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Chapter 2 Solutions

Problem 2.1-1
Part (a)
4 2
Vl = | V2 = V1V2 = (0 solve,aa — -8
(o1
Part (b)
1
N = atan(zj = 14.036deg @ = 30deg B = ¢+~ =44.036deg
o |solve,a
t = — 1.934
an(P) 2 |float,4 -
Part (c)
V=4 V,=38 Vg =12
Law of Cosines
Vlz + VS2 - V22
0 = acos| ———— | = O-deg
2V Vg

Next, Law of Sines

Vi
B = asin 7~sin(6) = 0-deg

2

¢ =0+ 3=0-deg
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Problem 2.1-2

Fiz. 2 —Vectors F;and Fpin Part (c)

Va=5 V=7 Vg = 10
Law of Cosines
VAR
0 = acos =40.5-deg
2~Va-VS
Next, Law of Sines
Va
B = asin| —-sin(0) | = 27.7-deg
Vb

® =06+ (3=068.2-deg
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Problem 2.1-3

F = 2.25kN ORIGIN =1
Part (a)
F F cos(60deg) 1125 kN F F 1.125-kN F F 1.949-kN
XY "7 sin(60deg) )\ 1.949 XXy o y o oxXy, o
Part (b) - components parallelogram law Law of Sines
Fo F

sin(90deg) - sin(60deg)

F -F (sin(90deg)j
o = F| ——

sin(60deg)
1 Fqo = 2.598kN
FB F

sin(30deg) - sin(60deg)

FB _ F.(sin(SOdeg)j
sin(60deg)

Law of cosines check J Fa2 + FBZ - 2~Fa-FB~cos(60deg) = 2.25kN
FB = 1.299kN

Part (c) - projections

. Faproj = Freos(30deg) = 1.949kN

Tea A= 225 kN

FBproj = F-cos(90deg) = 0-kN
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Problem 2.1-4

Move the coordinate system from O to A then find component of F in x-y or n-t systems

F = 25kN  «a = 45deg
Part (a)
Fy = -F-cos(a) = -1.768-kN
Fy = F-sin(a) = 1.768-kN

Part (b)
0 = 60deg — 45deg = 15-deg

F, = —F-cos(6) = -2.415-kN

F; = —F-sin(6) = —0.647-kN
(a) Fy=-1.768-kN Fy =1.768-kN

(b) F,=-2415kN  F =-0.647kN
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Problem 2.1-5

|
2
|
I

A
F. e, |
— — — — — — — — — I
XF, =0
F| + Fycos(a) — Fycos() —Fs =0 ..(1) $0 Fy = '(Fl + Fy-cos (o) — F5)
cos (o)
EFy =0
1
F,-sin(a) + Fy-sin(a) + F, =0 - (2) SO F, = -(=F; — F4-sin(a
2sin(@) + Fysin() + F3 2 sin(a)(3 4sin(e)
Substitute expression for F, into Eq. (2)
F:-F,-F —F, — F5-sin()
5 1 3 3712
Fy = - =91.9N and Fy = ——— =-2192N
(cos(a) + sin(a)) sin(ov)

CHECK that resultant is zero
YF, = F| + Fy-cos(a) — F4-cos(a) — F5 = 0:1b

EFy = Fy-sin(o) + F3 + Fy-sin(a) = 0-1b
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Problem 2.1-6

Warren Truss

Part (a): units = kN

100 60-cos(60deg) 30 130
F| = Fy = . = R, =F +F,= |R12| = 140
0 60-sin(60deg) 51.962 52

Law of sines: B, = angle that R,, makes with x axis

F

2

B1p = asin[ |R | -sin(lZOdeg)j =21.79-deg B1p =21.8-deg
12

Part (b)

60-cos(60deg) 30 —-100 -70
F3 = . = F4 = R34 = F3 + F4 = |R34| =87.18
—60-sin(60deg) -51.962 0 -51.96

Y34 = angle that R;, makes with (-x) axis

F
3
V34 = asin[ |R | -sin(60deg)j =36.587-deg S0 B34 = 180deg + 34 =217-deg
34
Part (c)
60 60
F1+F2+F3+F4: 0 R12+R34: 0 |F1+F2+F3+F4 =60

31
© 2019 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
Statics and Mechanics of Materials Sl 1st edition Goodno Solutions Manual


https://ravanbooks.com/books/9781133364412-solutions

Problem 2.1-6 - cont'd

Solution #2
F; = 100kN Fy = 60kN a = 60deg F4 = 100kN
Part (a)
Use parallelogram rule & law of cosines
2 2 Fy
Ry = \/Fl + Fy" + 2-F{-Fy-cos(a) = 140-kN B = asin R—lz-sin(IZOdeg) =21.787-deg
Part (b)
F3 = 60kN F4 = 100kN a = 120deg 60deg — 3 =38.213-deg
2 2 F3
Ry = \/F3 +F4 + 2-F3-Fy-cos(a) = 87.2-kN ~ = asin| R—34-sin(60deg) =36.587-deg

Part (c): Sum of resultant forces at point A o = 60deg
YF, = F| = F4 + Fy-cos(a) + F3-cos(a) = 60-kN

EFy = Fy-sin(a) — F3-sin(a) = 0N

2 2
SF = /EFX + BFy” = 60-kN
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Problem 2.1-7
T = 350N r = 100mm
The tension force of the cable will induce no moment resultant at O.

The resultant of the cable forces is

R = \/T2 + T2 + 2:T-T-cos(30deg) = 676.1-N

T-sin(30d
o = atan sin(30deg) = 15-deg
T + T-cos(30deg)

Pulley

YF, = T-cos(30deg) + T = 653.109N

YF, = T-sin(30deg) = 175N

2 2
R = fZFX + SF" = 676.1N

EFy
o = atan = 15-deg
YF,
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Problem 2.1-8

Part (a) magnitudes > N; = 200N N, = 347N
cos(30deg) 173.2 —sin(30deg) -173.5
vectors: Ny = Ny+f sin(30deg) | =| 100 |N Ny = Ny:| cos(30deg) |=| 300.5 |N
0 0 0 0
-0.3

Resultant: R = N; + Ny =| 400.5 N

0 angle with x axis:
R2
180-deg + atan ; =90.042-deg
1

—cos(60deg) -0.5 cos(30deg) 0.866
Part (b
Part () n = | sin(60deg) |=| 0.866 t = | sin(30deg) | =| 0.5
0 0 0 0
R, = Rn=347N =N, R; = Rt=200N =N,
34
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Problem 2.1-9

Cartesian vectors

0 cos (30deg) 2.3 sin(30deg) 2.7
Ty = 3.6kN-| 1 Ty = 2.7kN:| sin(30deg) | =| 1.4 |-kN T3 = 5.3kN:| —cos(30deg) | = | —4.6 |-kN
0 0 0 0 0
Resultant 4.988
R =T;+Ty+T3=]| 036 [-kN IR| = 5.001kN
0

Angle with x axis

1 1
i=|0 6, = acos (ﬁlj = 4.13deg or direction cosines of R: nR = % =10.07
R R
0 0

0.36
atan = 4.13deg
4.988
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Problem 2.1-10

Use Law of Cosines and Law of Sines to find lengths of each cable segment & angles between cables and line OB

L = 252 + 152 - 2(2.5)(1.5)-cos(60deg) = 2,179 m L, = 252 + 32 - 2(2.5):(3)-cos(60deg) = 2.784 m
Ly 2.5 2.5 2.5
- = — 0 = asin| —-sin(60deg) | = 83.413-deg 0, = asin| —-sin(60deg) | = 51.052-deg
sin(60deg) sm(61 ) Ly L,

Subtract 30 deg. from each angle theta to find angles between each cable segment & x axis.

