

1500 Ib/tt For the beam and loading shown,

(a) draw the shear and bending-

moment diagrams, (b) determine

the magnitude and location of the

4 ft 6 ft maximum absolute value of the
bending moment.

6000 Ib

EL

156



1500 Ib/ft

c For the beam and loading shown,
(a) draw the shear and bending-
moment diagrams, (b) determine
the magnitude and location of the
maximum absolute value of the
bending moment.

6000 Ib
4 ft 6ft

and use it to
w1 determine the reactions at the beam supports.

157



and use it to
C determine the reactions at the
beam supports.

aft | eft | 6kips

+Qz M,=0: (6Kkips)(10 ft) - (9 kips)(7 ft) + B (4 ft) = 0

2 B=0.75 kips |
+TZ F,=0: A+ 0.75kips + 6 kips - 9 kips = 0

A= 2.25Kips I

158
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V (Kips)

+2.25 kip

30D

1.5 kips/ft

2.25 kips

\ 4

T A4t

/
e
A
s
;}F;}%}WW/WWXXXXXXXXXXXXKKKXK :

N

6 ft

D

6 Kips

A

Vs
W

B
3 Kips

1.5 kips/ft

2 ft

A

A

O

s

T
I

4 ft

A
\ 4

- 6 kip
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1.5 kips/ft

V (Kips)

+2.25 kip

A B

&

e Vo
74

M (Kip-ft)

2.25 kips

T 4ft

0.75 Kips 6 Kips
6 ft

\ 4

A

e

//foWﬁfﬁfﬁff%/ //E’/., ;
e

//é‘ﬁ’/ﬁ,’/f///, L /W:’/:’/:’/:’/:’/:’AY/:’/:’/:’/:’/:’/:’/:’/:’/:’Z/..

o D
Py

3 Kips
1.5 kips/ft h

EREry, 'f‘ ¥ K

./XJXXX//////////A//
A
O
s
T
I

- 6 kip

o — 12 Kip-ft

ft from A
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Vector Mechanics for Engineers: Statics
Contents

Introduction

Center of Gravity of a 2D Body

Centroids and First Moments of Areas
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Sample Problem 7.3

Distributed Loads on Beams

Sample Problem 7.4

Centroids of Common Shapes of Lines

Composite Plates and Areas

Sample Problem 7.1

Determination of Centroids by

Integration

Sample Problem 7.2

Center of Gravity of a 3D Body:

Centroid of a Volume

Centroids of Common 3D Shapes

Composite 3D Bodies

Sample Problem 7.5




Vector Mechanics for Engineers: Statics

&
<
>

Introduction

JJSL;AJ\.AQ\&\ﬁ&}ﬁ@»dﬁb&&dﬁb)dﬁmw) .
39 G 8 s (05 L Jalae (5508 SO S o 55 301 55 e L5 i
D)) g a8 S e da

Olas Ol s pseda 28l (e pun S JS e b Adldie mhaus S S e o
_Jﬁwod&:\u\eﬁ‘}sﬁ)déﬂdﬁ

Soemi b )l aus Soana b )l e SO Calise daulas o
0 S s by mha O A 5 (6) a8 Gl L dad o s
(005l 8- sy (SLliad) 3 )la asiiass Jali )l a5




< Vector Mechanics for Engineers: Statics

(52 92 puad J& S

&
<
>




m

< Vector Mechanics for Engineers: Statics
Centroids and First Moments of Areas and Lines

T SO (DS e) pon S e e bd S (U8 e) aos Spe o

| =
A :
// X \ " L

s

~ XW = [ xdW XW = [xdw
X(7At) = [ x (7 )dA X(rLa)=[x(ya)dL
=|  xa=[xdA=Q, XL = [xdL

= — first moment wit h respect to y yL=[ydL
VA:_[ydA: Qx

= first moment wit h respect to x
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Centroids of Common Shapes of Areas