01x = 6] —30deg = 53.413-deg 0y = 65 —30deg = 21.052-deg

Cartesian components for each cable

. —os(01x) ) (—262.257 N T (560 —os(624) ) (522624 N
b sin(07,) |\ 3533 2 sin(6,,) |\ 201.158
Resultant 785
R =T, +T2:(554 jN
Direction cosines of R R —0.817
np = —— = 0, = acos( n = 144.8-de 180deg — 6, = 35.238-de
R ™R (0.577j X ( RI) & 87 % &

A between 6,, and 6,
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Problem 2.1-11

0 = 80deg a = 25deg T = 22.25%N a = 4.6m b = 7.6m

Geometry
B = 180deg — (0 + o) = 75-deg

© @

Resultant acts in y dir. so T-sin(ﬁl) = T'Sin(ﬁz) and B, =B, whichgives @, = 37.5deg

Resultant of cable force T = 22.25 kN at B (in -y dir.)

R = T-(cos(Bl) + cos(Bz)) R = 35.304kN
Check that resultant component in x-dir. is zero R, = T~(—sin(61) + sin(Bz)) = 01b
—T~sin(61) = —14kN T~sin(62) = 14kN
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Problem 2.1-12
—cos(30deg) -216.506 cos(30deg) 216.506 0
250N-| = N F3 = 250N:| = N Fy = 180N
sin(30deg) 125 —sin(30deg) -125 -1

0
=F, +F5 +F; = N
erer=( ]

Fy

=
[
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Problem 2.1-13

Fgp = 20kN a = 80deg B = 60deg

Part (a) - Cartesian components

—cos (o) -3.47
0 0
Part (b) - projection on CA
—cos([3) -0.5
ncp = | sin(B) | =|0.866 Fca = Fggnca = 18.79kN
0 0
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Problem 2.1-14

F = 8N T = 9N
3 2
Fig. (a A=10 E=|2
2 0
-0.333 0 -3
E-A
nAE = |E B Al = 0667 Ra = F- O + TnAE = 6 N
-0.667 1 2
-1 -5
Fig. (b Ry = F{ 0 |+ T(-npg)=|-6 N
0 6
0
Fig. (c E=|2
0
-0.728 1 1.45
E-A
nAE = |E B Al = 0485 RC =F[0 |+ TnAE = 437 N
-0.485 0 —4.37
Answers
-3 -5 1.45
R,=| 6 |N Rp,=|-6 [N R.=| 437 |N
2 6 —4.37
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Problem 2.1-15

L5 0.137 1.72
A
A=|6 |m NOA = TaT 0.549 T = 12.5%N T =Tngp = | 687 (kN |T| = 12.5kN
9 0.824 103
41
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Problem 2.1-16

4 1
o = atan 34 =51.546-deg B = atan i =32.196-deg
27 27

For resultant to be vertical, horizontal components of cable forces must sum to zero

T = 6kN-(cos(a)) + 4kN-(cos(3)) — 3.6kN-(cos(3))

cos(av)

= 6.54-kN
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Problem 2.1-17

TCE = 1.67kN a = 6m b = 2.4m ¢ = 1.8m

Position and unit vectors

- -3 -0.707 0 0
I'CE rCA
I'CE = c = 18 -m I]CE = |r | = 0424 I'CA = 0 HCA = |r | = 0
L] \2a CEl {-0.566 0-b CAL {4
-1.181
Teg = TCEngg =| 0709 kN |Tg| = 1.67:kN
—0.945
0
Angle between CE and line CA (= -z axis) 0= aCOS(“CE ) = 124.45-deg acos| noge| 0 || = 55.55-deg
3
-1
124.45 + 55.55 = 180
Projection onto line CA TCE-cos(55.55deg) = 0.945-kN

A in this case, projection = component (except for sign)
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Problem 2.1-18
a = 10m b =4m ¢ =3m TCE = 1700N TCF = TCE

Symmetry about yz plane so R will lie in yz plane (x component is zero)

—a a
Joint coordinates 0 Py E
C=1|0 E = F =
C C
b
0 0
unit vectors
-0.707 0.707
E-C F-C
n =——-7-=| 0424 n = =| 0424
CE |E _ Cl CF |F _ Cl
-0.566 -0.566
cable force vectors and resultant
-1202 1202 0
-962 -962 -1923
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Problem 2.1-19

[N

Note that EBC is a right angle

2. Length of EBis 3m=a/2 so Dimensions (m)

angle CEB is 45 deg. a=6m b=24m ¢ = 1.8m
3. Use Parallelogram Law to find R

(start with sketch)

PART (a) - Parallelogram Law and Law of Cosines

N 2 2
) 4 R = [Tgg™ + Tgc™ — 2+(Tgc)(Tgp)-cos(135deg) = 2.682-kN
L3EN
R = 2.682-kN < magnitude of resultant
Inclined plane EBC
. \
B C
Parallelogram Law
to find components
Vectors
a
0 — 0 0.707
2 "EB TEC
rEB = —C rEC = — nEB = |r | = —06 nEC = |r | = —0424
b EBl - { 0s ECl {0566
b
—a
— 0 -0.707 0
2 EC FD
I'ec = — 'ep = | =€ ngc = |r | =|-0.424 ngp = |r | =|-0.6
b FC 0.566 FD 0.8
b
1.131
Teg = TEBNER Tgc = TRengC R = Tgg+ Tpc=| -1459 | kN |R| =2.682kN  <agrees with
above result
1.945
| Tgg| = 1.3kN |Teq] = 1.6kN
45
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Problem 2.1-19 - PART (b) - Projections of R onto lines EB and EC - use dot product

Rgp = Rngg = 2.431-kN < not equal to component of R along EB (i.e., 1.3 kN)

Rpc = Renge = 2.519-kN < not equal to component of R along EC (i.e., 1.6 kN)

E

LY
%

1.3y

19 EN
2431 KN )
N SR Inclined plane EBC
B \ C
Dot products
to find projections
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Problem 2.1-20

FS = 154N h = 660mm d = 150mm H = 1041mm ¢ = 506mm

Joint coordinates

h 660 h 660
A=|h-H|=|-381 |- mm B=|h|=]|660 |-mm
d 150 c 506
; 0
Unit vector ) CB-A vou6
AB |B _ Al :
0.324
Part (a) ;
Part (a
F = Fgnppg=| 1457 |N |Fg| = 154N
49.8
—0.85
-A F.-
Part (b) Napy = —— =| 0.491 sTAD
AD |Al Fap = Fgnpp = 619N 6 = acos = 66.3-deg
0,193 |Fs|
47
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Problem 2.1-21

—r-sin(60deg) —0.65
F = 1.5kN r = 0.75m h = 2.25m A = r-cos(60deg) | =1 0.375 |'m
h 2.25
-0.274 —410.79
Part (a) A
NOA = TaT 0.158 F = Fngp =| 237.17 |N |F| = 1.5kN
0.949 1423.02
ngc=|1 Fpc = Fngc=2372N 0 = acos |F| = 80.9deg
0
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Problem 2.1-22

Tg = 3700N
-0.5 0
Joint coordinates B=| -1 |m C=(0 |'m
0 2.5
0.183
. ] C-B
Unit vector along cable B: ngc = —| | =10.365
C —
0.913
676
Cable force vector: Tg = Tgnge =| 1351 [N |TB| =3700-N
3378
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Problem 2.1-23

200mm 200 150 0
Joint coordinates: A = | 500mm— 500mmcos (60deg) | = 250 |'mm B=| 0 |mm C =|500|mm
—500mm sin(60deg) —433.013 0 0
. 0.1 —6.667
art (a) B- A
HAB = m =| —0.498 TAB = TABHAB =| -33.334|-N
0.862 57.736
Part (b) :
art
I]CD = 0 TCD = TABHCD = —6667N
0
5 0.287
art (c) B-C
"cp = Tp— oy | 09 Tep = Tapcp = 30.0LN
0
50

© 2019 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
Statics and Mechanics of Materials Sl 1st edition Goodno Solutions Manual


https://ravanbooks.com/books/9781133364412-solutions

Problem 2.1-24

Find the intersection line between OD and AB/ coordinate F in X-Z plane

line OD X
5 O 7 =
Z(X) = —.X . (1) A" s A {3, 0, D}
3 A\ FoL7
LN Fd
/
line AB ” ‘}\
’ \
A"
Z(X) =3 _-x (2) B{D,D, } b
equating equation (1) & (2) \ D (3,0, 5)
3 i
Hence, X = 3-§ =1.125 z(x) = 1.875
1.125 0 3 3 0
Part (a) F = 0 cC=|3 E=|3 A=1|0 B={0
1.875 0 5 0 3
0.514 0.397
E-C E-F
Nrp = ——— = 0 npr = —— =1 0.636
CE | Cl FE |E — Fl
0.857 0.662
1.543 1.589
P = (3kN)'ncg = 0 kN Q = (4kN)-npg =| 2.542 |-kN
2.572 2.648
Part (b)
3.13 0
R'Y
R=P+Q=|254 |kN Y=|1 Oy = acos(mj =67.3-deg
5.22 0
Part (c)
0.707 0.772
A-C
HCA = m =1 -0.707 PCApar = P-I’ICA =1.091-kN PCApar'nCA =| -0.772 |-kN
0
0.77

PCAper =P- PCAparnCA =10.77 |-kN
2.57
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Problem 2.1-24 - cont'd

Part (d)
0.707 —-0.53
A-B
nBA = m = 0 QBApar = QnBA =—-0.749-kN QBAparnBA = 0 -kN
-0.707 0.53
2.12
QBAper = Q~ QBApar™BA = | 254 |'kN
2.12
Part (e)
P
0 = acos _PQ_ =39.5-deg
[P]-1Ql
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Problem 2.1-25

3.6 1.5 1.5
T2:23kN B=| 0 |'m D=1|3.6|m Q=|15|m
0 2.1
-0.631
. Q-B
Unit vector along cable 2 ngQ = ﬁ =| 0451
-B
< 0.631
-14.52
Components of vector T,
T, = Tyngg=| 10.37 [kN |Ty| = 23kN
14.52
Projection on line BD
-0.504
_ ﬂ = 0.864
"BD = p_pg[ ~ .o Tgp = Tyngp = 16.27kN
53
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Problem 2.1-26

0 3 1 0 0
0=]0 A=13 x=1]0 y=11 z=10
0 4 0 0 1
3 . 0.514
OA
oA =A-0=|3 nop = =|0.514
I,
4 oAl 0.686
Part (a) Part (b)
12.86 0.514
F = (25kN)-ngp =| 12.86 |-kN nop =| 0514
17.15 0.686
Part (c)
cos(30deg) sin(30deg) 0
Xp = —sin(30deg) Yp = cos(30deg) zp = 0
0 0 1
Fxp = F~xp =4.71-kN pr = F~yp =17.57-kN sz = F~Zp =17.15kN
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Problem 2.1-27

0 100 100
H=| 0 |-mm B =| 125 |mm C=| 0 |'mm P = 45kN
75 0 0
100 0.566 1 0 0
THB

rgg = B-H=| 125 |-mm nHB:W: 0.707 x=10 y=|1 z=1|0

75 HBJ - { 9424 0 0 |
Part (a)

25.456 25.46

P =Pnyg=| 31.82 -kN P=1| 31.82 [-kN
-19.092 -19.09
0.8
Part (b) C-H
nHC = m = 0 PHCpar = P'HHC: 31821{N
-0.6
0
PHCper =P- PHCpar'nHC: 31.82 kN |PHCper| = 3182kN
0
Part(c) 0 100 0.8
G-D
D=0 G=| 0 |'mm n =—=
DG |G— Dl
0 75 0.6
PIIDG
Ppg = Pnpg= 8.91kN 0 = acos W = 78.6deg
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Problem 2.1-28

0 0 0 3 1 0 0
O0=|0 A=1]0 B=|3 C=\4 x=|0 y=|1 z=|0
0 6 6 0 0 0 1
0.442
C-B
npe = —— =| 0.147
BC |C _ Bl
—0.885
Part (a) Part (b)
30
P=]| 25 |['kN P-ngc=833-kN
=75
Part (c)
P-n
BC
0 = acos( |P| j =9.88-deg
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Problem 2.1-29

1.2 1.2 1.2 0.3 0.3
E=|( 0 |m F=|0 m D=|06[m C=|12m B=|12|m
0 1.2 0.6 1.2 0
—0.728 —0.728 0
B-D 0.485 S 0.485 E-D 0.707
n = —= . n = —= . n = —-=|-0.
DB |B—D| DC |C—D| DE |E—D|
—0.485 0.485 -0.707
0
F-D 0.707
n = — = | -0.
DF |F _ Dl

0.707

Part (a) -32.7 -32.7
-21.8 21.8
0 0
—47.4 47.4
Part (b)
—65.5
R = Tpg+ Tpc+ Tpg+ Tpp = | —51.1 |-kN IR| = 83.1kN
0
57
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Problem 2.1-30

0 0 3
mass = 450kg P = 20kN D= 9 ‘m = 9 m E=|13 |'m
9-tan(55deg) 12.853 0
Part (a)
0 0 0.218 4350
E-D
W = mass-g| 0 |= 0 ‘N npg = |E D| =| 0.29 P =Pnpg=| 5801 [N
-1 —-4413 —0.932 -18639
Part (b}
4350
R=W+P=| 5801 [N |R| =24.2.kN
-23052
58
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Problem 2.2-1