Shape x Y Are:
Ly b bh
4r 4r. zr?
}@JCJ““ 3n 3 4
ol pd " ar a2
k"4 2
4a 4b zab
3 3 4
s e b
. 1 4b nab
o b 3 T
1l
= e 30 oh 2ah
8 5 3
L sEoghe
\ 4ah
S sags ad 0 E S

A ) (R

»!g’

©|S.
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Centroids of Common Shapes of Lines

M) V] (A [A] e}

Shape ¥ Length
e ’ B = z
> G
AV
K 0 —=- or
PTIRPNT o' 0 =
T
/ & {t\‘
) ol gl Tl LI redng 0 2ar
(0] S~_ya 1
I
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Composite Plates and Areas

n
n

S el 3Hg e
XYW =>xW
YW =>yW

S e sk o
XY A=> XA
Y> A=Y YA




Vector Mechanics for Engineers: Statics

Sample Problem 7.1

Y

SOLUTION:
ot 5 e Ky cibatose Sy ¢ senn 1 |y o o) o
2\ ity ()55 oo 13 S B 3 0 3 ot

. 3,
o Gla a4 G sha ) Jl s les

(J\ M)Loﬁod\domcjkug\ﬁ
(LY s X smeda Quwn Jl b Glas
Dl 3S e e
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Sample Problem 7.1

Yy y y y y

41"1
120 mm 37 = 25.46 mm

r = 60 mm 60 mm

ro =40 mm

40 mm

80 mm
60 mm *
Component A, mm? X, mm Yy, mm XA, mm® yA, mm®
@ Rectangle (120)(80) = 9.6 x 10° 60 40 +576 x 10° +384 x 10°
Triangle 4(120)(60) = 3.6 x 10? 40 —20 +144 x 10° —72 X 10°
Semicircle 3m(60)% = 5.655 x 10° 60 105.46 +339.3 x 10° +596.4 X 10°
Circle —7(40)2 = —5.027 x 10®> | 60 80 —301.6 x 10° —402.2 X 10°
< SA = 13.828 X 10° STA = +757.7 X 10° | ZjA = +506.2 X 10°
So g sana ) e (1S e mha J gl la las e Q, =+506.2 x103mm?

@bﬁ\qdﬁ&ﬁjoﬁ\a&@j‘mdﬁcd@

_ 3 e 3
Sl s i Qy =+757.7x10°mm
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Sample Problem 7.1

DS e 5 o

_ Y XA _+757.7x10°mm”
>A  13.828x103mm?

iy X =54.8mm
<

> X = 54.8mm Z yA _+506.2 x103mm3
> A 13.828x10°mm?

Y =36.6 mm
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Y ‘
20 mm 30 mm

36

Problem 7.6

mm

24 mm

Locate the centroid of the plane

area shown.
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Problem 7.6

Y
}20 mm 30 mm

T
T Locate the centroid of the plane area

36 mm shown.
“ Several points should be emphasized

24 mm when solving these types of problems.

It is strongly recommended that you

When possible,
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Problem 7.6 Solution

Dimensions in mm
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Dimensions in mm

Problem 7.6 Solution

A, mm? x,mm | y,mm | XA mmd| yA mm?3
1|20 x60=1200 10 30 12,000 | 36,000
2 1(1/2) x30x36=540 | 30 36 16,200 | 19,440
28,200 55,440

1740
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Problem 7.6 Solution

Then E(Z A=Y XA
X (1740) = 28,200
or X =16.21 mm

and YZ A=Y JA
Y (1740) = 55,440

10 Dimensions in mm or Y =31.9mm
A, mm? x,mm | y,mm | XA mm3| yA mm?3
1120 x60=1200 10 30 12,000 36,000
2 | (1/2) x 30 x 36 =540 £{0) 36 16,200 19,440
2 1740 28,200 55,440
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Problem 7.7

a |24KkN  30kN 103m The beam AB supports two
1 ‘—1 concentrated loads and
rests on soil which exerts a
linearly distributed upward
load as shown. Determine
(a) the distance a for which
18m . w, = 20 kN/m, (b) the
corresponding value w;.
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