P = 45kN M = 2.8kN-m L =18m
Resultant force
0 cos(0) 31.82
Rp =P| 1|+ P —sin(6) | =| -76.82 |-kN
0 0 0
Resultant moment
3.L 3.L
4 2
MA = x|P|=1||+M| 0 |+ 0
0 -1
0 0
X intercept Given x=1L
X
0| x RA = MA
0
x = Find(x) = 1.95m d =

0 = 45deg
[Ra| = 83.15kN
cos(0) 0
x|P| —=sin(®) ||=] 0 [kNm
0 —-149
My| d
= 1.798m =195m
|RA| cos(|cx|)
59
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Problem 2.2-2

cos(45deg — 0) 24.749 0 0
3
0 = atan(z) =36.87-deg Pg = 25kN-| —sin(45deg — 6) | =| -3.536 |-kN Py = | -50kN Pp = | -75kN
0 0 0 0

cos(60deg — 0) 45.981
Pp = 50kN-| sin(60deg — 0) | =| 19.641 |-kN

0 0
Resultants
70.7
Ry = Pp + P+ P+ Pp=|-108.9 |-kN |Ra| = 129.8kN
0
2m 6m
2m 6m 0
3 3
My = Z-zm xPg+| 0 |xPy+| 0 |xPp+ Z-Zm xPp=| 0 [kN:m |MA| = 545-kN-m
0 0 —545
0 0
y intercept
My
y = =771m
RX
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Problem 2.2-3

L = 3.6m 0 = 60deg
90 — 333-cos(0) -76.5
R =| —200- 333sin(6) [-kN=| —488.4 |-kN |RA| = 494 3kN
0 0
0
0
0
MA = = O 'kN'm
L 3-L
—200kN~E - 333~kN~sin(6)~T — 135kN-m —1273.643
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Problem 2.24

0 = 60deg
2-1 1
Ro=[2-1|F Ro=|1|F
0 0
Mg, = ~2-F-(rsin(60deg)) — 2-F-(r-cos(60deg)) — F-r Mg, = (2 +3)-Fr
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Problem 2.2-5

Fgg = 11kN a = 80deg B = 45deg BC = 5.4m
—cos (o) -2 —BC-cos((3) -3.818
0 0 0 0
Part (a) Part (b)
0
Mc =regx Fgg=| 0 |kNm Mc, = (|FEB| )-[cos(a)-(BCsin(B)) — sin(o)-(BCcos(B))] = —34-kN-m
-34
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Problem 2.2-6

-3 3
F = 110kN A=|-1{|m B=|1|m Iop = A iog =B
0 0
—cos(30deg) -95.263 cos(30deg) 0
Fp = F| —sin(30deg) |=| -55 |kN Fg = F:| sin(30deg) Rg=Fp+Fg=|0 N
0 0 0 0
0
0 |-‘kN-m

MO = rOA>< FA+rOBXFB:
139.5
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Problem 2.2-7

75 125 0
F = 45kN A =175 |'-mm B=| 0 |'mm C=| 0 [{mm
100 0 75
Part (a)
0.514 23.152
A
nop = m =|0514 Foa = Fngp =1 23.152 |'kN rgo = B
0.686 30.87
0
Mg = rgox Foa =| 39 [kN-m |Mp| = 4.8kN-m
-2.9
Part (b)
1.74
I'CO = -C MC = rCOX FOA =1| —-1.74 |-kN-m
0
Part (c) 0.857
B-C
neg = ﬁ = 0 Mcg = Mg 'ncg = 1.49kN-m = Mcneg = 1.49kN-m
-0.514
1.28 -1.28
Vectors MCBpar = Mgncgneg=| 0 |kNm MCBper = Mg - MCBpar =| 3.86 |'kN-m
-0.77 -2.13

|Mcppar| = 1:49kN-m

65
© 2019 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
Statics and Mechanics of Materials Sl 1st edition Goodno Solutions Manual


https://ravanbooks.com/books/9781133364412-solutions

Problem 2.2-8

30 0 0 3
P=| 25 [-kN A=0|m B=|3|m C=|4|m
=75 6 6 0
Part (a)
0 225
rBA:A—B: -3 |m MB:rBAXP: 0 |[-kN-m
0 90
Part (b)
Mg, = (75kN)-(3m) = 225-kN-m MBy =0 Mg, = (30kN)-(3m) = 90-kN-m
Part (c)
0.442
C-B
—0.885
8.8 216.2
VeCtorS MBCpar = MBnBCnBC = 293 -kKN-m MBCper = MB - MBCpar = —29 -kKN-m
-17.61 107.6
|Mpcpar| =19:9-kN-m
Part (d)
-150 0
B
IOA = A MO = IgA ¥ P=| 180 |-kN-m nog = m =1 0.447
0 0.894
0 -150
MOBpar = Mgnggngp =| 36 |-kN-m MOBper = Mg - MOBpar =| 144 |'’kN-m
72 =72
66
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Problem 2.2-9

Part (a)
25 0 XD 45 -300
P=|50|kN A={0m D=|yp C=|3 |m 1gp=A 19gp=D Mg =19a x P=| 150 |-kN'm
-5 6 0 0 0
=75kN-yp 150kN-m
XD= ——- = 2-m
Also rop X P=Mg rop X P — 75-kN-xpy S0 TN
. SOKN-xp— 25 KNy, g 300Nm
(or use a geometry solution) D _75kN
Part (b) SO0kN-xpy— 25kN-ypy = 0-kN-m
D 2
Py =P Py = -P D=|yp|=|4|m [Mg| =335kN-m
0 0
My = —1ga X Pg |My| = 335kN-m
po = D Mp = 1pg * Pg [Mp| = 335kN-m
I'CO = -C I'CD =D-C MC = I'CD X PA + rCO X PO |Mc| = 335kN-m
Part (c)
M
0
d = u =3.59m
|P|
Part (d)
Varignon's theorem
M@, = —(50kN)-(6m) = —300-kN-
Ox = —(50kN)-(6m) m 300
Moy = (25N)-(6m) = 150kN-m Mg =1 150 [-kN'm
0
Mg, = 0 since P has line of action through z axis
Part (e)
25 20 ol
P=| 50 |-kN Q=08P=| 40 |-kN |P| = 93.541-kN |Q| = 74.833-kN ﬁ =0.8
-5 -60
B=|0 rog = B rog X Q=M [Mg| =335.41-kN-m
2Q
0 20 0 20
335.41
0 |x| 40 || =33541 0 x| 40 || > 20-\/§-|ZQ| = 335.41 _\/_ —75 m
2045
zQ -60 zQ -60
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Problem 2.2-10

30 -30 -1 (84558
P, =| 25 [kN Py = —Py =| 25 |kN |Pa| = 84.558-kN Fo=[Pa|] 0 [=] 0 |KN
-75 75 0 0
0 6
A=|0|m C=|4|m oA = A ioc =C
6 0
Resultants at O -84.6 -150
RO:PA+PO+FC: 0 -kN MO:rOAX PA+roc><FC: 180 |-kN-m
0 338

Wrench resultant - components of M, (kN-m) along & perpend. to R,

R -1 —-150 0
(0]
IlR = R—| =0 MRpar = MOanR = 0 -kKN-m MRper = MO - MRpar =1 180 |-kN-m
o Lo 0 338

positive wrench resultant in (-x) direction

Coordinates (meters) of pt at which wrench pierces yz plane

0
338230.0-N-m
x Rh=M float,5 — 0.0 =————=4m
Y% 70" Moper YT T R4558.0-N
z
180 N-
, = J80000-Nm _ .
—84558.0-N
[MRper . 7 |
d = =453m < perpend. dist. (m) from O to Z +y =453m < same as d since wrench
|Ro| line of action of wrench is perpendicular to yz plane
Answers
-84.6 -150
Ro=| 0 [kN Mppar=| 0 [kN'm  y=4m z=-2.13m
0 0
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Problem 2.2-11

—r-sin(60deg) —0.65 0 0
F = 1.5kN r =075m h =225m A =] r-cos(60deg) | =| 0.375|'m B=|-r C=|r D=
h 2.25 h h
-0.274
A 0.158
n = —= .
OA |A|
0.949
Part (a)
-0.411
F =Fngp =| 0237 |'kN rgo = B gp = A-B FX:F1 Fy:F2 F,=F
1.423
1.601 1.601
Mg = rgox F=|0.924 | -kNm = rga X F=10.924-kN-m
0.308 0.308
Part (b)
Mgy = Fy~h +F,r= 1.601-kN-m MBy = —F¢h = 0.924kN-m Mg, = —Fyr = 0.308kN-m
Part (c)
-1.067 -1.067
Do = -D DA = A-D MD =1IpQ X F= 0 -kN-m = DA X F= 0 -kKN-m
-0.308 -0.308
0 0
D-B
HBD = m = 0.555 MBDpar = MDHBDHBD: 0.142 |-kN-m
-0.832 -0.213
-1.067

MBDper = MD - MBDpar =1 —0.142 |-’kN-m
—0.095
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Problem 2.2-12

0 0 5 5 —0.453
A-C
F = 520N A=]9 | m B=|0|m C=|0|m D=9 m CA |A C|:0.815
4 4 0 0 0.362
Part (a)
-235.39 5 0
F:F~nCA: 42371 |N rBC:C—B: 0 [m rBA:A—B: 9 [m
188.31 —4 0
1695 1695
Mg =rgexF= 0 |'Nm check gax F=| 0 [Nm
2119 2119
Part (b)
Fy, = -23539N Fy = 423.7IN F, = 1883IN
Mg, = Fy-(4m) =1695-N-m MBy = —F,(5m) - F;-(4m) = 0-N-m Mg, = Fy-(Sm) =2119-N-m
Part (c)
0.453 -0 1695
D-B
"BD = p_p| 0.815 Mpppar = Mpngpngp =| 0 |[N'm  Mpp,e = Mg —Mppy,e=| 0 |'N'm
-0.362 0 2119
Part (d)
0
rOC = C MO = rOC x F= —942 -N'-m
2119
0.486 -400 400
D
nOD = H = 0874 MODpar = MOnODnOD =| =720 [-N-m MODper = MO - MODpar: -222 |-N-m
0 0 2119
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Problem 2.2-13

200 200 150 0
Joint coordinates: A = | 500 - 500cos(60deg) |-mm= 250 |mm B=| 0 [[mm C=|500|mm
—500-sin(60deg) —433.013 0 0
—0.1 —6.667
Part (a) B-A
HAB = m =| —0.498 TAB = TABnAB =| -33.334 |-N I'OB =B I'OA = A
0.862 57.736
0 -0
Mg = rgg x Tpg =| —8.60 |-N-m or as a check oA X Tag = | —8.66 |-N-m
-5 -5
Part (b) TABX = —6.66N TABy = —33.334N TABZ = 57.73&N
Mgy =0 MOy = —T B, (200mm) — TABX-(SOOmmsin(GOdeg)) = —8.66N-m
MOZ = —TABX-(SO()mm— 500mmcos (60deg)) + TABy-(ZOOmm) = -5-N-m
Part (c)

200 -28.9 1

I'CA =A-C= -250 ‘-mm MC = I'CA X TAB = —-8.7 |'N-m HCD =10

-433.013 -8.3 0

=29 0
MCDpar = Mcgnepnep=| 0 |[N'm MCDper = Mc - MCDpar =|-8.7|'N'm
0 -8.3
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Problem 2.2-14

1.8 2.6
Fpo = 25N Tag = 4N M, = SN-m A=|0 |m E=|0 |m fop = A
2.1 0
0.356 1.424
E-A
—-0.934 -3.738
Part (a)
0 0
0 0
Part (b)
Mgy = 0 Mgy = My + Tapy(2.1m) = Ty, (1.8m) = 1472 Nem Mg, = 0
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Problem 2.2-15

Part (a)
0 0 125mmcos (40deg) 95.756
P = 175N Fc=P| 0 Ro =Fc= 0 [N C =] 31.25nm+ 50mm |=| 81.25 [-mm
-1 -175 125mm sin(40deg) 80.348
—14.2
I'OC =C MO = I'OC)( FC: 16.8 |-N-m
0
Part (b)
0 125mmcos (40deg) 95.756 0.766
B-A
A =|31.25nm B = 31.25mm =| 3125 |mm nppg = W = 0
0 125mm sin(40deg) 80.348 0.643
I'AC = C - A
-8.8 -5.1
MA = I'AC X FC =1 16.8 |'N-m MAB = MAHABHAB = 0 -N-m MAHAB = —-6.7"N-m
0 4.3

|Mag| = 6.7N-m
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Problem 2.2-16

FDO = 2.5N TAB = 4N My = 5N-m
1.8 2.6 1.8 0
A=|0 |m B=|14|m C=|14m D= 0 |m rOA:A
2.1 0 0 2.1
0.302 1.209
B-A
nag = m =] 0.529 TAB = TAB'nAB: 2.115 |N SO TABx = 1.209N TABy = 2.115N
-0.793 -3.173
TABZ = =3.173N
Part (a)
0 —4.44
0 3.81

Part (b)

Moy = ~Tpgy (2.1m) = -4.44N-m Mgy = My + Tppy(2.1m) + (~Tpp,)-(1.8m) = 13.25N-m

Part (c)
0.789 3.65 -8.09
C
nOC = H =1 0.614 Mocpar = MOnOCnOC: 2.84 [-N-m Mocper = MO - Mocpar =11041 [-N-m
0 0 3.81
0) (-4.442
Part (d) Mg = Mg - M| 1|=| 8249 |N-m
0 3.807
M
O
d = =2.53m
| Tas|
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Problem 2.2-17

Varignon's theorem

540

A=| 0 |-mm

630

My, = -Fd = -36.18N-m

y

Vector algebra

0
Fpo =F|0

1
I'AD =D-A=
DA = TTAD T
I'OA =A
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FD = —FA
-0.54
0 |'m
0
0.54
0 |'m
0

D=| 0O |-mm
630

d = 540mm

Mpy = Mpy Moy = Mpy

—36.18 |'N-m

MA :I'ADXFD:

MD:I'DAXFA: -N-m

MO:I'OAXFA: Nm

75

< same moment about any point
for force couple
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Problem 2.2-18

-3 -3 0 -12
Icg = -8 |'m ICA = 0 ['m IBA = 8 ['m Ipc = 8 |'m
3 9 6 -9
0
'BA
F=500N  Fgp=F =| 400 [N
1
EN 300
a) Find moment of F about point C
-3600 -3600
Mc = 1cgx Fga =| 900 |'N'm tca X Fga=| 900 |‘N'm < can use any pt along line of action of F
~1200 ~1200
. —0.706
b) Find moment of F about line CD using a cross product nep = DC =| 0.471
1
" ~0.529
-2541
Mcp = Menepnep =| 1694 [-Nem [Mcp| =3600-N-m
-1906

c) Find the shortest distance d between component F‘ﬂ (perpendicular to line CD) and line CD
-20.761 20.761 -0

FparCD = Fgancpnep =| 13841 [N FperCD = Fga — FparCD =1 386.159 |-N DC X FparCD -1 0 |'Nm
-15.571 315.571 0
A component of F which is
parallel to CD has no moment

3 |MCD| about CD

d=
| FperCD|

=721'm |Fpercp|-d =3600N-m < same as [Mcp)|
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Problem 2.2-19

75 . 0.6 54
DB
F = 90N M = 5.7N'-m rDB =|-100 [-mm nDB = =|-0.8 FDB = FnDB =|-72 |'N
T
0 || 0 0
0 =75

Find unit vector normal to plane ABC

I'BC = 100 [-mm I'BA = 0 ‘mm rAB = —rBA

0 125
0.857 4.888
'BC* 'BA
nBCA = T = 0 M = M-nBCAI 0 -N-m
BC™BAL {0514 2.933
a) Find M, due to both F and M
—4.1
MA =M + I'AB X FDB: —-6.8 |'N-m
-2.5
b) Find moment about line AC
75 0.424 -1.62
TAC
I'AC = 100 ‘mm nAC = = 0566 MAC = MAHACnAC = —216 -N'm
r
~125 [rac ~0.707 27

c) What is the perpendicular distance d (mm) from force F to line AC?

M, Jnpen
|( A) AC AC| = 42.426 mm < as expected distance is less than 1/2 of

d =
|F| diagonal dist. at base (= 125/2 = 62.5)
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Problem 2.2-20

Find unit vectors in directions of three couples

0
-2-b
3-b
— X 0
2
3-b
N 0
1 0
—2.b
3-b
— | x 0
2
3-b
0
0.832\
Ml = Monl = O

Single couple is sum of three vectors

0.555 )

w

s =
wf‘
w

[\
—_—
w

—_—
w

0.832

0.832

0.555

0.002

Let b =1

n2:

0 )
0.447 )
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2b
-2'b b
-3.
0 x| — 0
2
0 3b 2y
: - 5 =
b -2-b
b v
0 x| — 5
2
0
3-b
0

M3 = M0n3 =| 0 MO
-1

0
Il3 = 0
-1

A by inspection
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Problem 2.2-21
(@) Moment of force F, =54 N about E

0
-1.2
1.2 0 0
0.9
-0.9 324 -51.84
-1.2
0.9
(b) Moment of force F, = 80 N about E
-1.2
0
—64 57.6
0.9
F2 = SON-T = 0 |N MEF2 = IgG X F2 =/ 0 |‘N'm
48 76.8
0
0.9
1.2 0
(c) Moment of couple C = 19 N-m about E oG = | 12 |m tog = | 1.2 |'m
0 0.9
st 9.775 9.78
OG” 'OB
C=19N-m———— =| -9.775 |\N-m Mgc=C=|-9.78 |'N-m
T, X T,
0G™ OBl | 13.034 13.03
. 0.625 1.2
(d) Moment of resultant of F,, F, and C about line EG ngpG = | EG| = 0.625 rpg=| 12 |'m
- 'EG
-0.4 —0.
resultant moment about pt. E 0469 0-9
674 -3.81
38 2.86
0
(e) Moment of resultant of F,. F, and C about line EB ngg = | 1
0
0
Mggp = Mgr-ngg-ngg = | 48.7 |'N-m <y component of Mg above
0
0
and (MEFI + C)'“EB'“EB =|-48.7 |'N-m < F, passes through line EB so offers no contribution to Mg
0

79
© 2019 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Statics and Mechanics of Materials Sl 1st edition Goodno Solutions Manual


https://ravanbooks.com/books/9781133364412-solutions

Problem 2.2-22

Part (a) Resultant force (N)
0 0
R=(50+75+95+65+70)N-|1|=]|355|N
0 0
Part (b)

Moment (N.m) about pt. B: note that r x F = -(F x r)

0 0 5 5
0 0 0 - 0 0 5
0 6 2 6
Mg = 50 [N x 3 m+ | 75 [N x 5m+ 95 |N x 6m+ 65 |N x 4m+ 70 INx | 6 =2 |m
0 - 0 0 0 - 0 4
2 0 0 2
—485
Mg=| 0 |‘Nm < all forces are parallel to y-axis so moment has x
913 and z components only, as expected
M
B
Part (c) |R| =355N |MB| =1033-N-m d = % =291m

X

solve, X,z > 5
0 |xR=Mp — (2.57'm 1.366-m) \’2.57 + 1.366" =2.9105
float, 4

z

A move resultant R (acting in +y-dir.) a dist. d from B so that it pierces (x, z) plane at coordinates x = 2.57m, z = 1.366m
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Problem 2.2-23

Part (a)

Rpy = ~22.5N Rpy = —13.3N + ON = 45N Ry, =0

Mpx = 13.5N-(100mm) = 1.35N-m Mpy = —22.5N-(100mm) = -2.25N-m

y
My, = (9 - 13.59N-(25mm) = -0.113N-m

Part (b)
25 -22.5 0 -22.5
I'AB = O mm FB = —135 N RA = FB+ 9N = —45 N
100 0 0 0
0 1.35
MA =TIpAR X FB + 0 |INmm=| -2.25 |-N-m
9.25 -0.113
Part (c)
-0.981 0.865 0.485
R
ng = R— =1 -0.196 MRpar = Mp ng-ng =| 0.173 |‘N-m MRper =My - MRpar =|-2.423|-N-m
Al 0 0 ~0.113

0 0 45N-z
y [ xRy = MRper y | xRy = | 225Nz

z z 22.5N-y
_ZOIBNM _ oomm = 22N c8omm
225N 225N
0 0.485
~5.022 [mmx Ry =| 2423 | Nem= Mp,
107.689 ~0.113
81
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Problem 2.2-24

Position and unit vectors

3 0 0 0.394 0
TAC TAB
rAC = 7 m rAB = 7 m rCD = —7 m nAC = |r | = 0919 IlAB = W = 0814
0 -5 -5 AC 0 ABl | o581
) 0
CD
nep = _| —0.814
[co) ~0.581

Resultant force (N) and unit vector along R

29.5 0315
R
R = 75NnAC + SONHAB + 9ONnCD =| 364 |N np = m =| 0.387
-81.4 -0.867
Moment (N.m) about pt. O
0 3 ~548.1
Mg = | 0 |mx (75N'nyc + 50N-npg) +| 0 [mx (90N-ncp) =| 3047 |N-m
5 0 -219.7
Components of M _along & perpend. to R
4238 ~590.9
Mppar = Moigng =| 527 |[N'm Mpper = Mo =~ Mppgr=| 252 |Nom |MRper| = 650.4-N-m
-117.8 -101.9

Coordinates (meters) of pt P where wrench pierces xy plane

X —81.373-N-y -590.9-J
y | xR= MRper float,5 — 81.373-N-x =| 251.96-J
0 36.387-N-x + —29.544-N-y -101.87-1
251.96N-m 590.9N-m
Xx=———""-—=31m y=—"-—"=726m
81.373N 81.373N

36.387N-x + —29.544N-y = -101.87-N-m

M
= m =6.93m < perpend. dist. (m) from O to line of

R action of wrench (note that R is not
perpendicular to xy plane)

d
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Problem 2.2-25

25 0
P=| 50 kN Py = Po=-P Rp=Py+Py=|0[kN
-75 0
-1\ (-275
Mc = 27%Nm)| 0 [=| 0 |kN-m
0 0
0 -575
Mg = |0 [mx Py + Mo=| 150 [kN-m
6 0
83
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Problem 2.2-26

~140 ~80-(2) ~160 R ~0.697
A

Ry=| 80 | N M, =|120(5) - 140-(2) + 30 -25|=| 325 | N'm nR = 7 =| 0398

~120 80-(5) + 140-(7) 1380 Al ~0.597

Wrench resultant (here, a negative wrench)

406 —566
MRpar = MAanR = —232 MRper = MA — MRpar = 557
348 1032
0 -120-y - 80-z -566.14
|MRper| _ =
d = |R | =6479 m y | x RA 'MRper float,5 — —140-z =| 557.08
A z 140-y 1031.9
1031.9 557.08
= =737m Zp = =-398m
YT P 40
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Problem 2.2-27

0 0
Ro = (5)-(T75N)| -1 | =| 3875x 10° |N B = 120deg
0 0

Use Varignon's theorem

M@y = 775N-(1.2m + 3.6m + 6m) — 775N-(3m-sin(3 — 90deg) + 6.6m-sin((3 — 90deg)) = 4650N-m

MOy = (0 since all forces are parallel to y axis

Mg, = —775N-(3m-cos (3 — 90deg) + 6.6m-cos (3 — 90deg)) = —6443N-m

Mox 4650
Mg, —6443
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Problem 2.2-28

Joint coordinates (meters)

0 4 0 4 4 0 0.625
B
A=|5 B=|5 E=|5 F=|5 G=|0 D=0 "DB = g7 = 0.781
0 0 3 3 3 0 0
Resultants
25 344 0 0 25 0 -140
Rp =| 30 |+ 15npg =417 | kN Mp=[0|+Ax| 0 |+Ex| 0 |+Gx|[30|=| 75 | kN:m
-10 -10 5 -10 0 0 0
Moments about and perpendicular to line DF
0.566 -14.8 -125.2
F
nDF = m =1 0.707 MDFpar = MDnDFnDF = —185 kN-m MDFper = MD — MDFpar = 93.5 kN-m
0.424 -11.1 11.1
Wrench resultant (have negative wrench here)
0.625 -19.15 -120.8
Rp
IlR = R—| = 0.759 MRpar = MDanR = —2324 kN-m MRper = MD - MRpar = 98.2 kN-m
DI {~0.182 5.57 5.6
X -10-y -120.85
|MRper| _ =
d= v =284 m y | Rp 'MRper float,5 — 10-x =| 98.241
D 0 41.713-x + —3437y) \-5.5717
x=982 m y = 12.08 m
41.713-x + —34.37-y = -5.568
Answers
344 -140 -14.8
Rp=|417 | kN Mp=| 75 | kN'm Mpppar =| ~18:5 | kKN'm
-10 0 -11.1
-125.2
Mppper =| 93-5 | kN'm x=982m  y=1208m
11.1
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Problem 2.2-29

32 32 0 0 -1 —67
A=| 0 [mm B =1 190 |mm F=112N| 0 | = 0 N NA:67N-0 =| 0 |‘N
0 0 -1 -112 0 0
o = B
Part (a)
—67 -21.28
RO =F+ NA = 0 -N MO = rOB x F= 3.584 |-N-m
-112 0
Part (b)
RO -0.513
HR = R— = 0
[Ro ~0.858
-5.6 —-15.672
MRpar = MOanR = 0 Nm MRper = MO — MRpar = 3584 Nm
-9.4 9.375
X X —-112.0N-y
y |[XRp= MRper y | X Rofloat,S — | 112.0N-x _ 3.584N'm: > mm
0 0 67.0N-y 112.0N
—15.67N-
y = —2 139 929mm
—112N
375N-
93TNM _ 126 925mm
|MRper|
d = —— = 142.6mm
[Ro)
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Problem 2.2-30

F| = 150N F, = F, Fy = 75N ABC is an equilateral triangle A A A
Lf
0 y 4
R=F1+F2+F3:375N R=R|0 I‘.:‘:'-
1 C B b
0 1 cos(60deg) 0.5
Joint coordinates (assume that L = 1m) cC=]|0 B=]|0 A = | sin(60deg) | =| 0.866
0 0 0 0
0 0 64.951905283832895-N 64.952
M = B x 0 1+Ax]| O M — | =37.50000000000000825-N — 150-N | =| —187.5 |N
Fs Fs 0 0
X
solve,x,y . . .
y | x R=M¢ float. 4 — (0.5 0.1732) so resultant R passes through point with coordinates
oat,
0 L
LBy
2 10
88
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Problem 2.2-31

Joint coordinates

0 0 87.5
A = 0 |mm B =| 87.5 |mm C = | 87.5 |mm I'OA =A I'OC =C
300 300 300
Part (a)
Ry = —45N Roy = 31.5-229N=9N  Rg,=0
Mgy = ~31.5N-(150mm) + 22.5N-(300mm) = 2.025N-m Moy = ~43N-(300mm) = ~13.5N-m

Mg, = 1.6 N-m - 22.5N-(87.5mm) = -0.369N-m

Part (b)
—45 —45
Rp=|315-225|N=| 9 |N
0 0
0 0 -45 0 0 2.025
MO: 0 mm|x|| 315N +IgA X 0 [N +1oC X -225|N+| 0 [INNm=| —-13.5 ['N'm
150 0 0 0 1.6 -0.369
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Problem 2.2-32

0 0
Rg=| -2:(300N) |=|-600 |N
2.(50N) — 2-(50N) 0
Mox ) r-1300
Moy = 4(SON)-(1.5m) — 2-(800N-m) = ~1300-N-m Mgy = 0 Mg, = 0 Mo = |Moy |=| 0 |Nm
Mo, 0
90
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Problem 2.2-33

Joint coordinates Unit vector Force F
3.6 0 —0.946 -104.03
D-C
C=|12|m D =09 m "CD =TT -0.079 Fep = (11kN)ynep=| -8.67 |-kN
1.2 0 -0.315 -34.68
-104.03 1
Rg=Fcp=| —867 kN M, = (11-kN-m)-| 0 rop =D
-34.68 0
-20.2

MO = MX+ I'OD X FCD: 0 -kN-m
93.6

Part (b) - select x and z components of My

Part (a)
1 1 -20.2 0
MOApar = MO 01-10|= 0 -kN-m MOAper = MO - MOApar = 0 [-kN-m
0/\0 0 94
91
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Problem 2.2-34

Joint coordinates

1.125 0 3 3 0 3
F = 0 [m C = m E=|3m A=]0|m B=|0|m D=|0|m
1.875 0 5 0 3 5
0.514 0.397
E-C E-F
n = = 0 npp = =1 0.636
CE |E _ Cl FE |E _ Fl
0.857 0.662
1.543 1.589
P = (3kN)-nCE: 0 -kN Q= (4kN)-nFE =1 2.542 |-kN
2.572 2.648
Part (a)
3.13 2.95
RO =P+ Q =| 2.54 |-kN rOE =E MO = rOEX (P + Q) = 0 -kKN-m
5.22 -1.77
Part (b)
0 2.95
pg=E-A=|3|m My = rppx (P+ Q) =] 15.66 |-'kN-m
5 -94
0 0 2.95
D-A
nAD = m = 0 MADpar = MAnADnAD = O kNm MADpeI‘ = MA - MADpar: 1566 kNm
1 -94 0
Answers
3.13 2.95
a) Rp=|254 kN Mg=| 0 [kN'm
5.22 -1.77
0 2.95
b) Mpppar=| 0 [KN-m  Mppp=|15.66 |-kN-m
-94 0
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Problem 2.2-35

100 100 100 0
H=| 0 [{mm B = 125 |mm C=| 0 |mm G=| 0 |'mm A =|125|-mm P = 45kN
75 0 0 75 0
0.566 0.8
B - G
nHB = = 0707 HDG = ¥ = O rDH =H rDB =B
|B - H| [€]
—0.424 0.6
Part (a)
25.456 25.46
P= P'nHB: 31.82 |-kN RD =P=] 31.82 |-kN
-19.092 -19.09
-2.39
Mp = rpgx P=| 1.91 |kN-m < no z component —2.39
0 since P acts through z and rpg X P=| 1.91 |-kN-m
axis 0
Part (b)
-1.53
MpGpar = MpipgipG=| 0 [kNm |MpGpar| = 1.91kN-m
-1.15 —0.86
MpGper = Mp = MpgGpar =| 191 |-kN-m
1.15
Part (c)
100 0 |M |
A
IAB = 0 |-mm MA =TARB X P=11.909 [-kN-m d = |P| = 82.46mm
0 3.182
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Problem 2.2-36
TCE = 50kN a = 10m b =4m ¢ =3m

Position and unit vectors

— -5 . -0.707 0 . 0
CE CA
rCE = c =3 m IlCE = | | =| 0.424 rCA = 0 IlCA = | | =| 0
T, T,
4 CEl - { ~0.566 0-b CAl (4
-b
-35.4
Tcg = Tepneg=| 212 [kN | Tep| =50-kN
-28.3
Part (a)
-35.4 0 -84.9
-28.3 b 0
Part (b)
a
- 5 0.781
2 D
D= 0 =0 |m nap = H = 0
4 0.625
b
-51.7 -33.1
MADpar = MAnADnAD = 0 -kN-m MADper = MA— MADpar: —1414 -kN-m
414 414

|MADpar| =663 kN-m

Answers
-35.4 -84.9
a) Rp=| 212 |kN My =| -141.4 |-/kN-m
-28.3 0
-51.7 -33.1
b) Mpppar=| 0 [kN'm Mppper = | ~141.4 |-KN-m
—41.4 41.4
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Problem 2.2-37

Solution
1.2 1.2 1.2 0.3 0.3 0.3 0.3
E = m F=| 0m D={]06m C=|12m B=|12|m A=|0 m G=|06[m
1.2 0.6 1.2 0 0.6 0.6
-0.728 -0.728 0
B=D | g5 £7D | puss E- 0.707
n = = . n = = . n =1 Y
DB |B—D| DC |C—D| DE |E— |
-0.485 0.485 -0.707
0 0
F-D 0707 G- A
n = = | —0. n = — =
DF |F _ Dl AG |G— Al
0.707
Part (a) -32.74 -32.74
-21.83 21.83
0 0
—47.38 47.38
-65.48
Ry = Tpg + Tpc+ Tpg+ Tpp=| —51.1 |'kN |Ra| = 83.1kN
0
0.9 0
r =D-A=[06|m
AD ; My =rapxRp=| 0 [kNm [My| = 6.7kN-m

Part (b)

—6.7

Tpg = Tpc and Tpe = Tpe so symmetry of loading (with respect to a vertical

plane through ADG) means there is no moment component about AG axis
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Problem 2.2-38

Fs = 154N h = 660mm d = 150mm H = 1041mm ¢ = 506mm a = 760mm h0 = 490mm b = 254mm

mass = 20kg g =9.807 =
Joint coordinates 2
h 660 h 660 0 0 0 h,
A=|h-H|=|-381 [ mm B=|h|=|660 |mm C = 0 = 0 |mm D=|0mm O =] ynknown
d 150 c 506 at+tb+c 1520 0 b+ c

0 0 —0.421
B-A C-A
nyap = —— =| 0.946 nepy =1 0 Ny =———=| 0243
AB |B — Al CD AC |c — Al
0.324 -1 0.874
Part (a)
0 0 0 0
W = mass-g| -1 |=|-196.13 [N Fg=Fenapg=|14571 [N Ry = W+Fg=|-504 N |Ra| = 709N
0 0 49.83 49.8
My, = mass-g(b + ¢ —d) =119.6N-m MAy =0 My, = —mass-g~(h - ho) =-33.3-N'm
Max) (1196
My, -33.3
Part (b)
660 —mass-g-(a) 31.58 0
rCA =A-C=| =381 |'mm MC = rCA X FS + 0 =| -32.89 |'N-m IlCD =0
~1370 ~mass-g (h,) 0.07 -1

96
© 2019 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
Statics and Mechanics of Materials Sl 1st edition Goodno Solutions Manual


https://ravanbooks.com/books/9781133364412-solutions

Problem 2.2-39

P = 20kN W = 450kg-g = 4.413kN
0 0 3 0 0
D = 9 -m= 9 m E=|13 |m C= 5 m= 5 m rOC:C
9-tan(55deg) 12.853 0 5-tan(55deg) 7.141
0.218 4 0 0
E-D
"DE = 5 T p[ 0.29 P=Pnpg=| 6 |kN W=W|0|=| 0 |kN r1gg=E
-0.932 -19 -1 —4.413
Resultants
4.35 —264.38 -264.4
Ro=P+W=| 58 [kN Mg =t1ocx W+rgpx P=| 5592 [kNm  Mg=| 559 |kNm
-23.05 -39.15 -39.2
[Ro| = 24N M| =273kN-m
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